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Summary. Many clinical problems arise as a result of 
tissue pathology in the diabetic leg. Neuropathic or 
vascular ischaemic syndromes are readily identified 
but on occasions differentiation of the two may be dif- 
ficult. This survey reviews the aetiological back- 
ground of neuropathy and ischaemia, examines the 
relationship of physiological blood flow abnormal- 
ities to both areas and comments on management of 
the clinical states encountered, including the com- 
mon problem of the ulcerated diabetic foot. 
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Neuropathic Problems 

Peripheral nerve damage is much more common in 
the legs than in the arms of the diabetic, and this dam- 
age leads to a variety of clinical syndromes - the diab- 
etic neuropathies [1]. There is no satisfactory report 
relating the type of pathological change in nerve to 
the clinical features although there is some electro- 
physiological evidence that painful symptoms of di- 
abetic neuropathy are related to damage to small fi- 
bres, whereas the painless syndromes are associated 
with loss of  large myelinated fibres [2]. Sensory syn- 
dromes with pains and a variety of unpleasant sensa- 
tions (tingling, cramps, coldness, deadness) are typi- 
cal of the insidious type of neuropathy, nocturnal 
exacerbation being profound, but in such cases a 
marked muscle wasting of thighs and small muscles 
of the feet is also common. Sudden onset of general- 
ised wasting and weakness of muscles may occur, 
usually relating to times of poor metabolic control [3]. 
Asymmetric wasting of the thigh muscles with consid- 

erable pain was described by Garland (amyotrophy) 
[4], this suggesting a more proximal neuropathy al- 
though there is always evidence of a diffuse symmetri- 
cal neuropathy as well. With muscle wasting there will 
often be a significant sensory element. Many diabetic 
legs are totally lacking in pain sensation although at 
the same time experiencing a variety of painful sensa- 
tions - the 'painful-painless' leg. Foot drop due to 
pressure on the vulnerable damaged diabetic nerve is 
described, but the incidence would not seem to be 
greater than in the non-diabetic. 

In no other complication of diabetes is the evi- 
dence of a relationship with blood glucose control so 
strong as in the neuropathies [5] although other criti- 
cal factors must trigger the pathological changes of 
segmental demyelination [6], axonal degeneration [7, 
8] and structural changes in the Schwann cell itself 
[9-11]. Metabolic abnormalities consist of altered pat- 
terns of myelin lipid [12], accumulation of sorbitol 
and fructose [13], deficiency of myo-inositol [14] and 
decreased retrograde transport of axonal proteins 
[15]. In the more acute syndromes it seems more likely 
that metabolic factors are of prime importance, espe- 
cially in those cases where acute pain and wasting of a 
leg resolve within a few months. 

Vascular changes certainly occur in the vasa ner- 
vorum. Fagerberg [16] was the first to postulate scle- 
rotic small vessels as a cause of nerve damage. The de- 
monstration of platelet abnormalities in diabetes and 
in diabetic neuropathy [17] and the occurrence of 
cerebral small vessel damage in ketoacidosis [18] led 
to a reappraisal of the vascular hypothesis and indeed 
occlusion of small vessels with fibrin and platelets has 
been demonstrated in one-third of nerves studies [19, 
20]. Fresh fibrin deposits in vasa nervorum following 
ketosis point to the dynamic changing nature of vessel 
status within nerve although it must be admitted that 
the presence of some occluded vessels does not neces- 
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sarily mean that such obstruction is a direct cause of 
nerve pathology. In long standing neuropathy, vessel 
changes could be secondary to the pathological pro- 
cess in nerve itself. Certainly such obstructed vessels 
are seen in long standing neuropathy without overtly 
poor metabolic control. 

