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OBJECTIVE — To evaluate the effectiveness of at-home infrared temperature monitoring as
a preventative tool in individuals at high risk for diabetes-related lower-extremity ulceration and
amputation.
RESEARCH DESIGN AND METHODS — Eighty-five patients who fit diabetic foot risk
category 2 or 3 (neuropathy and foot deformity or previous history of ulceration or partial foot
amputation) were randomized into a standard therapy group (n ! 41) or an enhanced therapy
group (n ! 44). Standard therapy consisted of therapeutic footwear, diabetic foot education, and
regular foot evaluation by a podiatrist. Enhanced therapy included the addition of a handheld
infrared skin thermometer to measure temperatures on the sole of the foot in the morning and
evening. Elevated temperatures ("4°F compared with the opposite foot) were considered to be
“at risk” of ulceration due to inflammation at the site of measurement. When foot temperatures
were elevated, subjects were instructed to reduce their activity and contact the study nurse. Study
subjects were followed for 6 months.
RESULTS — The enhanced therapy group had significantly fewer diabetic foot complications
(enhanced therapy group 2% vs. standard therapy group 20%, P ! 0.01, odds ratio 10.3, 95%
CI 1.2– 85.3). There were seven ulcers and two Charcot fractures among standard therapy
patients and one ulcer in the enhanced therapy group.
CONCLUSIONS — These results suggest that at-home patient self-monitoring with daily
foot temperatures may be an effective adjunctive tool to prevent foot complications in individuals
at high risk for lower-extremity ulceration and amputation.
Diabetes Care 27:2642–2647, 2004

F

oot ulcers are one of the most common precursors to diabetes-related
amputations (1,2). Other factors that
have been associated with amputation,
such as infection, faulty wound healing,
and ischemia, usually do not cause tissue
loss or amputation in the absence of a
wound. Therefore, ulcer prevention is

one of the foci of any amputation prevention program.
One of the most common mechanisms in the development of neuropathic
foot ulcerations involves a cumulative effect of unrecognized repetitive trauma at
pressure points on the sole of the foot over
the course of several days (3–5). The stan-
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dard approach to prevent ulceration is to
provide padded insoles and protective
shoes, educate the patient and their family, and provide regular foot inspection by
the patient’s primary care physician or
podiatrist.
Except for traumatic wounds, areas
that are likely to ulcerate have been associated with increased local skin temperatures due to inflammation and enzymatic
autolysis of tissue (6 – 8). Identifying areas
of injury by the presence of inflammation
would then allow patients or health care
providers to take action to decrease the
inflammation before a wound develops.
Our rationale for evaluating skin temperatures involves the search for a quantifiable measurement of inflammation that
can be used to identify pathologic processes before they result in ulcers. Inflammation is one of the earliest signs of foot
ulceration. It is characterized by five cardinal signs: redness, pain, swelling, loss of
function, and heat. Many of these signs
are difficult to assess objectively. In the
neuropathic extremity, pain and disturbance of function may be absent because
of neuropathy and thus are poor indicators of inflammation. In addition, swelling and redness are difficult to objectively
grade even among experienced clinicians.
Most lay people will not be able to understand or accurately evaluate these subtle
parameters. However, temperature measurements can be easily performed by patients or their spouses and provide
quantitative information that has been
shown (6,9 –11) to be predictive of impending ulceration.
The objectives of the study were to
evaluate the effectiveness of a novel infrared
temperature instrument to improve clinical
outcomes and functional status in diabetic
patients at high risk for foot complications.
The infrared skin temperature device was
used to provide objective information to patients so they would have an “early warning
sign” of inflammation and tissue injury because their innate ability to perceive pain
and protect their feet from tissue injury was
blocked by severe diabetic peripheral sensory neuropathy.
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Table 1—Patient characteristics and clinical outcomes

Patient population
Age (years)
Sex (% men)
Duration of diabetes (years)
Risk category 2
Risk category 3
History of amputation
Risk category mean
VPT (left foot)
VPT (right foot)
Elective/voluntary dropouts
from the study
Outcomes
Foot ulceration
Charcot fracture
Total

Standard therapy

Enhanced therapy

44
54.8 % 9.6
52.3
12.7 % 10.0
26 (59)
18 (41)
1 (fifth toe amputation)
2.41 % 0.50
33.8 % 10.4
35.9 % 11.3
4

41
55.0 % 9.3
48.8
14.8 % 11.5
24 (59)
17 (41)
1 (second toe amputation)
2.41 % 0.50
35.9 % 9.1
36.5 % 8.6
3

7*
2
9*

1
0
1

Data are means % SD or n (%). *P $ 0.05.

RESEARCH DESIGN AND
METHODS — This study was a singleblinded, randomized clinical trial of 85
patients assigned to either a standard
therapy group or an enhanced therapy
group. Subjects were recruited from the
high-risk diabetic foot clinics at the University of Texas Health Science Center at
San Antonio. Study subjects were evaluated for 6 months. During the course of
study, the treating physician was blinded
as to whether the patient belonged to either the standard therapy or enhanced
therapy group.
Both groups received standard care
consisting of therapeutic footwear, diabetic foot education, and foot evaluation
by a podiatrist every 10 –12 weeks. In addition to the standard elements of diabetic
foot care, the enhanced therapy group
also used a handheld infrared skin thermometer (TempTouch; Xilas Medical,
San Antonio, TX) to measure temperatures on the sole of the foot in the morning and evening. Fundamentally, this
methodology used skin temperature measurements to forewarn the patient of impending inflammation and ulceration. Six
predetermined sites were measured and
recorded in a log book on each foot. The
sites tested include first, third, and fifth
metatarsal head, great toe, central midfoot, and heel. If a toe or toe and metatarsal had been previously amputated, an
adjacent anatomic area was measured.
For instance, if the great toe had been amputated, the second toe was used as a tem-

perature assessment site. If a site had
callus, it was still used as a temperature
assessment site.
If there was a temperature difference

"4°F (4.0°F # 2.2°C) between the left
and right corresponding sites, the patients
were advised to contact a nurse case manager and to significantly reduce the number of steps taken in the following days or
until the temperature differences fell $4°.
The clinical outcomes that were evaluated
were incident foot ulcers, infections,
Charcot fractures, and amputations.
Patients who were enrolled in the
study met a high-risk profile for developing diabetic foot ulcerations. We defined
high-risk patients as adult patients with
diabetes with a history of foot ulceration
or lower-extremity amputation or patients with peripheral sensory neuropathy
with loss of protective sensation, with a
foot deformity such as hallux valgus or
claw toes. These criteria are based on previously identified risk factors for foot ulcerations and amputations (12,13).
Inclusion criteria included diagnosis
of diabetes by World Health Organization
criteria (14), ability to provide informed
consent, age 18 – 80 years, and risk group
2 or 3 using the diabetic foot risk classification system as specified by the Interna-

