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Summary. Charcot arthropathy is a disabling complication of 
diabetic neuropathy. It is however, unclear why it occurs in 
only a small number of neuropathic patients. We have stud- 
ied 12 diabetic patients (10 insulin-dependent) with an acute 
Charcot arthropathy, and compared their neuropathy and 
vascular responsiveness with 12 diabetic patients (10 insulin- 
dependent) with recurrent neuropathic foot ulceration, 12 
diabetic control subjects (9 insulin-dependent) and 10 nor- 
mal non-diabetic subjects. The Charcot arthropathy patients 
demonstrated a preservation of warm perception, 6 (5.5) ~ 
but complete loss of peripheral cold perception, 10 (0) ~ 
p < 0.001 (median (interquartile range)). This contrasted 
with the ulcerated neuropathy patients, who had equally 
severe impairment of both warm and cold sensory thresh- 
olds, 10 (0.5) ~ vs 10 (1) ~ respectively, the diabetic control 
subjects who were able to detect a 2 (1,3) ~ warm stimulus 
and 3 (3.5) ~ cold stimulus and the normal subjects, whose 
warm threshold was 2 ( l)~ and cold was 2 (1)~ Light 
touch perception at the foot was preserved in the Charcot pa- 
tients 4 (4) g vs 100 (50) g,p < 0.0002, in the ulcerated neuro- 

pathy patients. Vibration perception at the great toe and car- 
diovascular autonomic function tests (heart rate variability, 
Valsalva ratio and postural systolic blood pressure fall) were 
abnormal in both the Charcot patients and ulcerated neuro- 
pathy group, with no differences seen between the two 
groups. Peak skin blood flow at the great toe in response to 
local heating was preserved in the Charcot arthropathy pa- 
tients, 63.36 (28.72) flow units when compared to the diabetic 
and normal subjects, 62.72 (47) flow units and 76.3 (33.92) 
flow units, respectively and much greater than in the ulcer- 
ated neuropathy patients 28.94 (37.39) flow units,p < 0.0002. 
The diabetic patients developing Charcot arthropathy thus 
have a neuropathy and vascular responsiveness which distin- 
guishes them from diabetic subjects developing neuropathic 
ulceration. This may be important in the pathogenesis of the 
Charcot foot. 

Key words: Charcot arthropathy, selective neuropathy, 
blood flow. 

Diabetic neuroarthropathy (Charcot arthropathy) is a 
rare, although under-diagnosed complication of the 
diabetic neuropathic limb which may result from trauma 
acting on an insensitive foot. The association between de- 
structive joint changes and neuropathy was first made by 
Mitchell in 1831 [1], some 37 years before Charcot made 
his classic description of the neuropathic joint in associ- 
ation with tabes dorsalis [2]. Charcot suggested the im- 
portance of "trophic" nerve fibres in the maintenance of 
bony integrity, which on disruption, resulted in a neuro- 
pathic joint in only a few weeks. The link between bony 
absorption and the hyperaemia secondary to sympathetic 
nerve damage was made by Leriche in 1927 [3], and later 
the importance of loss of protective joint sensibility was 
stressed [4]. "Trophic" fibres might be the small nerve fi- 
bres, which are damaged early in diabetic neuropathy [5]. 
This may result in both a somatic neuropathy, with loss of 

pain and temperature perception, caused by damage to 
small unmyelinated C fibres, and the smaller myelinated 
A delta fibres, and in an autonomic neuropathy resulting 
for example, in sympathetic vascular denervation [6, 7]. 
Sympathetic neuropathy results in excess arteriovenous 
shunting [8, 9], which may precipitate bony resorption. 
Disorganisation may result from minor trauma on weak- 
ened bone, which has lost protective sensation. 

Only a small number of diabetic patients with neuro- 
pathy develop a Charcot joint. We have previously found 
that some diabetic patients developing a Charcot arthro- 
pathy had a different vascular responsiveness to a local 
heat stimulus, when compared to diabetic neuropathic pa- 
tients with foot ulcers [10]. We now wished to test the hy- 
pothesis that patients who developed neuroarthropathy, 
may have a neuropathy which distinguishes them from pa- 
tients developing neuropathic foot ulceration alone. This 
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Table 1. Clinical details of patients 
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Clinical details Normal subjects Diabetic control Charcot arthropathy Ulcerated neuropathy 
(n = 10) subjects (n = 12) patients (n = 12) patients (n = 12) 

Male:female 5:5 

Mean age (years) 50.1 (range 31-65) 