Treatment of the neuropathies, especially pain, is 
unrewarding. The more acute the onset of pain and 
symptoms, the more likely is there to be eventual re- 
covery and such a fact should be used as an encour- 
agement to the patient. However, many of the un- 
pleasant neuropathic sensations in the legs do indeed 
remain over many years. Reassessment of pain scores 
in neuropathic subjects after 5 years of a prospective 
clinical analysis revealed that 25 out of 34 patients re- 
ported either no change or indeed more severe pain 
(unpublished observations). Routine analgesics, Car- 
bamazepine, Phenytoin, tricyclic anti-depressants 
and anti-platelet agents have all been tried without 
significant success. Returning to the question of the 
role of blood glucose control, it is encouraging that in 
nine patients with severe long-standing painful neu- 
ropathy, improvement in pain, motor conduction ve- 
locity and vibration perception have now been report- 
ed following meticulous blood glucose control [21]. 

Vascular Ischaemic Problems 

The more distal nature of arterial degeneration in 
diabetes [25] with an increased incidence of vascular 
calcification undoubtedly adds to the technical diffi- 
culties in surgery and the need often to perform am- 
putation at a higher level. Moreover, the extent of ves- 
sel disease seems to allow infection to develop in the 
stump, sometimes with unpleasant gas forming or- 
ganisms. There is a need to establish whether more 
adequate control of blood glucose in the peri-opera- 
tive period would reduce the incidence of such infec- 
tion. 

Factors leading to diabetic atherosclerosis in part 
are much the same as in the non-diabetic subject. It is 
not known why vascular calcification should be so 
much more common nor why distal vessels are so 
badly affected. The presence of such distal vessel dis- 
ease may not give rise to painful symptoms in many 
patients for it has been shown that disease and ob- 
struction of tibial and more distal vessels do not seem 
to cause typical intermittent claudication [26]. The fre- 
quent occurrence of autonomic damage in the diabet- 
ic leg would suggest that lumbar sympathectomy 
would not be a logical or satisfactory procedure in 
such patients and this operation is now an uncommon 
event in the diabetic wards. There is no convincing 
evidence that any vaso-dilator agents are effective in 
symptom relief or on the progression of peripheral 
vascular disease in the legs. 

Ischaemic syndromes seen in the non-diabetic occur 
commonly in the diabetic. Intermittent claudication is 
a classical symptom occurring more commonly in the 
diabetic subject [22]. As the claudication distance 
falls, the development of rest pain leads to the need 
for medical action. The presence of diabetes should 
not deny these patients the investigative studies which 
would normally apply in peripheral vascular disease 
in the non-diabetic subject. The need for arteriogra- 
phy and surgical treatment should be considered, for 
vascular reconstruction achieves a very acceptable 
success rate in the diabetic compared with the non-di- 
abetic subject. The use of the Doppler ultrasound sys- 
tem and stethoscope provides a non-invasive method 
of assessing the flow through proximal major vessels 
in the leg [23]. The ratio of leg systolic pressure to arm 
systolic pressure (the ankle pressure index) of greater 
than 1.0 indicates good proximal flow, whereas a ratio 
around 0.6 is seen in intermittent claudication and a 
ratio around 0.4 will often occur when rest pain is be- 
ing experienced. The knowledge of such ratios alerts 
the physician to assess at which point more active sur- 
gical help should be sought. Using a similar system, it 
was shown that foot lesions in the diabetic were more 
common in patients with abnormal ratios of this na- 
ture [24]. 

Blood Flow Abnormalities 

It is clear that blockage of proximal vessels leads to a 
poor and inadequate flow of blood so that early on 
collateral channels are established. In the neuropath- 
ic leg, in the absence of signs of ischaemia below the 
knee and with palpable foot pulses, it is usually as- 
sumed that blood flow is normal. Recent evidence in- 
dicates that there are marked abnormalities of blood 
flow in such legs, suggesting increased velocity of 
flow and raising the possibility of arterio-venous 
shunting [27, 28]. Forearm blood flow has been shown 
to be increased in juvenile diabetic patients, this in- 
crease being more marked at times of poor metabolic 
control [29]. 