Table 2—SF-36 scores

Pre- versus posttesting
Physical functioning
Pre
Post
Role physical
Pre
Post
Bodily pain
Pre
Post
General health
Pre
Post
Vitality
Pre
Post
Social functioning
Pre
Post
Role emotional
Pre
Post
Mental health
Pre
Post

Standard
therapy

Enhanced
therapy

44.7 % 30.6
44.3 % 36.5

46.7 % 32.1
45.3 % 36.4

38.4 % 41.7
36.3 % 41.74

37.2 % 42.7
39.0 % 44.1

62.1 % 24.7
52.9 % 32.1

57.8 % 26.2
53.2 % 33.3

49.9 % 21.3
42.7 % 30.2

48.1 % 21.2
42.0 % 28.5

51.2 % 22.2
51.1 % 28.9

49.2 % 22.4
49.0 % 30.1

64.8 % 26.5
60.5 % 35.2

64.8 % 26.3
60.8 % 34.6

52.0 % 49.1
47.0 % 43.3

49.6 % 50.0
52.7 % 45.0

67.8 % 22.4
64.5 % 32.6

67.3 % 23.4
65.7 % 30.7

Data are means % SD. There was no significant difference in any of the measurements of the SF-36 when
pre- and posttherapy measurements were compared.
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Figure 1—This graph shows daily temperatures taken under the first metatarsal of patient 3. Patient 3 was a 56-year-old man with a 7-year history
of diabetes and a history of amputation. This patient maintained a consistent temperature pattern throughout the monitoring period and did not
experience any foot complication. Temperature differences on the y-axis were determined by comparing temperatures measured under the first
metatarsal head on the right and left feet. Measurements that are above the 4°F “boundary” limit at the top of the graph represent higher temperatures
on the right foot, and measurements beyond the lower “boundary” represent higher temperatures on the left foot.

tional Working Group on the Diabetic
Foot (13). Exclusion criteria included patients with open ulcers or open amputation sites, active Charcot arthropathy,
peripheral vascular disease, active foot infection, dementia, impaired cognitive
function, history of drug or alcohol abuse
within 1 year of the study, or other conditions based on the principal investigator’s clinical judgment.
Neurologic assessment consisted of
testing vibratory perception threshold
(VPT) (15,16). For the purpose of this
study, we assessed VPT at the distal pulp
of the great toe using the Xilas VPT meter
(Xilas Medical, San Antonio, TX). The
presence of sensory neuropathy was defined as VPT "25 V. The vascular assessment consisted of palpation of dorsalis
pedis and posterior tibial arteries. If one
or both arterial pulses were not palpable,
the subject was excluded.
The Short-Form Health Survey (SF36) (17) was used at the beginning and
end of the study to evaluate functional
impairment (18).
2644

We used an ANOVA to evaluate all
continuous variables between treatment
groups. Dichotomous variables were evaluated with a Fisher’s exact test with odds
ratio and 95% CI. For all analyses we used
an & of 0.05. Analysis was conducted on
an intent-to-treat basis.
RESULTS
Foot complications
There were no significant differences in
age, duration of diabetes, severity of neuropathy measured by VPT, or diabetic
foot risk category among patients assigned to the standard therapy and enhanced therapy groups (Table 1). The
most striking result of the study was the
disparity in the number of foot complications between the two groups. Patients in
the enhanced therapy group exhibited
significantly fewer diabetic foot complications (Table 1). There were nine (20%)
foot complications in the 44 patients in
the standard therapy group and one (2%)
complication in the 41 patients in the

group that used home infrared temperature monitoring ('2 ! 6.63, P ! 0.01).
Patients in the standard therapy group
were 10.3 times more likely to develop a
foot complication compared with patients
in the enhanced therapy group (95% CI
1.2– 85.3). In the standard therapy
group, there were seven ulcers and two
Charcot fractures. Two of the patients developed infections and required local foot
amputations. In the enhanced therapy
group, one patient developed an ulcer.
No infections, amputations, or Charcot
fractures were identified in the enhanced
therapy group. There were three patients
in the standard therapy group who voluntarily dropped out of the study, and four
patients in the enhanced therapy group
dropped out of the study.
Quality of life
We used the SF-36 to evaluate functional
status at the beginning and end of the
study (Table 2). There were no statistical
differences in the SF-36 scores (total or
subcategory scores) either between
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Figure 2—The graph shows daily temperature measurements taken under the first metatarsal head of a study patient who developed a wound at this
site.

groups (unpaired t test) or, in the pre- and
poststudy evaluations, within groups
(paired t test).
Two examples of temperature variations are provided in Figs. 1 and 2. Figure
1 shows the foot temperature profile for a
patient who suffered no complications
during the study. The temperature difference did occasionally exceed the 4°F
range, but did not stay at this level. Figure
2 shows the temperature profile for a 48year-old woman with diabetes for 12
years, a history of severe sensory neuropathy, and a previous ulceration under the
first metatarsal head. She had several episodes of temperatures above the 4°F
range. She failed to call the study nurse as
instructed when her temperatures spiked
throughout the study. On day 138, she
was seen in clinic, and a superficial
wound under the first metatarsal head
was identified. The patient failed to contact the health care provider upon recording a series of "4°F temperature
differences on 21 consecutive days just
before ulceration. This patient was the
only subject in the enhanced therapy
group who developed a wound.

