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Abstract

Di abeti c neuropathy, which affects 60%to 70% of those with di abetes
mel | i tus,

is one of the nost troubling conplications for persons wth di abetes,
often

leading to foot ulcers and potentially to lower |inb anmputations, both
of which

are preventable. The physiologic, structural, and functional changes
associ at ed

wi th diabetic neuropathy and foot ulcers are discussed. Advanced
practice nurses

are in a unique position to inplement strategies for the prevention of
serious

and debilitating conplications from di abetic neuropathy, including

f oot

assessnent, education, and specialist referrals. Research evidence is
given to

support the use of the Semmes-Winstein nonofilanents to eval uate



decr eased

pl antar sensation, a comon precursor to ul ceration. Ongoing patient
and famly

educati on can enphasi ze the inportance of preventive self-care

neasur es.

Referrals for specialist care and therapeutic footwear can be nade by
advanced

practice nurses. |If begun early, these interventions can prevent foot
ul cers

fromdi abeti c neuropathy, thereby inproving the quality of Iife and
reduci ng

heal thcare costs for this chronic disease.

This article has been designated for CE credit. A closed-book,
mul ti pl e-choice
exam nation follows this article, which tests your know edge of the
fol |l ow ng
obj ecti ves:
1. Discuss the pathophysiol ogy associated w th di abetic neuropat hy.
2. Properly evaluate patients at risk for devel oping foot ulcers.
3. Qutline the elenents of proper foot care and strategies to prevent
potentia
conpl i cati ons.

An estimated 16 mllion people in the United States have di abetes, and
hal f do

not know they have the di sease. Type 1 diabetes is an insulin-
dependent di abetes

that occurs in about 5%to 10% of those with diabetes. Considered an
aut oi rmune

di sease, it occurs equally anong nmal es and fenmal es but is nore comon
in whites

than in nonwhites. Type 2 diabetes is non-insulin-dependent diabetes
and

accounts for 90%to 95% of persons with diabetes. R sk factors for
type 2

di abetes include a famly history of diabetes, age >40, overwei ght,
and African

Anerican, Hi spanic, or Native American race. O der, overweight wonen
are

especially at risk.1

D abetic neuropathy (DN), nerve damage that affects the sensory,



not or, and

aut onom ¢ nervous systens, occurs in 60%to 70% of people with

di abetes 1 and is

one of the nost troubling conplications. It often | eads to foot ulcers
and may

ultimately lead to lower |inb anputations. The consequences of DN on

t he

physical, social, and enotional quality of life for patients and their
famlies

can be enornmous. Limted nobility, Iimted i ndependence, inability to
wor k, and

| oss of incone are only a few of the areas negatively affected by the
devel opnent

of foot ulcers. Ucers are highly preventable; therefore, prevention
and early

detection of DN and its sequelae are critical to reducing such
norbidity.

The econom c inpact of conplications fromDN is considerable. In 1992,
about 40%

($37 billion) of the total estimated cost of diabetes was spent on
hospi t al

care, with nearly $10 billion related to chronic conplications such as
DN.1 The

cost of care is increasingly inportant in the changi ng heal thcare
envi ronment .

Focusi ng on prevention and identification of individuals at greatest
risk for

foot ulcers would allowthe nost effective allocation of increasingly
l[imted

heal t hcare resources. As insurance conpanies restrict the use of

physi ci an
speci al i sts, advanced practice nurses (APNs), especially those with a
general i st

practice, may care for increasing nunbers of diabetic patients. The

recent

enactment of direct Medicare reinbursenent for APN services provided
i n urban

areas al so may contribute to expanded practices. Thus, APNs have

i ncreased

opportunities to inprove the prevention and early detection of foot

ul cers.

