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Introduction

Pedal ulcerations are a very significant cause of morbidity
and mortalityamongthediabetic population. The statistics
concerning diabetes and the diabetic are staggering.

Diabetesisthethird leading causeofdeathinthe United
States (1).

Nearly50% of all nontraumatic lower extremity amputa-
tions occur in diabetics (2).

Lower extremity disease is the most common disorder
necessitating operation in diabetics (3).

Lesionsofthefeetareresponsiblefor morethanonefifth
of the hospitalizations of diabetics (4).

Three percent of diabetics are amputees (5).

Gangrene is a principle or contributing cause of death
in two thirds of diabetics (6).

The medical expenses involved and the time lost from
work certainly place the costofdiabetic health careandits
complications well into the billions of dollars annually.

The podiatric physician can readily attest to such grim
facts. Hehaslongbeeninvolved inthe evaluationand treat-
ment of lower extremity complications of diabetes. One
majormedical studyatMt. Sinai School of Medicine deter-
minedthatoverathreedayclinicperiodonly12% of diabetic
patients obtained afootexamination. Only49% ofthe dia-
betic patientshad undergoneafootexaminationintheprior
year. Theamazingfactisthatthearticle datesfrom 1985 (7).
The podiatric community involvement in diabetic foot
health and foot health awareness is a long and proud tra-
dition. Manydiabeticfeet have and will continuetobe saved
due in large part to podiatric commitment to the care of
such patients.

Management of the diabetic patient with ulceration re-
quiresanappreciationand understanding of the multiple
factors involved in pathogenesis and pathophysiology of
such ulcers. Many factars playing major and minor roles
act in concert to produce mal perforans. It is impossible
toassess these factors individually. Many interrelationships
exist that are only now being identified and understood.

Manyfactsare knownbutmanycontroversiesexistaswell.
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This paper will highlight some of the dilemmas faced in
treatment of the condition. Practical points relating to pa-
tientmanagementwill be emphasized. Important testing
procedures and clinical signs and symptoms helpful in
diagnosis and treatment planning will be reviewed.

Classification

Diabetic ulcerations can be classified into two major
categories:

1. ischemic, and
2. neurotrophic (Fig. 1).

Diabetic pedal ulcerations candemonstrate acombina-
tion type presentation as well. Determination of the
presence or absence of infection is critical. Treatment of
infection in ischemic or neurotrophic ulcerations will be
covered elsewhere. A constantly high index of suspicion
should be maintained at all times by the clinician. There
should be constant monitoring for infection throughout
the course of treatmentand atany stage of lesion develop-
ment. Prompt and thorough treatment by surgical and
medical approaches should be instituted as indicated.

These two broad classifications, neurotrophic and is-
chemic, help categorize and identify two major pathogenic
mechanisms of diabetic ulcerations and herald treatment
approaches.

Within each category further distinctions can be drawn
based onsize of lesion, depth of lesion, presence of infec-
tion,orcombinations. Aseach of thesetwo major categories
isreviewed, contributingfactorsrelated to nutrition, blood
glucose management, and more should be remembered.

Neurotrophic Ulcers (Mal Perforans)

Neurotrophiculcerationsinthediabeticaretheclassical
painlessulcerative lesionsor mal perforans. Theselesions
generallyoccuronthe plantaraspectofthe foot. Mostcom-
monly they present over bony prominences or areas of
abnormal or increased stress to the skin and soft tissues.
They may occur dorsally on the foot, on the digits or inter-
digital surfaces, and on thedistal plantaraspect of the digits
as well.

The neurotrophic foot without a significant ischemic



Fig. 1. Diabetic ischemic ulceration and neuropathic ulceration
are represented in above photographs. A. Ischemic ulceration.
B. Neuropathic ulceration.

component is rather characteristic. Good pulses are
generally presentand the foot may notappeartobeatrisk.

