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ABSTRACT

FOOT LESIONS IN DIABETIC PATIENTS AGED 15-50 
YEARS. A POPULATION-BASED STUDY.

Bengt Borssén, Departments of Orthopaedics and Medicine, University 
of Umeå, S-90185 Umeå.

Foot problems are not only the most common but in general also the 
most severe of the diabetic complications. The age group 15-50 yrs in 
this study was chosen because these patients were considered to be at 
their most active age and were felt to require optimal foot function.
380 patients (96 %) participated, 78 % with Type 1, 20 % Type 2 and 
1 % with secondary diabetes mellitus (DM) and 100 healthy controls. 
Only six patients had signs of peripheral ischaemia but half of the 
patients had deformities such as fallen forefoot arches and hammer toes. 
With sensory thresholds and clinical signs it was demonstrated that age, 
duration of DM and tall stature are major risk factors for diabetic 
neuropathy. Gender differences depend on differences in height. 
Dorsiflexion of the toes against resistance was used to test the function 
and volume of m.extensor digitorum brevis. When compared with 
measurements of sensory thresholds for vibration, perception and pain, 
it was found to be a valuable test for screening of distal motor 
neuropathy.
To prevent worsening of foot deformities 266 patients with Type 1 DM 
were followed for 3 years. Those with the most pronounced deformities 
were fitted with custom-made insoles and had repeated examinations. 
Improvement was more common in patients with insoles compared to 
patients without insoles.
Bone mineral density (BMD) was measured in nine patients with 
osteopathy in their feet and 18 controls. BMD was lower in L2-L3, but 
not in the proximal femur, implying osteopenia being a possible risk 
factor for distal osteopathy.
Plaster cast treatment was used in 33 diabetic patients with severe foot 
ulcers who were selected because previous conservative treatment had 
been unsuccessful and they had been judged unsuitable for vascular 
surgery. The lesions healed in 19 patients.
In conclusion, the main findings demonstrate the need for an increased 
awareness of early preventive foot care in young and middle-aged 
diabetic patients.
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Det va' som det va' 
tills det blev som det blev 
Det blir som det blir 
när det är som det är

Det är som det är
tills det blir som det blir
Faran är att det blir som det var

Alf Henriksson
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Och i sitt trettionionde regeringsår fick Asa en 
sjukdom i sina fötter, och sjukdomen blev 
övermåttan svår;
men oaktat sin sjukdom sökte han inte HERREN,  
utan allenast läkares hjälp.

2 Krön 16:12
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ABSTRACT

FOOT LESIONS IN DIABETIC PATIENTS AGED 15-50 
YEARS. A POPULATION-BASED STUDY.

Bengt Borssén, Departments of Orthopaedics and Medicine, University 
of Umeå, S-90185 Umeå.

Foot problems are not only the most common but in general also the 
most severe of the diabetic complications. The age group 15-50 yrs in 
this study was chosen because these patients were considered to be at 
their most active age and were felt to require optimal foot function.
380 patients (96 %) participated, 78 % with Type 1, 20 % Type 2 and 
1 % with secondary diabetes mellitus (DM) and 100 healthy controls. 
Only six patients had signs of peripheral ischaemia but half of the 
patients had deformities such as fallen forefoot arches and hammer toes. 
With sensory thresholds and clinical signs it was demonstrated that age, 
duration of DM and tall stature are major risk factors for diabetic 
neuropathy. Gender differences depend on differences in height. 
Dorsiflexion of the toes against resistance was used to test the function 
and volume of m.extensor digitorum brevis. When compared with 
measurements of sensory thresholds for vibration, perception and pain, 
it was found to be a valuable test for screening of distal motor 
neuropathy.
To prevent worsening of foot deformities 266 patients with Type 1 DM 
were followed for 3 years. Those with the most pronounced deformities 
were fitted with custom-made insoles and had repeated examinations. 
Improvement was more common in patients with insoles compared to 
patients without insoles.
Bone mineral density (BMD) was measured in nine patients with 
osteopathy in their feet and 18 controls. BMD was lower in L2-L3, but 
not in the proximal femur, implying osteopenia being a possible risk 
factor for distal osteopathy.
Plaster cast treatment was used in 33 diabetic patients with severe foot 
ulcers who were selected because previous conservative treatment had 
been unsuccessful and they had been judged unsuitable for vascular 
surgery. The lesions healed in 19 patients.
In conclusion, the main findings demonstrate the need for an increased 
awareness of early preventive foot care in young and middle-aged 
diabetic patients.

Key words: Diabetes mellitus Foot deformities Sensory threshold 
M. extensor digitorum brevis
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Definitions and assessments

Arterial insuffic iency  was defined as an ankle/arm systolic 
bood pressure index below 0.9.

Body mass index ( BMI ) was defined as body weight (kg) times 
height (m )'2.

Bone mineral density ( BMD ) was measured by dual photon x- 
ray absorptiometry (Lunar DPX-L).

Callosities  was defined as localized hyperkeratosis, usually over 
a bony prominence on the sole of the foot.

Claudication  was defined after a history was taken according to 
the protocol suggested by Rose et al. 1

Cutaneous sensory impairment was assessed by a 
monofilament test .2-3

Dibetes mellitus (DM) was classified as either Type 1 or Type 2 
on clinical grounds.4 Where classification was difficult, a glucagon- 
stimulated C-peptide level 5 was measured to distinguish between 
Type 1 and Type 2 DM. All patients had a treated DM prior to 
entering the study.

Dry fee t  were diagnosed if the patient history revealed loss of 
perspiration that could be confirmed on examination.

Extensor digitorum brevis (EDB) muscle is the short toe 
extensor which extends the proximal phalanx of the four medial 
toes. The muscle belly is localized on the proximal and lateral 
aspect of the dorsum of the foot.

Fissures  were defined as lesions of the sole of the foot localized to 
the cuticular layer of the epidermis.

Forefoot arch describes the transverse convexity towards the 
dorsum of the foot at the transverse line of the metatarsal heads 
(arcus pedis transversalis). For the assessment of degree of loss of 
the forefoot arch a semiquantitive scale ranging from normal, 
slight, moderate to marked was devised. Moderate indicated a flat 
fore foot, and marked loss described a forefoot arch which is 
convex towards the sole of the foot.
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Hammer toes describes an extension in the metatarso - 
phalangeal (MTP) joint and a subsequent flexion in the proximal 
interphalangeal (PIP) joint. A semiquantitatative grading was used; 
normal, slight indicating a slight hyperextension in the MTP joint, 
moderate an obvious hyperextension, and marked an additional 
clawing in the distal IP joint.

Healing was defined as full epithelial coverage and no sign left of 
a local soft tissue reaction.

Major amputation  refers to all levels from the ankle joint and 
above.

Melin's shin spots are small, light brown, circumscribed 
atrophic lesions on the mid or lower leg. They are seldom larger 
than 10 mm in diameter.6

Necrobiosis lipoidica diabeticorum  usually found on the mid 
to lower leg, are defined as having a characteristic translucent, 
brownish-red periphery with central atrophic yellow areas with 
prominent telangiectasis.

Osteopathy is a skeletal condition that clinically in its early form 
starts as an oedematous, erythematous foot with increased skin 
temperature. X-rays show progressing involvment of especially the 
metaphyses with fragmentation and hypertrophic periosteal 
reaction, joint narrowing and finally subluxation and dislocation. 
Joint involvement is a secondary phenomenon.7-8

Pubertal age was assumed to be 13 years when assessing the 
importance of development of diabetes before or after puberty in 
relation to height in Type 1 DM.

Purpura was defined as the presence of numerous petechiae or 
somewhat larger cutaneous haemorrhages in patients in whom 
other causes of purpura had been excluded.

Range o f  motion of the ankle joint was measured according to 
Lindsjö et al.9

Sensory thresholds  were measured with two different 
modalities to asses the vibration threshold, and the thresholds for 
perception and pain.
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Smoking  was quantified in pack years, defined as the number of 
packs of 20 cigarettes smoked daily, multiplied by the duration of 
smoking in years.

Ulceration was defined as a full-thickness penetrating lesion of 
the skin.

Yellow toenails refers to smooth nails of yellow or yellowish- 
green colour that are often somewhat thickened.10 (Patients with 
nail lesions caused by psoriasis or onchomycosis were excluded).
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In trod u ction

Successfull treatment of foot lesions is dependent on some kind of 
intervention and preferably prophylactically. It is important, 
especially in times of limited financial resources, to have access to 
epidemiological data in order to direct our resources towards these 
groups of patients where they are best needed.
It should be pointed out that epidemiological studies in DM have 
shown the value of screening for pre-symptomatic complications 
such as retinopathy and proteinuria and the effect of early 
treatment for the prevention of visual impairment11’12 or renal 
fa ilu re13’14’15. It is also important that the clinician has access to 
simple and reliable methods that are easy to use in the ordinary 
clinical situation.

