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Diabetic foot ulcers and lower-extrem-
ity amputations are serious and
expensive complications that befall

up to 15% of people with diabetes during
their lifetime. Relatively simple and inex-
pensive interventions may decrease the
amputation rate up to 85% (1-5). This
Technical Review was undertaken to
update the evidence for various preventive
and therapeutic modalities to decrease dia-
betic foot ulcers and lower-extremity
amputations and to develop the clinical
practice recommendations for preventive
foot care of people with diabetes.

The Technical Review is organized into
three parts: 1) major demographic and
comorbidity risk factors, 2) foot-related risk
factors, and 3) preventive strategies. The
clinical implications of this review will
appear in a separate American Diabetes
Associations (ADA) Position Statement on
preventive care of the foot (6a). This Tech-
nical Review covers only the care of the
nonulcerated foot. The assessment and
management of diabetic foot ulcers and
Charcot arthropathy including surgical
management, will be covered in a later
review.

This Technical Review is based on orig-
inal research published in the peer-
reviewed literature in the English language.

The research quality was graded using a
modification of the system used by the U.S.
Preventive Services Task Force (APPENDIX)

(6b,7). Preference was always given to
studies that provided patient-oriented out-
comes or clinically relevant care, rather
than disease-oriented outcomes. For exam-
ple, a study that predicted foot ulcer risk
was preferred over a study that predicted a
decrease in nerve conduction velocity.

Importance
Although only 3% of the population have
diagnosed diabetes, half of all nontraumatic
lower-extremity amputations in the U.S.
occur in people with diabetes (8). The
annual age-adjusted amputation rate
between 1980 and 1990 varied from 5.1 to
8.1 per 1,000 people with diabetes, but the
number of amputations increased 29% over
that decade to 54,000 in 1990 (9). Non-
traumatic lower-extremity amputation
occurred in 1.9% of all hospital discharges of
diabetic people between 1983 and 1990
(10). About half of the amputations are of
the toes or foot; the other half (43-65%) are
amputations at the transtibial (below-the-
knee) or transfemoral (above-the-knee) level
(8). The prevalence of amputation in the
U.S. in 1989 was 2.8% for people with dia-
betes (8).
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Approximately 85% of all amputations
are preceded by a nonhealing foot ulcer
(11,12). Foot ulcers affect up to 15% of all
people with diabetes sometime in their life-
time (13). The annual incidence of self-
reported foot ulcers in diabetic people
ranges from 2.4 to 2.6% (14), and the
prevalence of foot ulcers ranges from 4 to
10% (15-18), reflecting differences in pop-
ulations and wound management strategies
across geographic regions. Almost 6% of all
U.S. hospital discharges with a diabetes
diagnosis between 1983 and 1990 included
a lower-extremity ulcer diagnosis; 46% of all
ulcer hospitalizations were in people with
diabetes (10). The direct costs for care of
foot ulcers was estimated to be $145 million
in 1986 (19). An extensive review of the
epidemiological literature on diabetic foot
ulcers and amputation is available in Dia-
betes in America (8) (also at http://diabetes-
in-america.s-3.com/default.htm).

DEMOGRAPHIC AND
COMORBIDITY RISK
FACTORS— The risk factors for dia-
betic foot ulcers and lower-extremity ampu-
tation are similar and will be described
together in this review and noted separately
when they differ. Also, the risk factors are
similar for people with type 1 (1DDM) and
type 2 (NIDDM) diabetes, so data on these
populations are reported together and
noted separately only when they differ. (All
references to the type of diabetes have been
updated to the preferred terminology of
"type 1" and "type 2.") These risk factors
include demographic characteristics,
comorbid conditions, and foot pathology.
Multivariable analyses of risk factors are
shown in Table 1.

Age and duration of diabetes
The risk of ulcers and amputation increases
two- to fourfold with both age and duration
of diabetes (8,14,20). In the U.S., between
1989 and 1993, the prevalence of amputa-
tions was 1.6% for diabetic people age
18-44 years, 2.4% for people age 45-64
years, and 3.6% for people age ^65 years
(8). In Wisconsin, the prevalence of ampu-
tation was 2.4% for people with diabetes
onset before 30 years, and 4.4% for people
with older onset diabetes (14). Age and
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Table 1—Comparison of significant risk factors for amputation in multivariable models

Characteristics
and risk factors

Design

Data collection

Sample size (n)
Analysis

Measure

Male versus female
Nonwhite versus white
Diabetes duration

(per x years)
Age (per x years)
Glycemic control

(per x units)
Insulin use
Retinopathy
Renal disease
Proteinuria
Hypertension (per

mmHgofdBPorsBP)
Cholesterol

Smokers
Stroke
Heart disease
Neuropathy

Vibratory sense
MAC
Peripheral vascular
disease

Foot deformities
Ulcer history
No outpatient

education

Moss
et al. (14)

Wisconsin Wisconsin
(early onset) (late onset)

Cohort

Self-report,
exam

1,210 1,780
Logistic

regression

Nelson
et al. (20),

Pima
Indians

Cohort

Exam

4,399
Mantel-

Haenszel

Study and population

Selby and
Zhang (22),

HMO
(San Francisco"

Nested
case-control
Chart review

150 + 278
Logistic

regression

OR Incidence rate ratio OR

NS 2.8
NS —
NS 1.8 per 10

2.0 per 10 NS
1.4 per 1.5 per

2% GHb 2% GHb
— —

1.4per2stepst NS
— —
NS 4.3

2.1 per 10 dBP NS

— —

NS NS
— —
— —
— —

— —
— —
— —

— —

10.5 4.6
— —

Adjusted
NA

Adjusted

Adjusted
—

—
2.1
2.2
—
NS

NS

NS
—
—

2.0 patellar
reflex

—
4.8
—

—
—
—

Matched
NS
NS

Matched
1.75 per

glucose score*
—

3.68
—
NS

1.02 per 1 sBP

NS

NS
2.7
NS

4.05

—
—
—

—
—
—

Lehto
et al. (23),

type 1
I (Finland)

Cohort

Exam

1,044
Cox

regression

RR

Adjusted
—

2.2 for 9

Adjusted
2.5 for HbA!

>13.4%
—
3.6
NS
1.3
NS

1.8 for
>6.2 mmol/1

NS
—
NS

4.3 Achilles
reflex
2.7
—

3.9 absent pulses
2.1 femoral bruit

—
—
—

Lee et al. (27),
type 2

(Oklahoma Indians)
Men Women

Cohort

Exam

332 543
Cox proportional

hazard model

Rate ratio

NA NA
NA NA

1.05 per 1 1.08 per 1

NS NS
1.08 per NS
mmol/1

2.56 NS
3.19 3.33
NS NS
NS NS

1.15 per 1.28 per
10 sBP 10 dBP

NS 1.18 per
mmol/1

NS NS
— —
NS NS
— —

— —
— —
— —

— —
— —
— —

Reiber
et al. (25),

Male
veterans

Case-control

Chart review,
exam

80 + 236
Logistic

regression

OR

NA
NS

Adjusted

Adjusted
Adjusted

—
Adjusted
Adjusted

—
—

6.4 for HDL
<1.3umol/l

NS
—
—
—

12.9
—
—

—
—

16.5

Mayfield
etal. (21),

Pima
Indians

Case-control

Chart review

63 + 183
Logistic

regression

OR

6.5
NA

1.4 per 5

1.3 per 5
1.6 per

50 mg/dl
—

4.6f
4.6=f
NS
NS

NS

NS
4.6?
4.6*

2.1 any
diagnosis

—
—

2.1 any
diagnosis

2.1
2.1
—

Most ORs or RRs compare with a baseline group without the feature. dBP, diastolic blood pressure; NA, not applicable; sBP, systolic blood pressure; RR, relative
risk. Data from Nelson et al. (20) are adjusted for age/sex. *Glucose score = 50 mg/dl fasting glucose or 68 mg/dl random glucose; T2 steps in grade of retinopa-
thy; fretinopathy, renal disease, stroke, and heart disease were combined.

duration of diabetes are highly correlated. In
populations with accurate ascertainment of
the onset of diabetes (i.e., Pima Indians with
type 1 diabetes), duration of diabetes
becomes the predominant predictor of ulcer
and amputation risk (14,20,21). The rela-
tionship of the duration to prevalence of
ulceration and amputation appears to be
similar for people with type 1 and type 2
diabetes (14).

Sex
Male sex has been associated with 1.6
increased risk of ulcers (8,14) and 2.8- to

6.5-fold higher risk of amputation
(14,20-22) in most studies of people with
type 2 diabetes. No difference between the
sexes was reported for people with type 2
diabetes in Finland (23) or people with
type 1 diabetes (14). The mechanism of the
increased risk for men has yet to be
investigated.