Ext ensi ve research has been conducted to better understand the
pat hol ogi ¢ basi s



of DN and its inpact on the devel opnment of diabetic foot ulcers and

t he

subsequent need for lower |inb anputation. Researchers have focused on
sensory,

not or, and autonom ¢ changes and their interrel ati onships, as well as
t he

effects of external precipitating factors such as inproper footwear,
all of

whi ch bring about the underlying problens of DN that contribute to
subsequent

devel opnent of foot ulcers: increased foot pressures and/or traumatic
injury in

a foot with reduced or absent sensation. In addition, recent research
on the

role of hyperglycema in DN has resulted in reconmendations for
tighter glycemc

control. Al though ischem c peripheral vascul ar di sease al so
contributes to the

devel opnent of foot ulcers in persons with diabetes, a thorough

di scussi on of

peri pheral vascul ar disease and its relation to peripheral DN is
beyond t he

scope of this paper

This article exam nes peripheral DN and the devel opnent of foot
ul cers. A
di scussi on of the pathophysi ol ogi c basis of the sensory, notor, and
aut onomi c
systens will be integrated with sone of the research that has exam ned
extrinsic
factors that contribute to the devel opnent of diabetic foot ulcers. In
addi ti on,
the role of the APN is discussed in relation to three areas critica
to
prevention of diabetic foot ulcers: foot assessnent, patient and
famly
education, and referrals for APN di abetes specialists, podiatrist
care, and
t herapeuti c footwear.

PATHOLOG C BASI S

The pathol ogic basis of DNis a conplex interrelationship of the
sensory, notor,

and autonom c systens. The key elenents in this process are sumari zed
in Figure



1
Sensorinotor System

The peri pheral nervous system consists of sensory and notor nerves.
Sensory

nerves transmt nerve inpulses to the spinal cord and brain and detect
changes

in tenperature, light touch, vibration, and pain. Mtor nerves
transmt inmpul ses

fromthe brain and spinal cord to the nuscles and are responsible for
muscl e

strength, novenent, and tone. Peripheral nerves contain a series of
connective

sheat hs that encl ose nerve axon fibers. Wthin these sheaths are
Schwann cel | s,

whi ch produce the nyelin sheath surroundi ng the axons of the nerve.
Myelin

sheaths serve a protective function that is disrupted by
hyper gl ycem a. This

di sruption |l eads to a segnmental denyelinization process acconpani ed by
a sl ow ng

of notor nerve conduction and an inpairnment of sensory perception.2-4
The

effects of sensory neuropathy involve a synmmetric, bilateral pattern
in the

lower linbs that may begin with tingling, burning, and pain that
progresses to

nunbness and eventual |oss of sensation.2 Such |oss of sensation in
the foot can

lead to trauma from nmechanical, chemcal, or thermal injury; further
this

trauma can go undetected because of the inpaired or absent sensory
percepti on.

Thi s painl ess, undetected trauma |eads to inflammation and further
mechani cal

injury and can result in foot ulceration and infection that could | ead
to

anput ation.5

In addition to the sensory | oss associated with DN, several changes in
not or

function can al so occur; they are referred to as intrinsic notor
factors.

Because notor nerves control muscle strength, decreased notor nerve
function can



result in atrophy of the small nuscles in the foot. This in turn | eads
to an

i mbal ance of flexor and extensor nuscles in the toes, resulting in

cl awi ng or

curling under of the toes. Cawing, a typical foot posture in

peri phera

neur opat hy, shifts the foot position so that the toes bear |ess weight
and t he

nmet at ar sal heads becone nore prominent. This shift in foot position

i ncreases

wei ght bearing on the netatarsal heads. Subsequent pressure on these
nor e

prom nent mnetatarsal heads often is manifested by an altered gait. As
this

pat hol ogi ¢ process continues, the soft tissue that covers these bones
i s exposed

to repeated shearing stress (ie, horizontal novenent) as the tissue
rubs agai nst

f oot wear, especially during wal king. Continuous exposure to shearing
stress

causes the skin to react by increasing keratin production, thus
formng a

t hi cker epiderms, or callus, that can becone very thick if not
renoved. At the

site of callus formation, foot pressures becone el evat ed.