By use of the Doppler ultrasound principal and 
system [30] using sophisticated probes, a blood veloci- 
ty wave form can be drawn. Thus Figure la represents 
the normal wave form with a small diastolic back flow 
element, and Figure 1 b represents a poor blood flow 
in proximal vessel disease with a 'sluggish' wave form. 
Figure 1 c shows a high positive take off, a broad base 
and loss of the important diastolic back flow phase, 
which is typical of the wave form found in patients 
with ulcerated neuropathic feet [27, 32]. Simply 
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imal disease c) neuropathic ulcer 

Fig.2. Turgid distended veins on the dorsum of a non-ulcerated 
neuropathic foot 

speaking there is a continued, rapid and increased 
forward flow of blood in such feet. From this tracing, 
a pulsatility index may be calculated and this is Seen 
to be abnormal compared with normal non-diabetic 
feet or other forms of non-ulcerated diabetic feet [31, 
32]. With the addition of a frequency time analyser 
and an electrocardiogram impulse, the transit time - 
pulse wave velocity - may be calculated and again this 
is seen to be abnormal in the neuropathic foot [27]. 
The use of the more simple Doppler ultrasound steth- 
oscope allows the demonstration of an abnormality in 
this condition. Here the ratio (normally 1-1.12) may 
be as high as 1.5. Prospective studies of the use of this 
simple measurement in the recognition of vulnerable 
neuropathic legs and the benefits of prophylactic 
treatment are needed. 

Such ultrasound blood flow abnormalities could 
be due to rapid shunting of blood away from distal tis- 
sues and support for this view is provided by the de- 
monstration that the oxygen concentration of blood 
sampled from veins in such neuropathic feet is in- 
creased to approaching arterial oxygen saturation 

[33]. Indeed, although to a lesser degree, the venous 
oxygen concentration is elevated in diabetic patients 
in general when compared with normal subjects. 
Clinical support for the presence of arterio-venous 
shunting of blood is provided by the personal obser- 
vation that in such ulcerated feet, or indeed in feet 
with a history of healed ulcers, the veins over the dor- 
sum of the foot are distended and turgid in the recum- 
bent position. In some, if blood is sampled from the 
vein, the plunger of the syringe is moved without the 
assistance of the investigator. Along with such turgid 
veins the dorsalis pedis pulse is palpable and indeed 
often visibly bounding. Figure 2 shows such dis- 
tended foot veins in a diabetic neuropathic foot with 
high venous oxygen concentration in which no ulcer 
has ever been present. 

The exact reason for the presence of such shunting 
is not clear. The wave form abnormalities of blood 
flow described above suggest shunts but could be due 
to rigid arterio-sclerotic vessels [27, 34-36]. Such is 
certainly the case in many neuropathic feet and there 
seems to be a relationship between vascular calcifica- 
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tion and foot ulceration. Moreover, in simple vascular 
occlusive calcification the Doppler leg/arm ratio 
(ankle pressure index) is elevated in a similar fashion 
to that described in the neuropathic foot [37]. 

However, it does seem more likely that genuine ar- 
terio-venous shunts have formed and indeed there is 
evidence of such shunting in forms of neuropathic 
foot ulceration such as leprosy, sensory neuropathy 
and diabetes, in which radio-labelled human albumin 
microspheres have been injected intra-arterially with 
subsequent counting in the lung circulation [38]. It is 
known that there are many shunts present in the tis- 
sues of the foot [39] which may open up in response to 
increased blood flow [40]. Sympathetic innervation of 
such vessels is undoubted and there is good evidence 
for the presence of autonomic dysfunction in the legs 
of diabetic patients [32, 41]. Clinically, the legs of pa- 
tients with long-standing diabetes and an element of 
neuropathy are warm and dry and heating of the 
trunk does not lead to reflex sweating. Galvanic skin 
resistance, a measure of the integrity of sweating reac- 
tions in the legs, is abnormal, especially so in diabetic 
feet with neuropathic ulcers [42]. Galvanic skin resist- 
ance is seen to correlate well with autonomic dysfunc- 
tion, although this measurement is more often abnor- 
mal in ulcerated feet than tests of systemic autonomic 
function. In animal experimentation sympathectomy, 
infective reactive hyperaemia and a-adrenergic 
blockade resulted in arterio-venous shunting [43]. 