Race and socioeconomic status
Analysis of hospital discharges for diabetic
foot ulcers suggest no difference by race
(8). A twofold higher risk of amputation
has been described for Hispanics and

blacks as compared to whites (8,24) and up
to a fourfold higher rate in the Pima Indians
(20). However, an evaluation of a California
health maintenance organization found no
difference by race (22), suggesting that the
observed differences may be due to socioe-
conomic issues or a lack of access to health
care.

Social factors
The lack of "social connectedness" (denned
as living alone, no visits from a friend or rel-
ative in the past month, no attendance at
social or religious gatherings, and personal
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life dissatisfaction) is associated with a 2.1-
to 3.8-fold higher risk of amputation (25).
People presenting with a foot ulcer were
more likely to live alone or be from a lower
social class (26).

Glycemic control
Poor glycemic control increases the risk of
neuropathy (see below) and amputation
(14,20,22,23,27). The increased risk for
amputation is observed even when neu-
ropathy is controlled in multivariable
analysis. An HbA! level >13.4% was asso-
ciated with a 2.2 relative risk of amputation
in a Finnish population with type 2 dia-
betes (23), and a 50 mg/dl increase in the
mean random glucose in the Pima Indians
was associated with a 1.6 odds ratio (OR)
for amputation (21). Only one study has
reported an association of glycemia with
ulcers. A 1.4-1.5 increased risk of self-
reported ulcers was associated with a gly-
cated hemoglobin increase of 2% in people
with both type 1 and type 2 diabetes in
Wisconsin; however, the models did not
control for neuropathy (14).

Comorbid conditions
The risk of diabetic foot disease is associ-
ated with diabetic complications in other
organ systems, including micro vascular
disease (e.g., diabetic retinopathy renal dis-
ease) and macro vascular disease (e.g., coro-
nary artery disease) (14,17,20-23,25,27).

Patient education and self-care
practices
The lack of patient education on foot care
has been associated with a 3.2 increased
risk of amputation (25). In a survey of
patients with ulcers, only 29% previously
considered they were at risk for foot prob-
lems, compared with 59% of the control
subjects without ulcers, although 30% in
both groups reported they had been given
information on foot care (26). Approxi-
mately 70% of both groups had not had
their foot remeasured for footwear in the
past 10 years.

Tobacco and alcohol use
Cigarette smoking is a major risk factor for
peripheral vascular disease (a major risk
factor for amputation) and amputation in
nondiabetic people. In diabetic people, the
evidence for a relationship between tobacco
and ulcers or amputation is variable.
Tobacco use has been associated with
microvascular disease (e.g., retinopathy,
nephropathy) in people with diabetes (28)

and cardiovascular disease (29). Most stud-
ies of people with diabetes have failed to
show an association of cigarette smoking
with an increased risk of macrovascular
disease (30), peripheral vascular disease
(31-33), diabetic foot ulcers (34,35), or
amputation (22,23,25,31). However, a few
studies show a weak relationship between
smoking and peripheral vascular disease,
ulcers, or amputation risk. A clinic-based
study found an association of smoking with
proximal (pelvic, femoropopliteal) periph-
eral vascular disease, but not with distal
disease (below-the-knee) in people with
diabetes (36). A population-based cohort
study in Wisconsin of people with type 1
diabetes age ^18 years found an associa-
tion between ulcers and 10+ pack year his-
tory of smoking (OR 1.3) and current
smokers (OR 2.3); however, these findings
were of borderline statistical significance
(CI included 1.0), and no increased risk
was found for smokers with type 2 diabetes
in the same population (14). A study of
people with diabetes in three English com-
munities found more peripheral vascular
disease (OR 2.16) in smokers compared
with nonsmokers (37).

Alcohol consumption has been associ-
ated with an increased risk of foot ulcers in
British men with diabetes and impotence
(38). Although one study found an associ-
ation between CAGE scores and neuropa-
thy (39), most studies have not found
alcohol to be a major risk factor for neu-
ropathy (37,40), diabetic foot ulcers (35), or
amputation (22,23,25). (The CAGE screen-
ing instrument is a brief questionnaire and
stands for cut down, annoyed by criticism,
guilty about drinking, eye-opener drinks.)

FOOT PATHOLOGY AND
ASSESSMENT— The major foot-
related conditions that increase the risk of
ulcers and amputations are peripheral neu-
ropathy, altered biomechanics, peripheral
vascular disease, and skin pathology, as
well as a history of foot ulcers.

Peripheral neuropathy
Peripheral neuropathy is defined as symp-
toms and/or signs of peripheral nerve dys-
function in people with diabetes after
exclusion of other causes (41). The preva-
lence of neuropathy depends on the defin-
ition and population investigated. The
prevalence of neuropathy increases with
age, duration of diabetes, presence of
microvascular complications, and poor
glycemic control (42-45). Macrovascular

risk factors (i.e., hypertension, hyperlipi-
demia) do not appear to be associated with
the risk of neuropathy (39,44). The most
common form of clinical neuropathy, distal
symmetric sensorimotor polyneuropathy,
affects up to 50% of people who have had
diabetes 5:15 years (37,43,44) and affects
the motor and sensory modalities in a
"stocking-glove" pattern. Autonomic neu-
ropathy frequently develops concurrently.

Peripheral neuropathy is associated
with an 8- to 18-fold higher risk of ulcera-
tion (34,35) and a 2- to 15-fold higher risk
of amputation (8,20-23). Peripheral neu-
ropathy is thought to be the underlying
pathophysiological alteration leading to
Charcot arthropathy. The increased risk for
these adverse outcomes is imparted
through several different mechanisms.
First, the loss of protective sensations that
include pain, pressure, and temperature,
removes the signals of damaging stimuli or
conditions. Second, the motor component
of polyneuropathy results in atrophy of the
intrinsic muscles (interosseous, lumbri-
cals), resulting in a flexion deformity, which
creates areas of increased pressure under
the metatarsal heads and tips of the toes.
Third, the peripheral sympathetic auto-
nomic neuropathy that often accompanies
polyneuropathy causes dyshidrosis and dry
skin, which can readily crack. Autonomic
neuropathy may also be involved with arte-
riovenous shunting leading to altered skin
and bone perfusion (46,47).

The onset of the loss of protective sen-
sation is usually insidious and may progress
at different rates in different types of nerves
(sensory [proprioception, touch, vibration,
pain, temperature], motor, and auto-
nomic). Abnormalities of nerve function
and symptoms are only moderately corre-
lated (38,48,49), with no one modality
clearly serving as a gold standard to predict
adverse patient outcome. Various methods
to aggregate symptoms and signs have been
developed and used for research purposes
(49,50). An American Diabetes Association
consensus conference (41) on diabetic neu-
ropathy recommended that at least one
measure from clinical symptoms, clinical
examination, electrodiagnostic studies,
quantitative sensory testing, and autonomic
function testing should be used to define
diabetic neuropathy for research purposes.

Electrophysiological tests (e.g., nerve
conduction studies) have moderate sensitiv-
ity for nerve dysfunction but detect subclin-
ical disease, with little clinical or prognostic
significance (51). On the other hand, the tra-
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ditional clinical assessment of peripheral
neurological function (e.g., reflexes, pin-
prick, vibration with a tuning fork, and light
touch to cotton wisp) are highly subjective
and have poor interobserver reproducibility
(K < 0.75) (52). Tests of autonomic function
are not standardized and have poor repro-
ducibility and only fair predictive ability for
ulcers or amputation (53).

Psychophysical somatosensory thresh-
old tests for vibration and light touch pro-
vide the best discrimination in the clinical
setting to identify the loss of protective sen-
sation. The vibratory perception threshold
can be determined using an electronic tun-
ing fork that vibrates at 120 Hz. The ampli-
tude of vibration is varied from 10 to 50
volts with the Bio-thesiometer (Bio-medical
Instruments, Newbury, OH) or the Horwell
Neurothesiometer (Scientific Laboratory
Supplies, Nottingham, U.K.). A more
sophisticated instrument, the Vibrameter
(Somedic, Stockholm), adjusts for the pres-
sure of the probe on the skin, and tests
from 0.05- to 399-um amplitude (54). The
decrease in vibratory perception (i.e.,
increased threshold) is highly predictive of
subsequent ulceration. People with ulcers
were almost 11 times more likely to have
vibratory thresholds >25 V than people
without ulcers (55). In a prospective study
of people without a history of ulcers, those
with vibratory threshold >25 V had a 6.8
odds of developing an ulcer over the next 4
years, compared with those with vibration
thresholds <25 V (34). The Bio-thesiome-
ter costs several hundred dollars and takes
at least 5 to 10 min to perform. Other
threshold tests, generally used in a research
setting, evaluate temperature (hot and cold)
(56) and pain, using pinprick thresholds
(57). One prospective study found the risk
of minor skin lesions increased with
impaired thermal sensitivity (58). The use
of the "yes/no" method of limits for sensory
thresholds (59) has been shown to be faster
and more reliable than the traditional two
alternative forced-choice method (60).