Al though callus formation is initially a protective response, as tine
pr ogr esses

a thin |ayer of tissue devel ops between the callus and the affected
nmet at ar sal

head(s). This tissue, caught between these two forces, is subjected to
addi tional shearing stress that may lead to inflammation, bleeding,
tissue

destruction, and eventual ulcer formation.5 9

Al'l these changes can contribute to limted joint nobility, and can

al so be

wor sened by such joint limtations. Sone suggest that preserving ankle
range of

notion, because of its vital role in walking, is particularly

i mportant. Ankle

joint restrictions lead to poor foot adaptation, poor shock
absor pti on,

i ncreased wei ght-bearing load, and ultimately abnormally high foot
pressures



that can progress to ulcer formation. 8,10 Thus, | oss of sensation
conbi ned with

nmuscul oskel etal changes in the foot can bring about abnormalities in a
patient's

gait and el evated foot pressures that can result in ulceration.

These intrinsic factors, occurring in the insensate foot, are
aggr avat ed by
extrinsic notor factors that further increase the risk of foot
ul cerati on.
Extrinsic factors include inproper footwear, nechanical traunma such as
st ubbi ng
the foot or careless cutting of nails, thermal injury fromburns, and
decubi t us
heel ulcers fromimmobilization.6,8,10-13 In the nornmal foot,
di sconfort from
these extrinsic factors would cause a change in gait and use of a
di fferent part
of the foot to bear the stress. This allows the foot to remain intact,
as
conpensatory linping attenpts to shift weight off the area of
di sconfort.
However, in the foot with inpaired sensation, the patient's inability
to feel
trauma contributes to increased susceptibility to further injury. Even
m nor
foot trauma can progress to ulceration and infection.6
Aut onom ¢ System

The autonomi c nervous systemdirectly influences periphera
circulation in the

extremties by supplying synpathetic adrenergic fibers that regul ate
arteriole

vasonot or tone and bl ood fl ow t hrough arteri ovenous shunts.
Arteriovenous shunts

directly connect an arteriole and a venul e, bypassing the capillary
bed where

t he exchange of gases, nutrients, netabolites, and heat occurs.
Fai |l ure of

synmpat hetic control results in arteriolar vasodilatation, causing a
sequence of

events that includes reduction in peripheral resistance, an increase
in

arteriovenous shunt flow, an increase in cutaneous blood flow, and
ultimately



i ncreased foot tenperatures.14-17 Thus, the diabetic foot is warmto
t he touch

secondary to the increased arteriovenous blood flow This can create a
fal se

sense of security. If a patient has a warmfoot, he or she may assune
t hat

circulation is intact and that the risk of injury is mninmal, but
actual ly the

contrary is true: the warminsensitive foot can easily result in a
truly

pai nl ess foot ul ceration

An additional consequence of increased arteriovenous shunting is the
devel opnent

of distended dorsal veins in the foot. The increased blood that is
bypassi ng the

capillary bed via the increased arteriovenous shunting may result in
i ncreased

capillary pressure, which can produce a fluid shift fromthe vascul ar
to the

interstitial spaces, thus causing neuropathic edenma in the foot. 15, 16
Thi s edema

can further increase foot pressures and can contribute to the
formati on of foot

ul cers.

One final nechanismthat conplicates this process is diabetic
anhidrosis, a

sudonot or dysfunction that |eads to distal, decreased sweating that
results in

dry, scaly, cracked skin in the feet.18 Alnost all persons wth

peri phera

neur opat hy experience di abetic anhidrosis, 16,19, 20 whi ch predi sposes
themto a

foot infection and/or ulceration. 16

Thus, the sensory, notor, and autonom c systens contribute to the
devel opnment of

neuropathy and the potential devel opnent of foot ulcers.

d ycem c Control

In addition to the effects of the sensorinotor and autonom c systens,
current

research has focused on the role of hyperglycem a in the pathogenesis
of DN and



foot ulcers. The D abetes Control and Conplications Trial was a |arge,
longitudinal, multisite, random zed clinical trial that conpared

i ntensi ve

di abetes control to conventional treatnment in persons with type 1

di abetes. The

i ntensive group received three or nore daily insulin injections or
used an

insulin punp to nmaintain blood glucose |evels as close to nornmal as
possi bl e.