Hair growth, texture of skin, and overall general appear-
ance can be quite satisfactory. The foot type is often high
arched or cavus. Hammertoe deformities are common. It
isfelttheyareasequeltothelossofinnervationandstabiliz-
ing poweroftheintrinsic footmuscles. Hammertoe defor-
mities are felt to contribute to the cavus foot attitude. The
presence of Charcot joint changes promotes pes valgus
deformity. The neurotrophic foot may or may not present
with Charcot joint changes.

Callosities may be present over bony prominences
designating areas at risk. Callus tissue containing hemor-
rhage or masceration upon debridement is indicative of
possible early neurotrophic ulcer development. Calluses
may represent only the tip of the iceberg and must be
recognized as part of a continually deteriorating process
of soft tissue breakdown.
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Sensory evaluation will demonstrate the absence of
vibratoryand proprioceptive sensations early. Distal to pro-
ximal loss of pain and temperature sensation follows and
isless marked inthe hands thanthe feet. The patientcom-
monly has a history of painful neuropathy that seems to
herald the future painless neuropathy. Both painful and
painless neuropathy may be present simultaneously. The
diabetic history is generally of long duration, possibly of
childhood onsetwithalonghistoryofinsulin requirements.

Mal perforans lesions may appear initially as areas of
callus, calluswithhemorrhage, or callus with masceration.
The external callus tissue can act as a seal to tissue
breakdown as a hidden crater of dead space develops. Ac-
cumulationsofblood, serum,andtissuefluidsareanopen
invitation toinfectious invasion. Thecratercan ulcerateto
the surface or extend inward to deep tissue planes, joints,
and osseous structures. It can burst outward providing
drainage orescape of its contents. Eventual progression of
the size and depth of the ulcer will involve deeper sub-
cutaneousstructures. Progression ofinfectionalong paths
of minimal resistance can be life threatening.

Throughout its entire development the process is pain-
lessand possibly unknowntothe patient. The patient may
presentat any point along the evolutionary path of the le-
sion. There may be multiple lesions in various stages of
development on the same foot. Each lesion should be
assessed carefullyand individuallyand treated as such. Oc-
casionally the less serious appearing ulcer on firstinspec-
tion may prove to be the portal of entry for deeper infec-
tion. Unresponsiveness to appropriate treatment should
alert the clinician to further evaluation of the circulatory
statusofthelimb. Peripheral vascularcompromise, like in-
fection, can worsen or occur atany time. Its status should
be constantly monitored.

Ischemic Ulcers

Ischemiculcerationsare generally seeninolderdiabetic
patients. The diabetic disease history will denote a later
onset of the disease. There is occasionally a history of in-
termittent, or worse, nocturnal claudication. The distinc-
tion between neuropathic pain and ischemic pain can be
difficult. Neuropathic painis more characteristicallyanight
pain with no relief by dependency. The ischemic foot
demonstrateschangesinthesofttissuesasaconsequence
of diminished nutrician. The soft tissues and skin are
thinned and atrophic in appearance. The normal bony
prominences appear enlarged. The skin has poor turgor
and elasticity, is hairless and dry. The nails are thickened
and demonstrate trapped skin scaling as periungual and
subungual debris.

Nonhealing fissures can be found about the periphery
of the plantar-dorsal skin junctional area. The typical ulcera-
tionsareflat, atrophic, and demonstrate no particular pat-



tern of distribution. Involvement of the distal end arteries
will demonstrate patchy patterns of distribution with a
predilection forthedistal aspectofthedigits. The skinsur-
rounding the ulcer is erythematous and a central black
eschar may be present.

Theischemicfoothurts. The lesionsdescribed above are
exquisitely painful, out of proportion to their clinical
presentation. Advanced cases demonstrate pain to gentle
palpation. Eventhe pressure of stance and gaitcan be pain-
ful. This pain can vary from easy fatigue to unbearable
discomfort depending on the degree of vascular com-
promise and possible coincidental neurotrophic
involvement.