The Rydel-Seiffer tuning fork (Ge-
brueder Martin, Tuttlingen, Germany) pro-
vides a simpler and less expensive
semiquantitative measure of vibratory sense
(54). This 128-Hz tuning fork is calibrated
on an arbitrary scale of 0-8 by moving
weights at the extremities of the prongs. In a
selected high-risk population, 95% of the
people with ulcers had scores of ^ 4 . The
graduated tuning fork was highly correlated
with the electronic vibrometer (r = — 0.90, P
< 0.001), and had a coefficient of variation

of 6-8% in the same day by different exam-
iners (61) and 24% over several weeks time
by a single examiner (54). Results from inex-
perienced examiners correlated well with
the experienced examiner (r = 0.87, P <
0.001). The tuning fork can be carried in a
pocket, is easy and painless to use, and costs
approximately $100. However, no prospec-
tive data are available linking the graduated
tuning fork to later ulceration or amputation.

The Semmes-Weinstein monofilament
assesses the threshold for light touch/pres-
sure in a semiquantitative fashion (62).
This instrument, a nylon fiber several cen-
timeters long embedded in a handle, capi-
talizes on the unique physical properties of
a buckling column to produce a quantifi-
able pressure (63). A range of monofila-
ments are available. The monofilaments are
identified by a number that equals the log-
arithm of 10 times the force in milligrams
required to bow the monofilament. Inter-
and intra-rater agreement K values are 0.72
and 0.83 (52). Testing of the plantar surface
of the toes and metatarsal heads provides
most of the discriminatory ability; the dor-
sum and heel provide little additional infor-
mation (64). Two studies found the 5.07
monofilament (10 g) correlated best with
the presence or history of an ulcer (64,65),
while two other studies suggested the 4.21
monofilament (1 g) to be a better discrim-
inator (66,67). The proposed cutoffs for
defining an insensitive foot range from one
to three out of six sites, providing a sensi-
tivity of 0.84-1.00 and specificity of
0.77-1.00 to predict a current or future
ulcer. In a prospective, population-based
study, the inability to appreciate a 5.07
monofilament in one or more standard-
ized sites on the foot was associated with an
increased risk of ulceration (9.9 [4.8-21.0];
OR [95% CI]) and amputation (17
[4.5-95]) (68).

Self-reported symptoms of neuropathy
(pain, numbness, tingling) affect 30-40% of
all people with diabetes. In a U.S. popula-
tion survey, 28% reported numbness and
27% reported pain or tingling (45). About
20% of the diabetic population with periph-
eral neuropathy denned by multiple meas-
ures reported painful symptoms (43). Pain
is associated with measures of small-fiber
neuropathy (69) but has only fair correla-
tion with large-fiber neuropathy and foot
ulceration (38,70). Thus, the presence or
absence of symptoms should not be used to
assess the risk of ulcers or amputation (70).

Painful diabetic neuropathy tends to
improve within 1-2 years (71-73), espe-

cially if the onset was associated with a
recent metabolic disturbance (72); how-
ever, the longer the pain has been present,
the more likely it is to persist (73-75).
Signs of large fiber neuropathy (vibration,
ankle jerks, pain sensation) tend to remain
stable or worsen over time (71,74). The
impact of improved glycemic control on
symptomatic neuropathy remains contro-
versial and is reviewed elsewhere (76).

Altered biomechanics
An increased risk of ulceration and ampu-
tation has been associated with alterations
in the normal biomechanics of the foot,
including increased plantar pressure, bony
abnormalities, and limited joint mobility.
An extensive review of the role of biome-
chanics in the diabetic foot was recently
published (77).

Increased plantar pressure has been
associated with recent or current ulcers
(65,78,79) and with risk of amputation. In
a prospective study, plantar ulcers devel-
oped in 35% of the people with static pres-
sures > 12.3 kg/cm2 measured on an optical
pedobarograph, while no ulcers developed
in people with pressures <12.3 kg/cm2

(80). Pressures > 10 kg/cm2 (98.1 kPa) have
been associated with increased ulceration
(81). Static plantar pressure can be meas-
ured using a Harris mat or a polytechnic
modified force plate; dynamic pressures can
be measured with a pedobarograph, instru-
mented shoes, and in-shoe or in-sole pres-
sure transducers; shear stress can be
measured with in-shoe transducers. Normal
ranges and risk level cutoffs have not been
standardized because different devices give
different results under the same foot, and
the transducers wear quickly with repeated
measurements. Furthermore, plantar pres-
sure patterns appear to change over time
(82). Dynamic and shear pressures are
probably more informative than static pres-
sures, but are more difficult to measure. An
extensive review of pressure measurement
methodologies is available (83).

The causes of the increased plantar
pressure in diabetic people include
increased body mass, structural alterations
of the bone and connective tissue, limited
joint mobility, changes in skin and callus
formation, and changes in posture and gait.
Body weight is associated with <14% of
the variance of peak plantar pressure in dia-
betic people (84).

Increased plantar pressure is often
noted in the presence of bony deformities.
Up to half of all people with diabetes have
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a hammer toe or claw toe deformity
(15,16,85) created by motor neuropathy,
which causes atrophy of the interosseous
and lumbricals muscles, thus leading to
unopposed hyperextension of the toes (86).
This hyperextension deformity exposes the
metatarsal heads to increased pressure,
resulting in higher rates of ulceration, par-
ticularly under the first metatarsal head
and the great toe (~50% of all plantar
ulcers) (65,87). Migration of the plantar fat
pad anteriorly with the flexor tendons
intensifies the local pressure (85). The foot
pad is thinner in people with diabetes, thus
increasing the problems with bony defor-
mities causing increased pressure (88).
Increased metatarsal head pressure is
highly associated with the presence of neu-
ropathy (89). Increased pressure can also
occur with common foot deformities, such
as bunions and hallux rigidus, and after a
lower-extremity amputation (90).

Limited joint mobility, first described in
the hands (91) is associated with increased
pressure, current ulcer, and a history of past
ulcers (92-95). The limitation develops
over time in people with diabetes because of
glycosylation of the skin, soft tissue, and
joints (91,96,97). Diabetic people with lim-
ited joint mobility at the subtalar and first
metatarsophalangeal joint had higher plan-
tar pressures than those with normal mobil-
ity, and were more likely to have a history of
ulcers (93,94). Ankle dorsiflexion <5°, and
subtalar joint motion <30° are significantly
associated with plantar ulceration (92).
However, the reliability of measurement of
these joints was fairly low when assessed by
14 physical therapists (intra-rater reliability
coefficient of 0.79-0.90 and inter-rater reli-
ability of coefficient of 0.22-0.05) (98), sug-
gesting limitations in the clinical utility of
joint mobility assessment.

People with diabetes and neuropathy
are more likely to have gait abnormalities
(99), postural instability, and sway (100)
and are 15 times more likely to suffer some
type of injury during ambulation than
those without neuropathy (101).

Bony deformities or limited joint mobil-
ity alone may not be sufficient to place a
person at increased risk of ulcers. Rather,
the combination of altered biomechanics
with peripheral neuropathy appears to
cause the increased risk. In a study of peo-
ple with limited joint mobility, all of the
people who had a history of ulcers also had
neuropathy (93). In another study that
compared foot conditions in people with
either diabetes or rheumatoid arthritis, sim-

ilar rates of bony deformity were noted;
however, the people with diabetes had
significantly more neuropathy (102). Of the
people with diabetes, 32 had a history of
ulcers, while none of those with rheumatoid
arthritis had an ulcer history. In a prospec-
tive study, limited joint mobility measured
by the "praying hand" method (91) was
associated with a threefold higher rate of
foot ulceration; however, this association
disappeared when abnormal vibratory sense
was taken into account (55). Bony defor-
mities from any cause were associated with
a twofold higher risk of amputation in the
Pima Indians and were an independent risk
factor, even after controlling for demo-
graphic risk factors, neuropathy, peripheral
vascular disease, and history of ulcers (21);
however, the retrospective chart review
probably had an incomplete ascertainment
of patients' neuropathy status.