Although relatively unusual, the Charcot diabetic 
foot is the end stage and the most gross example of 
neuropathic destruction. The appearance is of a 
squat, flat foot with complete loss of all contours due 
to wasting of muscles and collapse and destruction of 
the mid-tarsal joint. Osseous lesions in bone have 
been described in the absence of any penetrating ul- 
cers, the suggestion being that this is due to increased 
blood flow [44]. In such feet all measurements of 
blood flow, as described earlier in this section, are 
grossly abnormal and further evidence of the role of 
abnormal blood flow is provided by the demonstra- 
tion of a high uptake of radio-active material in and 
around the damaged mid-tarsal and ankle joint [45]. 

In the obviously badly ulcerated diabetic foot of 
this extreme form of Charcot foot, the abnormalities 
of blood flow, as demonstrated by ultrasound abnor- 
malities and venous oxygenation, are probably relat- 
ed to a number of inter-related factors - dilated vascu- 
lar bed due to sympathetic dysfunction, rigid and cal- 
cified blood vessels, numerous small vessel occlu- 
sions forcing blood away from peripheral tissues and 
some metabolic component related to poor control of 
the diabetic state. 

Assessment of Diabetic Leg Pain 

Basic differentiation of unpleasant and painful sensa- 
tions will lie between the neuropathic and the vascu- 
lar. In clinical practice it may not often be essential to 
be certain of the exact cause of pain if expectant ob- 
servation is to be the clinical policy. In many in- 
stances, the pain might genuinely have a dual cause. 
However, if the understanding of the aetiology of 
nerve damage or peripheral vascular disease in the 
legs is to be expanded and if trials of various forms of 
treatment in the painful diabetic leg (glucose control, 
sorbitol blockage, myo-inositol feeding, vaso-dilator 
agents) are to be attempted, it is important to make 
every effort to ensure that a group of patients diag- 
nosed as having 'neuropathy' or 'ischaemia' really do 
warrant the particular diagnosis. In the past, with re- 
gard to neuropathy, there have been far too many 
clinical reports in which the diagnosis is based on triv- 
ial symptomatology or physical signs or even on nerve 
conduction velocity measurements alone, a view sup- 
ported by recent reports [46, 47]. The presence of 
ankle jerks, with or without patchy sensory loss, has 
been shown to be identical in a group of elderly dia- 
betic patients diagnosed as having neuropathy when 
compared with a matched group in which no such di- 
agnosis had been made [48]. Even the presence of 
significant sounding symptoms may, on occasions, be 
misleading. In personal clinical practice, the 'correct' 
diagnosis of diabetic neuropathy in the presence of 
the following other pathologies has led to a compli- 
cated clinical picture or indeed to a delay in the diag- 
nosis of these other pathologies - spinal stenosis, lum- 
bar disc protrusion, osteomyelitis of a lumbar verte- 
bra, and neurofibroma of the cauda equina. Although 
these are unusual clinical problems, the physican 
should always be alert when assessing pain in the di- 
abetic leg, especially when the pain is more marked 
proximally. Claudication symptoms in the diabetic 
patient may on occasions not be due to overt proximal 
major vessel disease, but are perhaps another mani- 
festation of neuropathy [49]. 

The following strict criteria are therefore recom- 
mended for the selection of patients to be studied for 
whatever reason and labelled as diabetic neuropathy. 

Symptoms: These are the most important component 
of the clinical assessment. Typically, pains and par- 
aesthesia are common in the feet but may occur in any 
part of the leg with nocturnal exacerbation and bed 
clothes irritation. Lesser degrees of tingling should be 
assessed and, if possible, the pain discomfort score 
should be expressed graphically - e. g. on a 10 cm hor- 
izontal scale [50]. If pain is to be assessed serially, the 
patient should be interviewed by a physician not di- 
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rectly involved with the management of the patient or 
in the trial study itself. Symptoms should have been 
present for a period of no less than one year so that the 
more acute problems related to times of poor glucose 
control and shorter-lived syndromes are eliminated. 
In a way, the patient should be regarded as being in 
'real trouble' with his neuropathy. 