Infection is possible, as in the neurotrophic lesions, at
any point in the pathogenesis. A high index of suspicion
and constant monitoring are mandatory. Distal necrosis
aboutadigitwith blackened, mummified, atrophicchanges
is termed dry gangrene. It occurs as a result of occlusion
orthrombusofendarteries. Wetgangreneoccursasaresult
of more proximal large vessel occlusion. Largerareaare in-
volved such as entire limbs. The circulation is diminished
belowthatrequired fortissuesurvivaland necrosisoccurs.

Clinicallytheischemicfoothasdiminished pulses. There
is rubor and edema on dependency that becomes pallor
on elevation. The venous filling time is greater than 20
seconds (1). The ischemic index is reduced and the pulse
demonstrates a less pulsatile waveform.

Pathophysiology
Sensory Nerve

The insensitive foot has lost the ability to inform the
patient of impending problems through the medium of
pain. The warning system is gone for both internal and
external environmental changes (8). The internal environ-
ment includes structural alterations, functional changes,
connective tissue alterations, and vascular compromise.
The external environment includes shoe gear, foreign
bodies, socks and stockings, and the home or workplace.
Thecompromisedwarningsystemofsensorynervesisbut
one effect of the neurological deficit.

Sympathetic Nerves

Edemaisworseindenervated limbsandispronetoresult
fromdenervation (9). Wounds created in denervated limbs
and inoculated with known amounts of bacteria, allowed
greater soft tissue bacterial growth than identical wounds
in normally innervated limbs (10). This may be more a fac-
tor of the sympathetic than sensory denervation. The role
of the sympathetic nervous system in diabetic foot ulcers
isbeingappreciated moreand more. Theinterrelationship
of vascularand autonomicfunction is vital to skin and soft
tissueresponse to traumatic stress. Thetrauma, no matter
how subtle or overt, is occurring unknown to the patient.
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Yet, theinadequacyof theautonomicsystem doesnot per-
mit an appropriate response for healing.

Systemic complications of autonomic neuropathy in-
clude painless myocardial infarction and postural hypoten-
tion. The necessity of a thorough medical evaluation and
preoperative appraisal of cardiac status in the diabeticare
apparent.

Thefoot presenting withautonomic neuropathyiswarm,
reddish or erythematous appearing, and with the fullness
of dermal edema. Sweat gland function may be hyperac-
tive or absent (11). This can lead to presentations of moist
skin problems such as tinea and interdigital masceration,
or to drying of the skin with peripheral heel fissures and
cracking.

This autosympathectomy has beenimplicated inarterial
smooth musclecalcification. Such calcificationcanbeseen
radiographically and is termed Monckeberg’s calcific
sclerosis. Alteration of blood flow through sympathetic
malfunction has also been implicated in Charcot joint
development.

Onlythesurfaceisbeing scratched withthe recentatten-
tionintheliterature to the autonomic nervous system and
its relationship to the pathogenesis of diabetic complica-
tions. Many similarities to the findings in reflex sympathetic
dystrophy are intriguing.

Blood Vessels

The calcifications of the arterial tree has already been
mentioned. Thisis notthe onlyeffectthediabeticstatehas
ontheblood vesselsand blood supply. Wagner (12) propos-
ed aclassification system of diabetic ulcerations thatis ap-
plicable to any insensitive or dysvascular foot:

Grade 0: Skin intact (may have bony deformities)

Grade 1: Localized superficial ulcer

Grade2: Deepulcertotendon, boneligament,joint
Grade 3: Deep abscess, osteomyelitis