Background

The isolation of the hormone insulin in 1921 made treatment 
possible for people stricken with Type 1 DM (insulin dependent 
diabetes mellitus). These patients once often faced death within one 
year after diagnosis. Today Type 1 DM is suspected to arise from an 
autoimmune reaction directed specifically towards the B-cells of 
the islets of Langerhans, and genetic abnormalities, which increase 
the propensity to develop DM .1(1 The disease appears overt when 
at least 80% of the B-cells are destroyed.
In Type 2 DM (non-insulin dependent diabetes mellitus) the 
etiology is more obscure and probably more diversified.16 The 
patients produce varying quantities of insulin, but a decreased 
insulin release function through insulin resistance seems to be the 
main causal reason. In Type 2 DM as well as in about half of the 
patients of Type 1 DM there is a genetic predisposition although 
unlike Type 1 DM, life style factors have a known impact on the 
etiology of Type 2 DM. It has even been claimed that in some 
environments Type 2 DM has been a prerequisit for the 
maintenance of life itself.17
Neither insulin treatment, nor oral antidiabetic drugs or dietary 
restrictions can usually fully normalize the metabolic dysfunction 
well enough to prevent the patients from the well-known 
complications of DM - nephropathy, retinopathy, neuropathy and 
foot lesions.
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Epidem iology

With introduction of insulin treatment there was an increasing 
prevalence of DM. The total prevalence in a Swedish municipality is 
reported to be 3.5 %.18 There is an even more pronounced increase 
of DM with age. In elderly Caucasians the figure approaches 20%, 
and substancially higher in specific ethnic populations, in Pima 
indians in particular, the prevalence reaches 50% or more.19 
Since duration of DM as well as high age have a high impact on the 
complication rate, the increasing prevalence of DM, especially in the 
elderly, must be considered a potential problem to individuals and 
health care systems in the years to come.

Biochemical basis of complications

Empirically as well as from numerous investigations 2 0 ,2 1 , 22,23  the 
same conclusion has been drawn: - high levels of blood glucose for 
long time is a prerequisite of diabetic vascular or neurological 
complications. In a superabundance of glucose non-enzymatic 
glycosylation processes form early reversible glycosylation 
products of which the best known is haemoglobin A le- These early 
glycosylation products may undergo a slow complex series of 
chemical rearrangements that react with long-lived proteins or 
lipoproteins forming irreversible advanced glycosylation 
endproducts (AGE).24’25 The transformation rate of AGE:s is 
proportional to degree and time during which the hyperglycaemia 
persists.26 The AGE:s accumulate in the tissues and have 
increasingly been recognized as factors in the pathogenesis of 
diabetic complications. Within the vessel wall AGE:s are thought to 
accumulate continously, irreversibly bound to vessel wall proteins. 
The endothelial AGE complexes induce oxidant stress which 
increases the vascular permeability, activates cytokines eventually 
leading to the atherosclerotic process.27 The atherosclerotic process 
is enforced and aggravated in patients with hypertension and 
elevated hydrostatic pressure. The development of diabetic 
neuropathy is suggested to occur in the hyperglycaemic patient by 
exessive intracellular accumulation of sorbitol and its ramifications 
leading to both axonal degeneration and demyelination.28’29 T he 
formation of AGE:s binding to nerve cell wall components may also 
be of importance.

Pathophysiology of diabetic foot complications

Diabetic foot complications signify lesions in general secondary to 
macro- and microangiopy and neuropathy such as gangrene, ulcers, 
deformities, atrophy of soft tissues, increased skin fragility.
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The contributory intrinsic factors that lead to diabetic foot 
complications have traditionally been considered to be vascular 
disease, peripheral neuropathy and infection. There is, however, no 
convincing evidence that infection is a primary cause of 
u lceration .30 It seems more likely that the bacteriae are spongers 
after the initial ulceration has occurred. Pecoraro et al.31 defined 
three main groups of diabetic patients with high probability for 
foot lesions and subsequent amputation: 1) patients with 
polyneuropathy without evidence of vascular disease; 2) patients 
with polyneuropathy and vascular disease; and 3) patients with 
vascular disease without evidence of polyneuropathy. Of 
importance are also changes secondary to DM that jeopardize 
normal foot biomechanics; altered postural control and gait;32 
limited joint mobility (LJM),33 a condition that is thought to be 
caused by AEG:s accumulating on collagen34 thereby decreasing its 
elasticity which results in stiffness of the connective tissues and a 
subsequent reduction of range of motion.35’36’37 Finally, osteopathy, 
an enigmatic condition which shows more or less pronounced 
breakdown of the toe or foot skeleton and may lead to deteriorated 
foot architecture and function.38

It has been stated that there is a high incidence of atherosclerotic 
peripheral vascular disease (PVD) in the lower leg39 as well as 
peripheral neuropathy40 in DM. Although PVD is an important 
contributory factor in the pathogenesis of foot ulceration and 
subsequent major amputation, less than 15% of foot ulcers are 
judged to be of a purely ischaemic nature.41’42-43’44 Usually it is a 
combination of one or more of the factors mentioned above and an 
intrinsic or extrinsic trauma that leads to tissue breakdown and 
u lcera tion .45 Peripheral neuropathy prevalence rates are reported 
as ranging from 13 to 54% with a median value of 32% 46 As the 
onset of these secondary manifestations of DM is insidious and 
many diabetic patients never experience any symptoms, it is 
important to recognize that the absence of symptoms must never 
be interpreted as a healthy foot. The identification of the " foot at 
risk" must rely on careful examination. Much attention should also 
be given to multiple risk factor intervention like weight reduction, 
cessation of smoking and treatment of hypertension and peripheral 
oedem a.
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Foot complications and socio-economics

Diabetic foot complications give rise to considerable morbidity and 
expense. It has been stated that these complications have the 
greatest socio-economic impact of all DM complications.47’48’49 At 
least 15% of all diabetic patients are estimated to be affected 
during their lifetime; 50 5 - 20% of all diabetic in-patients have a 
lower extremity ulcer condition and resulting in a longer hospital 
stay.51’52 The estimated annual incidence of foot ulcers is 3 - 5.6% 
53,54  and the prevalence 4.4 - 10%.55’56’57»58 The results of 
prospective research on diabetic foot lesions indicate that 
peripheral neuropathy, long duration of DM and high foot pressure 
appear most importantly related to these lesions.31-59’60 
To be able to deal with these patients more successfully we have to 
increase our knowledge of epidemiology and the chain of events. 
Thereby we can achieve the goals of the S:t Vincent declaration as 
presented by the World Health Organisation and the International 
Diabetic Federation in 1989, i.e. decreasing the number of major 
amputations caused by gangrene by half in a five years'period. This 
is an important task also in view of the fact that the diabetic 
population account for 40 - 70% of all major lower leg amputations 
61 and that foot ulcers preced the amputation in 54 - 84% of all 
diabetic patients.31’62’63’64 Several studies have reported that a 
programme for preventive foot care and treatment of lesions 
reduces the rate of major amputations.65’66’67’68-69’70 Furthermore 
it has been pointed out that even from an economic point of view it 
is beneficial to treat diabetic foot lesions rather than to perform an 
am putation71. The humanitarian aspect is obvious.
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Aims

The present studies are mainly based on a standardized foot 
examination of a population-based group of diabetic patients aged 
15-50 years.

The aims of the present studies were:

To assess the epidemiology of foot lesions in younger diabetic 
patients.

To study the prevalence of diabetic neuropathy and its relation to 
age, duration of DM, height and smoking.

To evaluate the extensor digitorum brevis ( EDB ) muscle test as a 
predictor of motor-neuropathy in DM.

To evaluate the effect of education and moulded insoles as means 
of preventive treatment for forefoot deformities in DM.

To evaluate the presence of a generalized osteoporosis as a 
contributing cause in the development of osteopathy in diabetic 
patients.

