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ABSTRACT

URPOSE: To evaluate the effectiveness of home temperature monitoring to reduce the incidence of foot
lcers in high-risk patients with diabetes.
ETHODS: In this physician-blinded, 18-month randomized controlled trial, 225 subjects with diabetes

t high risk for ulceration were assigned to standard therapy (Standard Therapy Group) or dermal
hermometry (Dermal Thermometry Group) groups. Both groups received therapeutic footwear, diabetic
oot education, regular foot care, and performed a structured foot inspection daily. Dermal Thermometry
roup subjects used an infrared skin thermometer to measure temperatures on 6 foot sites twice daily.
emperature differences �4°F between left and right corresponding sites triggered patients to contact the
tudy nurse and reduce activity until temperatures normalized.
ESULTS: A total of 8.4% (n � 19) subjects ulcerated over the study period. Subjects were one third as

ikely to ulcerate in the Dermal Thermometry Group compared with the Standard Therapy Group (12.2%
s 4.7%, odds ratio 3.0, 95% confidence interval, 1.0 to 8.5, P � .038). Proportional hazards regression
nalysis suggested that thermometry intervention was associated with a significantly longer time to
lceration (P � .04), adjusted for elevated foot ulcer classification (International Working Group Risk
actor 3), age, and minority status. Patients that ulcerated had a temperature difference that was 4.8 times
reater at the site of ulceration in the week before ulceration than did a random 7 consecutive-day sample
f 50 other subjects that did not ulcerate (3.50 � 1.0 vs 0.74 � 0.05, P � .001).
ONCLUSIONS: High temperature gradients between feet may predict the onset of neuropathic
lceration and self-monitoring may reduce the risk of ulceration. © 2007 Elsevier Inc. All rights
eserved.
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n diabetes, as in other chronic diseases, self-care is an
ssential element of disease management and prevention.
ost diabetic lower extremity complications involve sen-

ory neuropathy; patients do not recognize that their feet are
eing injured until a wound develops.1,2 Wounds are invari-
bly preceded by inflammation.3-6 Therefore, it would stand
o reason that identifying preulcerative inflammation might
redict foot ulceration. Temperature assessment seems to be
likely surrogate to measure inflammation.
Studies of dermal thermometry have suggested that vari-
tions in temperature �4°F (2.2°C) could be helpful in skin
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1043Armstrong et al Diabetic Foot Ulceration
urveillance.7-12 More recently, 2 randomized trials ap-
eared to confirm that dispensing simple “personal ther-
ometers” to neuropathic patients might serve as useful

revention tools.13,14 The second of these studies appeared
o suggest that this preventative effect is independent of
imply increasing visual surveil-
ance of the foot.14 Previous stud-
es using temperature as a self-as-
essment and monitoring tool
ppear promising; however, they
ere either conducted over rather

hort time frames (6 months)13 or
hey studied very specific patient
opulations.14 Therefore, the pur-
ose of this study was to evaluate
he effectiveness of an infrared
ome temperature monitoring in-
trument to reduce the incidence
f foot complications in patients
t high risk for diabetic foot
lceration.

ETHODS
n this physician-blinded, 18-
onth randomized controlled

rial, 225 United States veterans
ith diabetes at high risk for ul-

eration (neuropathy and deformity or previous history of
lceration) were assigned to standard therapy or dermal
hermometry groups. Both groups received therapeutic foot-
ear, diabetic foot education, and regular foot care. All

ubjects were instructed to perform a structured foot inspec-
ion daily and record their findings in a logbook. If Standard
herapy Group subjects identified any foot abnormalities,

hey were to contact the study coordinator immediately.
ermal Thermometry Group subjects used an infrared skin

hermometer (TempTouch, Xilas Medical, San Antonio,
ex) to measure temperatures on 6 sites on the foot twice a
ay. Temperature differences �4°F (�2.2°C) between left
nd right corresponding sites triggered patients to contact
he study coordinator and reduce activity until their temper-
tures normalized. As a practical measure, the opposite
xtremity was used as a control because both feet are ex-
osed to the same repetitive stresses during walking and
herefore represented a built-in comparison source. Because
he disease processes of neuropathic ulceration involves
ultiple factors that affect lower extremity perfusion and

emperature regulation, we felt that it would be difficult to
dentify an absolute skin temperature level that could be
onsidered normal or one that could be used as a universal
eference.

articipants
ll patients with type 2 diabetes receiving foot care at the
outhern Arizona VA Health Care System, aged 18-80

CLINICAL SIGNIF

● Diabetic foot
complex and c
quently caused
the foot, caus
skin breakdown.