CONCLUSIONS — The results of
this pilot study suggest that home monitoring with daily foot temperatures could
be an effective adjunctive modality to prevent foot complications. The clinical outcomes in the enhanced therapy group
were significantly better than those in the
standard therapy group. Patients were
able to use the device and either modify
their activity or contact the study nurse
for advice or to schedule clinical evaluation. Previous studies (17,19 –22) report
ulcer recurrence in 1 year of 26 – 40% in
subjects who use therapeutic footwear
following ulcer healing. In our study,
16% of patients in the standard therapy
group and 2.4% of patients in the enhanced therapy group reulcerated (16%
ulcers and 4.5% Charcot fractures in standard therapy). The annualized rates observed in our standard therapy group are
similar to reulceration rates in other studies. Patients in the home temperaturemonitoring group had a very low rate of
foot complications compared with our
standard therapy group and reports using
similar prevention practices.
The lower incidence of Charcot ar-
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thropathy in subjects with home monitoring was a logical clinical outcome but not
an a priori study objective. We used a
standard clinical approach to diagnose
Charcot arthropathy. If patients had unilateral swelling, deformity, increased
temperature, or any other concerns, they
had access to study podiatrists for immediate clinical evaluation, radiographic assessment, and additional diagnostic
imaging as deemed appropriate by the
treating physician. We believe that the
subjects using the home temperaturemonitoring device had a lower threshold
for a physician to diagnose Charcot because of the study’s built-in referral pattern for elevated temperatures. We would
have expected more subtle cases of Charcot’s arthropathy to be diagnosed in the
home monitoring group. Temperature
measurements have been reported
(23,24) as an assessment tool to diagnose
and monitor treatment of Charcot’s arthropathy. Because most patients at risk
for ulceration are also at risk for Charcot,
a longer study in the future may help provide more information on temperature as2645
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sessment to prevent fracture as well as
ulceration.
Even among educated, wellinformed, and highly motivated patients, there is a high rate of recidivism
of diabetic foot complications. These
patients almost uniformly have severe
sensory loss. Often they are obese, have
limited mobility of the hip and knee, or
are visually impaired. These factors
make self-inspection and identification
of early signs of foot disease difficult.
For instance, in an earlier study (3), we
identified that 15% of diabetic patients
with foot ulceration were legally blind,
and 54% of these patients did not have
adequate visually acuity and the ability
to position their extremity to view the
foot for self-care. In addition, visual
cues probably occur late in the disease
process. They are often subtle, and because pain is usually our primary trigger
to provide self-care or seek professional
care, a patient’s ability to take action to
avoid neuropathic foot ulceration is
poor. As part of patient education, both
treatment groups were instructed to inspect their feet on a daily basis. Most
likely by the time there were visual signs
of a foot problem, implementing prevention was too late. The simple home
monitoring device used in this study
allowed high-risk patients a selfassessment tool they could easily use
and from which to obtain actionable
information.
There are several issues that have
been raised from this initial study that
need further investigation and evaluation.
Firstly, the outcomes may be a result of
increased vigilance and enhanced foot inspection in the subjects who used the
temperature device. Subsequent studies
in this area should consider randomizing
to a third patient cohort, in whom some
form of active screening and reporting
mechanism (such as a daily log form)
would be used. Also future studies may
consider the efficacy of once-daily temperature monitoring instead of the twicedaily protocol used in this study.
Secondly, it is entirely possible that similar outcomes may not be enjoyed over a
larger time frame. Subsequent studies
should consider extending the follow-up
period. It is possible that the subjects in
the enhanced therapy group participated
in their foot care more enthusiastically because they were using an inspection tool.
It was not feasible to blind the study sub2646

jects or give them a sham temperature device. We felt that this might give them a
false sense of safety and might in fact increase the risk of foot complications in a
sham treatment arm. Finally, even if a modality such as thermometry proves able to
serve as an early warning system for development of diabetic foot wounds, future studies should also consider whether
this intervention is cost-effective over a
wide-ranging population.
In summary, this pilot study suggests
that early identification of preulcerative
inflammation through the use of personal
thermometers may be an effective means
to further reduce risk for diabetic foot ulceration. We look forward to further studies in the literature that may either
confirm or refute this suggestion. If positive, we believe that ultimately, thermometers may be used to allow patients to dose
their activity (by checking their skin temperatures) just as many dose their insulin
by checking their blood glucose.
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Preventing Diabetic Foot Ulcer Recurrence
in High-Risk Patients
Use of temperature monitoring as a self-assessment tool
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OBJECTIVE — The purpose of this study was to evaluate the effectiveness of a temperature
monitoring instrument to reduce the incidence of foot ulcers in individuals with diabetes who
have a high risk for lower extremity complications.
RESEARCH DESIGN AND METHODS — In this physician-blinded, randomized, 15month, multicenter trial, 173 subjects with a previous history of diabetic foot ulceration were
assigned to standard therapy, structured foot examination, or enhanced therapy groups. Each
group received therapeutic footwear, diabetic foot education, and regular foot care. Subjects in
the structured foot examination group performed a structured foot inspection daily and recorded
their findings in a logbook. If standard therapy or structured foot examinations identified any
foot abnormalities, subjects were instructed to contact the study nurse immediately. Subjects in
the enhanced therapy group used an infrared skin thermometer to measure temperatures on six
foot sites each day. Temperature differences ⬎4°F (⬎2.2°C) between left and right corresponding sites triggered patients to contact the study nurse and reduce activity until temperatures
normalized.
RESULTS — The enhanced therapy group had fewer foot ulcers than the standard therapy
and structured foot examination groups (enhanced therapy 8.5 vs. standard therapy 29.3%, P ⫽
0.0046 and enhanced therapy vs. structured foot examination 30.4%, P ⫽ 0.0029). Patients in
the standard therapy and structured foot examination groups were 4.37 and 4.71 times more
likely to develop ulcers than patients in the enhanced therapy group.
CONCLUSIONS — Infrared temperature home monitoring, in serving as an “early warning
sign,” appears to be a simple and useful adjunct in the prevention of diabetic foot ulcerations.
Diabetes Care 30:14 –20, 2007

F

oot ulcers are among the most common complications of diabetes (1,2).
Sensory neuropathy is often a major
component in the critical pathway for the
development of diabetic ulcers and amputations. Pain is one of the primary natural warning systems that alerts

individuals to take action and seek medical care (3). Because this early warning
system is faulty, individuals with diabetic
neuropathy can sustain injuries that are
not recognized until they are so severe
that full-thickness wounds result (4). In
the “diabetic foot” patient, involvement to
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identify early warning signs of the disease
process is imperative to reduce the incidence of complications.
Inflammation is one of the earliest
signs of tissue injury and ulceration (5–
8). However, the clinical signs of inflammation are usually too subtle to be
detected by patients or even by trained
health care providers (9). We hypothesized that skin temperatures could be
used as a surrogate measure of injury and
localized inflammation. Skin temperature
measurements can be easily performed
and assessed by the lay public and have
been used as a diagnostic tool for diabetic
foot ulcerations, decubitus wounds, and
Charcot arthropathy (10 –20). Pilot work
in this area suggests that high-risk patients can effectively use an infrared thermometer as a home monitoring tool to
identify inflamed tissue and take action to
prevent foot ulceration (21). The aim of
the present study was to evaluate a home
temperature monitoring tool to help
high-risk individuals identify areas on
their feet that are inflamed and prone to
ulceration before a wound develops.
RESEARCH DESIGN AND
METHODS — This was a single (physician) blinded, multicenter, randomized
trial with a 15-month evaluation period.
We randomly assigned 173 individuals at
high risk for diabetic foot ulceration to
three treatment groups (Fig. 1). The three
treatment arms involved a standard therapy group, a structured foot examination
group, and an enhanced therapy group.
The study was approved by the hospital
institutional review board. We used a
computer generated randomization list.
The information was sealed in opaque envelopes and opened after randomization
and verification that the subject met all of
the inclusion criteria and had none of the
exclusion criteria. Subjects were instructed not to discuss their group assignment with the treating physician.
Standard therapy
Standard therapy consisted of lower extremity evaluation by a physician every 8
weeks, an education program that foDIABETES CARE, VOLUME 30, NUMBER 1, JANUARY 2007
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Figure 1—Study enrollment schematic.