To evaluate total contact plaster cast treatment for soft tissue 
lesions in the diabetic foot.
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Patients and participation

Study I - V

All identified diabetic individuals (n=395) in Umeå county 
(population 118 500) aged 15 - 50 years were invited to 
participate in a standardized foot examination. The subjects were 
identified through our hospitals out-patient and in-patient 
registers or through all primary care centres. To make the patient 
material as complete as possible, all prescriptions for anti diabetic 
drugs were collected during a 6-months period at all pharmacies in 
the county. Anti- diabetic drugs are avaliable in Sweden on 
prescription and are only dispensed for a maximum of 3 months 
use.
The age group 15 - 50 years was chosen because these patients 
were considered to be at their most active age and were felt to 
require optimal foot function. Further, this group of patients was 
of manageable size and well suited for repeated follow-up 
examinations and longitudinal studies.
One hundred healthy persons, mainly hospital personnel, aged 15- 
50 years were enrolled as control subjects. Their foot deformities 
were treated as in the diabetic group.

(I  )
All together 395 diabetic patients aged 1 5 - 5 0  years were 
identified and 380 (96%) of them took part, of whom 298 (78%) 
had Type 1 DM, 77 (20%) had Type 2 diabetes. Twenty Type 2 
diabetic patients were insulin treated, 18 were treated with oral 
anti-diabetic drugs and 39 by diet alone. Two of the Type 1 
diabetic patients were being followed up in primary care, 19 at the 
Department of Pediatrics and 277 at the Department of Medicine. 
Forty-seven of the patients with Type 2 DM were being followed 
up in primary care, while 30 attended the Department of Medicine. 
Fifteen diabetic patients (5 women) chose not to participate. Ten 

had Type 1 DM, 4 Type 2, and 1 had secondary diabetes due to a 
verified pancreatitis.
At the index examination five patients (1%) were found to have 
secondary DM due to verified chronic pancreatitis and 
subsequently excluded from the analyses, leaving 375 diabetic 
individuals (78% Type 1) for analysis.
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( II - III )
These studies are based on the examination of 370 (94%) out of 
395 identified diabetic patients aged 1 5 - 5 0  years within Umeå 
county described in ( I ). Besides the 20 patients excluded from 
analysis in ( I ), another 5 patients were excluded since their 
measurements turned out to be incomplete. Out of the 370 patients 
remaining for analysis, 293 (79%) were Type 1 DM.

( IV )
This study is a three years follow up of the Type 1 diabetic 
patients from our original cohort described in ( I ).
At the index examination all participating individuals were
educated in suitable foot care and foot wear. Patients with the 
most pronounced deformities were provided with custom-made 
insoles. These patients were re-examined after fitting and with 
further visits to the chiropodist's clinic if necessary.
Out of 298 patients with Type 1 DM participating at the index 
examination 266 (89 %) attended the three year follow up, as did 
64 / 100 (64 %) of the control subjects. During the observation
period five patients with Type 1 DM (age 32 - 52 years) had died; 
three patients in myocardial infarction and none of the controls 
was deceased. The primary reason for the large number of drop
outs in the control group was that they had moved to other parts 
of the country.

( V )
Nine patients from our original group of diabetic patients aged 15 - 
50 years were found by clinical examination to have obvious foot 
changes that radiologically could be confirmed as skeletal lesions 
of osteopathic type. Four patients had pronounced lesions, five 
patients had lesions of a more limited type. No patient could recall 
any history of trauma.
A control group of 18 diabetic individuals was obtained by 

selectively pairing as closely as possible each patient with a distal 
skeletal lesion with two individuals without any signs or history of 
foot problems. Pairing criteria were gender, age and duration of 
diabetes. When a choice of controls was avaliable, we always 
selected the one with longest duration of DM.
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Study VI
This study is based on thirty-three consecutive diabetic patients, 
of whom 29 had Type 2 DM, with soft tissue lesions of different 
gradings according to Wagner,72 who were treated with casts when 
their initial conventional treatment ( elimination of peripheral 
oedema, strict metabolic control, cessation of smoking, no weight 
bearing and local wound care ) had failed. They had also been 
judged unsuitable for vascular surgery by a vascular surgeon.

18



M ethods

Each patient was examined in a standardized clinical set up. A 
medical history was taken and verified against hospital records.

T h re sh o ld  fo r  vibration (VT) was determined according to the 
method described by Goldberg and Lindblom.73 The hand held 
vibrameter (Somedic, Stockholm, Sweden) uses its own weight as 
a constantly monitored pressure, and it messures the tissue 
displacement in urn. By increasing the stimulus from zero to the 
point where vibratory sensation is first perceived, the vibration 
perception threshold (VPT), and then decreasing the stimulous 
from an easily percived level to the point where the sensation 
disappears, the vibration disappearence threshold (VDT), are 
determined. The vibration threshold (VT) is then calculated from 
the formula VT = (VPT + VDT) / 2 .

Thresholds fo r  cutaneous perception and pain  w e re  
measured according to transcutaneous electrical stimulation 
sensimetry A constant current electrical stimulator, (ISSAL 1412, 
ISSAL Medical Products, Skellefteå, Sweden) was used.74 It has a 
bipolar saline soaked felt electrode that delivers a 0.2 ms square 
pulse with a frequency of 100 Hz. The intensity is digitally 
readable within 0.1 - 60.0 mA. The threshold for perception (Pe) 
was defined as the lowest intensity at which the subject felt any 
sensation (usually a tingling). After increasing the intensity, the 
subject felt a growing unpleasant prickling sensation, and the 
intensity at which this was hardly bearable was defined as the 
pain threshold (Pa). The vibration thresholds were measured on 
the subjects dominant side at the medial malleolus and on the 
dorsal aspect of the big toe, while perception and pain thresholds 
were measured above the proximal end of the first metatarsal and 
on the dorsum of the digit number one. Three determinations were 
made at each point and the means calculated.

The EDB muscle test . The EDB-muscle, innervated by the deep 
peroneal nerve, aids the long digital extensor in extending the four 
medial toes. The subject was requested to maximally forced 
dorsiflexion of the toes against the investigators resistance. This 
makes the muscle belly optically visible and palpable. A 
semiquantitative scale was created and the muscle volume was 
classified as normal, reduced or absent. A barely perceptible 
muscle was classified as reduced.
A pre-trial training period was organized to facilitate the 

standardization of our examination technique and assessment.
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Measurement o f  range o f  motion • ROM  (capacity of dorsal 
extension) of the ankle joint under load according to Lindsjö et al.9 
was undertaken with the patient leaning forward with most of the 
bodyweight on the examined foot. Maximum dorsal extension with 
the sole of the foot flat to the surface was measured with a 
protractor. Calculations were made on one side only. A range of at 
least 20 ° dorsal extension is considered normal.

Cutaneous sensory loss was quantified by the Semmes - 
Weinstein monofilaments, (Research Design Inc; Huston, Tx, USA) 
using three different filaments representing 4.17 , 5.07 and 6.10 
log(O.lmg) force respectively. The filaments were randomly 
applied on eight standardized sites on the sole of the foot. The 
borderline value for protective sensation in the feet is 5.07 log(0.1
mg) force and consequently a sensation level at 6.10
log(0.1mg)force means loss of protective sensibility.2’3

Bone mineral density - B M D  of the lumbar spine ( L2 - L3,
lateral projection) and proximal femur was measured by Lunar
DPX-L dual photon x-ray absorptiometry; (Lunar Corp. Madison,
Wi, USA) a technique that uses two filtered separate x-ray 
energies, and the BMD is calculated from the differences in 
absorption in the tissues.

Plaster cast treatm ent

The cast was applied as a lower leg cast including the whole foot 
but leaving the toes free. The cast was windowed over the present 
lesion if necessary, allowing inspection, local treatment and control 
for progression. All patients subjected to plaster cast treatment 
were admitted for the first 24 - 48 h treatment to optimize 
medication of diabetes and concomittant disorders (e.g. heart 
failure). Patients with severe foot lesions and / or severe pain 
were often treated as in-patients for a longer period.
The first cast was changed within 1 week for assessment. If patient 
and wound conditions permitted, the patients were treated on an 
out-patient basis with cast changing intervals extended to 3 - 4 
weeks. The patients were allowed full weight baring.
Antibiotics were administered only when there was a prominent 
reaction of the soft tissues surrounding the present lesion. Local 
treatment was limited to dry absorbing dressings.
The patients were followed to end point being healing or major 
am putation.
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Ethical aspects

All patients and control subjects had given their informed consent 
to take part in the studies. The studies were approved by the local 
Hospital Ethical Committee.
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Main results

Epidemiology of foot lesions ( I )