Alterations in skin properties may also
contribute to altered biomechanics and
increased pressures. The skin in people with
diabetes is less pliable, because of the nonen-
zymatic glycosylation of collagen and ker-
atin, which creates cross-linkage within the
tissue (103). Glycosylation of keratin from
the sole of the foot was increased in people
with diabetes and was strongly correlated to
glycemic control. Callus formation is a nor-
mal physiological response to chronic direct
pressure and shear stress on the skin. Little
information is available to support the com-
mon belief that callus formation is more
common in people with diabetes. A small
case-control study found no increased
prevalence of calluses, compared with the
general population (16), but a study of peo-
ple with limited joint mobility causing
increased pressure under the first metatarsal
joint found increased callus formation as
compared with those without increased
pressure (105). A callus may function as a
foreign body at the skin surface and further
increase localized pressure by up to 29%
(106). Hemorrhages and early ulcers can
form underneath callus and are commonly
mistaken for plantar warts by naive examin-
ers (107). Hemorrhagic ulcers were found in
27% of the ulcers in neuropathic feet in one
clinic series (2). Calluses were associated
with an 11-fold higher risk of ulcers and
were more predictive of ulceration than
increased plantar pressure alone in a clinic
population (29).

Increased pressure alone does not
appear to cause tissue damage; rather, it is
the cumulative action of moderate levels of
pressure applied repeatedly over time that

results in tissue damage. With ambulation,
the foot experiences repetitive low-stress
impact, which accumulates into tissue dam-
age leading to ulceration. PW Brand, a pio-
neer in the research and management of the
neuropathic foot, hypothesized that the per-
son with intact sensation subconsciously
perceives inflammation from repetitive low-
level trauma and unconsciously alters the
gait to redistribute the pressure (108). The
person with a loss of protective sensation
does not appreciate the increasing damage
occurring to the foot, and continues to trau-
matize the same tissue. He tested this theory
using a runner with normal sensation,
measuring thermal patterns periodically.
Increased temperature was initially noted at
points of maximum pressure, but the ther-
mal pattern changed over time, suggesting
that the runner had altered his gait (108).
This same change was not seen in people
with neuropathy. Another investigator was
unable to demonstrate an increased vari-
ability in the gait pattern between neuro-
pathic and non-neuropathic patients using
dynamic gait measurement; however, the
subjects were observed for only 15 min of
walking, which may not be sufficient
trauma to cause tissue damage and prompt
gait alterations (77). Further investigation is
needed to establish the mechanism by
which increased pressure leads to ulcers
and amputation.

The severity and location of the tissue
trauma in an insensitive foot may be identi-
fied by temperature differentials across the
foot (108). In the normal foot, the highest
temperatures occur in the medial arch in a
"butterfly" pattern, with a mean temperature
of 25.7 ± 2.1 to 27.2 ± 2.1°C (109,110).
When tissue is exposed to repetitive,
increased focal pressure, the local tempera-
ture increases (111). Increased temperature
has been described over prominent
metatarsal heads (112). In a 3-year prospec-
tive study of people with symptomatic neu-
ropathy, areas with elevated temperature
experienced an increased incidence of plan-
tar ulceration (109).

However, several aspects of diabetic foot
pathology limit the usefulness of tempera-
ture assessment of the neuropathic foot. In
people with peripheral neuropathy, marked
arteriovenous shunting increases the blood
flow in the skin (46). This alteration, which
may be due to involvement of the auto-
nomic nerves, increases the overall temper-
ature of the foot and ameliorates the ability
to increase local blood flow. Diabetic people
with sensory and painful neuropathy had a
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Table 2—Percentage of ulcers and amputations associated with specified pivotal or precipitating
events

Ulcers Amputation

Edmonds Apelqvist Pecoraro Mayfield
etal. (150) etal. (87) etal. (11) etal. (21)

Population (n)

Accidental cuts
Shoe trauma
Mai perforans*
Thermal trauma
Decubitus
latrogenic
Vascular occlusion
Paronychia and

dermatologic conditions
Unknown/unspecified
Edema
Miscellaneous

386 ulcers in
239 patients

5
47

1
2

32
13

314
patients

18
40
12

6

16

4

80
veterans

8
36

3
8
3

14

12

63 Pima
Indians

26
8

38
5
1
5
7
7

0
*Also called a repetitive stress ulcer. Usually a new ulcer located on the plantar surface, but could include
ulcers on the dorsum of toes or lateral border of shoes. Some authors combined this category with shoe
trauma.

mean foot temperature 2-7°C warmer, com-
pared with diabetic people without neu-
ropathy or nondiabetic people (110,112).
Conversely, foot temperature does not
increase in people who have significant
peripheral vascular disease (111).

A skilled clinician can detect a change
of ~2°C using the hand (108). Quantitative
techniques to measure temperature include
thermistors, liquid-crystal contact thermog-
raphy, thermography detectors, and infrared
thermography. The reproducibility of ther-
mography over 3-6 months had a correla-
tion coefficient of 0.82 (112). A 2°
difference has been suggested as clinically
significant, indicating an inflammatory
process leading to ulceration or Charcot
arthropathy (108). A prospective study of
people with healed ulcers and no peripheral
vascular disease found a mean 3.6°C differ-
ence between the foot with the prior ulcer
and the contralateral foot at the visit just
before a subsequent ulceration (113). Fur-
ther studies are needed on the effectiveness
of prospective temperature screening for
impending ulcers and Charcot arthropathy.

Although quantitative plantar pressure
measurement is being used increasingly in
the clinical setting to customize footwear,
no studies to date have demonstrated the
effectiveness of this modality over the tra-
ditional clinical exam, which uses clues of
bony deformities, erythema, increased
warmth, and callus to identify areas of
increased pressure (114).

Peripheral vascular disease
Peripheral vascular disease, defined as ath-
erosclerosis of the peripheral blood ves-
sels, is 2-3 times more likely to develop in
people with diabetes than in the general
population (115). The prevalence depends
on the definition and population surveyed.
Peripheral vascular disease, defined as at
least one absent pulse, was noted in 15% of
people at 10 years and 45% of people at 20
years after diagnosis of diabetes (116). In
the University Group Diabetes Program
(UGDP) study, the cumulative incidence
of nonpalpable dorsalis pedis pulse, inter-
mittent claudication, and arterial calcifica-
tion was 35, 38, and 61% (men) and 38,
24, and 32% (women), respectively, after
diabetes diagnosis (117). The age-adjusted
incidence per thousand of claudication for
people with diabetes in the Framingham
Study was 12.6 and 8.4 for men and
women, respectively (115). Peripheral vas-
cular disease is highly correlated with age
and duration of diabetes (115-117). Con-
troversial associations include smoking (see
earlier discussion) and glycemic status
(31,117,118). Peripheral vascular disease
affects the femoral and iliac arteries in a
similar rate in people with and without
diabetes; however, those with diabetes are
much more likely to have involvement of
the peroneal and tibial vessels and to spare
the vessels in the foot (119,120).

Peripheral vascular disease is an infre-
quent precipitating event (~5-7%) for

ulcers or amputations (11,21,87) (Table
2). However, peripheral vascular disease
plays a major role in delayed wound heal-
ing and gangrene and is a contributing fac-
tor to almost half of the amputations (11).

Traditionally, the gold standard for the
diagnosis of peripheral vascular disease has
been the angiogram. In the clinical setting,
the ratio of blood pressures of the lower
extremity to arm pressure, called ankle-arm
index (AAI) or ankle-brachial index (ABI), is
easier to obtain and has fair predictive value
for delayed wound healing (121) and
amputation (122). The lower normal limit
has been variably defined as 0.94-0.97
(123,124). Critical ischemia includes an
AAI <0.5. (125). An AAI <0.9 is 95% sen-
sitive and almost 100% specific in detecting
angiogram-positive disease (126). The vari-
ability of AAI can be attributed mainly to
biological variability, and to a lesser degree,
observer variation. The European commu-
nity prefers the absolute blood pressure of
the ankle and toe instead of the AAI (125).