cused on foot complications and self-care
practices, and therapeutic insoles and
footwear. The treating podiatrist evaluated the shoes and insoles during regularly scheduled clinic visits and
determined whether any components of
the shoes or insoles needed to be replaced
or repaired. The education segment of
training was provided by a videotape that
addressed the etiology of diabetic foot ulcers, risk factors, self-care practices, and
early warning signs of diabetic foot disease. In addition, all study participants
were provided with a pedometer to record
their daily activity in a logbook.
Patients were advised to inspect their
feet daily. If patients identified an area of
concern on their foot, they were instructed to contact the study nurse. The
nurse then scheduled an appointment
with a study investigator without divulging the treatment group assignment. Patients were asked not to discuss their
treatment group assignment with the
treating physician.
DIABETES CARE, VOLUME 30, NUMBER 1, JANUARY 2007

Structured foot examination
Patients assigned to this treatment
group received standard therapy in addition to training to conduct a structured foot inspection twice a day with
the assistance of a mirror to see the bottom of the foot. The objective of the
examination was to identify redness,
discoloration, swelling, and local
warmth by palpation. Patients recorded
normal and abnormal observations in a
logbook with pictorial representations
of both feet and a checklist of the
elements to be included in the selfexamination. The intent of the logbook
was to go beyond customary education and recommendations for selfinspection and provide a structured
protocol for evaluation. In addition, the
logbook provided verification that the
examination was performed. If the patient identified any abnormalities, he or
she was instructed to contact the study
nurse.

Enhanced therapy
In addition to measures implemented in
the standard therapy group, patients assigned to the enhanced therapy group
were taught to use a digital infrared thermometer (TempTouch; Xilas Medical,
San Antonio, TX) to measure and record
temperatures on each foot. To standardize training, a videotape was used to teach
subjects how to use the infrared thermometer. The study nurse had each subject demonstrate the correct use of the
temperature device. Subjects recorded
foot temperatures in a logbook with pictorial representations of the top and bottom of both feet and six sites to measure
temperatures: the great toe, the first,
third, and fifth metatarsal head region,
the midfoot, and the heel. Subjects who
had undergone amputation at the standard evaluation sites were given alternative sites on the basis of the site of their
previous amputation. If skin temperatures were elevated by ⬎4°F (2.2°C) compared with the corresponding site on the
15
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opposite foot for two consecutive days,
subjects were instructed to contact the research nurse and decrease their activity
until temperatures normalized.
Infrared dermal thermometer
The thermometer is equipped with a
“touch sensor” tip that detects contact
with skin. Thus, to operate the device, the
user places the tip of the device on the
skin, which then automatically triggers a
temperature measurement and displays it
on a liquid crystal display screen. The
thermometer has a gooseneck design,
which allows the user to reach any point
on the bottom or sides of the foot.
Inclusion and exclusion criteria
To be included in the study, subjects were
required to be 18 – 80 years of and to have
a history of foot ulceration, a diagnosis of
diabetes, the ability to provide informed
consent, and ankle-brachial indexes
ⱖ0.70. Subjects were excluded if they
had open ulcers or open amputation sites,
active osteoarthropathy, severe peripheral vascular disease, foot infection, dementia, or other conditions that would
preclude active participation based on the
investigator’s judgment.
Outcomes and clinical assessment
The primary outcome was foot ulceration,
which was defined using previously established criteria (22,23). A questionnaire
was administered at the conclusion of the
study to evaluate self-reported daily use of
prescribed shoes and insoles. An ordinal
scale was used to determine whether patients wore therapeutic shoes ⬍4 h, 4 – 8
h, ⬎8 –12 h, or ⬎12 h each day. The neurological assessment consisted of vibratory perception threshold and 10-g
monofilament testing using previously
described methods (24 –26). When assessing monofilament results, we recorded the number of sites missed of 10
sites tested on each foot. The vascular assessment consisted of palpation of foot
pulses, noninvasive Doppler, and anklebrachial indexes.
Sample size justification
Sample size was calculated on the basis of
the proportion of study patients we expected to develop ulcers during the 15month treatment period. These
reulceration estimates are based on a previous randomized trial (20) and reports of
reulceration in high-risk patients (3–5).
We expected that 9% of subjects in the
enhanced treatment group would de16

velop ulcers during the evaluation period
(Po ⫽ 0.09) and that 30% of subjects who
received standard therapy would develop
foot ulcers. A power of 0.8 was chosen to
yield a sample size of 55. We expected a
10% dropout rate. Therefore, we planned
to enroll 60 subjects in each group to have
55 subjects complete the study in each
treatment arm.
Analysis plan
To make between-group comparisons on
continuous-type variables, we used
ANOVA for independent samples. For all
exposures, an odds ratio (OR) with a 95%
CI was identified. For all analyses, we
used ␣ ⫽ 0.05. We evaluated the data
using a last observed carried forward intent-to-treat approach (27).
We used a Kaplan-Meier survival
analysis to compare the time to develop a
foot ulcer by treatment group. We used
three statistical tests to examine whether
the three treatments were different. First,
an overall test was done. Then we used a
pairwise comparison, and finally a test for
trend was performed. We used the logrank test, provided in SPSS 10 in the analysis. We used the Pearson 2 statistic
based on the cell counts of ulcer status
versus treatment (standard therapy, structured foot examination, and enhanced
therapy) to evaluate the effect of the interventions on incident foot ulceration.
RESULTS — All of the study participants had a history of a foot wound and
sensory neuropathy with loss of protective sensation. There were no significant
differences in age, duration of diabetes,
history of partial foot amputation, severity of sensory neuropathy, or activity level
among the three treatment groups. Descriptive characteristics of this population
are detailed in Table 1. Data are reported
as means ⫾ SD.
A Kaplan-Meier survival analysis was
performed to evaluate the time to ulcerate
by treatment group (Fig. 2). Subjects were
censored when an ulcer developed or if
they left the study for other reasons. There
was a statistically significant overall difference between the times to develop ulcers
by treatment groups using the log-rank
test (P ⫽ 0.011). Simultaneous pairwise
comparisons using the log-rank test
showed no difference between standard
therapy and structured foot examination
(P ⫽ 0.910). However, enhanced therapy
was significantly different from both standard therapy (P ⫽ 0.0059) and structured
foot examination (P ⫽ 0.0055). From the