The physical examination revealed a significantly increased 
prevalence of signs of dry feet, yellow toe nails and Melin's shin 
spots in diabetic patients compared to control subjects (I -Table 1) 
Furthermore, the prevalence of these three signs increased 
significantly with duration of DM in the Type 1 DM patients. Signs 
of altered forefoot arch and hammer toes were more common in 
diabetic patients but callosities were not. Deterioration of forefoot 
arch, prevalence of hammer toes and callosities as well as signs of 
dry feet, yellow toe nails and Melin's shin spots increased with age 
in patients with Type 1 DM compared to patients Type 2 DM and 
control subjects.
Six patients had an systolic ankle pressure index below 0.9. Three 
of these (2 men) had longstanding Type 1 diabetes and had 
undergone below-knee amputation because of gangrene. Two were 
smokers and the sixth patient was an ex-smoker. One of the male 
amputees had claudication in his remaining leg. Three other 
patients (2 men), all of whom were smokers, had claudication; 1 
had Type 1 DM and 2 had Type 2 DM. During the study period of 
one and a half years, all amputees had signs of severe 
macrovascular disease: 1 suffered a myocardial infrction, 1 
suffered a thrombotic stroke, and 2 underwent amputation of their 
second leg. One of the patients with claudication died from 
myocardial infarction.
Within the group of Type 1 diabetic patients there were significant 
differences in thresholds for vibration, perception and pain 
between patients with and without signs of dry feet, hammer toes 
and loss of forefoot arch. These differences were not seen within 
the Type 2 diabetic patients or control subjects.
Concerning foot lesions, with the exception of necrobiosis, found in 
9 Type 1 diabetic women and Melin's shin spots more common in 
men, there were no differences according to gender.

Sensory thresholds for vibration, perception and pain
( II )

In the 293 Type 1 diabetic patients as well as in the 77 Type 2 
diabetic patients there were significantly elevated mean sensory 
thresholds compared to control subjects. In Type 1 diabetic 
patients significant correlation was found between elevated
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sensory thresholds and age, duration of DM and height but not for 
smoking. In Type 2 diabetic patients there was a significant 
correlation between sensory thresholds and height whereas in 
control subjects correlations were seen between sensory 
thresholds and both height and weight.
Most sensory thresholds were significantly higher in men 
compared to women, the differences disappeared, however, after 
normalizing for height. Furthermore height was inversely
correlated to duration of DM and men with Type 1 DM diagnosed
prior to the age of 13 were significantly shorter than those whose
Type 1 DM was diagnosed after 13 years of age.

Extensor digitorum brevis test in diabetic neuropathy 
( HI )

In both Type 1 and Type 2 diabetic patients reduced or absent EDB 
was found significantly more often than in control subjects. 
Thresholds for vibration, perception and pain were all higher in 
patients with reduced or absent EDB, and there was a stepwise 
increase in sensory thresholds in both Type 1 and Type 2 diabetic 
patients as well as control subjects with increasing EDB muscle loss, 
although not statistically significant in Type 2 patients and control 
subjects
In the 293 Type 1 diabetic patients, loss of EDB muscle was 
significantly correlated with clinical signs of dry feet and foot 
ulcers but not with fallen forefoot arch, hammer toes, fissures or 
callosities. Further, reduced or absent EDB-muscle correlated to 
age, shorter stature, duration of DM, smoking, Melin's shin spots 
purpura and yellow toenails.

Preventive treatment of foot deformities in diabetic 
patients ( IV )

Forty-three per cent of the patients had normal fore-foot arches at 
the index examination, whereas 31 % were found to have normal 
fore foot arches at the follow up three years later. Patients with 
normal fore foot arches were younger, had shorter duration of DM 
and lower sensory thresholds for vibration compared to patients 
with reduced or absent arches. Compared to controls, however, 
patients judged to have normal arches at the index examination 
frequently had clinical signs of neuropathy such as dry feet, 
pathological EDB-test and significantly increased sensory 
thresholds for vibration.
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Deterioration of the fore foot arches was associated with increased 
sensory thresholds for perception, pain and vibration. During the 
observation period there was an improvement of deformities in 
some patients and it was significantly more pronounced in patients 
fitted with molded insoles.
The mean range of motion (extension) in loaded ankle correlated 
negatively with diabetes duration, VT and EDB-test. In six out of 
ten patients (2%) with ROM-extension less than 20° no other cause 
than DM could be found.

Three patients had been submitted to major amputation 
during the observation period.

Is osteoporosis a complementary cause in the 
development of diabetic osteopathy ? ( V )

The bone mineral density, BMD, of the lumbar spine (L2 
- L3, lateral projection) was significantly lower in patients with 
osteopathy compared to their paired controls. In the proximal 
femur, however, no differences were found.

According to the EDB test and the Semmes - Weinstein 
monofilament test, the EDB muscle was significantly reduced as 
was the cutaneous sensibility in patients with osteopathic skeletal 
lesions. When defining loss of protective sensibility as a minimum 
stimulus force of 6.10 log( 0.1 mg ) in at least 5 out of 8 sites on 
the sole of the foot there was a significant difference as 6/9 of 
patients with osteopathy compared to 3/18 control patients had 
lost protective sensibility.

Plaster casts in the management of advanced 
ischaemic and neuropathic diabetic foot lesions. ( VI )

Out of 33 patients treated with casts, four died before 
healing, one was withdrawn because of non compliance and 1 had 
not healed before the end of the study leaving 27 patients for 
assessment. Of these 27 patients, eight were subsequently referred 
to amputation, and they significantly distinguished themselves 
from the healed patients by a lower ankle / arm index, more local 
pain and their soft tissue lesions (ulcers) more often located to the 
toes. A discriminant analysis applied revealed that local pain, 
degree of severity of lesion, low ankle / arm index and site of 
lesion (toe) respectively were the most evident risk factors for 
major amputation.
The soft tissue lesions (ulcers) healed in more than half (58%) of 
the patients.



Casting treatment was well tolerated irrespectively of degree of 
lesion and did not deteriorate any ulceration. Windowed casts have 
been criticized for causing increased pressure round the edges of 
the window, and tend to decrease the total contact necessary for 
good healing. We found no such problems. One major complication 
occured in one patient who developed a deep venous thrombosis 
that was diagnosed two days after the plaster cast treatment was 
com pleted.
A control group was established consisting of 40 consecutive 
diabetic out-patients with "fresh" foot lesions seen at the
chiropody clinic at the department of medicine for the first time.
They were judged to be unsuitable for casting treatment mostly 
because severe cardiovascular disease. These patients were 
followed parallel with the intervention group. Ten control patients
had unhealed their lesions at the end of the study.
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General discussion

The epidemiology of foot lesions

It seems from our investigations as if clinically noticeable foot 
changes appear early in the course of the diabetic disease. No 
previous studies have, however, reported findings from a 
standardized population-based foot examination in a large series of 
diabetic individuals and subsequently there is a lack of historical 
data. By limiting this study to diabetic patients 1 5 - 5 0  years we 
have reduced the likelihood of finding advanced lesions. On the 
other hand we have created possibilities to study and report on 
future events of this well defined group of diabetic patients. A 
further advantage of a population-based study is that the results 
can be generalized. This would not have been the case if the study 
had been performed in a selected group of patients.

The prevalence of ulcers, here only seen in patients with Type 1 
DM, was 3% and 10% had a history of ulcers. Previous studies 
report on a higher prevalence; in Stockholm 4.4%; 55 in UK ranging 
from 5.3% to 7.4%.56’57>58 The lower prevalence in our group of 
patients could probably be attributed to the lower mean age of our 
patients. Our main findings (I) were that foot deformities are
common in patients with both Type 1 and Type 2 DM at younger
ages. Compared to control subjects there was in the Type 1 diabetic 
group a significantly elevated prevalence of yellow toenails, Melin's 
shin spots and dry feet. These changes are ascribed to DM 6*10 and 
were subsequently found to increase with duration of DM but also 
with age. The Melin's shin spots were in accordance with previous 
investigations 6 twice as frequent in men than in women, and they 
were as well as yellow toenails seen early in the course of the 
disease allthough the finding of yellow toenails previously has been 
related to elderly diabetic patients.10 It has been reported that it 
may be possible to diagnose DM in elderly people only by 
inspection of the lower legs. The finding of these lesions in younger 
people not known to be diabetic should also arouse the suspicion 
that they have DM or are at risk for developing DM.

Foot changes of a more structural type as fallen forefoot arch and
hammer toes were found to increase with age but not by duration
of DM within the group of Type 1 diabetic patients. In Type 2 
diabetic patients, however, there were no significant increases with 
either age or duration of DM. This is probably depending on the 
fact that they despite high mean age, had a significantly shorter
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duration of their DM. The control subjects had more structural 
lesions than we had expected, maybe indicating that there is 
normal wear in all feet. The youth of the patients probably explains 
the small number of patients with frank macroangiopathy ( n=6 ) 
as we 75 and others 76 have shown that patients" mean age at 
presentation with diabetic ulceration is about 68 years. Except for 
Melin's shin spots there was only one difference according to 
gender; necrobiosis diabeticorum was only seen in women with 
Type 1 DM.