Physical Signs: Extensive muscle wasting and reflex 
loss are common in long-standing cases, as are areas 
of sensory loss and vibration sense impairment, and 
assist greatly in the diagnosis. However, it is doubtful 
whether detailed serial sensory mapping is reliable 
enough to provide accurate objective data. Lesser de- 
grees of such abnormalities are acceptable if symp- 
tom assessment is strongly in favour o f a  neuropathic 
process. Occasionally patients with severe symptoms 
are seen in whom reflexes are present. Clearly, if a 
painless punched out pressure neuropathic ulcer is 
present or is documented in the past, this allows inclu- 
sion although the lack of pain in many patients with 
neuropathic ulcers will mean that this subjective clini- 
cal measure has been removed. 

Electrophysiological Assessment: Some assessment of 
electrical nerve function should be made. It has been 
common in the past to rely on measurements of motor 
conduction velocity, although many of the syndromes 
of diabetic neuropathy have a major sensory compo- 
nent. Increasing attention is being paid to measure- 
ments of sensory nerve conduction [51, 52], although 
in many legs with significant diabetic neuropathy it 
may not be possible to achieve measurable sensory 
conduction velocities. The combination of motor and 
sensory velocity, measured in a serial fashion, does 
give some quantitative measure of changing nerve 
function and should be part of any study in diabetic 
neuropathy. Investigators in such studies should 
establish their own normal range of values for motor 
and sensory conduction velocities and in any group- 
ing of neuropathic patients velocities below the nor- 
mal range for that group should be demanded. In re- 
viewing the literature of conduction velocities in dia- 
betes it seems that with improved blood glucose con- 
trol a constant increased motor conduction velocity is 
reported, suggesting that this measurement only re- 
lates to a small percentage of nerve function and 
could lead one to suggest that it tells us very little 
about nerve structure and function. 

Vibration Perception Threshold: Using a biothesiome- 
ter, a simple objective measurement can be made of 
the sensory pathways involved in vibration sensation 
and levels below normal ranges should be required. 
In the normal limb in which arterial supply is oc- 
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cluded by a cuff, loss of vibration sensation and elec- 
trical action potentials is rapid, but in the diabetic leg 
there is resistance to such loss for a considerable peri- 
od [53, 54]. 

Vascular Factors: In defining the neuropathic patient, 
it is important to exclude any possibility of a contribu- 
tion towards symptoms from vascular ischaemic ele- 
ments. Careful symptom assessment will lead to ex- 
clusion of suspicious cases as will inability to palpate 
foot pulses. The measurement of the Doppler ratio of 
the ankle pressure index will add further accuracy to 
neuropathic assessment. 

Role of Nerve Toxins: Any patient who is known to 
have been exposed to nerve toxins should certainly 
not be included in a prospective study, although 
many patients with long-standing painful legs do tend 
to have a high alcohol intake. Exposure to heavy me- 
tals and industrial organic solvent use should be care- 
fully assessed. 

The Diabetic Foot 

Ulceration and infection of the diabetic foot forms the 
biggest single problem within any Diabetic Unit, cer- 
tainly with regard to hospital bed usage. A brief re- 
view of the factors leading to this unhappy state and 
their logical avoidance or correction provides an ex- 
cellent practical summary of the facts laid out in this 
review. 