Insulin-dependent: non-insulin-dependent / 

Duration of diabetes (years) / 

Hb A1 / 

Active ulceration: previous ulceration Nil 

Retinopathy BG: Proliferative / 

Nephropathy (albustix positive) / 

6:6 5:7 7:5 

48.3 (range 32-69) 49.2 (range 28-69) 51.5 (range 36-69) 

9:3 10:2 10:2 

23.0 (14) 22.5 (12.8) 24.8 (15) 

9.1 (2.8) 11.8 (1.9) 11.7 (2) 

Nil 0:2 9:12 

Nil 5:5 5:7 

Nil 4 8 

Results expressed as means (1 SD) 
BG = background 

n e u r o p a t h y  m a y  he lp  d e t e r m i n e  t h e  va scu l a r  r e s p o n s e  to 
t r a u m a  a n d  t he  s u b s e q u e n t  b o n y  d e s t r u c t i o n  wh i ch  m a y  
ensue .  

W e  have  s t u d i e d  12 d i a b e t i c  p a t i e n t s  w i th  a n  acu te  
C h a r c o t  a r t h r o p a t h y  ( d u r a t i o n  less t h a n  3 m o n t h s ) ,  a n d  
h a v e  c o m p a r e d  the i r  n e u r o p a t h y  to  12 u l c e r a t e d  n e u r o -  
p a t h i c  d i abe t i c  pa t i en t s ,  12 d i abe t i c  c o n t r o l  sub jec t s  a n d  
10 n o r m a l  subjec ts .  T h e  v a s c u l a r  r e s p o n s i v e n e s s  to a local  
h e a t  s t i m u l u s  ( u n d e r  t h e  c o n t r o l  o f  s y m p a t h e t i c  a d r e n e r -  
gic n e r v e  f ibres)  was  also c o m p a r e d ,  u s i n g  a laser  D o p p l e r  
f lowmete r .  

Subjects and methods 

Subjects 

Four groups of patients were studied, 12 diabetic patients with an 
acute Charcot arthropathy, 12 diabetic patients with neuropathic 
foot ulceration, 12 diabetic control subjects and 10 normal subjects. 

Group 1. (n = 12, seven female five male). Diabetic patients (10 in- 
sulin-dependent) with an acute Charcot arthropathy. The mean age 
was 49.2 (range 28~69 years, one patient being over 60) and the mean 
(SD) duration of diabetes was 22.5 (12.8) years. 

These patients were obtained from consecutive presentations to 
the diabetic foot clinic. Charcot arthropathy was diagnosed in 
diabetic patients who presented with a hot, red swollen foot without 
evidence of active penetrating sepsis. All patients exhibited bony de- 
struction with the characteristic changes of bone fractures, sclerosis 
and disorganization visible on radiography. Serum uric acid was not 
elevated in any of the patients, and none had evidence of a systemic 
arthropathy involving other joints. Four patients had a history of 
trauma which precipitated the neuroarthropathy, in two it had oc- 
curred 6 months after digital amputation for local sepsis and in six 
patients no precipitating cause could be elicited. All patients com- 
plained of "a dull, deep ache" in the foot, which was one of the most 
distressing symptoms. All patients were examined within 3 months 
of the diagnosis being made. Clinical details are given in Table 1. 

Group 2. (n = 12, five female seven male). Diabetic patients (10 in- 
sulin-dependent) with neuropathic foot ulceration. The mean age 
was 51.5 (range 36-69 years, one patient over 60) and duration of 
diabetes was 24.8 (15.0) years. 

These patients all attended the diabetic foot clinic. All had a his- 
tory of recurrent neuropathic foot ulceration and nine were actively 
ulcerated at the time of assessment. Ulceration typically was found 
under the 1st to 5th metatarsal head. 

Group 3. (n = 12, six female six male). Diabetic control patients 
(nine insulin-dependent). The mean age was 48.3 (range 32-69 years, 
two patients over 60) and the duration of diabetes was 23.0 (14.0) 
years. 

None of these patients had symptoms from neuropathy, or ab- 
normal signs: ankle reflexes were bilaterally present in all subjects. 
Their absence of neuropathy was subsequently confirmed by cardio- 
vascular autonomic function testing. These patients were all free 
from diabetic microvascular complications, specifically, none had 
evidence of retinopathy (including background), or albuminuria. 
None had a history of foot sepsis or ulceration. 