test for trend, there was a statistically significant trend of survival with the enhanced therapy being superior over the
standard therapy or structured foot examination (P ⫽ 0.0107).
The incidence of foot ulceration during the 15-month evaluation period was
essentially identical in the standard therapy (29.3%) and structured foot examination (30.4%) treatment arms. There
was a ⬎4-fold decrease in the risk of developing foot ulceration in subjects in the
enhanced therapy group (8.5%) compared with the standard therapy group
(OR 4.48[95% CI 1.53–13.14], P ⫽
0.008) and structured foot examination
group (4.71 [1.60 –13.85], P ⫽ 0.0061).
Not surprisingly, adherence to prevention practices was a pivotal factor in
ulcer prevention. In the enhanced therapy group, patients who were compliant
with recording foot temperatures at least
50% of the time were significantly less
likely to develop a foot ulcer (OR 50.0,
P ⬍ 0.001). Of patients in the enhanced
therapy group who developed foot ulcers,
80% did not comply with temperature assessment. However, of patients who did
not develop an ulcer in the enhanced
therapy group, 92% recorded their foot
temperatures at least half the time.
Among patients in the structured foot examination group, there was no difference
in compliance with recording daily foot
inspections in patients who developed ulcers (47.1%) and those who did not
(43.6%; P ⫽ 0.81).
In addition, self-reported adherence
with wearing therapeutic shoes and insoles was high in all three treatment arms
(Table 1). There was no significant difference in subjects who wore therapeutic
shoes and insoles at least 8 h/day among
treatment groups (standard therapy
89.5%, enhanced therapy 83.0%, and
structured foot examination 73.2%; P ⬎
0.071) (Table 1)
Enhanced therapy patients used the
temperature monitoring device as a trigger to contact the study nurse, and they
identified “areas of concern” more frequently than patients in other treatments
arms who relied on visual signs. Significantly more patients in the enhanced
therapy group contacted the study nurse
for concerns of foot problems than patients in the standard therapy (P ⫽ 0.030)
or structured foot examination groups
(P ⫽ 0.026) (Table 2). Thirty-one subjects in the enhanced therapy group contacted the study nurse. In addition, 7
more patients did not contact the study
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Table 1—Patient characteristics

Subject population
n
Age (years)
Sex (% male)
Race
Non-Hispanic white
Mexican American
African American
Type 2 diabetes
Duration of diabetes (years)
Diabetes medication
Oral
Insulin
Combination
Diet
Ulcer history and locations
Hallux
Toes
Submetatarsal
Midfoot to heel
Patients with a history of previous amputation
Amputation sites
Toe
Toe and metatarsal
Midfoot
History of vascular surgery
Lower extremity bypass
Lower extremity angioplasty
Coronary artery bypass surgery
Cardiac angioplasty
Lower extremity examination
Neuropathy evaluation
Semmes-Weinstein 10-g monofilament right
Semmes-Weinstein 10-g monofilament left
Vibration perception threshold right
Vibration perception threshold left
Foot deformity
Hallux rigidus
Hallux valgus
Claw toe/hammer toe
Vascular examination
Ankle-brachial index right
Ankle-brachial index left
Activity (steps per day)
Footwear compliance
Time prescribed shoes were worn (h)
⬍4
4–8
⬎8–12
⬎12

Standard therapy

Enhanced therapy

Structured foot
examination

58
65.0 ⫾ 9.6 (41–80)
53.4

59
65.4 ⫾ 9.3 (42–80)
55.9

56
64.2 ⫾ 8.6 (40–80)
51.7

31 (53.4)
24 (41.4)
3 (5.2)
56 (97)
13.7 ⫾ 10.3 (2–22)

32 (54.2)
22 (37.3)
3 (5.1)
55 (93)
12.7 ⫾ 9.7 (4–25)

31 (55)
25 (45)
2 (4)
53 (95)
13.8 ⫾ 11.5 (5–31)

31 (53.4)
13 (22.4)
10 (17.2)
4 (6.9)

32 (54.2)
15 (25.4)
11 (18.6)
1 (1.7)

30 (53.6)
10 (17.9)
12 (21.4)
4 (7.1)

7 (12.1)
29 (50.0)
21 (36.2)
3 (5.1)
18 (31.0)

4 (6.8)
35 (59.4)
17 (28.8)
7 (11.9)
13 (22.0)

8 (14.3)
30 (53.5)
21 (37.5)
5 (8.9)
14 (25.0)

12 (20.7)
8 (13.8)
0

11 (18.6)
4 (6.8)
2 (3.4)

12 (21.4)
4 (7.1)
2 (3.6)

3 (5.2)
0
2 (3.4)
0

0
0
1 (1.7)
0

0
1 (1.8)
0
2 (3.6)

5.2 ⫾ 4.8
4.7 ⫾ 4.3
41.8 ⫾ 9.8 (14–50)
39.3 ⫾ 8.6 (12–50)

5.3 ⫾ 4.7
4.7 ⫾ 4.3
40.6 ⫾ 9.6 (12–50)
38.6 ⫾ 8.1 (11–50)

5.2 ⫾ 4.7
4.7 ⫾ 4.3
40.6 ⫾ 8.6 (14–50)
39.0 ⫾ 8.0 (12–50)

50 (86.2)
23 (39.0)
33 (56.0)

51 (86.4)
33 (55.0)
41 (69.0)

46 (82.1)
12 (21.0)
41 (73.0)

1.1 ⫾ 0.4 (0.7–1.5)
1.2 ⫾ 0.5 (0.7–1.7)
3,817 ⫾ 3,364

1.1 ⫾ 0.4 (0.7–1.5)
1.1 ⫾ 0.6 (0.7–1.9)
3,489 ⫾ 2,706

1.1 ⫾ 0.6 (0.8–2.0)
1.2 ⫾ 0.6 (0.7–1.9)
3,963 ⫾ 2,363

1 (1.7)
5 (8.6)
33 (56.9)
19 (32.6)

2 (3.4)
8 (13.6)
31 (52.5)
18 (30.5)

0
15 (26.8)
19 (33.9)
22 (39.3)

Data are means ⫾ SD (range) or n (%).

nurse when they observed elevated foot
temperatures but decreased their activity
based on pedometer activity data. When
we compared the number of steps per day
for the 3 days before and 3 days after an
DIABETES CARE, VOLUME 30, NUMBER 1, JANUARY 2007

elevated temperature was identified, on
average, there was a 51.2% decrease in
activity, representing an average reduction of 1,725 ⫾ 1,784 steps/day.
Based on inspection of their feet, sub-

jects in the structured foot examination
group contacted the study nurse 18 times,
and subjects in the standard therapy
group contacted the study nurse 17 times.
However, by the time patients in the stan17

Preventing diabetic foot ulcer recurrence

Figure 2—Kaplan-Meier survival analysis of time to ulceration by treatment group. KaplanMeier survival analysis demonstrated a significantly longer time to ulcerate in the enhanced
therapy group compared with the structured foot examination and standard therapy groups. The
mean time to ulcerate was 429.5 ⫾ 11.9 in the enhanced therapy group, 377.3 ⫾ 18.4 in the
structured foot examination group, and 378.5 ⫾ 18.6 in the standard therapy group.