● The results of th
simple device u
identify potentia
tion and allow
activity before u

● In this manner
their activity by
peratures much
lin by checking t
ears, who fit category 2 or 3 of the International Diabetic T
oot Risk Classification System,15 were candidates for in-
lusion in the study. Risk Group 3 included patients with a
istory of either a foot ulcer or of a partial foot amputation.
isk Group 2 included patients with neuropathy and struc-

ural foot deformity or limited joint mobility.15 There were
approximately 4800 patients with
type 2 diabetes receiving care at
the Southern Arizona VA Health
Care System. Of these, 1942 were
identified as high risk for develop-
ment of foot ulcers (neuropathy
and deformity), and at least 300
had been treated for a foot ulcer or
a partial foot amputation in 1999.

Candidates were not admitted
to the study if any of the following
criteria were present: active open
ulcers, amputation sites, or foot
infections; active Charcot arthrop-
athy; severe peripheral vascular
disease, as evidenced by nonpal-
pable foot pulses or an ankle-bra-
chial index �0.8 on either extrem-
ity; dementia or impaired cognitive
function; active drug abuse or his-
tory of drug or alcohol abuse
within 1 year of the study; sight
impaired (ie, unable to read the

arge (2.5 cm) digital display characters on the dermal
hermometer); or unable to walk without the assistance of a
heelchair or crutches.

nterventions
he TempTouch thermometer (Xilas Medical) is equipped
ith a “touch sensor” that detects tip contact with skin,
hich allows the user to just simply touch the end of the
robe to the skin to take a measurement. To operate the
evice, the user would place the tip of the device on
he skin, which would then automatically trigger a temper-
ture measurement and display it on an LCD (liquid crystal
isplay) screen. The thermometer utilized incorporates a
ooseneck design, which allows the user to reach any point
n the bottom or sides of the foot.

bjectives
e evaluated the effectiveness of self-administered in-

ome infrared temperature probe monitoring to reduce the
ncidence of diabetic foot ulcers in high-risk veterans with
ype 2 diabetes. Secondary objectives were to measure the
ffect of the intervention on type of ulcer, health-related
uality of life, self-efficacy, satisfaction with care, and mod-
lation of activity. We tested the hypothesis that self-mon-
tored temperatures would: reduce the rate of foot ulcers and
ositively influence health-related quality of life, self-effi-
acy and satisfaction with care, and modulation of activity.
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ncidence; subsequent articles will present secondary
utcomes.

utcomes
rimary measures were collected at baseline and every 3
onths thereafter (months 0, 3, 6, 9, 12, and 15), with a final

isit at month 18. The primary endpoint (and focus of this
rticle) with respect to effectiveness in reducing the inci-
ence of diabetic foot ulcers, was the proportion of patients
n each group developing a foot ulcer of any type. An
lceration was defined as the full thickness loss of epidermis
nd dermis or involvement of deeper structures. Additional
utcomes, to be reported in future articles, included health-
elated quality of life, self-efficacy, and satisfaction with
are, activity titration, and program costs.

ample Size
p to 70% of patients with a history of foot ulcers experi-

nce recurrence within 1 year. We believed that the inci-
ence of ulceration would be 70% in the usual care group
nd from 30% to 45% in the thermometry self-monitoring
roup based on the work of Uccioli and coworkers and
alker and coworkers.16,17 For a sample size of 70 per

roup, a log-rank test (2-sided � � .05) for equality of
urvival curves would have 99% power to detect a 40%
ifference, 93% power to detect a 30% difference, and 83%
ower to detect a 25% difference. Interim analyses were not
erformed. There was no evidence that enhanced monitor-
ng would result in worsened outcomes, thus, stopping rules
ere not established.