Group 4. (n = 10, five female five male). Non diabetic control sub- 
jects. The mean age was 50.1 years (range 31-65 years, one patient 
over 60). 

All the patients included in the study were free from peripheral 
macrovessel disease: foot pulses were palpable and all had 
ankle:brachial pressure ratios > 1. No patients were taking vasoac- 
tive drugs at the time of the study, although antibiotic therapy was 
permitted. 

M e ~ o ~  

Cardiovascular autonomic neuropathy. The mean heart rate vari- 
ability on six maximal breaths, an assessment of parasympathetic in- 
tegrity, was recorded on a continuous trace [11, 12]. The heart rate 
response to the valsalva manoeuvre (expiration against 40 mm Hg 
maintained for 15 s), a measure of both sympathetic and parasym- 
pathetic function [13] was also performed twice, and the mean value 
calculated. 

The change in systolic blood pressure on standing from the 
supine position was recorded on an automated Dinamap blood 
pressure recorder (model 1846 Sx, Criticon Inc, Tampa, F1., USA) 
for 5 rain after standing and the maximal fall noted. 

Peripheral sensory thresholds (autonomic and somatic neuropathy). 
All patients had clinical examination of the ankle reflexes, together 
with assessment of thermal, light touch and vibration thresholds. 
Tickle sensation was assessed by lightly drawing a blunt probe across 
the plantar surface of the foot. Subjective awareness of pain in the 
foot was recorded, but cutaneous pain thresholds were not assessed 
due to the lack of a reproducible test. Both feet were assessed in the 
Charcot arthropathy patients. The ulcerated neuropathy patients 
and the control subj ects arbitrarily only had the left foot assessed. 
Thermal sensory thresholds. Thermal thresholds to warm and cool 
stimuli were independently measured from the lateral border of the 
dorsum of the foot using a Medelec Triple T Thermal Threshold Tes- 
ter (Medelec Limited, Surrey, UK). Thermal stimuli are delivered to 
the skin by means of a metal thermode which utilises the Peltier 
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effect, whereby heating or cooling of the thermode is achieved by 
changing the direction of current at the plate. The forced choice 
method of testing was used as this has previously been found to be a 
reliable method of testing [6, 14]. A reference temperature of 32~ 
was maintained at the probe as this approximated the mean foot 
temperature in all the patient groups. The probe was placed on the 
dorsum of the foot and calibrated so that the rate of temperature 
change was 1 ~ per s. The probe was attached to the foot so that the 
pressure applied with each thermal test was kept constant. In this 
way the ability to perceive a warm or cool stimulus of up to 10 ~ 
magnitude was assessed. 
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had previously been determined to be adequate to achieve peak flow 
[10]. The time of maximal increase (vasodilatation) or decrease (va- 
soconstriction) of skin blood flow over basal levels was recorded 
after the start of heating and a mean value was calculated over 10 s of 
steady flow at this point. This relatively short period of time was 
chosen as the peak flow signal starts to decrease quickly, and so a 
short averaging time is required to ensure that true peak flow is cal- 
culated. 

Arbitrarily, skin blood flow from the left foot was chosen in all 
the patients without Charcot arthropathy, and if ulceration involved 
the base of the 1st digit, then the 2nd digit was assessed. In the Char- 

Light touch threshold. Light touch perception was assessed using 
nylon monofilaments which were graduated to test the ability to de- 
tect a pressure of 4 g, 8 g, 50 g and 100 g. The filament was applied to 12 
a test site of the foot and pressure was applied to just achieve 
buckling of the filament. It had previously been determined that the 
desired pressure was being applied when bucking occurred. Each 10 
filament was applied vertically to ten test areas of the foot, sites at 

o which ulceration is most frequently seen, (under the 1st, 3rd and 5th o 
v 8 

metatarsal heads and toes, medial and lateral plantar borders of the 
foot, the heel and the dorsum of the foot) [15]. The patient's ability to x:~ 
accurately locate the stimulus as well as the pressure threshold de- "~ 6 
tected was recorded. Each filament was applied six times in each test 
site. The patient had to be able to detect the pressure stimulus at all "~ 
sites to be judged to have intact light touch sensation for any given 4 
filament. ~_ 

Vibration threshold. The vibration sensory threshold was recorded at 
the tip of the great toe using a biothesiometer (Biomedical Instru- 
ments, Newbury, Ohio, USA) [6]. The test was performed six times 
and the mean value was recorded. 