Those in the conventional group received one or two daily insulin
injections. In

t hose who entered the study with no evidence of neuropathy, tight

gl ycem c

control reduced the risk of devel opi ng neuropathy by 69% In those who
had

evi dence of neuropat hy when they entered the study, there was a 57%
reduction in

the rate of progression of chronic neuropathic conplications with
tight

control. 21,22 These dramatic inprovenents in the prevention and
progr essi on of

DN with tighter glycemc control have led to the reconmendation for
nor e

aggr essi ve managenent of hyperglycema in those with type 1 diabetes.
In

addi tion, the researchers suggest that these findings can be applied
to those

with type 2 di abetes, although they caution that diet should remain
the primry

treatnment nodality in this group

Al t hough research has identified many of the nechani sns that
contribute to DN
and foot ulcers, the pathogenesis is conplex and a great deal renains
to be
| earned. Meanwhile, APNs are in a unique position to inplenent
strategies in the
prevention of serious and debilitating conplications fromDN There
are three
critical areas on which APNs can focus when caring for patients with
di abet es:
t horough and frequent assessnent of the feet, patient and famly
educati on, and
referrals for specialist care and therapeutic footwear.

FOOT ULCER PREVENTI ON



Assessnent of the Feet

Al patients with di abetes should have a thorough annual foot
assessnent that

i ncludes the condition of the skin and nails and the presence of any
f oot

deformties. Table 1 presents an overview of foot assessnent for

di abetics. It

is particularly inmportant to identify those who have a high risk of
devel opi ng

foot ulcers. Hi gh-risk individuals include ol der persons with

di abetes, those

with a longer duration of diabetes, and those with foot deformties
such as

Charcot's joint or hallux (great toe) deformty. Charcot's joint is a
chroni c,

progressive, degenerative di sease of one or nore joints identified by
swel |'i ng,

bl eedi ng, heat, bone changes, and joint instability that can result
from DN.

Hi gh-risk individuals also include those with a previous history of

| ower

extremty ul cer or anputation and those wi th decreased sensory

per ception. Two

types of sensory perception have been exam ned as predictors of risk
for foot

ul cers: vibratory and pressure sensations of the feet. Al though

hel pful in

eval uating high-risk individuals, decreases in vibratory sensation
occur |ater

in the course of DN than changes in pressure sensation. Therefore,

st andar di zed

eval uation of cutaneous pressure sensation of the feet is of prinmary
i nportance

inthe identification of individuals at risk for foot ulcers.

As discussed earlier, patients with di abetes who have sensory

neur opat hy

typically show a gradual |oss of sensation on the plantar surface of

t he foot.

Eventual |y they reach a threshold of insensitivity that, when conbi ned
with

el evated foot pressures and/or trauma, puts themat risk for the

devel opnent of

pl antar ul cers.



Met hods for eval uating pressure sensation neasure either the actua
pressure or

t he cutaneous sensation perception at specific points on the foot.
Measur es of

actual foot pressures are used primarily in research studies. 23
Cinical use is

limted because of their expense, time required, and the technical and
physi ol ogi ¢ sophi stication necessary to use and mai ntain sone of the
equi prrent

and to interpret the results. In contrast, nmeasures of pressure
sensation are

easy and quick to perform reliable, extrenely sensitive, and

i nexpensi ve. 12, 24-27

The Senmes-Winstein (SW nonofilanment test is an effective nethod
that can be

used to evaluate patients at risk for foot ulceration due to a sensory
deficit.

The SWnonofil aments-cal i brated nylon nonofilaments attached to a
handl e-ar e

used to neasure a patient's ability to feel a point of pressure at

specific

sites on the plantar surface of the foot (Fig. 2). These nonofil anents
generate

a reproduci bl e buckling pressure and are identified by manufacturer-
assi gned

sizes from1.65 to 6.65. The higher the nunber of the nonofil anent,
the stiffer

and nore difficult it is to bend, and therefore the nore force one
nmust apply to

bend the nonofilament for the patient to feel the pressure. The
nmonofi | ament s

nost frequently used to screen for sensory neuropathy are 4.17, 5.07,
and 6. 10.