The diabetic foot, being painless, readily allows 
the small cut or pressure blister to expand and devel- 
op. The situation is further aggravated by the fact that 
the patient is often in an isolated social situation with 
poor eyesight so that even if he could see the lesion he 
would not wish to do anything about it. Certainly he 
has made no attempt to assess or adjust his own foot- 
wear, the ill fitting nature of which may have been at 
the root of the initial lesion. As the lesion begins to 
break down, there are the beginnings of embarrass- 
ment to the distal circulation although the medical at- 
tendant is reassured about the vascular state of the 
foot because it is warm and has an easily palpable 
pulse. Further circulatory embarrassment develops 
and infection intervenes, this itself aggravating the 
shunting of blood away from the distal tissues and 
digits and also by compressing blood flow through 
vessels as oedema and cellulitis develop. What blood 
does filter down to smaller vessels finds its passage 
impeded by a lumen occluded by endothelial swelling 
and the rather sticky platelets then find it agreeable to 
adhere and clump together to form a basis of an in- 
traluminal obstruction which further impairs the flow 
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of blood. The longer such a state is allowed to pro- 
gress, the more chance there is of wide areas of gan- 
grene leading to loss of a large part of the foot, the leg 
or to septicaemia and possible death of the patient. 

Treatment of this condition should be expectant 
and early, attempting to reverse as many of the de- 
scribed processes as possible with rest, antibiotics, 
good blood glucose control and any necessary surgi- 
cal treatment of tissue and drainage of pus as seems 
necessary in the important joint medical-surgical as- 
sessment of the patient. The more typically neuro- 
pathic the problem with the demonstration of good 
proximal blood flow (clinically and by the use of the 
Doppler ultrasound stethoscope), the more likely will 
be the success of local conservative surgical proce- 
dures and the salvaging of a useful amount of func- 
tional foot. Major amputation should rarely be neces- 
sary as the initial procedure unless life threatening in- 
fection is present. 

References 

1. Thomas PK, Ward JD (1975) Diabetic neuropathy. In: Keen H, 
Jarratt J (eds) Complications of diabetes. Edward Arnold, Lon- 
don, pp 151-177 

2. Brown M J, Martin JR, Asbury AK (1976) Painful diabetic neu- 
ropathy: A morphanetic study. Arch Neuro133:164-171 

3. Greenbaum D (1964) Observations on the homogeneous nature 
and pathogenesis of diabetic neuropathy. Brain 87: 215-232 

4. Garland H (1955) Diabetic amyotrophy. Br Med J 2:1287 1290 
5. Pirart J (1978) Diabetes mellitus and its degenerative complica- 

tions: A prospective study of 4400 patients observed between 
1947 and 1978. Diabetes Care 1 : 168 188, 252 263 

6. Thomas PK, Lascelles RG (1966) The pathology of diabetic 
neuropathy. Q J Med 35: 489-509 

7. Behse JH, Buchthal F, Carlsen F (1977) Nerve biopsy and con- 
duction studies in diabetic neuropathy. J Neurol Neurosurg 
Psychiatr 40:1072-1082 

8. Greenbaum D, Richardson PC, Salmon MV, Urich H (1964) 
Pathological observations on six cases of diabetic neuropathy. 
Brain 87 : 215 232 

9. Jakobsen J (1976) Axonal dwindling in early experimental dia- 
betes. Diabetologia 12:539-553 

10. Thomas PK, Lascelles, RG (1965) Schwann-cell abnormalities 
in diabetic neuropathy. Lancet 1:1355-1357 

11. Bischoff A (1973) Ultrastructural pathology of the peripheral 
nervous system in early diabetes. In: Camerine-Davlos RA, 
Cole HS (eds) Advances in metabolic disorders. Suppl 2, Aca- 
demic Press, New York Amsterdam, pp 441-449 

12. Eliasson SG (1966) Lipid synthesis in peripheral nerve from al- 
loxan diabetic rats. Lipids 1 : 237 241 

13. Sherman WR, Stewart MA (1966) Identification of sorbitol in 
mammalian nerve. Biochem Biophys Res Commun 22: 
492-495 

14. Clements RS Jr (1979) Dietary myo-inositol and diabetic neu- 
ropathy. Adv Exp Med Biol 119:287-294 

15. Sidenius P, Jakobsen J (1980) Impaired retrograde axonal 
transport from a nerve crush in streptozotocin diabetic rats. 
Diabetologia 19:222-228 