Grade 4: Gangrene of toes or forefoot

Grade 5: Gangrene of the whole foot

Theimportantfirststepin Wagner'sschematicapproach
to ulceration management is the Doppler evaluation and
the ischemic index. Satisfactory healing can be predicted
ifthe blood flow is pulsatileand the ischemicindexis over
045. The wound healing success rate for 134 procedures
utilizing this criteriawas 93% (13). The ischemic indexis a
measure of large vessel blood flow. The values can be
distorted by the noncompressibility of arterial calcification.
Theischemicindexisdeterminedbydividingthe lower ex-
tremity systolicblood pressure by the brachial systolicblood
pressure. Theblood pressuredetermination should be ob-
tained withablood pressure cuff 120% the diameter of the
extremity ordigit(14). Theevaluationis performedwith the
patientin a supine resting position. This determination is



a noninvasive procedure that can easily be performed in
the office or hospital setting with frequent repetition for
monitoring progress or regression possible.

Large vessel disease presents as atherosclerosis in the
diabetic. It is extremely widespread affecting 1/3 of all
diabeticswho presentwithulcers. Thediabeticlargeartery
system seems especially prone to develop atheroma. Not
onlylower extremity vascular problems but cardiovascular
and cerebrovascularproblemsmaybepresentaswell. The
entire vascular tree may be affected to varying degrees.

Smallvesseldisease hasbecomeanareaofextreme con-
troversy.Recentresearch hascastdoubtonwhatwasonce
considered amaincomplicationof diabetes(15). Thickening
ofthebasement membrane ofthe capillarieswasobserved
along with proliferation of the endothelial lining (16, 17).
Recent research has shown these changes visible micro-
scopically but may notactually affect the vessels function-
ally. The affected capillaries are still permeable to test ma-
terials (18). Percutaneous oxygen measurements are similar
in affected, unaffected, and normal nondiabetic controls
allwith adequate large vessels (19). These lesions have not
been demonstrated to produce capillary occlusion. The
small vessel changes are variable findings and may de-
pendonsamplingand slide preparation and fixation tech-
niques (20).

Large vessel diseaseisaknowncomplicationofdiabetes.
Itisaseriousand yet potentially correctable problem with
advanced vascular reconstructive and bypass techniques.
Smallervesselsarebecoming moreamenable to bypassas
surgical techniques improve. For this reason, large vessel
disease mandates early identification to effect possible
surgical reconstruction.

Smallvesseldisease involvementis currently controver-
sialanditsroleindiabeticfootproblemsisunderquestion
(21). Arteriorlar disease, disease of the medium to small
vessels involved in precapillary blood flow and inflamma-
tionregulationand response, is likewise being questioned.
Pathological microscopic evaluation of amputated parts
andbiopsyspecimensfromdiabeticswithischemicnecro-
sis has not demonstrated significant histological change
of these vessels (22, 23). There is evidence that the func-
tional response of these vessels is likewise unaffected.

Mechanical Forces

In the nonischemic condition, it appears some force or
pressure is needed to produce the plantar ulcerations of
mal perforans in the diabetic foot. Ischemic necrosis or
gangrene results from vascular occlusion not generally
mechanical pressure influences. The role of the various
types of mechanical pressures that resultin neurotrophic
ulcerations will be reviewed.

Threetypes of force have been identified that affect the
softtissuesand skinto produce ulcerations. Theseinclude:

1. continuous pressure,
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2. concentrated high pressure,
3. repetitive mechanical stress (24), and
4. excessive heat and cold.

These pressures mayoccurinnondiabeticfeetbutdonot
necessarily resultin mal perforans. Theactual occurrence
of malperforans probably resultsfromamultiplicity of local
biochemical, structural, and nutritional problems. These
will be reviewed inlater sections of this text. The character
andtypesofforcesinvolved, however,areanimportantcon-
sideration in evaluating the diabetic foot.

Constant pressureresultsinischemiaand necrosis. The
pressure can occur as high pressure for short periods or
low pressure for prolonged periods. The capillary blood
pressureofonly13-33mm Hgattests tothe minimal pressure
needed for obstruction of flow at this level (8). Foot-ankle
orthoses can produce pressure, cast pressure, shoe pres-
sure, or bed and resting posture over the course of time
canresultin ulcerations by this mechanism. Pain may not
be present to warn of the insult resulting in ulceration in
the face of neuropathy.