Forces required to bend these nonofilaments are 1, 10, and 75 g of
force,

respectively. The lighter the force the patient can identify (ie, the
smal | er

t he nmonofil ament nunber), the nore intact his or her sensation and the
| ess risk

for foot ulceration

Sites normal ly checked are over the netatarsal heads and toes, the
medi al and



| ateral mdfoot, and the heel (Fig. 3). The nonofilanent is applied
per pendi cul ar

to the skin with enough force to cause the nonofil anent to buckle for
appr oxi matel y

1 second. The nonofilanment nust be lifted anay fromthe site rather

t han dragged

across the skin. It may be helpful to let the patient experience what
t he

nmonofilament will feel like by applying it to the palmfirst. The
patient then

is asked to close the eyes to elimnate visual cues and to respond
"yes" each

tinme he or she feels a nonofilament. The APN presses the nonofil ament
to the

skin so that it buckles one of two tinmes and asks the patient to
identify which

time he or she was touched, the first tine or the second. It may be
hel pful to

check each site nore than once, especially to establish a baseline for
a new

patient or to verify changes from previ ous eval uations. |If repeated
testing is

done, sensation is considered intact if the patient correctly
identifies the

touch two of the three tinmes. The sites should be tested in random
order so that

patients do not know which site is being assessed at any given tine.1

Research has determ ned the nonofilanment size that is nost predictive
of

protective sensation. Individuals with normal feet are able to detect
the 4.17

nmonofi |l anent. The 5.07 nonofilanent is used to identify those who are
nor e

likely to devel op foot injuries. Persons who can feel the 5.07
nonof i | ament have

protective sensation. However, failure to detect sensation in any
tested area

with the 5.07 nonofilanent indicates that the patient |acks protective
sensati on

and thus is nore likely to devel op neuropathic foot injuries.12, 26

Ri sk categories that are helpful in predicting the |ikelihood of
neur opat hi c
ul ceration are linked to recommendations for frequency of followup



foot care
and type of footwear adaptations 27-30 (Table 2).

Ri sk category O identifies those with intact sensation of the feet. No
ot her

risk factors, such as severe foot deformties, absent pedal pulses, or
a history

of foot ulcer or anputation, are present. Education regardi ng proper
foot care

and well -fitting shoes, as well as the inportance of maintaining
consi st ent

control of their diabetes, should be reinforced with each visit.
Patients shoul d

be made aware that their risk |level may change and shoul d be i nforned
about the

probl ens they should share with their heal thcare providers. Annual 1
or bi annual

30 assessnents shoul d be made.

Those in risk category 1 have |ost protective sensation. They are
considered to

be at high risk, and "high-risk"” chart stickers should be used.1 Wite
30

advocates the addition of soft insoles that m nimze shear and
vertical stress.

Bi annual foot exam nations by a heal thcare professional are
recomended.

Ri sk category 2 identifies those who, in addition to | oss of
protective

sensation, have a foot deformty, but do not have a history of a

pl antar ul cer.

They should be fitted for customnol ded insoles, nultilayered insoles
made from

a nold of the plantar surface of the feet. Professional foot
assessnents shoul d

be made every 3 to 4 nonths.

The hi ghest-risk category, category 3, adds a history of ulcer or
anputation to

the criteria in categories O through 2. Custom nol ded shoes are
necessary to

prevent further problens in these individuals. In addition, foot and
f oot wear

assessnents are recommended every 3 nonths 1 or every 1 to 2



nmont hs. 29, 30

Ongoi ng eval uation of patients with diabetes at risk for ulcerations
fromDN is
an integral part of working with diabetic patients. Use of the SW
nmonofi | ament s
to assess sensory perception nust be a routine and consistent part of
f oot
assessnment when caring for individuals with diabetes. Ofice, clinic,
and
hospi tal personnel, as well as patients thensel ves, should be
instructed to
renmove the patient's shoes and socks; failure to renove footwear has
been
identified as a major barrier to foot assessnent.31 Addi ng the
eval uation of
sensory perception with SWnonofil anents to a thorough foot assessnent
at each
patient visit can nore accurately identify patients at risk and | ead
to inproved
preventive intervention, thereby reducing the need for lower |inb
anput at i on.