16. Fagerberg SE (1959) Diabetic neuropathy; a clinical and histo- 

J. D. Ward: The Diabetic Leg 

logical study on the significance of vascular affections. Acta 
Med Scand 164 (Suppl): 1-97 

17. O'Malley BC, Ward JD, Timperley WR (1975) Platelet abnor- 
malities in diabetic peripheral neuropathy. Lancet 2: 
1274-1276 

18. Timperley WR, Preston FE, Ward JD (1974) Cerebral intravas- 
cular coagulation in diabetic keto-acidosis. Lancet 1 : 952@56 

19. Timperley WR, Preston FE, Duckworth T, O'Malley BC (1976) 
Clinical and histological studies in diabetic neuropathy: A reas- 
sessment of vascular factors in relation to intravascular coagu- 
lation. Diabetologia 12: 237-243 

20. Williams E, Timperley WR, Ward JD, Duckworth T (1980) 
Electron microscopical studies of vessels in diabetic peripheral 
neuropathy. J Clin Patho133: 462470 

21. Boulton AJM, Drury J, Ward JD (1981) Treatment of painful 
and ulcerative diabetic neuropathy by continuous subcutane- 
ous insulin infusion. Diabetologia 21 : 253 (Abstract) 

22. Garcia M, McNamara P, Gordon T, Kannel WB (1973) Cardio- 
vascular complications in diabetes. Adv Metab Disord 2 
(Suppl): 493499 

23. Yao ST (1970) Haemodynamic studies in peripheral vascular 
disease. Br J Surg 57:761-766 

24. Faris I (1975) Small and large vessel disease in the development 
of foot lesions in diabetics. Diabetologia 1 l:249-253 

25. Strandness DE Jr, Priest RE, Gibbons GE (1964) Combined 
clinical and pathological study of diabetic and non-diabetic pe- 
ripheral arterial disease. Diabetes 13:366-372 

26. Marinelli MR, Beach KW, Glass M J, Primozich JF, Strandness 
DE (1979) Non-invasive testing against clinical evaluation of 
arterial disease. J Am Med Assoc 241 : 2031-2034 

27. Scarpello JHB, Martin TRP, Ward JD (1980) Ultrasound mea- 
surements of pulse wave velocity in the peripheral arteries of 
diabetic subjects. Clin Sci 58 : 53 57 

28. Edmonds ME, Wilton GN, Roberts VC, Watkins PJ (1980) 
Blood flow in the diabetic neuropathic leg. Diabetologia 19: 
272 (Abstract) 

29. Gundersen HJG (1974) Peripheral blood flow and metabolic 
centre in juvenile diabetes. Diabetologia 10: 225-231 

30. Yao ST, Hobbs JT, Irvine WT (1969) Ankle systolic measure- 
ments in arterial disease affecting the lower extremities. Br J 
Surg 56:676-679 

31. Scarpello JHB, Martin TRP, Ward JD (1978) Blood velocity 
studies in diabetic subjects with neuropathic ulcers. Clin Sci 55: 
3 P (Abstract) 
Edmonds ME, Nicolaides K, Watkins PJ (1981) The impor- 
tance of autonomic neuropathy in the aetiology of diabetic neu- 
ropathic foot ulceration. Diabetologia 21 : 506 (Abstract) 

33. Boulton AJM, Scarpello JHB, Ward JD (1981) Venous oxy- 
genation in the diabetic neuropathic foot: evidence of arteri- 
ovenous shunting. Diabetologia 22:6-8 