Sensory thresholds

Significantly increased sensory thresholds indicating neuropathy 
were seen in Type 1 diabetic patients with dry feet, fallen forefoot 
arches and hammer toes compared to both Type 2 diabetic patients 
and control subjects. The lack of any association of altered sensory 
thresholds to Type 2 diabetic patients together with the weak 
association of some of the variables in Type 1 diabetic patients, 
suggests that neuropathy is not the only cause of these changes. 
Except for a poor but possible correlation between clinical signs and 
neurophysiological findings there could be extrinsic factors to 
explain structural changes such as poor footwear and hosiery. 
Structural changes together with neuropathy, however, increase the 
risk for ulceration,59»77 and further follow-ups of this group of 
diabetic patients may help us to better understand the process and 
explain the importance of the factors involved.

Another "extrinsic" factor of interest for the development of 
complications in diabetes is smoking. This has been shown 
previously 78 as well as in our study (II) to be significantly 
associated with clinically defined neuropathy in Type 1 diabetic 
patients using linear regression. With multiple regression analysis 
smoking turned out to be of no significant importance in Type 1 
diabetic patients compared with age, duration of DM and height.
This could be due to differences in definition of smoking, methods 
of evaluation of neuropathy but also that our patients were 
younger with probably shorter time of exposition. The observed 
difference between men and women could be explained as 
previously described, by the fact that men have a taller stature.
This has been ascribed to increased neuron length.79 G ender 
differences in our study disappeared when sensory thresholds 
were normalized for height, supporting this sugestion. Thus height 
rather than gender appears to be the important factor. Our 
conclusion is that age, duration of DM and tall stature, respectively, 
appear to be major risk factors for diabetic neuropathy, while 
smoking only is of minor importance.
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Diabetic patients whose DM is diagnosed before puberty have been 
found to be of shorter stature.80 This was confirmed in our study 
(II) in male diabetic patients. In female diabetic patients, however, 
this was not the case which could in part depend on that the chosen 
age level for puberty was to high. Even after the introduction of 
insulin therapy, diabetic patients whose DM was diagnosed before 
the growth-spurt years tend to be shorter, findings similar to our 
own. This may be the result of poor metabolic control during the 
growth spurt and decreased anabolic effect due to the lack of 
insulin.

The EDB muscle test

The patients and clinicans always benefit from diagnostic tools that 
are easy to use. The EDB muscle is, at least in younger and middle- 
aged patients well suited for clinical evaluation. Weakness and 
athrophy of the short toe extensors has been found to be an early 
motor manifestation in patients with amyloidosis and neuropathy 
as shown by EMG.81 Nevertheless, it has been said that the EDB test 
has no value as a clinical indicator for peripheral neuromuscular 
disease, as it is unspecific and highly variable in the normal 
population, but no studies have been performed to confirm this. 
However, one study has compared the EDB test with the results of 
EMG examination. Unselected patients who were referred for 
routine measurement of nerve conduction showed a highly 
significant reduction in conduction velocity in legs when the EDB 
muscle could not be palpated, while the conduction values in 
patients with a palpable EDB muscle were close to those observed 
in normal subjects. Thus it was stated that the lack of palpable EDB 
muscle is a predictor of peroneal disease.82

In our study (III) it was shown that there was a highly significant 
relationship between reduction in EDB muscle volume and signs of 
neuropathy as measured by the sensory thresholds for vibration, 
perception and pain. While it is easy to differentiate a normal EDB 
muscle from an absent one, our definition of reduced EDB muscle as 
barely perceptible could be open to subjective bias. This is not 
corroborated as the independent results of sensory threshold 
measurements showed a significant difference between reduced 
and normal EDB muscle volume. This means, as far as our 
interpretation concerns, that when screening for motor neuropathy 
in diabetic patients the clinicians can use the EDB muscle test as 
performed in our study. One should, however, look for side 
differences as the diabetic neuropathy is supposed to be of a 
bilateral and symmetric nature.
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In the present study diabetic foot lesions such as dry feet, Melin's 
shin spots, purpura and yellow toenails were significantly 
associated with an absent EDB muscle.
We were, however, unable to demonstrate an association between 
impaired EDB muscle and foot lesions such as fall of forefoot arch or 
hammer toes. This may be due to the fact that these lesions also 
may be an effect of other factors, in addition to diabetic 
neuropathy, such as external pressure from ill fitting shoewear or 
traum a.
The finding that an impaired EDB muscle correlated to a shorter 
stature is probably due to that these patients have a longer 
duration of their DM.
Hence we believe that the finding of a symmetrically reduced or 
absent EDB muscle on both feet in the diabetic patient can be 
interpreted as a sign of neuropathy, and this finding may be used 
as a piece in the complex jig-saw puzzle of establishing the " foot at 
risk ".

P reventive treatm ent

At the three years follow-up (IV) a significant improvement was 
demonstrated in a group of 67 patients who were supplied with 
moulded insoles, repeated education and foot examinations. They 
were selected to be the patients with the most pronounced foot 
deformities. Almost all patients wished to continue to use their 
insoles and follow-up examinations. Consequently it seems as if 
moulded insoles and education combined with follow-ups have the 
potential of improving foot deformities such as hammer toes and 
fallen fore foot arches.
High forefoot pressure usually accompanies an abnormal structure 
of the foot and has been reported to be associated with peripheral 
neuropathy and accordingly an important risk factor for plantar 
ulceration in diabetic patients.59’77
Furthermore, high degrees of fallen forefoot arches, hammer toes 
and impaired EDB muscle were significantly associated with 
increased sensory thresholds for vibration, perception and pain 
suggesting that neuropathy is an important factor in the ethiology 
of these lesions. Hence, systematic education of diabetic patients 
and personnel working with diabetic patients is recommended. Foot 
examinations and education ought to start early in the course of 
DM.

It was also noted that the test of ankle mobility 9 showed a 
significantly reduced range of motion (ROM) in Type 1 diabetic 
patients compared to control subjects. The differences of ROM,
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It was also noted that the test of ankle mobility 9 showed a 
significantly reduced range of motion (ROM) in Type 1 diabetic 
patients compared to control subjects. The differences of ROM, 
however, in almost all individuals values were within the normal 
range of 20^. 9 The noted difference could be due to the limited 
joint mobility (LJM) - syndrome 33 although when evaluating its 
effects on the diabetic foot one would appreciate to have the means 
to measure reduction in elasticity of the mid and fore foot. To date, 
however, we have no applicable method to do this. The empiric 
impression of its necessity is clear.

Osteopathy and osteoporosis

The diabetic osteopathy, often called neuroarthropathy, is an
enigmatic condition, that presents with an onset similar to a septic
condition with a swollen hot and red foot. It should be regarded as
a disease of the skeleton and not of the joints. It usually begins at
the metaphyseal or periarticular part of the bones of the diabetic 
foot.7-8 It also has a different location and clinical picture than 
originally described by Charcot.83 The term neuroarthropathy 
(Charcot) is thus a misnomer.

The diagnosis is readily made on x-ray. It is essential to eliminate 
the diagnosis of infection. In a series of 1001 diabetic patients in 
Liverpool 84 osteopathy occurred in 0.4%. When screening for 
radiographic bone and joint abnormalities Cavanagh and co
workers 85 found that 16% of the patients exhibited characteristic 
osteopathic changes. They also refer to reports where the figure is 
given as 7 and 37%. In our series, the prevalence was estimated to 
be 0.2% which is a lower figure than presented in earlier studies. 
This is probably due to the low mean age of our patient group but 
also because the initial diagnosis was made strictly on patient 
history and physical examination.