Educati on

Education is a crucial conmponent in the prevention of foot problens in
patients

with diabetes, and APNs are in an ideal position to assist these
patients in

| earning inportant self-care practices. Research studies evaluating
patients'

know edge regardi ng di abetes have denonstrated extensive deficits.
Masson et

al . 32 assessed the extent to which patients with di abetes who had new
f oot

ul cers were aware of risk factors and preventive care for foot

ul ceration. Only

29% of patients with an ulcer and 59% of patients w thout an ul cer
consi der ed

t hensel ves at risk for foot ulceration. Farrant et al.33 found that
>25% of

patients with type 1 diabetes and >50% of those with type 2 di abetes
di d not

realize that |oss of sensation in the feet was a conplication of

di abet es.



O her research, however, has denonstrated the benefits of intensive
pati ent

education in reducing the incidence of ulceration.34,35 Valente and
Nel son 36

suggest conbi ni ng patient education wth individualized foot

screeni ngs. Tal ki ng

about foot care can be nmore personalized if each principle is

addr essed during

an examnation of the patient's feet. If patients can see how each
point is

related to their own feet specifically, they becone nore aware of

t hei r personal

risk factors and nay nore easily incorporate preventive behaviors and
f oot

assessnents into their daily routine. Interventions to protect and
cushion the

feet are inportant for all persons with diabetes, not just those with
DN. Tabl e

3 presents basic guidelines for foot care and reconmmendations to
enphasi ze when

pur chasi ng new shoes.

Research al so supports the benefits of diabetes education for
heal t hcare

providers. Aguila et al.37 denonstrated that physicians who were aware
of risk

factors such as a prior history of foot ulcers were nore likely to
prescri be

preventive foot care behaviors. In their evaluation of an intervention
desi gned

to inprove patients' foot care practices, Litzelman et al.35
identified an

unexpected benefit: the thoroughness of foot care given by healthcare
provi ders

was i mproved as well. They al so di scussed the benefits of systens

i nterventions

such as flagging charts to remnd providers to assess the feet and
mai | i ng

postcards to rem nd patients of appointnents. In addition, their
research

supported the effectiveness of devel oping contracts with patients and
suggest ed

that the nore detailed and specific the foot care behaviors, the nore
i mpr ovenent

there was in patient self-care. CGeneral principles such as "avoid



injury" were

not as hel pful as specific instructions such as, "do not go baref oot
i nsi de or

out si de."

Heal t hcare providers and patients and their famlies should receive
ongoi ng
education in the managenent of diabetes risk factors and
conpl i cati ons.
Education for APNs nmay be particularly inportant for those whose
practi ce
includes patients with a variety of nedical diagnoses, not just
di abetic
patients. Care by a di abetes APN or physician specialist may not be as
wi dely
covered by nmanaged care insurance plans, and APNs nay see increasing
nunbers of
patients with diabetes in their practices. Harley 38 descri bed
conponents of a
conpr ehensi ve physical exam nation for evaluating patients with
di abet es t hat
may be hel pful to APNs who are adding patients with diabetes to their
casel oads.

Heal t hcare providers nmust work with patients to ensure they are
receiving the
information and | earning the skills and proper treatnent techni ques
that are
critical to the successful prevention and nmanagenent of |ong-term
conplications
from di abet es. 37

Ref err al

In addition to rigorous foot assessnent, eval uation of sensory

per ception, and

education, the generalist APN nust be able to identify when
appropriate

referrals are warranted. Referrals to an APN di abetes specialist, a
podi atri st,

and a pedorthist are an integral part of preventing foot ulcers in
hi gh-ri sk

patients. In their nursemanaged foot care clinic, Kelechi and Lukacs
39 have

devel oped a conprehensive | ower extremty assessnent formthat
enconpasses

screening and clinical neasures useful in identifying high-risk



i ndi vi dual s.

Eval uati on and treatnent by the diabetes APN or podiatrist are
especially

i nportant when patients require care of their nails, calluses,
fissures,

i nfections, or ulcers.