andomization: Allocation Concealment
nd Implementation
ur study biostatistician generated a randomized assign-
ent list. Once potential subjects were screened and con-

ented, the coordinator used this list to sequentially assign
atients to the intervention or usual care group; no excep-
ions were made.

linding (Masking)
he attending physician was blinded to the use of the
empTouch thermometer throughout the entire course of

he study. When evaluating study patients, the subjects were
nstructed not to discuss their treatment group assignment.
he treating physician did not use temperature assessment
s part of their diagnostic examination.

tatistical Methods
he Cox proportional hazard model was used to evaluate

he dependent outcome differences between groups (time to
ncident foot ulcers), producing a relative risk controlling
or covariates such as history of amputation, diabetes com-
lications index, and glucose control (HbA1c). Selection of
ovariates was performed using stepwise modeling proce-

ures, supplemented by evidence from pilot studies and the t
iterature. We used a chi-squared test with Yates correction
o evaluate potential univariate dichotomous associations.

e used a Mann-Whitney U test to evaluate skin tempera-
ure differences (compared with the contralateral foot) at the
ite of ulceration in the week preceding the reulceration and
ompared that with a 1-week sample of 50 randomly sam-
led subjects that did not ulcerate. For all evaluations, we
sed an alpha of 5%.

ESULTS
escriptive characteristics of this population are illustrated

n the Table. There was not a significant difference in
haracteristics based on treatment group assignment (P �.05
or all).

A total of 8.4% (n � 19) of all subjects ulcerated over the
8-month follow-up period. In the Standard Therapy Group,
2.2% (n � 14) of patients ulcerated compared with 4.7%
n � 5) of those in the Dermal Thermometry Group (OR 3.0,
I, 1.0 to 8.5, P � .038).

Proportional hazards regression analysis suggested that
tandard Therapy Treatment, elevated foot ulcer classifica-

ion (International Working Group Risk Factor 3), age, and
inority status were significantly associated with a shorter

ime to ulceration. Standard Therapy Treatment (adjusted
azard ratio [HR] 2.9; 95% CI, 1.03 to 8.4; P � .04), Risk
roup 3 status (adjusted HR 16.5; 95% CI, 4.5 to 31.7;
� .001), age (adjusted HR 0.93; 95% CI, 0.89 to 0.98;
� .02), and minority status (adjusted HR 0.40; 95% CI,
.12 to 1.3; P � .1) were associated with ulceration. The
umulative survival curve comparing Dermal Thermom-
try Group treatment with standard therapy is illustrated
n Figure 1.

Patients that ulcerated had a temperature difference (be-
ween the affected foot and the same site contralaterally)

Table Descriptive Characteristics

Thermometry Control P-value

Age (years) 68.2 (9.6) 69.7 (10.4) .26
Sex % 98.2 94.7 .16
Duration diabetes 13.6 (11.6) 12.6 (9.1) .47
Hemoglobin A1c 8.1 (1.9) 7.4 (1.4) .29
Non-Hispanic white 72.97 71.05
African American 4.50 8.77
Hispanic 20.72 17.54
Asian 0.00 1.75
Native American 1.80 0.88 .383
Retinopathy (%) 23.4 34.2 .074
Diabetic foot risk

classification
Risk 2 84.7% 82.5%
Risk 3 15.3% 17.5%

VPT (volts) 42.6 (21.0) 50.1 (85.4) .39
Neuropathy with loss of

protective sensation
100% 100%

All values are mean (SD) unless stated otherwise.
hat was 4.8 times greater in the region of ulceration in the
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1045Armstrong et al Diabetic Foot Ulceration
eek before the event than did a random 7-consecutive-day
ample of 50 subjects that did not ulcerate (3.50 � 1.0 vs
.74�0.05, P� .001). These data are illustrated in Figure 2.