In a previous report on a consecutive series of 162 diabetic 
patients with foot ulcerations, 48 (30%) of the patients had 
osteopathy 8 of which 20 also had osteoporosis. In total, 
osteoporosis was found in 23 patients. This led us to our basic 
thought of a generalised skeletal fragility due to osteoporosis as a 
complementary cause of the osteopathy. It was supported as we 
found (V) a low BMD in the lumbar spine (L2 - L3) in patients with 
osteopathy. Suominen and co-workers 87 have shown a close 
relationship in BMD between the lumbar spine and the os calcis. 
Young et al.88 however, did not find any axial osteoporosis but a 

30



reduced BMD in the lower extremities of their 12 diabetic patients. 
Interestingly, Rawesh and coworkers 89 found an overall reduction 
within three months of 23% in bone density in the feet of three 
diabetic patients developing osteopathy. This reduction of BMD is so 
great that it could not be explained by the mechanical 
fragmentation of the skeleton which is supposed to occur in the 
Charcot joints proper. It rather supports the theory of a complex 
organic cause of the condition including localized skeletal 
resorption. In our series as well as in the series of Young et al.88 
there was a marked neuropathy of an unspecific nature which is in 
contrast to Stevens et al.90 who found support for a selective kind 
of neuropathy in a group of diabetic patients with what they called 
neuroarthropathy. Although the diabetic osteopathy is 
insufficiently defined, there is no empiric support for this theory 
and it has not been confirmed elsewhere.91 The background of this 
condition is still unclear but the findings of osteoporosis and 
osteolysis should be investigated further.

Plaster cast treatm ent

It has long been known that mechanical factors play a critical role 
in the aethiology of neuropathic foot ulceration. These so called 
trophic or mechanically induced soft tissue lesions have been 
blamed on insensivity to pain from repeated traumas because of 
neuropathy .60 There are, however, other effects of neuropathy that 
should be accounted for; the development of A-V shunts and 
capillary ischaemia implying an inability to regulate or restore 
capillary blood flow after local ischaemia due to localised
pressu re .9 2
The most frequent localisation of a neuropathic soft tissue lesion is 
on the sole of the foot.93 It is usually a fairly "clean" lesion 
surrounded by yellowish hyperkeratosis. This hyperkeratosis or 
callus has been shown to act as a foreign body and increase local 
pressure significantly.94 The patient history often reveals a long 
standing ulcer without tendency to heal but causes limited pain and 
problems. When, however, load is relieved by means of e.g. total 
contact casting and protection secured, these lesions will heal 
uneventfully within 2 months.95’96-97’98
This is in accordance with our own series of plaster cast treatment 
(VI) where all patients with plantar lesions (n=10) healed but 50% 
of the patients with what was classified as dysvascular lesions of 
the toes did not heal and subsequently referred to lower leg 
am putation.
It has been argued that complete plaster casts should be used only 
in the treatment of ulcers of Wagner's grade 1 and 2.72 This would
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ulcers of whom 70% are found beneath the metatarsal heads 
comprise only 10% of the necrotic skin lesions of the diabetic foot.41

The beneficial effects of the total contact plaster cast seem to be 
connected with immobilisation, reduction and distribution of 
walking pressure, prevention from trauma or chafe and reduction 
of oedema. Although we have not shown that plaster cast treatment 
shortens the healing time, we think that it probably does, at least 
for plantar ulcers. Furthermore, it offers full weight bearing and 
the opportunity of treatment on an out-patient basis. One should, 
however, look carefully for signs that can be used as predictors for 
an unsuccessfull outcome and according to the present study (V I), 
above all ischaemic pain, a sign of imminent amputation, and follow 
the treatment accordingly. There were few complications of plaster 
cast treatment in our study despite the advanced age of our 
patients and the severity of their lesions and subsequently this 
treatment can be used in patients even with severe soft tissue 
lesions.
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General summary

The present study permits the following observations and 
conclusions:

Foot lesions are common in young and middle-aged patients with 
both Type 1 and Type 2 DM.
In patients with Type 1 DM, structural changes such as fallen 
forefoot arches and hammer toes increase with age only while skin 
changes increase with age as well as with duration of DM.
In Type 2 diabetic patients there is no significant increase of foot 
lesions with age or duration of DM.
Control subjects had more foot lesions than anticipated. It seems as 
if, besides the effects of DM, there is "normal" wear in all feet.

There is a significant association between elevated sensory 
thresholds and long duration of DM, age and height but not with 
smoking in patients with Type 1 DM.
In patients with Type 2 DM sensory thresholds are associated only 
with height. The observed difference between men and women, 
with significantly higher thresholds for men, was eliminated when 
normalized for height. Thus age, duration of DM and tall stature 
appear to be major risk factors for neuropathy in diabetic patients. 
The EDB muscle test is easy to perform and may be used to screen 
for diabetic motor neuropathy, as it is significantly correlated to 
elevated sensory thresholds and foot lesions which are significantly 
related to DM.

Significant improvement of forefoot deformities was demonstrated 
at a three years follow-up in patients fitted with custom made 
insoles in combination with education although these patients were 
older and had longer duration of DM. Plantar ulcers did not occur in 
patients with moulded insoles.
Forefoot deformities are common and appear early in the course of 
DM. Moulded insoles seem to be an effective mode of treatment, 
early treatment is advocated.
Education and moulded insoles can be used as an armamentum to 
prevent worsening of forefoot deformities in young and middle- 
aged patients with DM.

Generalized osteoporosis may be an additional risk factor for 
diabetic osteopathy. Patients with osteopathy, had a significant
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Total contact plaster cast can be used as an efficient method for 
treatment of soft tissue lesions in the diabetic foot irrespective of 
location and was demonstrated to be applicable also in patients 
with lesions of Wagner grade 3 and 4.

34



ACKNOWLEDGEMENTS

I wish to express my sincere gratitude to :

Associate professor Folke Lithner, Department of Medicine, my 
tutor and supervisor, for his personal support, engagement and 
endless patience and enthusiasm. His neverfailing devotion to the 
foot problem of the diabetic patient has rendered him great 
appreciation and my admiration.

Professor Lars-Åke Broström, Department of Orthopaedics, for 
positive support and constructive critical remarks during the 
preparation of this manuscript and for together with

Associate professor Sven Friberg, Department of Orthopaedics, 
providing working conditions which made it possible to finish this 
compiliation.

Professor Ronny Lorentzon, Department of Sports Medicine, co
author, for fruitful cooperation, help and constructive remarks.

Professor Kjell Asplund, Department of Medicine, for stimulating 
criticism and advice.

Dr Tommy Bergenheim, Department of Neurosurgery, co-author, for 
invaluable statistical knowledge and advice.

Gudrun Jonsson, chiropodist, Department of Medicin, for pleasant 
cooperation and creating a positive atmosphere at her section of 
chiropody.

Lennart Blad, piastermaster, for pleasant cooperation.

Dr Lars Wallinder, Department of Orthopaedics, for taking personal 
interest, even late at night, during the preparation of this 
m anuscript.

W A Mozart (1656-1791) for keeping me awake and at good spirits 
in times of threatening despair whilst preparing this manuscript.

My beloved family.

35



This work has been supported by grants from the Västerbotten 
County Council, the Medical Faculty of the University of Umeå, the 
Research Foundation of the Department of Neurology, University 
Hospital of Umeå and the LIC Research Foundation.

36



References

1. Rose G A, Blackburn H, Gillum R F, Prineas R J. Cardiovascular 
Survey Methods. 2nd edn. Geneva: World Health Organization,
1982.

2. Birke J A, Sims D S. Plantar sensory threshold in the Hansen's 
disease ulcerative foot. In: Proceedings of the International on 
Biomechanics and clinical Kinesiology of Hand and Foot, ITJ Madras, 
India 1985; 137-138.

3. Holewski J J, Stess R M, Graf P M, Grunfield C: Aesthesiometry: 
Quantification of cutaneous pressure sensation in diabetic 
peripheral neuropathy. J Rehab Res Dev 1988; 25:1-10.

4. WHO Study Group. Diabetes Mellitus. Technical report series 
727. Geneva: World Health Organization, 1985:9-17.

5. Gjessing H J, Matzen L E, Faber O K, Fröland A. Fasting plasma C- 
peptide, glucagon stimulated plasma C-peptide, and urinary C- 
peptide in relation to clinical type of diabetes. Diabetologia 1989; 
32:305-311.

6. Melin H. An atrophic circumscribed skin lesion in the lower 
extremities of diabetics. Acta Med Scand 1964; 423(suppl):l-75.

7. Pogonowska M J, Collins L C, Dobson H L. Diabetic osteopathy. 
Radiology 1967; 89:265-271.

8. Lithner F Hietala S-O. Skeletal lesions of the feet in diabetics and 
their relationship to cutaneous erythema with or without necrosis 
on the feet. Acta Med Scand 1976; 200:155-161.

9. Lindsjö U, Danckwardt-Lillieström G, Sahlstedt B. Measurement 
of the motion range in the loaded ankle. Clin Orthopaed Rei Res 
1985; 199:68-71.

10. Lithner F. Purpura, pigmentation and yellow nails of the lower 
extremities in diabetics. Acta Med Scand 1976; 199:203-208.