Skin blood flow assessment. Measurements of skin blood flow were 
made in a temperature controlled room, where the temperature was 
maintained at 22 + 1 ~ The patients had all fasted for 2 h prior to 
the assessment, and were resting in the supine position for 30 min to 
allow equilibration to take place. The foot to be tested was posi- 
tioned at heart level, and was covered with an insulating sock so that 
the temperature was maintained between 32 and 34~ Blood glu- 
cose was in the range 5 to 14 mmol/1 at the start of the assessment 
period, and none of the patients became hypoglycaemic during the 
study. 
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Fig. 1. Thermal thresholds to warm and cold stimuli measured sep- 
arately on the dorsum of the foot from a reference temperature of 
32~ Thresholds measured in the range 22~ to 42~ p < 0.001, 
hot vs cold, Charcot arthropathy patients; p < 0.0005, ulcer patients 
vs diabetic control subjects; p < 0.0002 cold, Charcot patients vs 
diabetic control subjects; p < 0.05 hot, Charcot patients vs diabetic 
control subjects 

Laser Doppler flowmetry. A T. S. I. Laserflo' laser Doppler (model 
BPM403, TSI Inc., St. Paul, Minn., USA) was used to measure skin 
blood flow [15]. 

Tissue diffusely scatters laser fight with the majority of photons 
being scattered by stationary structures. However, some of this light 
will hit moving erythrocytes, and as a result will experience a fre- 
quency shift according to the Doppler principle. The backseattered 
fight that impinges on the photodetector will generate a photocur- 
rent that can be processed to give blood flow related signals [19]. The 
flow signal has been found to correlate well with standard methods 
of measuring skin blood flow [20-22]. 

The protocol for skin blood flow measurement. The heat stimulus 
was provided by a thermostatically controlled heater incorporated 
into the end of a standard right angle skin probe (TCM 420, TSI Inc). 
The range of the heating module was 35 ~ to 45 ~ in 0.1 ~ steps. 
This skin probe (2.5 cm diameter) was attached to the pulp of the 
great toe using an adhesive ring. Foot temperature was measured 
from the dorsum of the foot over the 3rd metatarsal using a digital 
thermometer (model H 400, Hale Instruments Ltd, Cheshire, UK). 

The flow signal from the laser Doppler was recorded continuous- 
ly during the measurement period on a microcomputer (BBC Mas- 
ter, Acorn Computers, London, UK) [10]. When a steady flow signal 
had been obtained, basal skin blood flow was recorded for 3 min, 
from which a mean value for flow was calculated. The skin of the toe 
pulp was then heated locally to 44 ~ for 7 min as this period of time 
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Fig.2. Light touch perception, measured using graded nylon ill- 
aments (from 4 g to 100 g) in diabetic control subjects, Charcot ar- 
thropathy patients and ulcerated neuropathy patients, p < 0.0001, 
ulcer patients vs diabetic control subjects; p < 0.0002, Chareot pa- 
tients vs ulcer patients;p < 0:05, Charcot patients vs diabetic control 
subjects 
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Table 2. Cardiovascular autonomic function test 
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Autonomic function tests Normal subjects Diabetic control Charcot arthropathy Ulcerated neuropathy 
subjects patients patients 

Heart rate variability (beats/min) 
Normal > 12beats/min 

Valsalva ratio (normal > 1.2) 

Postural systolic blood pressure fall 

26 (10) 23.5 (4.5) 3.0 (4) 2.5 (2.5) 
(range 17-39) (range 13-31) (range 1-11) (range 1-5) 

1.5 (0.2) 1.40 (0.1) 1.11 (0.2) 1.14 (0.2) 
(range 1.3-1.7) (range 1.21-1.69) (range 1-1.84) (range 1.05-1.5) 

N I  Nil 30.5 (15) 20 (15) 

Results expressed as medians and interquartile range 

cot patients, skin blood flow was recorded in both feet. This was to 
measure the acute variations in blood flow (both in the bone and 
skin) which occur during active bony destruction. The contralateral 
uninvolved limb acted as the control, allowing assessment of the in- 
fluence of neuropathy on the vascular responsiveness in a patient 
with neuroarthropathy. 

Reproducibility. The reproducibility of the peripheral neuropathy 
assessment was assessed by testing a patient with an acute neu- 
roarthropathy on three separate occasions, separated in time by at 
least i week. The reproducibility of skin blood flow assessment was 
assessed by testing an ulcerated diabetic neuropathy patient and a 
diabetic neuroarthropathy on three separate occasions and the coef- 
ficient of variation of the peak flows was calculated. 