ISCUSSION
here are few effective therapies to help high-risk patients
ith diabetes prevent foot ulcerations. Under the best cir-

umstances, high-risk patients will receive a few hours of
ducation a year concerning the complications of diabetes,
egular foot evaluation by their primary care physician or
pecialty care by a podiatrist, and protective shoes and
nsoles. Unfortunately, standard prevention therapies usu-
lly are not provided. And, even when patients are treated in
enters of excellence with aggressive medical and surgical
ntervention, between one third and two thirds of subjects
ith a prior history of diabetic foot ulcers will reulcerate in
2-24 months.2,16,18 Lavery and coworkers have reported 2
andomized clinical trials using a temperature home moni-
oring device with similar results to this study.13,19 This
tudy substantively augments those previous studies in a
arger, potentially higher-risk population and is the first, to
ur knowledge, to suggest that thermometry used by pa-
ients themselves can identify areas of inflammation before
kin breakdown.

Self-monitoring is necessary to identify early warning
igns to reduce the incidence of diabetic foot complications
nd the associated decrements in quality of life and high
esource costs. Sadly, the ability of the most motivated
atients with diabetes, their family members, and even
ealth care professionals to identify “early warning signs” is
imited. The precursors to ulceration are subtle, especially in

igure 1 Prevention of ulceration: dermal thermometry vs. stand
roup compared with 4.7% in the Dermal Thermometry Group (

ssociated with a longer time to ulceration than control (P � .04).
neuropathic foot. Self-evaluation of temperature seems to *
ffer a mechanism to identify an early sign of injury, when
here is still time to avert a wound. The results of this study
uggest that a simple, inexpensive temperature device can
e used effectively by high-risk patients to reduce foot
lceration. This offers a significant advantage over tradi-
ional prevention practices and therapies.

The concept of measuring skin temperature as a marker
or tissue inflammation and injury in the insensate foot has
een addressed by several authors. As early as 1971, Goller
t al reported an association between increased local tem-
erature and localized pressure leading to tissue injury.7

igure 2 Temperature difference at 1 week before ulceration.

rapy. There were 12.2% patients ulcerated in the Standard Therapy
; 95% CI, 1.0 to 8.5; P � .038). Additionally, thermometry was
ard the
OR 3.0
P � .001.
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androw and coworkers subsequently used thermometry as
tool to diagnosis occult neuropathic fractures in patients
ith diabetes in 1972.20 Stess and colleagues described the
se of infrared thermography to assess skin temperatures in
atients with diabetes, patients with diabetes with neuro-
athic fractures, patients with diabetes with ulcers, patients
ith leprosy, and controls.21 They found that neuropathic

oot ulcers frequently had increased skin temperatures sur-
ounding a central necrotic area, and suggested that temper-
ture assessment may be a useful technique to identify
atients at risk for ulceration. Similar findings were revealed
n a larger study by Armstrong et al using standard ther-
ometers.22 The concept is elegant in its simplicity, and

ven challenging patient populations appear to have been
ble to successfully use the device.

Veterans treated in the Department of Veterans Affairs
re older, poorer, and have more comorbidities than general
ommunity dwellers. However, they are not appreciably
ifferent from the disproportionately low income and mi-
ority population with diabetes in regards to ulcer out-
omes.23,24 Therefore, the results of this study should be
pplicable to both veteran and nonveteran populations alike.
n fact, a less challenged population might realize better
reventative outcomes.

In this study we evaluated 2 risk groups: patients with a
istory of previous diabetic foot ulceration or amputation
Risk Group 3) and those with sensory neuropathy and loss
f protective sensation with structural foot deformities (Risk
roup 2). The majority of subjects enrolled were in the

atter group, and this group had a lower incidence of ulcer-
tion than expected. Our sample size estimate was based on
ublished outcomes using “standard prevention” in diabet-
cs with a history of pathology (Risk Group 3). Therefore,
e underestimated the sample size needed to evaluate Di-

betic Foot Risk Group 2 subjects, and we disproportion-
bly enrolled fewer Diabetic Foot Risk Group 3 subjects.
espite these errors, the smaller patient sample was suffi-

ient to show a significant impact when home temperature
onitoring was used.
Quality of life, functional status, self-efficacy, satisfac-

ion with care, and cost outcomes from this study will be
ddressed in future articles. While smaller studies in this
rea have mirrored the current project,13,19 it is unknown if
he same outcomes and compliance would be observed in a
ulticenter clinical trial over an extended period of evalu-

tion. We look forward to work that might continue to refine
his method’s usefulness in a variety of settings.
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