11. Klein R, Klein B E K ,  Moss S E, Davis M D, et al. The Wisconsin 
epidemiologic study of diabetic retinopathy II. Prevalence and risk 
of diabetic retinopathy when age at diagnosis is less than 30 years. 
Arch Ophthalmol 1984; 102:520-526.

37



12. Agardh E, Torffvit O, Agardh C-D. The prevalence of retinopathy 
and associated medical risk factors in type 1 (insulin-dependent) 
diabetes mellitus. J Int Med 1989; 226:47-52.

13. Andersen A R, Christiansen J S, Andersen J K, et al. Diabetic 
nephropathy in type 1 (insulin-dependent) diabetes: an 
epidemiological study. Diabetologia 1983; 25:496-501.

14. Mogensen C E. Microalbuminuria as a predictor of clinical 
diabetic nephropathy. Kidney Int 1987; 31:673-689.

15. Feldt-Rasmussen B, Mathiesen E R, Deckert T. Effect of two 
years of strict metabolic control on progression of incipient 
nephropathy in insulin-dependent diabetes. Lancet 1986; ii: 1300- 
1304.

16. Atkinson M A, Maclaren N K. What causes diabetes? Scientific 
American July 1990: 42-49.

17. Neel J V. Diabetes mellitus: a "thrifty" genotype rendered 
detrimental by "progress"? Am J Hum Genet 1962; 14:353-362.

18. Andersson D K G ,  Svärdsudd K, Tibblin G. Prevalence and 
incidence of diabetes in a Swedish community 1972-1987. Diabetic 
Med 1991; 8:428-434.

19. Meneilly G S, Tessier D. Diabetes in the elderly. Diabetic Med 
1995; 12:949-960.

20. Reichard P, Nilsson B-Y, Rosenqvist U. The effect of long-term 
intensified insulin treatment on the development of microvascular 
complications of diabetes mellitus. N Engl J Med 1993; 329:304- 
309.

21. DCCT Research Group. The effect of intensive trearment of 
diabetes on the development and progression of long-term 
complications in insulin-dependent diabetes mellitus. N Engl J Med 
1993; 329:977-986.

22. Anthor K-F, Dahl-Jörgensen K, Berg T J, Skard Heier M, Sandvik 
L, Aagenaes Q, Hanssen K F. The effect of 8 years of strict glycaemic 
control on peripheral nerve function in IDDM patients: the Oslo 
study. Diabetologia 1994; 37:579-584.

38



23. DCCT Research Group. The effect of intensive diabetes therapy 
on the development and progression of neuropathy. Ann Intern 
Med 1995; 122:561-568.

24. Brownlee M, Cerami A, Vlassara H. Advanced glycosylation end 
products in tissue and the biochemical basis of diabetic 
complications. N Engl J Med 1988; 318:1315-1321.

25. Makita Z, Radoff S, Rayfield E J, Yang Z, Skolnik E, Delaney V, 
Friedman E A, Cerami A, Vlassara H. Advanced glycosylation end 
products in patients with diabetic nephropathy. N Engl J Med 1991; 
325:836-842.

26. Brownlee M. Glycosylation products as toxic-mediators of 
diabetic complications. Ann Rev Med 1991; 42:159-166.

27. Schmidt A-M, Yan S D, Stern D M. The dark side of glucose. 
Nature Med 1995; 10:1002-1004.

28. Dyck P J, Sherman W R, Hallcher L M, Service F J, O'Brien P C, 
Grina L A, Palumbo P J, Swanson C J. Human diabetic endoneural 
sorbitol, fructose, and myo-inositol related to sural nerve 
morphometry. Ann Neurol 1980; 8:590-596.

29. Dyck P J, Zimmerman B R, Vilen T H, Minnerath S R, Karnes J L, 
YAo J K, Poduslo J F. Nerve glucose, fructose, sorbitol, myo-inositol, 
and fiber degeneration and regeneration in diabetic neuropathy. N 
Engl J Med 1988; 319:542-548.

30. Boulton A J M. The pathogenesis of diabetic foot problems: an 
overview. Diabetic Med 1996; 13 suppl 1:12-16.

31. Pecoraro R E, Reiber G E, Burgess E M. Pathways to diabetic limb
amputation: basis for prevention. Diabetes Care 1990; 13(5):513- 
521.

32. Cavanagh P R, Derr J A, Ulbrecht J S, Maser R E, Orchard T J.
Problems with gait and posture in neuropathic patients with
insulin-dependent diabetes mellitus. Diabetic Med 1992; 9:469- 
474.

33. Grigie A, Rosenbloom A L, Weber F T, Giordano B, Malone J I, 
Shuster J J. Joint contracture - common manifestation of childhood 
diabetes mellitus. J Pediatr 1976; 88:584-588.

39



34. Kennedy T, Baynes J W. Non enzymatic glycosylation and the 
chronic complications of diabetes: An overview. Diabetologia 1984; 
26:93-98.

35. Mueller M J, Diamond J E, Delitto A, Sinacore D R. Insensivity, 
limited joint mobility, and plantar ulcers in patients with diabetes
mellitus. Phys Ther 1989; 69:453-462.

36. Birke J A, Franks B D, Foto J G. First ray joint limitations, 
pressure, and ulceration of the first metatarsal head in diabetes
mellitus: Foot Ankle Int 1995; 16(5):277-284.

37. Fernando D J S, Masson E A, Veves A, Boulton A J M.
Relationship of limited joint mobility to abnormal foot foot 
pressures and diabetic foot ulceration. Diabetes Care 1991; 14:8-11.

38. Sinha S, Munichoodappa C S, Kozak G P. Neuro-arthropathy 
(Charcot joints) in diabetes mellitus. Medicine 1972; 51:191-210.

39. Bell E T: Atherosclerotic gangrene of the lower extremities in 
diabetic and nondiabetic persons. Am J Clin Pathol 1957; 28:27-36.

40. Palumbo P J, Elvebach L R, Whisnant J P. Neurological 
complications of diabetes mellitus: Trancient ischemic attack, 
stroke, and peripheral neuropathy. Adv Neurol 1978; 19:593-601.

41. Lithner F, Törnblom N. Gangrene localized to the lower limbs in 
diabetics. Acta Med Scand 1980; 208:315-320.

42. Edmonds M E. Experience in a multi-disciplinary diabetic foot 
clinic. In: Connor H, Boulton A J M, Ward J D, eds. The foot in 
diabetes, 1st edn. Chichester: Wiley, 1987:121-133.

43. Apelqvist J, Castenfors J, Larsson J, Stenström A, Agardh C-D. 
Wound classification is more important than site of ulceration in 
the outcome of diabetic foot ulcers. Diabetic Med 1989; 6:526-530.

44. Thomson F J, Veves AA, Ashe H, Knowles E A, Gem J, Walker M 
G, et al. A team approach to diabetic foot care: the Manchester 
experience. The Foot 1991; 1:75-82.

45. Young M J, Veves A, Boulton A J M. The diabetic foot: 
aetiopathogenesis and management. Diabetes Metab Rev 1993; 
9 :109-127.

40



46. Ziegler D. Diagnosis, staging and epidemiology of diabetic 
peripheral neuropathy. Diab Nutr Metab 1994; 7:342-348.

47. Levin M E, O'Neal L W. The diabetic foot. 4:th ed. Philadelphia,
PA, C V Mosby Co, 1988; pp ix-x.

48. Jönsson B. Diabetes-the cost of illness and the cost of control.
Acta Med Scand, Suppl 1983; 671:19-27.

49. Laing P, Cogley D, Klenerman L. Economic aspects of the diabetic 
foot. Foot 1991; 1:111-112.

50. Palumbo P J, Melton L J. Peripheral vascular disease and 
diabetes. In: Harris M I, Hamman R F, eds. Diabetes in America. NIH 
Pub. No. 85-1468. Washington: US Government Printing office,
1985: XV 1-21.

51. Preston S D, Reiber G E, Koepsell T D. Lower extremity 
amputations and inpatient mortality in hospitalized persons with 
diabetes: national population risk factors and associations.
University of Washington Thesis, 1993.

52. Bouter K P, Storm A J, deGroot R R M, Uitslager R, Erkelens D W, 
Diepersloot R J A. The diabetic foot in Dutch hospitals: 
epidemiological features and clinical outcome. Eur J Med 1993; 
2:215-218.

53. Moss S E, Klein R, Klein B. The prevalence and incidence of 
lower extremity amputation in a diabetic population. Arch Intern 
Med 1992; 152:610-615.