dard therapy and structured foot examination groups contacted the study nurse,
usually a foot ulceration had already developed (structured therapy group
94.4%; structured foot examination
group 100%).
CONCLUSIONS — Specialty diabetic foot clinics have been shown to reduce the incidence of ulceration and
amputation in high-risk patients
(2,28,29). Often these foot clinics provide
protective shoes and insoles, foot-specific
education, and advanced clinical care.
These clinics usually deliver services that
are well above the local community standard. However, even in specialty foot
clinics, recurrence of diabetic foot ulcers
is often very high, generally ranging from
25 to 80% per annum (30 –33). In ideal
circumstances, high-risk patients can
only be evaluated in specialty clinics four
to six times a year. Patients and their families must bridge the gap between examinations. Therefore, self-monitoring to
identify areas on the foot that are injured
is critical to prevent ulceration and lower
extremity amputation.
Self-care may be the single most important factor in preventing complications in individuals with a high risk for
diabetic foot ulceration (34 –36). Patients
and their families must be able to monitor
the lower extremities to identify signs of
disease and precursors to injury. The
18

medical community has, to date, failed to
provide any practical, efficacious tool to
help in this process. At most, clinicians
encourage self-inspection and occasionally suggest that patients use a mirror to
evaluate the bottom of the foot. Unfortunately, many diabetic patients with a high
risk for ulceration cannot see their feet
because of obesity, limited joint mobility,
or visual impairment (37). As demonstrated in this study, most of the time,
self-inspection skills are not effective in

identifying the subtle precursors to ulceration. By the time patients in this study
were able to visualize areas of concern, it
was too late, and an ulceration had already developed. The results of this study
surprisingly suggested that structured
self-inspection with the aid of a mirror
provided no overt risk reduction compared with general diabetic foot education. The incidence of foot ulceration in
the standard therapy and structured foot
examination groups was similar to that in
studies using “standard” prevention
practices as described in this project
(2,31,33).
The intervention in this study, namely
home temperature monitoring, proved to
be an effective approach to provide objective feedback, so patients could modify their
activity and protect their foot before ulceration developed. The majority of study
subjects were able to use the device as an
early warning system and reduce their activity until temperatures normalized. Enhanced therapy patients used the
temperature device to identify abnormalities more often than the other groups
(standard therapy and structured foot
examination patients) could by visual inspection or palpation alone. Overall, 88%
of patients in the enhanced therapy group
recorded their temperatures ⬎50% of the
time during the 15-month study period.
Patients who developed ulcers did not
comply with measuring their foot temperatures; four of five (80%) subjects who
were assigned to use the temperature device and developed ulcerations did not

Table 2—Clinical outcomes, adverse events, and voluntary withdrawals

Outcomes
n
Patients who contacted study nurse
after self-examination
Foot ulceration
Withdrawal from study because of
adverse events
Foot trauma
Fracture
Death
Osteomyelitis: no ulcer
Motor vehicle accident
Myocardial infarction
Voluntary withdrawal from study
Too much to do
Moved out of town

Standard
therapy

Enhanced
therapy

Structured foot
examination

58
18 (31.0)

59
31 (52.5)

56
17 (30.4)

17 (29.3)

5 (8.5)

17 (30.4)

1 (1.7)
0
2 (3.4)
0
0
0

1 (1.7)
1 (1.7)
1 (1.7)
0
0
1 (1.7)

0
2 (3.6)
0
1 (1.8)
1 (1.8)
0

2 (3.4)
1 (1.7)