Concentrated high pressures arethe resultoftrauma. The
traumatic force exceeds the tearing tension of the skin,
600700 Ibs/inch (25). Trauma of this type can occur to any
person. The problem for the diabetic patient s the lack of
awareness of the insult. The diabetic may also lack an ade-
quate response toinvading microorganismstoward offan
infection. Thecirculatory status may not be adequateto pro-
mote timely wound healing.

Repetitivemechanicalsstressis primarily responsiblefor
most typical plantar mal perforans noted in clinical prac-
tice. Areas subject to the repetitive trauma of gait exag-
gerated by deformity or abnormal function are prone to
ulceration (24). Amputations of digits and rays can par-
ticularly potentiate such problems. Tissue glycosolation
and structural biomechanical changes possiblyalters tissue
responsivenessto thistype of pressure (26, 27). Absence of
moisture in the form of sweat and other secretions alters
external skin response. Sympathectomized skin with the
resultantdermal edemaand nutritional deficitisless able
to respond to the micro-repair needs of the soft tissues.

Systemic Complications

Systemic factors, suchasblood glucose controland glu-
cose utilization, are related not only to tissue structural
changesbutalsototissueresponsetotraumaanditsrepair.
Derangements in collagen metabolism have been shown
in animal models. Granulocyte dysfunction, extracellular
hyperglycemia, and intracellular glucose deficiency alter
the early stages of the inflammatory response in tissue
healing. This results in impaired collagen synthesis (28).
Insulin administration will often restore a normal meta-
bolic environmentand allow the production of sufficient
collagen (29).

Keratin and collagen both have been identified as being



affected by nonenzymatic glycosolation and hyperglycemia
(26,27). Theresulting healed wound of collagen cross links
lacks compliance resulting in rigid and firm yet flexible
tissues (30). The collagen produced is resistant to colla-
genase producing adense impermeable protein matrix (31).
Thismatrixisapoortissuestructurethatdoesnotpromote
adequate nutrientdiffusion. Such tissues are more suscep-
tible to injury and mount a less than adequate repair
process.

Dietary malnutrition is an important systemic factor for
consideration. Poor use of ingested glucose and body
energy and nutritional stores occurs in diabetics. Vitamin
and zinc deficiency strongly effect the soft tissues’ ability
to respond to stress (32).

Conclusion

Manyfactorsareinvolvedinthedevelopmentof mal per-
forans in the diabetic foot. The clinician needs to be well
apprised ofall such factors. The effective treatmentdepen-
danton thorough evaluation and assessment of the many
related factors contributing to the ulceration.

References

1. Kosak GP, Hoar CS, Rowbotham JL: Management of
Diabetic Foot Problems, Philadelphia, WB Saunders Co,
1984, p 1.

2. Ecker ML, Jacobs BS: Lower extremity amputation in
diabetic patients. Diabetes 19:189, 1970.

3. Penn I: Management of the diabetic foot. Continuing
Education Family Physician 13:37, 1980.

4. PrattTC: Gangrene and infection in the diabetic. Med
Clin North Am 49:987, 1965.

5. Boulton AJM: Detecting the patient at risk for diabetic
foot ulcers. Practicing Cardiology 9:135, 1983.

6. Levin ME, O'Neal LW: The Diabetic Foot, ed 3. St Louis,
CV Mosby, 1983, p 178.

7. Baily TS, Yu HM, Rayfield EJ: Patterns of foot examina-
tion in a diabetic clinic. Am J Med 78:371, 1985.

8. McClamry ED (ed): Fundamentals of Foot Surgery,
Baltimore, Williams & Wilkins, 1987, p 436.

9. Exton-Smith AN: Nature of edemain paralyzed limbs
of hemiplegic patients. Brit Med ] 2:1280, 1957.

10. RobsonMC,Krizek T): Therole of infectionin chronic
pressure ulcerations. In Fredericks S, Brody GS (eds):
Symposium on the Neurologic Aspects of Plastic
Surgery. St Louis, CV Mosby Co, 1978.