The study was approved by the local ethical committee and in- 
formed consent was obtained from all the subjects studied. 

Statistical analysis 

As the data was not normally distributed, a Mann Whitney U Test 
was used to assess significance in non-paired observations, and a 
Wilcoxon's Signed Rank Test for paired data. 

Results 

The diabetic patients with Charcot's arthropathy, demon- 
strated a preserved ability to detect a warm stimulug 6.0 
(5.5) ~ within the 10 ~ range in the Charcot foot, but 
complete loss of peripheral cold perception, 10 (0) ~ (me- 
dian (interquartile range)), p < 0.001 (Fig. 1). There was, 
however, some impairment of warm perception when 
Charcot patients were compared to the diabetic control 
subjects 2 (1.3)~ and the normal subjects 2 (1)~ 
p < 0.05. The inability to feel cold, contrasted with the 
diabetic control subjects and normal subjects who were 
able to detect 3 (3.5)~ and 2 (1)~ cold stimulus, 
p < 0.0002, respectively. The ulcerated diabetic neuro- 
pathy patients had equally severe impairment of both hot 
and cold thresholds, 10 (0.5) ~ vs 10 (1) ~ respectively, 
p <0.0005. Five of 12 Charcot patients had a warm 
threshold within the range of the diabetic control subjects 
(0.5-4 ~ Two Charcot patients were able to detect a 
warm stimulus of less than 0.5 ~ but were unable to feel a 
10 ~ cold stimulus. 

Light touch perception was also preserved in the Char- 
cot foot 4 (4) g, when compared to the ulcerated neuro- 
pathy patients 100 (50) g, p < 0.0002 (Fig. 2). Six of the 
Charcot arthropathy patients had intact light touch 
(defined as the ability to detect the 4 g filament), and a fur- 

ther five were able to detect an 8 g pressure. Only one pa- 
tient had severe impairment of light touch. Tickle percep- 
tion was retained in 10 of 12 of the Charcot patients: four 
patients finding the stimulus particularly acute. 

The ability to detect vibration was abnormal in both 
the Charcot arthropathy patients and the ulcerated neu- 
ropathy patients, when compared to the diabetic and non 
diabetic control groups, 29 (24) volts (V), 37.5 (24) V, 8 (5) 
V and 5.5 (4.5) V,p < 0.0001, respectively (Fig. 3). None of 
the Charcot arthropathy patients demonstrated preserva- 
tion of vibration detection at the great toe. 

Similar peripheral sensory thresholds were found bilat- 
erally in the Charcot patients. There  were no significant 
differences found between the diabetic control subjects 
and normal subjects in autonomic or peripheral neuro- 
pathy testing. 

Cardiovascular autonomic function tests (heart rate 
variation and Valsalva ratio, and systolic blood pressure 
fall) were abnormal in both the Charcot arthropathy pa- 
tients, and in the ulcerated neuropathy patients, when 
compared to the diabetic and normal control groups, 
p < 0.005. The results are shown in Table 2. There were no 
differences found between the Charcot patients and the 
ulcerated patients. 

Peak skin blood flow in response to local heating of the 
toe pulp was preserved in the Charcot arthropathy pa- 

60 

50 

-o 4 0  
O 

30 

-~- 20 > 

. . . .  

9 

t ; � 9  

o o  

0 I I I 

Diabetic control Charcot Ulcerated neuropathy 
subjects arthropathy patients 

patients 

Fig.3. Vibration perception at the great toe measured with a Bio- 
thesiometer. Horizontal bars represent median values, p < 0.0001, 
Diabetic control subjects vs Charcot arthropathy and ulcerated 
neuropathy patients 
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Fig.5. Change in peak skin blood flow of the Charcot foot on reso- 
lution of the acute inflammation in six diabetic patients (range 4 to 
9 months). The change in flow of the contralateral foot over the 
same time is shown for comparison, p < 0.02 acute vs non-acute 
Charcot foot 

tients, 63.36 (28.72) flow units, when compared to both the 
diabetic control subjects 62.72 (47) flow units and normal 
subjects 76.3 (33.92) flow units, who had similar peak flow 
responses and much greater than in the ulcerated diabetic 
neuropathy patients 28.94 (37.39) flow units, p < 0.0002. 
Peak flow was, however, transiently reduced in the acute 
Charcot foot compared to the contralateral uninvolved 
foot, 41.03 (19.16) vs 63.36 (28.76) flow units, respectively 
p < 0.002 (Fig. 4). Six patients were reassessed after reso- 
lution of the acute inflammatory changes. All the patients 
demonstrated an increase in peak flow in the Charcot foot 
on resolution, flow increasing from 43.8 (12.88) to 64.1 
(31.0) flow units, p < 0.02 (Fig. 5). 