6 (10.2)
0

2 (3.6)
0

Data are n (%).
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adhere to their prescribed assessment
regimen.
This study was successful in amalgamating observations from previous
studies and putting them in the hands of
high-risk subjects in the form of a simple,
easy to use device. The vast majority of
participants were able to comply with instructions and subsequently prevent foot
ulcerations. The rates of compliance with
this program seemed to be much higher
than those for home blood glucose monitoring, for which the prevalence of noncompliance can be as high as two-thirds
(38,39). Thus, the results of this study
suggest that equipping individuals with
diabetes at highest risk for foot ulceration
with simple skin temperature devices may
significantly reduce the risk for foot ulcers. In fact, just as with comprehensive
general programs aimed to facilitate good
glucose control (40), a regimen incorporating home temperature monitoring may
allow individuals to monitor their “dose”
of activity by checking their skin temperatures just as they might monitor their
dose of insulin by checking their glucose.
It seems likely that the cost benefit of
home temperature monitoring might be
much better than that for using glucose
strips for home monitoring. In addition, a
tool to adjust activity could help with the
dilemma of exercising for better health
versus the need to rest and protect the
foot to avoid foot ulcers.
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ABSTRACT
PURPOSE: To evaluate the effectiveness of home temperature monitoring to reduce the incidence of foot
ulcers in high-risk patients with diabetes.
METHODS: In this physician-blinded, 18-month randomized controlled trial, 225 subjects with diabetes
at high risk for ulceration were assigned to standard therapy (Standard Therapy Group) or dermal
thermometry (Dermal Thermometry Group) groups. Both groups received therapeutic footwear, diabetic
foot education, regular foot care, and performed a structured foot inspection daily. Dermal Thermometry
Group subjects used an infrared skin thermometer to measure temperatures on 6 foot sites twice daily.
Temperature differences !4°F between left and right corresponding sites triggered patients to contact the
study nurse and reduce activity until temperatures normalized.
RESULTS: A total of 8.4% (n " 19) subjects ulcerated over the study period. Subjects were one third as
likely to ulcerate in the Dermal Thermometry Group compared with the Standard Therapy Group (12.2%
vs 4.7%, odds ratio 3.0, 95% confidence interval, 1.0 to 8.5, P " .038). Proportional hazards regression
analysis suggested that thermometry intervention was associated with a significantly longer time to
ulceration (P " .04), adjusted for elevated foot ulcer classification (International Working Group Risk
Factor 3), age, and minority status. Patients that ulcerated had a temperature difference that was 4.8 times
greater at the site of ulceration in the week before ulceration than did a random 7 consecutive-day sample
of 50 other subjects that did not ulcerate (3.50 # 1.0 vs 0.74 # 0.05, P " .001).
CONCLUSIONS: High temperature gradients between feet may predict the onset of neuropathic
ulceration and self-monitoring may reduce the risk of ulceration. © 2007 Elsevier Inc. All rights
reserved.
KEYWORDS: Diabetes; Foot; Thermometry; Ulcer; Wound
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In diabetes, as in other chronic diseases, self-care is an
essential element of disease management and prevention.
Most diabetic lower extremity complications involve sensory neuropathy; patients do not recognize that their feet are
being injured until a wound develops.1,2 Wounds are invariably preceded by inflammation.3-6 Therefore, it would stand
to reason that identifying preulcerative inflammation might
predict foot ulceration. Temperature assessment seems to be
a likely surrogate to measure inflammation.
Studies of dermal thermometry have suggested that variations in temperature !4°F (2.2°C) could be helpful in skin
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surveillance.7-12 More recently, 2 randomized trials apFoot Risk Classification System,15 were candidates for inpeared to confirm that dispensing simple “personal therclusion in the study. Risk Group 3 included patients with a
mometers” to neuropathic patients might serve as useful
history of either a foot ulcer or of a partial foot amputation.
prevention tools.13,14 The second of these studies appeared
Risk Group 2 included patients with neuropathy and structo suggest that this preventative effect is independent of
tural foot deformity or limited joint mobility.15 There were
simply increasing visual surveilapproximately 4800 patients with
lance of the foot.14 Previous studtype 2 diabetes receiving care at
ies using temperature as a self-asthe Southern Arizona VA Health
CLINICAL SIGNIFICANCE
sessment and monitoring tool
Care System. Of these, 1942 were
appear promising; however, they
identified as high risk for develop● Diabetic foot wounds are common,
were either conducted over rather
ment of foot ulcers (neuropathy
complex and costly. They are freshort time frames (6 months)13 or
and deformity), and at least 300
quently caused by repetitive stress to
they studied very specific patient
had been treated for a foot ulcer or
the foot, causing inflammation and
populations.14 Therefore, the pura partial foot amputation in 1999.
skin breakdown.
pose of this study was to evaluate
Candidates were not admitted
the effectiveness of an infrared
to
the
study if any of the following
● The results of this study suggest that a
home temperature monitoring incriteria
were present: active open
simple device used by the patient can
strument to reduce the incidence
ulcers,
amputation
sites, or foot
identify potentially damaging inflammaof foot complications in patients
infections;
active
Charcot
arthroption and allow the patient to modify
at high risk for diabetic foot
athy; severe peripheral vascular
activity before ulceration.
ulceration.
disease, as evidenced by nonpalpable foot pulses or an ankle-bra● In this manner, patients may modify
chial index $0.8 on either extremtheir activity by checking their skin temMETHODS
ity;
dementia or impaired cognitive
peratures much as they dose their insuIn this physician-blinded, 18function;
active drug abuse or hislin by checking their glucose.
month randomized controlled
tory of drug or alcohol abuse
trial, 225 United States veterans
within 1 year of the study; sight
with diabetes at high risk for ulimpaired (ie, unable to read the
ceration (neuropathy and deformity or previous history of
large (2.5 cm) digital display characters on the dermal
ulceration) were assigned to standard therapy or dermal
thermometer); or unable to walk without the assistance of a
thermometry groups. Both groups received therapeutic footwheelchair or crutches.
wear, diabetic foot education, and regular foot care. All
subjects were instructed to perform a structured foot inspecInterventions
tion daily and record their findings in a logbook. If Standard
The TempTouch thermometer (Xilas Medical) is equipped
Therapy Group subjects identified any foot abnormalities,
with a “touch sensor” that detects tip contact with skin,
they were to contact the study coordinator immediately.
which allows the user to just simply touch the end of the
Dermal Thermometry Group subjects used an infrared skin
probe to the skin to take a measurement. To operate the
thermometer (TempTouch, Xilas Medical, San Antonio,
device, the user would place the tip of the device on
Tex) to measure temperatures on 6 sites on the foot twice a
the skin, which would then automatically trigger a temperday. Temperature differences !4°F (!2.2°C) between left
ature measurement and display it on an LCD (liquid crystal
and right corresponding sites triggered patients to contact
display) screen. The thermometer utilized incorporates a
the study coordinator and reduce activity until their tempergooseneck design, which allows the user to reach any point
atures normalized. As a practical measure, the opposite
on the bottom or sides of the foot.
extremity was used as a control because both feet are exposed to the same repetitive stresses during walking and
therefore represented a built-in comparison source. Because
Objectives
the disease processes of neuropathic ulceration involves
We evaluated the effectiveness of self-administered inmultiple factors that affect lower extremity perfusion and
home infrared temperature probe monitoring to reduce the
temperature regulation, we felt that it would be difficult to
incidence of diabetic foot ulcers in high-risk veterans with
identify an absolute skin temperature level that could be
type 2 diabetes. Secondary objectives were to measure the
considered normal or one that could be used as a universal
effect of the intervention on type of ulcer, health-related
reference.
quality of life, self-efficacy, satisfaction with care, and mod-

Participants
All patients with type 2 diabetes receiving foot care at the
Southern Arizona VA Health Care System, aged 18-80
years, who fit category 2 or 3 of the International Diabetic

ulation of activity. We tested the hypothesis that self-monitored temperatures would: reduce the rate of foot ulcers and
positively influence health-related quality of life, self-efficacy and satisfaction with care, and modulation of activity.
This article addresses the primary outcome of foot ulcer
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incidence; subsequent articles will present secondary
outcomes.

Outcomes
Primary measures were collected at baseline and every 3
months thereafter (months 0, 3, 6, 9, 12, and 15), with a final
visit at month 18. The primary endpoint (and focus of this
article) with respect to effectiveness in reducing the incidence of diabetic foot ulcers, was the proportion of patients
in each group developing a foot ulcer of any type. An
ulceration was defined as the full thickness loss of epidermis
and dermis or involvement of deeper structures. Additional
outcomes, to be reported in future articles, included healthrelated quality of life, self-efficacy, and satisfaction with
care, activity titration, and program costs.

Sample Size
Up to 70% of patients with a history of foot ulcers experience recurrence within 1 year. We believed that the incidence of ulceration would be 70% in the usual care group
and from 30% to 45% in the thermometry self-monitoring
group based on the work of Uccioli and coworkers and
Walker and coworkers.16,17 For a sample size of 70 per
group, a log-rank test (2-sided ! " .05) for equality of
survival curves would have 99% power to detect a 40%
difference, 93% power to detect a 30% difference, and 83%
power to detect a 25% difference. Interim analyses were not
performed. There was no evidence that enhanced monitoring would result in worsened outcomes, thus, stopping rules
were not established.

Randomization: Allocation Concealment
and Implementation
Our study biostatistician generated a randomized assignment list. Once potential subjects were screened and consented, the coordinator used this list to sequentially assign
patients to the intervention or usual care group; no exceptions were made.

Blinding (Masking)
The attending physician was blinded to the use of the
TempTouch thermometer throughout the entire course of
the study. When evaluating study patients, the subjects were
instructed not to discuss their treatment group assignment.
The treating physician did not use temperature assessment
as part of their diagnostic examination.