The symptoms of peripheral vascular
disease are claudication or rest pain. Clau-
dication is defined as pain in the calf that
develops upon walking and is relieved
within 10 min of rest (127). Rest pain is
defined as pain that occurs at rest and is
relieved by dependent positioning of the
legs. Chronic critical ischemia has recently
been defined as persistently recurring
ischemic rest pain requiring regular anal-
gesia for more than 2 weeks, with an ankle
systolic pressure ^50 mmHg and/or a toe
systolic pressure of ^30 mmHg (125)
(chronic critical ischemia also includes
obvious tissue loss such as gangrene). Clau-
dication and rest pain may be more difficult
to assess in the person with diabetes
because of the frequent coexistence of
nocioception or hyperesthesia caused by
neuropathy. In addition, the distal location
of the vascular lesions is less likely to pro-
duce classic symptoms. Claudication, as
defined by the Rose criteria (98), has a
poor sensitivity (9-20%) but excellent
specificity (96-99%) to predict AAI <0.8
in a nondiabetic population (128). The
symptoms of claudication had a sensitiv-
ity/specificity of 22/96% against a gold
standard of blood pressure, treadmills, and
Doppler studies in 458 volunteers with
diabetes (129). In a population of veterans
with diabetes, the inability to walk one city
block had a sensitivity/specificity of
0.5/0.87 to predict an AAI <0.5 (33).

The clinical exam for early peripheral
vascular disease remains an inexact art.
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Detection of the dorsalis pedis and posterior
tibial artery by palpation is greatly affected
by room temperature, biological variation,
and provider skill. The dorsalis pedis is
congenitally absent in up to 12% of the
white population and <5% of the black
population (130,131). The probability of
agreement on an absent pulse between
experienced examiners has been reported to
range from 0.49 to 0.59 (132,133) but can
be improved from a K of 0.3-0.6 to 0.6-0.7
with training and practice (134,135). The
sensitivity/specificity of a decreased or
absent posterior tibial pulse was 71/91% for
an AAI ^0.9 in a nondiabetic population
(128). In another study, palpable pedal
pulses were always present when toe blood
pressure was >40 mmHg and AAI >0.5;
patients who lacked palpable pulses in both
feet had an AAI <0.9 (136). Pulse palpation
in 458 volunteers with diabetes had a sen-
sitivity/specificity of 67/69%, using a gold
standard of blood pressures, treadmills, and
Doppler studies (129). Simple clinical
exams or signs with poor predictive value
include capillary refill time, foot skin cool-
ness, diminished lower limb hair growth,
and blue/purple foot skin color (33). Tests
of reactive hyperemia provided no more
accuracy than the AAI and were not toler-
ated by half of the subjects in one study
(123). The best ancillary vascular test
appeared to be venous filling >20 s, which
had a sensitivity/specificity of 22/94% to
predict an AAI ^0.5 (33). Stress testing
may provide additional information to the
AAI, but has low reproducibility (137).

The vascular assessment of people with
diabetes is further complicated by the pres-
ence of medial arterial calcinosis (MAC) or
Monckebergs sclerosis. In MAC, the medial
wall of the blood vessels become calcified,
producing a "lead-pipe" condition, which
may increase blood pressure readings, and at
extreme levels, prevent blood pressure
assessment because the vessel becomes non-
compressible (138). MAC is observed radi-
ographically in 60-80% of people with
diabetes for < 10 years (20,117). The con-
dition is progressive, developing first in the
feet and moving proximally, and is highly
related to age, duration of diabetes, loss of
vibration perception, and poor glycemic
control (139,140). MAC has been noted in
both diabetic and nondiabetic people with
sympathetic dennervation (141). MAC is
generally associated with increased ankle
systolic blood pressures and AAI (r = 0.40,
r = 0.35, respectively) (140). Although AAI
>1.3 is highly specific for MAC, MAC is

present at normal ranges of AAI and in up to
one third of diabetic people with AAI ^1.0
(140,142). In view of the frequency of MAC
in patients with diabetes, segmental pres-
sures, and therefore AAI 5:1.0, may be arti-
ficially elevated and may require further
evaluation.

Toe pressures measured with plethys-
mography may be a more accurate reflec-
tion of blood supply to the foot (143) and
may provide better prediction of wound
healing than ankle pressure or AAI
(122,144,145). However, toe pressures
measured with pulse-volume recordings
are thought to have poor reproducibility
(137), especially in the presence of auto-
nomic neuropathy (146). The impact of
MAC on the accuracy of blood pressure
measurements and the preferred vascular
assessment measured in the person with
diabetes remains controversial.

Finally, several studies suggest that skin
perfusion is an important and independent
predictor of ulceration and wound healing
in diabetes (35,121). In a case-control
study of a veterans population, multivariate
analysis revealed the most important risk
factors for ulceration were transcutaneous
oxygen <30 mmHg (OR 58 [95% CI
5.08-658]), absence of Achilles tendon
reflexes (OR 6.5), and being insensate to
5.07 monofilament (OR 18) (35).

After consideration of these many diffi-
culties in vascular evaluation, experts at a
recent consensus conference recommended
that AAI be used in addition to claudication
history and pulse palpation for screening
people with diabetes. They recommended
that a screening AAI be performed for all
people with type 1 diabetes ^35 years old
or with ^20 years duration of diabetes,
and for all people with type 2 diabetes and
aged >40 years (147). The value of these
recommendations has yet to be demon-
strated in a population-based study.

The gold standard for confirmation of
vascular disease has been the angiogram,
but this test is expensive, invasive, and may
cause renal and anaphylactic complications.
Noninvasive tests using Doppler wave form
analysis, duplex ultrasound scanning, and
nuclear magnetic resonance can provide
information on the flow and pressures at
each segment of the lower extremity with
less risk to the patient, but cannot provide
as much information on collaterals or runoff
before graft placement (148). The value of
noninvasive laboratory testing in the screen-
ing, diagnosis, and management of periph-
eral vascular disease needs further study.

Ulcers and other skin pathology
Ulcers are defined as any break in the cuta-
neous barrier (in clinical studies the break
must extend through the full thickness of
the dermis). The site of ulceration is highly
related to the associated foot pathology and
precipitating event (65,87). In the neuro-
pathic foot experiencing increased plantar
pressure, ulcers are more common under
the tips of the toes and plantar surface of
the metatarsal heads, especially under the
first and fifth, and under any bony defor-
mity. In the ischemic foot, ulcers are more
likely to occur on the tips of the toes and
lateral border of the foot.

Approximately 5% of people with dia-
betes for <20 years reported a current or
past foot ulcer (37). A randomized con-
trolled trial found that the history of an
ulcer increased the risk of ulceration 13-fold
(58). In another prospective study, the risk
of foot ulceration was more highly associ-
ated with a history of a previous ulcer (56.8
[5.08-658]; OR [95% CI]) than with callus
(OR 11) or plantar pressure >10 kg/cm2

(OR 4.7) (35). A history of a prior foot
ulcer is associated with a 2- to 10.5-fold
higher risk of amputation (14,21,25,27).

Foot ulcers recurred in 30-40% per
year of people who returned to their own
usual shoes, thus highlighting the impor-
tant role increased pressure and footwear
play in the development of ulcers (2,149).
A number of minor skin conditions are
thought to increase the risk of ulceration or
amputation. These include dry skin (16),
edema (2), improper nail care (17), and
ingrown toenails (87,150). In a prospective
study, dry skin, ingrown nails, improperly
trimmed nails, edema, and onychomycosis
were not associated with an increased risk
of ulceration in the following year, but fun-
gal dermatitis was associated with a three-
fold increased risk of a minor, nonulcerated
skin lesion (58).

Causal pathways
Each of the risk factors discussed above are
rarely the sole cause of amputation. The
causal pathway to amputation includes
many component causes. These may include
pathophysiological components (ischemia,
neuropathy, infection, faulty wound heal-
ing), pathological components (ulceration,
gangrene), and environmental components
(minor trauma). In one case series, absent
protective sensation was a component cause
in 82%, ischemia in 46% of the cases, and
ulceration complicated by failure to heal was
present in 72% of the cases (11).
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Pivotal or precipitating events
In almost all amputations, an event can be
identified that sets off the cascade of con-
sequences, which culminates in amputa-
tion. This event, often called the "pivotal
event" or "precipitating event," has been
identified and categorized in several case
series of amputations (Table 2). Shoe-
related trauma is the most frequent event
leading to ulcers and amputation. Many of
the events listed in Table 2 could be pre-
vented by proper protective foot wear and
foot care practices.

Risk stratification
Risk classification systems aggregate risk
conditions with similar prognosis or treat-
ment requirements. No formal risk classifi-
cation system has been developed to predict
diabetic foot ulceration, and few multivari-
ate analyses of ulcer risk have been pub-
lished. In one descriptive study, ulcers were
more highly associated with a vibratory
threshold >25 V than with low ankle blood
pressure or elevated plantar pressure (55).
In a case-control study of a veterans popu-
lation, the most important risk factors for
ulceration were absence of Achilles tendon
reflexes (OR 6 .5), being insensate to 5.07
monofilament (OR 18), and transcutaneous
oxygen <30 mmHg (58 [5.08-658]; OR
[95% CIl) (35). Several risk classification
systems have been published to predict the
risk of amputation (21,114,151-153). Most
systems were based on expert opinion, but
one system was later validated in a prospec-
tive fashion (68) and another was developed
using multivariate analyses of retrospective
chart review (21). Although each system
assigns different weights to the various risk
factors, all incorporate the same basic risk
factors of peripheral neuropathy, peripheral
vascular disease, bony deformities, evidence
of increased plantar pressure, and a history
of ulcers.