If it is determined that the patient would benefit fromtherapeutic

f oot wear,

referral to a certified pedorthist is warranted. A pedorthist fills a
witten

prescription to provide specialized insoles, external shoe

nodi fications, or

custom zed shoes. Properly fitted therapeutic footwear can relieve

hi gh f oot

pressures, reduce shock, reduce horizontal shear fromfoot shifting
wi thin the

shoe, and accommodate foot deformties. Typically, a cushioned insole
is the

initial adjustment and can be recommended before DN occurs. Conmercia
i nsol es

purchased over the counter are appropriate at this tinme. Additiona
changes
woul d require a prescription and include four basic types of
alterations:

* | n-depth shoes can add up to 3/8" of depth throughout the entire
shoe to

accommodat e foot deformties.

* This added depth al so could accombdate a total contact insert, a
cust om nade

i nsol e devel oped froma nodel of the patient's feet.

* External shoe nodifications are a third type of alteration. These
nodi fi cations

are nunerous and include variations in heel height and heel support.
Configuration

of the shoe soles with sone type of rocker potential to mnimze the
novenent of

i nfl amed and painful joints, and extensions to the sides or back of

t he shoes

for stabilization are additional external shoe nodifications.

* The fourth type of alteration is |l ess common and is indicated in
cases of

extensi ve deformties such as partial foot anputations. These patients
require

cust ommade shoes devel oped froma cast of their feet.



Any conbi nation of these alterations is possible, depending on the
characteristics

of each foot and the therapeutic goals to be achieved. This nost often
is a

col | aborati ve process involving the diabetes APN, the podiatrist, the
pedort hi st

and the patient. 40

Since 1993, Medicare Part B has included shoe benefits for specia

f oot wear when

persons with diabetes are certified by their heal thcare provider.
Patients are

permtted one of two groups of therapeutic footwear adaptations each
cal endar

year: one pair of depth-inlay shoes and three pairs of inserts, or one
pair of

cust ommol ded shoes with inserts and two additional pairs of inserts.
Fi nanci al

coverage i s 80% of the Medicare-all owed paynent.

The benefits of properly fitted therapeutic footwear in preventing
foot ulcers

are well supported by clinical research. Uccioli et al.41 found that
t he

patients wearing protective footwear had 50% fewer ul cer rel apses
conmpared to

the control group. Chantelau and Haage 42 exam ned duration of wearing
time as a

factor in recurrence of neuropathic foot ulcers. After 3 years of
fol | ow up,

those who wore protective footwear >60% of the day had 50% | ess ul cer
rel apses

than those who wore protective footwear

Studi es of protective footwear have identified | ack of intervention by
heal t hcare providers and | ack of adherence by patients as two maj or
barriers to

adequat e prevention of foot problens. Masson et al.32 found that 78%
of patients

with foot ulcers and 83% of patients with no history of ulcers had
never had

their feet measured for regular or therapeutic footwear. O the 22%in
t he ul cer

group who had been neasured for footwear, the nost recent neasurenent



was 5
years earlier. One reason noted for limted adherence is that the
shoes are not
fashi onabl e and are not accepted, particularly by wonen. 41, 43 However,
t he

recent fashion shift in wonen's shoes away from pointed-toe, high-
heel ed
footwear to shoes with wi der toe boxes and thicker, nore stable heels
may hel p

i ncrease use of nore appropriate footwear.

CONCLUSI ON

Peripheral DN affects nore than half of patients with di abetes, and
f oot

ul ceration is a preventable conplication in those with periphera
neur opat hy as
wel | as those wi thout neuropathy. Better understanding of the

pat hophysi ol ogi c

basis of foot ulcers can assist APNs in providing thorough, regular

f oot

assessments with sensory eval uations, patient and fam |y education
and

appropriate referrals to podiatrists and pedorthists. If begun early,
t hese

interventions for health pronotion and di sease prevention can hel p
practitioners

and their patients identify early signs and synptons of diabetic foot
neur opat hy

bef ore extensive conplications occur, thereby inproving the quality of
life for

t hose with di abetes and reduci ng healthcare costs for this chronic

di sease
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TABLE 1

Skin Nails Deformities
Color Thickening Clawed toes
Temperature Discoloration Muscle wasting