11.  OzeranRS,WagnerGR,ReimerTR, HillRA:Neuropathy
of sympathetic nervous system associated with dia-
betes mellitus. Surgery 68:953, 1970.

12. MooneyV,WagnerFW Jr:Neurocirculatorydisorders
of the Foot. Clin Orthop 122:53, 1977.

13. Mann RA (ed): Surgery of the Foot, ed 5. St Louis, CV
Mosby Co, 1986, p 423.

92

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

26.

27.

28.

29.

30.

31.

Kirkendall WM, Burton AC, Epstein PH, Freis ED:
Recommendations for human blood pressure deter-
mination by sphygmonanometers. Circulation 36:980,
1967.

Logerfo FW, Coffman JD: Current concepts. Vascular
and microvasculardiseaseofthefootindiabetes. Impli-
cations for foot care. New Engl | Med 311:1615, 1984.

Kilo C, Vogler N, Williamson JR: Muscle capillary base-
ment membrane changes related to aging and to
diabetes mellitus. Diabetes 21:881, 1972.

McMillan DE: Deterioration of the microcirculationin
diabetes. Diabetes 24:944, 1975.

Trap-Jansen J: Increased capillary permeability to
131-iodine and (51-CR) edta in the exercising forearm
of long term diabetics. Clin Sci 39:39, 1970.

Wyss CR, Matsen FA Ill, Simmons CW, Burgess EM:
Transcutaneous oxygen tention measurement on
limbs of diabetic and non-diabetic patients with
peripheral vascular disease. Surgery 95:339, 1984.

Williamson JR, Ronald E, Hoffman P, Kilo C: Influence
of fixation and morphometric technics on capillary
basement-membrane thickening prevalence data in
diabetes. Diabetes 25:604, 1976.

Kwasnik EM: Limbsalvageindiabetics: challengesand
solutions. Surg Clin North Am 66:305, 1986.

Nielsen PE: Dosediabeticmicroangiographycausethe
development of gangrene? Scand J Clin Lab Invest
[Suppl 128], 31:229, 1973,

Strandness DE Jr, Priest RE, Gibbons GE: Combined
clinical and pathologic study of diabetic and non-
diabetic peripheral arterial disease. Diabetes 13:336,
1964.

Hall OC, Brand PW: The etiology of the neuropathic
plantar ulcer. ] Am Podiatr Med Assoc 69:173, 1979.

. Brand PW: Management of the insensitive limb. Phys

Ther 59:8, 1979.

Delbridge L, Ellis CS, LeQuesne LP: Nonenzymatic
glycosylation of keration from the diabetic foot. Br /
Surg 70:305, 1983.

Schnider SL, Kohn RR: Glycosylation of human col-
lagen in aging and diabetes mellitus. / Clin Invest
66:1179, 1980.

Goodson WW III, Hunt TK: Wound healing and the
diabetic patient. Surg Gynecol Obstet 149:600, 1979.
McMurray LFJr:Wound healingand diabetes mellitus.
Better glucose control for betterwound healing in dia-
betes. Surg Clin North Am 64:769, 1984.

Hamlin LR, Kohn RR, Luschin JH: Apparentaccelerated
aging of human collagenindiabetes mellitus. Diabetes
24:902, 1975.

Yue DK, MclLennan S, Delbridge L, Handelsman D),
Reeve T, Turtle JR: The thermal stability of collagen in



diabetic rats: correlation with sensitivity of diabetes 32. Engel ED, Krlick NE, Davis RH: Diabetes mellitus: im-
and nonenzymatic glycosylation. Diabetologia 24:282, paired wound healing from zinc deficiency. ] Am
1983. Podiatr Med Assoc 71:536, 1981.

93