34. Raines JK, Darling RC, Buth J, Brewster DC, Augsten WG 
(1976) Vascular laboratory criteria for the management of peri- 
pheral vascular disease of the lower extremities. Surgery 79: 
21-29 
Brown RS, Hollier LH, Batson RC (1980) Non-invasive evalua- 
tion of the diabetic extremity. Am Surg 46:481-484 
Lazarus HM, Albo D Jr, Welling D, Hutto W (1978) Doppler 
ankle pressure and stiff arteries. In: Diethrich EB (ed) Non-in- 
vasive cardiovascular diagnosis: current concepts. University 
Park Press, Baltimore, pp 127-135 
Emanuele MA, Buchanan B J, Abraira C (1981) Elevated leg 
systolic pressure and arterial calcification in diabetic occlusive 
vascular disease. Diabetes Care 4:289-292 
Partsch H (1977) Neuropathien vom ulzero-mutilierenden Typ. 
Vasa 2 (Suppl): 1-48 
Sherman JL (1963) Normal arteriovenous anastomoses. Medi- 
cine (Baltimore) 42:247-267 

32. 

35. 

36. 

37. 

38. 

39. 



J. D. Ward:The Diabetic Leg 147 

40. Richards RL (1970) The normal peripheral circulation. In: Ri- 
chards RL (ed) Peripheral arterial disease. Livingstone, Edin- 
burgh London, pp 6-25 

41. Odel HM, Roth GM, Keating FR (1955) Autonomic neuropa- 
thy simulating the effects of sympathectomy as a complication 
of diabetes meUitus. Diabetes 4:92 98 

42. Deanfield JE, Daggett PR, Harrison NJG (1980) The role of au- 
tonomic neuropathy in diabetic foot ulceration. J Neurol Sci 
47: 203-210 

43. Ronenwett JL, Lindenaur SM (1977) Direct measurement ofar- 
teriovenous anastomotic blood flow after lumbar sympathecto- 
my. Surgery 82: 82-89 

44. Friedman SA, Rakow RB (1971) Osseous lesions of the foot in 
diabetic neuropathy. Diabetes 20:302-307 

45. Edmonds ME, Barrett J J, Clarke M, Ruffels E, Lawe JW, Wat- 
kins PJ (1980) The bone scan: A new aid to the study and diag- 
nosis of the Charcot joint in diabetics. Diabetologia 19:559 
(Abstract) 

46. Greene DA, Brown M J, Braunstein SN, Schwartz SS, Asbury 
AK, Winegrad AI (1981) Comparison of clinical course and se- 
quential electrophysiological tests in diabetics with sympto- 
matic polyneuropathy and its implications for clinical trials. 
Diabetes 30:139-147 

47. Ward JD, Armstrong WD, Preston FE, Best L, O'Malley BC, 
Scarpello JHB (1981) Pain in the diabetic leg: a trial of aspirin 
and dipyridamole in diabetic neuropathy. Pharmatherapeutica 
2: 642-647 

48. Mayne N (1968) The short term prognosis in diabetic neuro- 
pathy. Diabetes 17: 270-273 

49. Boulton AJM, Scarpello JHB, Martin TRP, Pilling D, Ward JD 
(198t) Claudication in neuropathic diabetics with supra-nor- 
mal pressure indices. Diabetologia 20:666 (Abstract) 

50. Scott J, Huskisson EC (1976) Graphic representation of pain. 
Pain 2:175-184 

51. Lovelace RE, Myers S J, Zablow L (1973) Sensory conduction in 
peroneal and post tibial nerves using averaging techniques. J 
Neurol Neurosurg Psychiatry 36:942-950 

52. Buchthal F, Rosenflack A, Behse F (1975) Sensory potentials of 
normal and diseased nerves. In: Dyck PJ, Thomas DK, Lam- 
bert EH (eds) Peripheral neuropathy, vol l. Saunders, Philadel- 
phia, pp 42-53 

53. Steiness I B (1963) Diabetic neuropathy, vibration sense and ab- 
normal tendon reflexes in diabetes. Acta Med Scand 173 
(Suppl): 15-89 

54. Seneviratne KN, Peiris OA (1968) The effect of ischaemia on 
the excitability of sensory nerves in diabetes mellitus. J Neurol 
Neurosurg Psychiatry 31 : 348-353 

Dr. J. D. Ward 
Hallamshire Hospital 
Glossop Road 
Sheffield S10 2JF, UK 