PREVENTIVE
INTERVENTIONS—Diabetic foot
care programs can decrease the rate of ulcers
and amputations by 44 to 85% according to
one randomized controlled trial (1) and a
number of pre-post-design studies (2-5).
These programs have usually included a
thorough foot risk assessment, callus and
nail care, customized footwear, wound care,
and patient education provided by a multi-
disciplinary team with a special interest and
expertise in the foot. Most of the interven-
tions also incorporated system changes of
standardized records, chart reminders,

patient-tracking data, and increased clinic
access. These studies implemented the var-
ious interventions simultaneously, making it
difficult to assess the relative impact of each
component to the overall success of the pro-
gram. The evidence for specific interven-
tions is reviewed below.

Glycemic control
In the Diabetes Complications and Control
Trial (DCCT), people with type 1 diabetes
who achieved near-normal glycemic con-
trol experienced a 69% reduction in the
subclinical neuropathy and a 57% reduc-
tion in clinical neuropathy, as compared
with the control subjects who received the
usual treatment and who had higher levels
of glycemia (118). The specific impact of
normalizing blood glucose, lipids, or blood
pressure on the development of peripheral
vascular disease in people with either type
of diabetes is untested.

Foot exams
Examination of the foot is an obvious, fun-
damental step to identifying certain foot
risk factors that can be modified, thus
reducing the risk of ulceration and ampu-
tation. Little standardization exists on what
constitutes an adequate foot exam, and no
data are available to support either the
effectiveness or optimum frequency of foot
exams.

The most rudimentary exam consists
of a visual scan of the skin surface for
breaks in the cutaneous barrier, increased
warmth, and callus formation. The visual
scan at each contact with a health care
provider can identify new, unsuspected foot
lesions. In a community survey of diabetic
people, 9% of foot ulcers were unknown to
the patient (18). The ritual of a foot exam at
each visit may emphasize the importance of
this activity to the patient and might pro-
vide a teaching opportunity to reinforce
self-care, but this has yet to be evaluated
rigorously.

A comprehensive examination of the
foot, including an assessment of the neuro-
logical, vascular, and biomechanical status
is fundamental to identifying patients with
risk factors and to implementing interven-
tions. The optimum interval for screening
asymptomatic diabetic people has not been
studied. A 1-year interval has been sug-
gested by experts, based on the natural his-
tory of neuropathy and peripheral vascular
disease. The optimum interval for assess-
ment of the person with high-risk condi-
tions has also not been evaluated.

Approximately 40-60% of people with
diagnosed diabetes have received a foot
exam within the past year (154-157). Foot
exams are more likely to be performed if
there are medical record reminders (1) or if
the patients socks and shoes are removed
before the physician enters the exam room
(158). Primary care providers currently rec-
ognize the prognostic significance of foot
ulcers and are twice as likely to refer
patients with foot ulcers for podiatric foot
care and education, compared with
patients with bony deformities or periph-
eral neuropathy (159). When health care
providers are provided with education and
practice guidelines, the foot examination
tends to be more complete and podiatric
referral is more likely (1).

Peripheral neuropathy
The primary preventive strategy for neu-
ropathy is to maintain glycemic control at
as near-normal levels as possible (118).
Secondary prevention involves early detec-
tion of foot risk factors so that preventive
footwear and patient education can be pro-
vided (see below). No tertiary preventive
strategy is yet available; that is, no treat-
ment is currently available in the U.S. to
reverse neuropathy. A number of pharma-
cological agents, however, are under devel-
opment and assessment. A complete
discussion on the medical management of
peripheral neuropathy is beyond the scope
of this paper.

Altered biomechanics
Management of the person with abnormal
biomechanics depends primarily on
debridement of callus and nails and on pro-
vision of footwear tailored to the specific
pathology (see FOOTWEAR section below).
Conservative management of increased
plantar pressure involves debridement of
callus and footwear modification. Removal
of the callus under the forefoot using a
scalpel or abrasive device can reduce mean
peak pressures on the foot by 29% (106).
The rate of callus formation can also be
decreased by appropriate footwear (see
below). Physical therapy has been suggested
for limited joint mobility and balance prob-
lems but has not been evaluated for effec-
tiveness. Surgical modification of the bony
deformities of the foot, including resection
of the metatarsal head, have been associated
with decreased pressures and improved
ulcer healing (160,161), but have not been
rigorously evaluated against other manage-
ment strategies.
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Peripheral vascular disease
People in the general population with
symptoms of claudication rarely progressed
to amputation over 10-15 years (1.6 to
1.8%) (162,163), but the rate of progres-
sion appears to be somewhat higher in dia-
betic populations (15-20%) (117).

Patients with claudication have been
successfully treated with a graduated exer-
cise program (164,165). However, some
providers are now advocating angioplasty
or vascular bypass (166). Patients with
severe rest pain that qualifies as critical
ischemia have been treated with amputa-
tion in the past, but now may be offered
vascular bypass or angioplasty. People with
claudication or rest pain in the general pop-
ulation treated with bypass and angioplasty
reported improved functional status in sev-
eral descriptive studies (167). A study of
Veterans Administration general popula-
tion patients with claudication or rest pain
randomized to angioplasty or bypass
surgery found equal improvement in the
quality of life and functional status (168). A
subanalysis of patients with diabetes was
not possible because of the small sample
size. The few studies that have reported
outcomes separately for the diabetic popu-
lation note more complications and adverse
outcomes as compared with the nondia-
betic population. Institutional-based
reports suggest a decrease in amputation
rates after the introduction of angioplasty
and vascular bypass to the pedal vessels
(169,170). Epidemiological studies of large
populations have not detected a decrease in
the number of amputations since the adop-
tion of these surgical approaches (171).

The value of early detection and inter-
vention for peripheral vascular disease in the
asymptomatic person with diabetes remains
unknown. A complete discussion on the
medical management of peripheral vascular
disease is beyond the scope of this paper.

Abnormal skin conditions and
foot ulcer history
Experts suggest that patients should be
taught to avoid foot soaks, to dry the foot
thoroughly, and to use skin moisturizers
liberally, but little research is available on the
effectiveness of these self-care practices. In a
survey of self-care practices, dry skin and
maceration were found as frequently in peo-
ple who reported soaking their feet as in
those who did not (172). Experts also sug-
gest that the nails should be trimmed to the
contour of the toe and extend 2 mm
beyond the nail bed. The edges should be

gently filed to prevent catching on socks
and bedding. A health care professional
should trim nails that are exceptionally
thick or deformed or for people with
peripheral vascular disease or peripheral
neuropathy. However, little research is avail-
able to support these recommendations.

Tinea pedis can be treated effectively
with good hygiene and topical antifungal
agents. Until recently, the only cure for
onychomycosis (mycotic nails) was nail
ablation, but now itraconazole and
terbinafine provide culture cure rates of
70-80% and cosmetic improvement in
-50% (173,174). Itracanazole may inter-
act with sulfonylureas, cisapride, statin
drugs, warfarin, digoxin, and calcium-
channel blockers, while terbinafine does
not. The high recurrence rates are probably
due to immunological factors. Because of
the high cost of the medications and high
recurrence rate, their cost-effectiveness is
questionable and has yet to be explored for
people with diabetes. Pulse dosing proto-
cols, which use medications only a few
days per month and thus reduce cost, are
available for itraconazole (175) and are
under investigation for terbinafine.

Footwear
When fitted properly, footwear can reduce
abnormal pressures, reduce the formation
of callus and ulcers, and protect the foot
from external trauma. The composition
and design of the sole and insert can affect
pressures and callus formation. In one
study of people with diabetes, peak pres-
sures on the sole were highest when walk-
ing barefoot and were significantly lowered
when measured in properly selected and
fitted shoes (176). Plantar pressure in the
midfoot was decreased by 31-51% in ten-
nis shoes with a firm rubber sole, com-
pared with a flat, flexible sole with no
cushion (177,178). Rocker and wedge sole
modifications can reduce the pressure
under the metatarsal heads up to 30%
(177,179). Athletic running shoes
decreased plantar callus formation in a
group of people with diabetes, reducing the
need for debridement by threefold and
reducing the number of people complain-
ing of painful callus from 70 to 9% (180).
Cushioned inserts of viscoelastic polymer
decreased focal pressure by about half
(181). A customized molded insert allows
maximum foot and insole contact, reduc-
ing focal areas of increased pressure more
than a flat insert (182). For diabetic people
with a transmetatarsal amputation, a cus-

tom-made full-length shoe with a total con-
tact insert and a rocker bottom sole has
been shown to improve functional mobility
and reduce plantar pressure better than
regular footwear or a short shoe (183). A
number of materials are available and vary
in their compressibility and durability
(184). Thick, padded socks also decrease
peak forefoot pressure and the area under
the time-pressure curve by a mean of 25
and 29%, respectively (185), and were well
accepted by patients. However, several
patients developed ulcers from wearing the
socks in shoes that did not accommodate
the extra thickness (186).