54. Smith D G, Boyko E J, Ahroni J H, et al. Prospective evaluation of 
the risk factors for foot ulceration in diabetes-early results. New 
Orleans, LA: American Orthopaedic Foot and Ankle Society, 1994.

55. Rosenqvist U. An epidemiological survey of diabetic foot 
problems in Stockholm County 1982. Acta Med Scand 1984; 
687(suppl):55-60.

56. Veves A, Murray H J, Young M J, Boulton A J M. The risk of foot 
ulceration in diabetic patients with high foot pressure: a 
prospective study. Diabetologia 1992; 35:660-663.

57. Boulton A J M, et al. High prevalence of risk factors for 
ulceration in type 2 diabetic patients: a population-based study. 
Diabetologia 1992; 35(S): ALS8.

41



58. Walters D P, Gatling W, Mullee M A, Hill R D. The distribution 
and severity of diabetic foot disease: a community study with 
comparison to a non-diabetic group. Diabetic Med 1992; 9:354-358.

59. Boulton A J M. The importance of abnormal foot pressures and 
gait in the causation of foot ulcers. In: Connor H, Boulton A J M, 
Ward J D, eds. The Foot in Diabetes, 1st edn. Chichester: Wiley, 
1987:11-22.

60. Boulton A J M. End-stage complications of diabetic neuropathy: 
Foot ulceration. Can J Neurolog Sci 1994; 21(suppl 4):S18-S22.

61. Larsson J. Lower extremity amputation in diabetic patients. 
Thesis, Lund 1994.

62. Deerochanawong C, Home P D, Alberti K G M M. A survey of 
lower limb amputation in diabetic patients. Diabtic Med 1992; 
9 :942-946.

63. Humphrey L L, Palumbo P J, Butters M A, Hallett J W, Chu C-P, 
OTallon W M, Ballard D J. The contribution of non-insulin- 
dependent diabetes to lower-extremity amputation in the 
community. Arch Intern Med 1994; 154:885-892.

64. Levin M E. Diabetic foot ulcers: Pathophysiology and 
management. J E T  Nurs 1993; 20:191-198.

65. Lindegård P, Jonsson P, Lithner F. Amputations in diabetic 
patients in Gotland and Umeå counties 1971-1980. Acta Med Scand 
1984; (suppl 687):89-93.

66. Edmonds M E, Blundell M P, Morris M E, Thomas E M, Cotton L 
T, Watkins P J. Improved survival of the diabetic foot: The role of a 
specialised foot clinic. Q J Med 1986; 60763-771.

67. Falkenberg M. Metabolic control and amputations among 
diabetic patients in primary health care - a populations-based 
intensified programme governed by patient education. Scand J 
Prim Health Care 1990; 8:25-29.

68. Larsson J, Apelqvist J, Agardh C-D, Stenström A. Decreasing 
incidence of major amputation in diabetic patients: a consequence 
of a multidiciplinary foot care team approach? Diabetic Med 1995; 
12.770-776.

42



69. Malone J M, Snyder M, Andersson G, Bernard V M, Holloway G 
A, Bunt T J. Prevention of amputation by diabetic education. Am J 
Surgery 1989; 158:520-524.

70. Griffiths G D, Wieman T J. Meticulous attention to foot care 
improves the prognosis in diabetic ulceration of the foot. Surg 
Gynecol Obst 1992; 174:49-51.

71. Apelqvist J, Ragnarson-Tennvall G, Persson U, Larsson J.
Diabetic foot ulcers in a multidisciplinary setting. An economic 
analysis of primary healing and healing with amputation. J Int Med 
1994; 235:463-471.

72. Wagner F W Jr. Treatment of the diabetic foot. Compr Ther 
1983; 10:29-38.

73. Goldberg J M, Lindblom U. Standardised method of determining 
vibratory perception thresholds for diagnosis and screening in 
neurological investigation. J Neurol Neurosurg Psychiatr 1979; 
42:793-803.

74. Laitinen L V, Eriksson A T. Electrical stimulation in the 
measurement of cutaneous sensibility. Pain 1985; 22:139-150.

75. Lithner F, Törnblom N. Gangrene localized to the feet in diabetic 
patients. Acta Med Scand 1984; 215:75-79.

76. Apelqvist J, Castenfors J, Larsson J, Stenström A, Agardh C-D. 
Prognostic value of systolic ankle and toe blood pressure levels in 
outcome of diabetic foot ulcer. Diabetes Care 1989; 6:373-378.

77. Mueller M J, Minor S D, Diamond J E, Blair V P III. Relationship 
of foot deformity to ulcer location in patients with diabetes 
mellitus. Phys Ter 1990; 70:356-362.

78. Mitchell B D, Hawthorne V M, Vinik A I. Cigarette smoking and 
neuropathy in diabetic patients. Diabetes Care 1990; 13:434-437.

79. Gadia M T, Natori N, Ramos L B, Ayyar D R, Skyler J S, Sosenko J 
M. Influence of height on quantitative sensory, nerve conduction, 
and clinical indices of diabetic peripheral neuropathy. Diabetes 
Care 1987; 10:613-616.

80. Knowles H C Jr, Guest G M, Lampe J, Kessler M, Skillman T G.
The course of juvenile diabetes treated with unmeasured diet.
Diabetes 1965; 14:239-273.

43



81. Andersson R. Familial amyloidosis with polyneuropathy. A 
clinical study based on patients living in northern Sweden: Acta 
Med Scand 1976; 590(suppl):l-64.

82. Kirkpatrick C T. Extensor digitorum brevis - a predictor of 
neuropathy in the leg? BMJ 1982; 284:238.

83. Charcot J-M. Sur quelques arthropathies qui paraissent 
dépendre d'une lésion du cerveau ou la moelle épinière. Arch 
Physiol Norm Pathol 1868; 1:161-178.

84. Klenerman L. The Charcot joint in diabetes. Diabetic Med 1996; 
13(suppl):S52-S54.

85. Cavanagh P R, Vickers K L, Young M J, Boulton A J M, Adams J E. 
Radiographic abnormalities in the feet of patients with diabetic 
neuropathy. Diabetes Care 1994; 17:201-209.

86. Lithner F, Hietala S-O, Steen L. Skeletal lesions and arterial 
calcifications of the feet in diabetics. Acta Med Scand 1984; 
687(Suppl):47-54.

86. Suominen H, Rahkila P. Bone mineral density of the calcaneus in 
70- to 81-yr-old male athletes and a population sample. Med Sci 
Sports Exerc 1991; 23:1227-1233.

87. Young M J, Selby P L, Marshall A, Boulton A J M, Adams J E. 
Osteopenia, neurological dysfunction and the development of 
Charcot neuroarthropathy. Diabetes Care 1995; 18:34-38.

88. Rawesh A, Foster A, Barret J, Buxton-Thomas M, Edmonds M. A 
fall in bone mineral density of the foot predicts the development of 
the Charcot foot (Abstract). Diabetic Med 1994; ll(Suppl 1 ):S 19.

89. Stevens M J, Edmonds M E, Foster A V M, Watkins P J. Selective 
neuropathy and preserved vascular responses in the diabetic 
Charcot foot. Diabetologia 1992; 35:148-154.

90. LeQuesne P M, Fowler C J, Parkhouse N. Peripheral neuropathy 
profile in various groups of diabetes. J Neurol Neurosurg Psych 
1990; 53:558-563.

91. Jörneskog G. Functional microangiopathy in the digital skin of 
patients with diabetes mellitus. Thesis, Stockholm 1995.

44



92. Laing P. Diabetic foot ulcers. Am J Surg 1994; 167(Suppl):31S- 
36S.

93. Young M J, Cavanagh P R, Thomas G, Johnson M M, Murray H, 
Boulton A J M. The effect of callus removal on dynamic plantar foot 
pressures in dabetic patients. Diabetic Med 1992; 9:55-57.

94. Sinacore D R, Mueller M J, Diamond J E, et al. Diabetic plantar 
ulcers treated by total contact casting. Phys Ther 1987; 67:1543- 
1549.

95. Walker S C, Helm P A, Pullium G. Total contact casting and 
chronic diabetic neuropathic foot ulcerations: healing rates by 
wound location. Arch Phys Med 1987; 68:217-221.

96. Laing P W, Cogley D I, Klenerman L. Neuropathic foot ulceration 
treated by total contact casts: J Bone Joint Surgl991; 74-B:133-136.

97. Huband M S, Carr J B. A simplified method of total contact cast 
casting for diabetic foot ulcers. Contemp Orhtop 1993; 26:143-147.

45



46