Absence of sweating
Dry

Scaly

Fissures

Macerations
Calluses

Bunions

Corns

L esions

Ingrown

Split, broken

Mycotic

Build up of debnis
under nail

Deformed

Charcot's

Gait disturbances

Absence of fat pad
over metatarsals

Hallux deformity
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TABLE 1 FOOT ASSESSMENT




Figure 2

Step 1:

Apply the monofilament
perpendicular to the
skin’s surface

Step 2:

Apply sufficient force to
cause the filament to
buckle for approximately
one second
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Figure 2. Proper use of the Semmes-Weinstein
monofilament.
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TABLE 2 FOOT RISK CATEGORIES, ASSESSMENT
FREQUENCY, AND FOOTWEAR ADAPTATIONS




TABLE 3

Cenarral Care ansd hg.gil,-nl'

Shwes

] |-:15iur:,'

Never walk barefoot on bot sand, stones,
asphalt paverments, or io the bouse,

Avond extremes in lefmprerature,

Check temperature of bath water belore
enlering,

Probect feet against sun burn,

Mever use hot water bottles or heating
pads on foe

Meserr soak Teet in hiot or cold water

Pesrsr e bare feot in front of 2
fireplace,

Wear sochks in bed it et feel cold

Wash your feet daily.

Inspect your feet daily and use a min 10
see the soles of your feet.

Spread toes, Examine cach interspace for
eidence of coms, |y|i~l|"r-‘_ O SO,

W o= are curded under, try fo straighten
and ook ot the underside with o mimow

Keep web spaces of feet dry at all timmes,

Have a professional foot exam each year

Doy it bresat corns, calluses, or ingrown
toenails with over-the-counter remedies

Use lanolin (not aloohol)-based lotions on
Pt 1|u||:|-'

Do not apply fotion indbetween the loes

Cut tperasls steaithtl acmss with clippers,
not scissors of razos blades; not foo sharn

Use a beveled orange wood stick to remove
debais from arcund and under the nail beds

Smaath corns and calluses gently with a
pumice stone

Buy comfortable well-fitted shoes,

By shoses muacke of caliskin or loather

Have both et measured each bime you
Ity shicees,

When buying shioes, wear socks and stamd up
when feet are being measured.

Buy shoes with laces. These cover mare of the
food, edistribute pressune around the sides anc
tap, amd allena ._vdiuﬂmt:nt frwr 1.l.-.-t_-i|ing

A slip-oe shoes, shoes with poimted toes,
and sandals, E'HI.H'I"I.-I"'!.' wandals with |:|1L:u1g.
beatween the boes.

wWear shoes with a wede 1oe bos, such as
snieakers of running shoes with laces,

Do not wiear shoes with beels higher than 1 inch
as they increase pressune on the metatarsal hesds

“'.i!r e shoes late i the ||.a:. Fasirt g'n|.-|rgr;-
dhurimg the day, arwd shoes that fit in the
g My Fpe fea 'I|H_|1I, i e Eiernoon

Remove new shoes T howr afer wearing.

Break in new shoes gradually, adding 1 hour
wearing time each day.

Do not wear any shoes longer than & hours
without remaoving. Each pair of shoes fits
difiereitly so pressure will be distritbupied
differently

Alrernate shoes daily o allow perspiration in
shioes to evaporale,

Check shoos before wearing for small stones o
puckered, bunched up soles,

Wear socks that are 100% cotton, or
tlenade,

I vl soec ks are wiwn, check for
irfitation er bunching of sock an shoe.

[ho miot weear miended socks of
stockimps.

Cho ot weear socks o stockings with
e

e sure sacks are not wrinkled
in shoe.

Do mal wear socks wath bhobss in thern

Put on a pair of clean socks daily.

Do it weear hosdery that constricts
circulation.,

Wear knee-high hosiery that has a
wide bard
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TABLE 3 GUIDELINES FOR FOOT CARE, SHOE SELECTION,
AND HOSIERY
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