Tovey (187) has summarized the prin-
ciples of proper footwear selection.
Footwear should relieve areas of excessive
plantar pressure, reduce shock and shear,
and accommodate, stabilize, and support
deformities. Shoes should fit both the foot
shape and size. The first metatarsopha-
langeal joint should be accommodated in
the widest part of the shoe and the length
should allow 3/8 to 1/2 inch between the
end of the shoe and the longest toe. The
shoe should have sufficient room in the toe
area and over the instep. Shoes with laces
can adjust for edema and deformities. The
heel should fit snugly without undue
motion. In certain feet, limitation of joint
mobility may add to stability and pain
reduction. People with balance problems
may benefit by footwear with wide, low
heels to improve stability and assistive
devices such as canes.

Therapeutic footwear, selected accord-
ing to Toveys principles, has been shown to
be effective in the prevention of ulceration
for people at high risk. People with neu-
ropathy and a history of prior ulceration
were randomized to either a depth shoe
with insert padding per Toveys specifica-
tions made by a major Italian shoe manu-
facturer or to their own usual footwear.
After 1 year, the foot ulcer relapses were
significantly lower (28 vs. 58%, P = 0.009)
in the specially padded shoe (188).

The effectiveness of footwear is heavily
dependent on footwear acceptability and
use. In a cohort of high-risk patients who
were provided therapeutic footwear (pro-
tective cushioned footwear with padded
insoles), patients who wore their shoes
>60% of the time reduced the ulcer
relapse rate by >50%, compared with
patients who wore their shoes for less time
(149). Patients who wore the shoes were
free of ulcer recurrence for up to 20
months, whereas 38% of patients who did
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Table Al—Type of evidence, study designs, and inferences for technical review

Type

I-A
I-B
II-A
1I-B
II-C
III

IV
X
Y

Study design

Randomized controlled trial, crossover trials
Controlled trial, nonrandomized
Cohort, case-control
Time series, pre-post studies, repeated panel
Cross-sectional population-based data
Descriptive studies
Case series, case reports
Expert opinion and consensus opinion
Meets all of the screening and diagnosis criteria*
Meets part of the screening and diagnosis criteria*

Inferences

Causation, efficacy of treatment
or risk modification

Association

Hypothesis generation

*Screening and diagnostic test criteria: 1) gold standard, preferably a patient outcome that matters rather than
a disease; 2) definitions of the test and the outcomes are clear and easily reproduced; 3) test characteristics:
sensitivity, specificity, reproducibility provided; 4) subjects: population-based preferred over selected popu-
lations; and 5) tests that provided results early in the disease course are preferred to ones that can only be
used late in the course, especially if effective early intervention is possible.

not use the shoes experienced another foot
ulcer within 1 year. These high-use patients
were also more likely to receive debride-
ment of callus and nails (2.0 SD [1.7-2.3]
vs. 1.3 [0.9-1.7]) times per month (P <
0.05), suggesting a selection bias. After 40
months, this protective effect leveled off,
and 54% of the high-use patients versus
100% of the low-use patients had experi-
ence ulcer relapses, suggesting that the
footwear may have lost its ability to absorb
shock after 2 years. The cosmetic accept-
ability of the extra-depth shoe and rocker
bottom limits the effectiveness of thera-
peutic footwear. In a study of 85 high-risk
diabetic patients who were prescribed ther-
apeutic footwear, only 49 patients wore
their prescribed shoes to a subsequent
clinic visit. Those who failed to purchase or
wear the prescribed shoe cited the unat-
tractive appearance of the shoes (189).

Most people with diabetes and neu-
ropathy alone can wear commercial
footwear such as walking shoes and athletic
shoes that meet Tovey's principles. People
with hammer toes, bunions, or evidence of
high plantar pressure will need extradepth,
depth-inlay, or custom shoes that provide a
slightly wider and deeper toe box. A number
of styles are available from specialty shoe dis-
tributors for less than $200. Commercial
and custom insoles may be needed to redis-
tribute the pressure, and sole modifications,
including a rocker or wedge, may be needed
for people with limited joint mobility Cus-
tom-molded shoes are usually required for
people with severe deformities such Charcot
arthropathy, severe arthritis, or postamputa-
tion. These shoes are fabricated over a plas-

ter replica of the patients foot by a specialist
and are often very expensive.

Often, people with neuropathy pur-
chase shoes that are too small to have the
usual sensation of footwear pressure.
Experts suggest that before shoe shopping,
the patient should stand on a piece of paper
and draw an outline of the foot and use this
for comparison with the prospective shoe.
Patients with evidence of elevated pressure,
neuropathy, bony deformities, or a history
of an ulcer should have their footwear fitted
by a professional (i.e., pedorthist or other
foot care professional) (176). The effective-
ness of quantitative pressure measurement
systems to customize footwear has yet to be
evaluated.

Patient education
Most foot care intervention programs have
included patient education along with other
interventions, making it difficult to distin-
guish the relative impact of education in the
overall success (1-5). Studies of lecture-
style educational sessions on foot care have
shown short-term improvements in knowl-
edge, but few changes in foot care practices
and foot conditions (190). Educational
interventions using motivational techniques
(191) or skill-based education (192) tend to
show more changes in self-care behaviors.
In a randomized trial of a county hospital
population, patients received an intensive
evaluation and education session, rein-
forced with behavioral contracts and
reminders, and their doctors received edu-
cation and chart reminders (1). The control
population received the usual care and
usual provider education. After 1 year,

patients were more likely to report appro-
priate self-care of the foot behaviors, includ-
ing inspection of feet and shoes, washing of
feet, and drying between toes. However,
other behaviors, including testing of bath
temperature and reporting foot problems
were not significantly altered. Patients with
the intervention had fewer serious foot
lesions (OR 0.41) including ulcers. Another
study randomized primary care sites to
usual care or group education provided by
the general practitioner. The patient groups
had similar demographic and foot pathol-
ogy at baseline. At 6 months, the interven-
tion group had significant reductions in
callus (49 vs. 82%), fewer minor skin
pathology (49 vs. 65%), and improper nail
trimming (27 vs. 92%) (193). Both of these
studies highlight the effectiveness of com-
bining provider and patient education.

Only one randomized controlled study
has been conducted of foot education as
the sole intervention. Veterans from a high-
risk foot clinic were randomized to "usual
education" or a 1-h slide lecture showing
ulcers and amputations followed by a sim-
ple, one-page instruction sheet to take
home. After 2 years, people receiving the
educational session had a threefold
decrease in ulceration (P < 0.005) and
amputation rates (P < 0.0025) (194). Lit-
tle is known about the effectiveness of edu-
cation over longer periods of time or for
low-risk populations.

The patients ability to conduct an ade-
quate self-exam of the foot may be limited
by poor vision, obesity, poor mobility, or
cognitive problems. One study found 71%
of the patients in a high-risk foot clinic
had poor vision (195). Another study
found that 39% of the elderly diabetic peo-
ple studied were unable to reach their toes
to remove a simulated lesion that had been
applied to the foot and that only 14% of the
elderly subjects could respond appropri-
ately to a plantar lesion (196). Patients
should be evaluated for these types of lim-
itations, and if present, family members or
nursing services should be recruited to
provide foot care and surveillance.