Statistical Methods
The Cox proportional hazard model was used to evaluate
the dependent outcome differences between groups (time to
incident foot ulcers), producing a relative risk controlling
for covariates such as history of amputation, diabetes complications index, and glucose control (HbA1c). Selection of
covariates was performed using stepwise modeling procedures, supplemented by evidence from pilot studies and the

Table

Descriptive Characteristics

Age (years)
Sex %
Duration diabetes
Hemoglobin A1c
Non-Hispanic white
African American
Hispanic
Asian
Native American
Retinopathy (%)
Diabetic foot risk
classification
Risk 2
Risk 3
VPT (volts)
Neuropathy with loss of
protective sensation

Thermometry Control

P-value

68.2 (9.6)
98.2
13.6 (11.6)
8.1 (1.9)
72.97
4.50
20.72
0.00
1.80
23.4

69.7 (10.4)
94.7
12.6 (9.1)
7.4 (1.4)
71.05
8.77
17.54
1.75
0.88
34.2

.26
.16
.47
.29

84.7%
15.3%
42.6 (21.0)
100%

82.5%
17.5%
50.1 (85.4) .39
100%

.383
.074

All values are mean (SD) unless stated otherwise.

literature. We used a chi-squared test with Yates correction
to evaluate potential univariate dichotomous associations.
We used a Mann-Whitney U test to evaluate skin temperature differences (compared with the contralateral foot) at the
site of ulceration in the week preceding the reulceration and
compared that with a 1-week sample of 50 randomly sampled subjects that did not ulcerate. For all evaluations, we
used an alpha of 5%.

RESULTS
Descriptive characteristics of this population are illustrated
in the Table. There was not a significant difference in
characteristics based on treatment group assignment (P !.05
for all).
A total of 8.4% (n " 19) of all subjects ulcerated over the
18-month follow-up period. In the Standard Therapy Group,
12.2% (n " 14) of patients ulcerated compared with 4.7%
(n " 5) of those in the Dermal Thermometry Group (OR 3.0,
CI, 1.0 to 8.5, P " .038).
Proportional hazards regression analysis suggested that
Standard Therapy Treatment, elevated foot ulcer classification (International Working Group Risk Factor 3), age, and
minority status were significantly associated with a shorter
time to ulceration. Standard Therapy Treatment (adjusted
hazard ratio [HR] 2.9; 95% CI, 1.03 to 8.4; P " .04), Risk
Group 3 status (adjusted HR 16.5; 95% CI, 4.5 to 31.7;
P " .001), age (adjusted HR 0.93; 95% CI, 0.89 to 0.98;
P " .02), and minority status (adjusted HR 0.40; 95% CI,
0.12 to 1.3; P " .1) were associated with ulceration. The
cumulative survival curve comparing Dermal Thermometry Group treatment with standard therapy is illustrated
in Figure 1.
Patients that ulcerated had a temperature difference (between the affected foot and the same site contralaterally)
that was 4.8 times greater in the region of ulceration in the
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Figure 1 Prevention of ulceration: dermal thermometry vs. standard therapy. There were 12.2% patients ulcerated in the Standard Therapy
Group compared with 4.7% in the Dermal Thermometry Group (OR 3.0; 95% CI, 1.0 to 8.5; P " .038). Additionally, thermometry was
associated with a longer time to ulceration than control (P " .04).

week before the event than did a random 7-consecutive-day
sample of 50 subjects that did not ulcerate (3.50 # 1.0 vs
0.74 # 0.05, P " .001). These data are illustrated in Figure 2.

DISCUSSION
There are few effective therapies to help high-risk patients
with diabetes prevent foot ulcerations. Under the best circumstances, high-risk patients will receive a few hours of
education a year concerning the complications of diabetes,
regular foot evaluation by their primary care physician or
specialty care by a podiatrist, and protective shoes and
insoles. Unfortunately, standard prevention therapies usually are not provided. And, even when patients are treated in
centers of excellence with aggressive medical and surgical
intervention, between one third and two thirds of subjects
with a prior history of diabetic foot ulcers will reulcerate in
12-24 months.2,16,18 Lavery and coworkers have reported 2
randomized clinical trials using a temperature home monitoring device with similar results to this study.13,19 This
study substantively augments those previous studies in a
larger, potentially higher-risk population and is the first, to
our knowledge, to suggest that thermometry used by patients themselves can identify areas of inflammation before
skin breakdown.
Self-monitoring is necessary to identify early warning
signs to reduce the incidence of diabetic foot complications
and the associated decrements in quality of life and high
resource costs. Sadly, the ability of the most motivated
patients with diabetes, their family members, and even
health care professionals to identify “early warning signs” is
limited. The precursors to ulceration are subtle, especially in
a neuropathic foot. Self-evaluation of temperature seems to

offer a mechanism to identify an early sign of injury, when
there is still time to avert a wound. The results of this study
suggest that a simple, inexpensive temperature device can
be used effectively by high-risk patients to reduce foot
ulceration. This offers a significant advantage over traditional prevention practices and therapies.
The concept of measuring skin temperature as a marker
for tissue inflammation and injury in the insensate foot has
been addressed by several authors. As early as 1971, Goller
et al reported an association between increased local temperature and localized pressure leading to tissue injury.7

Figure 2 Temperature difference at 1 week before ulceration.
*P " .001.
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Sandrow and coworkers subsequently used thermometry as
a tool to diagnosis occult neuropathic fractures in patients
with diabetes in 1972.20 Stess and colleagues described the
use of infrared thermography to assess skin temperatures in
patients with diabetes, patients with diabetes with neuropathic fractures, patients with diabetes with ulcers, patients
with leprosy, and controls.21 They found that neuropathic
foot ulcers frequently had increased skin temperatures surrounding a central necrotic area, and suggested that temperature assessment may be a useful technique to identify
patients at risk for ulceration. Similar findings were revealed
in a larger study by Armstrong et al using standard thermometers.22 The concept is elegant in its simplicity, and
even challenging patient populations appear to have been
able to successfully use the device.
Veterans treated in the Department of Veterans Affairs
are older, poorer, and have more comorbidities than general
community dwellers. However, they are not appreciably
different from the disproportionately low income and minority population with diabetes in regards to ulcer outcomes.23,24 Therefore, the results of this study should be
applicable to both veteran and nonveteran populations alike.
In fact, a less challenged population might realize better
preventative outcomes.
In this study we evaluated 2 risk groups: patients with a
history of previous diabetic foot ulceration or amputation
(Risk Group 3) and those with sensory neuropathy and loss
of protective sensation with structural foot deformities (Risk
Group 2). The majority of subjects enrolled were in the
latter group, and this group had a lower incidence of ulceration than expected. Our sample size estimate was based on
published outcomes using “standard prevention” in diabetics with a history of pathology (Risk Group 3). Therefore,
we underestimated the sample size needed to evaluate Diabetic Foot Risk Group 2 subjects, and we disproportionably enrolled fewer Diabetic Foot Risk Group 3 subjects.
Despite these errors, the smaller patient sample was sufficient to show a significant impact when home temperature
monitoring was used.
Quality of life, functional status, self-efficacy, satisfaction with care, and cost outcomes from this study will be
addressed in future articles. While smaller studies in this
area have mirrored the current project,13,19 it is unknown if
the same outcomes and compliance would be observed in a
multicenter clinical trial over an extended period of evaluation. We look forward to work that might continue to refine
this method’s usefulness in a variety of settings.
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