Little research has been conducted on
the content of patient education. Frequent
surveillance of the foot and early notifica-
tion of health care professionals is sug-
gested. No inexpensive systems for home
monitoring of temperature have been devel-
oped. Experts suggest that patients should
be taught to palpate the feet with their
hands to detect increased warmth, but the
effectiveness of this practice has not been
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Table A2—Type of evidence for selected foot care examinations and management strategies in diabetic people without a current ulcer

Evaluation method or management strategy Type of evidence References

Foot screening and surveillance
Frequency and type of exam

Low-risk patientt
High-risk patientt

Comprehensive foot examination
History
Peripheral neuropathy

LOPS

Other neuropathy
Altered biomechanics
Increased focal pressure

PVD

Skin pathology

Risk conditions
Prevention of:

Neuropathy
PVD

Neuropathy, evidence of increased
plantar pressure, or a history of plantar
ulcers without bony deformity

Moderate bony deformities
Toe deformities
Bunions

Marked bony deformities
(i.e., Charcot foot, amputation)

Limited joint mobility (MTP or ankle)
Callus

Nail pathology
Thick, mycotic, or painful
Ingrown or mycotic
Mycotic

PVD
Asymptomatic
Claudication

Rest pain (critical ischemia)
Ulcer history
Minor skin abnormalities

Dry skin
Fungal infections

Therapeutic footwear

Patient education
Low-risk patientt
High-risk patientt
Frequency of education
Education content:

(knowledge and self-management skills)

Educational assessment

Comprehensive annual exam
Components of comprehensive exam every 3-6 months

History of neuropathy, vascular disease or treatment, prior ulcer, or amputation

Semmes-Weinstein monofilament 5.07 (10 g) or threshold tests
for vibration

Assessment of motor strength, proprioception, gait, and stability
Assessment of bony deformities, limited joint mobility, prior amputation
Erythema, callus formation, pre-ulcer (i.e., hemorrhage under callus)
Temperature assessment by palpation or thermometer

Useful in people with deformity or LOPS alone
Not useful in people with PVD or autonomic neuropathy

Symptoms of claudication or rest pain
Palpation of dorsalis pedis and posterior tibial pulses
Visual inspection for breaks in the cutaneous barrier

(i.e., ulcers) and minor skin abnormalities (thickened
or ingrown nails, fissures, fungal infection, erythema, edema, dry skin)

Glycemic levels maintained as near normal as possible
Smoking cessation
Athletic shoe or walking shoe with cushioned soles or inserts,

adequate toe box, and lace-up vamp

Extra-depth shoe ± insert
Extra wide shoe
Molded shoe to accommodate foot
Surgical modification of foot to fit footwear
Rocker sole ± insert
Debridement
Cushioned soles and inserts

Debridement
Excision
Oral antifungal medications

Observation
Exercise therapy
Bypass surgery or angioplasty
Distal bypass, angioplasty, or amputation
Determine probable etiology and treat

Emollients
Topical agents
Should be fitted by a person with expertise
in therapeutic footwear

Patient education on foot care and footwear (possibly useful)
Patient education on foot care and footwear (beneficial)
Annual
Impact of neuropathy
Foot hygiene
Toenail trimming (low-risk foot)
Soaking feet, prohibition
Skin moisturizers
Footwear selection
Avoidance of foot trauma
Daily surveillance of the foot
When to consult medical care
Patients ability to conduct self-foot exam and respond

to high-risk conditions

IV
IV

Il-A

I-A, X

II-A, 111
111

II-A, ll-B

II-A
111

Il-C, X
X

II-A

14,21,25,35,27,58

34,35,54,55,
61,64,65,68

99-101
93-95

103-106

109,112,113
110,112

33,125,128,129
33,128,134-H6

2,16,17,58,87,150

1-A
II-A
I-A
III

1-A
III
I-A
ll-B
I-A
Il-B
1-A

IV
IV
I-A

11-A
1-A

1-A, ll-B
ll-B, 111

IV

IV
IV
111

1-A
I-A
IV
IV
111
IV
IV
IV
1-A
Il-A
IV
IV
III

118
29

176-178
180,181

182,183,188

181,182
160,161
177,179

106
180

*
t,

173-175

117,162,163
164,165
166-168
168-171

••'

*

176

190-193
194

19.3
*

176
11,21,87,150

195.196

*No references provided for recommendations based on expert opinion (IV). tHigh-risk (one or more of the following conditions): LOPS, evidence of increased
pressure, limited joint mobility, bony deformity including amputation, PVD, or a current or past foot ulcer; low-risk: none of the listed conditions. LOPS, loss of
protective sensation; PVD, peripheral vascular disease.
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evaluated. Experts also suggest that people
with neuropathy should also be advised to
break in the new shoes gradually to mini-
mize the formation blisters and ulcers.

Exercise
Exercise is an important management tool
for people with diabetes that must be mod-
ified for individuals with high-risk foot con-
ditions. Experts recommend non-weight-
bearing or low-impact exercise, such as
swimming or bicycle riding. These types of
exercises will provide cardiovascular and
metabolic benefits but may not provide
calcium retention for prevention of osteo-
porosis.

Economic implications
The economic impact of foot-related prob-
lems in people with diabetes is considerable.
However, cost has been difficult to assess
because of the rapid changes in health care
over the past 15 years. For example, in 1985,
a hospital in southern California charged
$23,500 for a vascular bypass and $24,700
for an amputation (197) but in 1990, the
Deaconess Hospital in Boston, Massachu-
setts charged on average $15,981 for a vas-
cular bypass and $18,341 for an amputation
(198). This may reflect geographic differ-
ences in charges, but also reflects the shift to
shorter length of stay and cost-containment
efforts. In 1992, the average hospital reim-
bursement for a lower-extremity amputa-
tion from the Medicare program was
$10,969, compared with $26,940 from pri-
vate insurers. During this same period, reha-
bilitation was moved from the acute care
hospital to rehabilitation facilities and nurs-
ing homes, and was reimbursed in 1992 at a
rate of $7,000 to $21,000 per person.

In contrast, the costs for the preventive
strategies listed above are negligible. Foot
exams take less than 5 min of a primary care
providers time and monofilaments cost less
than $25. Patient education and debride-
ment of the nails and callus are generally
reimbursed and have a low cost. In 1998,
insoles off the shelf cost $5 to $20, custom
insoles cost up to $200, depth shoes ($150
to $200), and custom-molded shoes up to
$500. Medicares evaluation of therapeutic
footwear for diabetic people with high-risk
conditions found the program to be cost
neutral (199). No formal cost-benefit analy-
ses or modeling of preventive foot care has
been published yet, but would be valuable.

SUMMARY — A number of effective,
low-cost strategies are available to identify

and treat the person at risk for diabetic
foot ulcers and lower-extremity amputa-
tion. These strategies must be more widely
adopted by all diabetic care providers to
maintain the integrity and function of the
lower limb, and thus improve the quality of
life for people with diabetes.

APPENDIX

Methods for the Technical Review on
foot care
This Technical Review is based on original
research published in English peer-
reviewed literature. The articles were
restricted to human subjects and excluded
abstracts and unpublished work. Emphasis
was given to clinically important outcomes,
especially those that matter to patients,
rather than disease-oriented outcomes.

The type of evidence for studies on
prognosis, risk factor identification, and
interventions was scored using a modifica-
tion of the U.S. Preventive Services Task
Force Criteria (Table Al). The highest level
of evidence was used for scoring; however,
if only one small study was available, the
next lower level was included in the desig-
nation.

Interventional studies under the con-
trol of the investigator were graded as level
I. Randomized controlled trials and well-
designed crossover studies were coded as I-
A. Controlled, nonrandomized studies,
coded as II-1 in the U.S. Preventive Task
Force classification system, were graded as
I-B because the quality and inferences were
more similar to I-A studies.

Level II involved various observational
study designs that permit the association of
a risk or treatment with outcomes, but can-
not confirm causation or efficacy of treat-
ment. Analytic studies (i.e., case-control,
cohort data) were coded as II-A. Data from
population-based time series data, such as
vital statistics or utilization data (i.e., hos-
pital discharge records) were coded as II-B.
Population-based cross sectional data (i.e.,
National Health Interview Study) were
coded as II-C.

Studies involving descriptive cases,
case series, or comparisons of case series,
even if the study called one group "con-
trols," were coded as level III. Evidence
entirely based on expert opinion was iden-
tified as level IV Both of these categories of
data are used for hypothesis generation.

Data for the clinical management of
the foot in diabetic patients without a cur-
rent ulcer are given in Table A2.

Screening and diagnostic tests do not fit
into the U.S. Preventive Services Task Force
Classification system, so were evaluated dif-
ferently. All tests had to have a gold standard
and a clear outcome, preferably a patient-
oriented rather than disease-oriented out-
come. An example of this would be the
preference for a screening test that predicted
the risk of ulceration over a test that pre-
dicted a nerve conduction value <2 SDs.
The evaluation had to provide clear defini-
tions for the test and outcomes, and provide
details on the test characteristics, including
sensitivity, specificity, and reproducibility.
The more generalized the population, the
better; or the replication of the study was
also counted. Studies of test characteristics
that met all of the criteria were coded as (X);
those that met at least half, but not all, of the
criteria were coded as (Y).
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