Eight of 12 of the Charcot patients demonstrated vaso- 
constriction and a reduction of flow during local heating: 
skin blood flow in this group declined to 58.3 %, p < 0.05 
of its basal value. This vasoconstriction response was also 
seen in 9 of 12 ulcerated neuropathy patients, flow declin- 
ing to 62.5 %, p < 0.05 during heating. The vasoconstric- 
tion in the Charcot group was, however, followed by 
vasodilatation which resulted in preservation of the peak 
flow achieved. 

Basal skin blood flow in the Charcot patients was 
higher than in the ulcerated neuropathy patients, the 
diabetic control subjects and normal subjects, 17.6 (15.7), 
14.4 (17.44), 9 (10.9), and 11.96 (23.9) flow units, respec- 
tively, but the difference did not achieve statistical signi- 
ficance. 

Reproducibility 

The absence of cold perception was confirmed by repeat 
assessment on three separate occasions in one of the Char- 
cot patients. The ability to perceive the warm stimulus had 
a coefficient of variation (SD/mean %) of 5 %. The coeffi- 
cient of variation for peak skin blood flow in the ulcerated 

neuropathy patient was 12 % and 3 % in a Charcot arthro- 
pathy patient. 

D i s c u s s i o n  

We have been able to show, that patients demonstrating 
Charcot's arthropathy have a peripheral neuropathy and 
vascular responsiveness which distinguishes them from 
diabetic patients developing recurrent neuropathic foot 
ulceration: the Charcot patients had preserved light touch 
and warm perception and peak skin blood flow achieved 
by local skin heating in the non-acute Charcot foot and the 
contralateral foot, was similar to diabetfc control subjects. 
The selective preservation of warm fibres is the first dem- 
onstration in diabetic neuropathy of an unequal loss of 
peripheral small thermal fibres, which may indicate that 
some small nerve fibres are more susceptible to damage 
than others. 

Sharp pain, like cold perception was reported by the 
Charcot patients to be lost in both feet, but they all re- 
ported dull continuous pain in the Charcot foot, with peri- 
odic exacerbations. The patients with ulceration reported 
little pain of any type: the foot was described as being 
numb. Small nerve fibres may be damaged early in 
diabetic neuropathy resulting in both somatic and auto- 
nomic nerve damage [5, 6]. Cold and sharp pain percep- 
tion is conveyed by small myelinated fibres (A delta fi- 
bres), warmth and deep pain by unmyelinated C fibres 
[23-25]. The relative preservation of warm and deep pain 
suggests that these fibres seem more resistant to damage 
in Charcot patients. Warm thermoreceptors respond to 
temperatures within the range 32 ~ to 46 ~ Cold recep- 
tors are active below cutaneous temperatures of 30 ~ [26, 
27]. Our reference probe temperature at 32~ was at the 
thermoneutral value [28] and the range of test tempera- 
tures used (22-42 ~ provided equal stimulation of each 
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type of receptor. Pain occurs when the intensity of a stimu- 
lus exceeds a certain threshold and results from the simul- 
taneous stimulation of many neurons [29, 30]. Substance R 
which may be depleted in diabetic neuropathy [31] trans- 
mits impulses from primary afferent nerves conveying no- 
ciceptive and thermal information: depletion (which may 
not be equal in the Charcot and ulcerated neuropathy pa- 
tients) may result in impaired nociceptor function. Selec- 
tive damage to thermal and nociceptive nerve fibres, neu- 
rotransmitters or their receptors, may thus characterise 
Charcot arthropathy patients, occurring earlier than im- 
paired vibration perception, which is conveyed by the 
larger A b fibres [6]. 

Only one of the Charcot patients did not have 
preserved light touch and tickle perception, and reported 
paraesthesiae and numbness. This patient had a history of 
recurrent  foot ulceration. The ability to detect pressures 
of 8 g or less therefore seemed to protect  from foot ulcer- 
ation. Light touch receptors are thought to be the subcuta- 
neous Meissner corpuscles and Merkel cell neurite com- 
plexes: at least in the human finger, there is extensive 
overlap of their receptive fields [32, 33]. Light touch and 
vibration perception are large myelinated fibre function, 
although it is not clear whether they are conveyed sepa- 
rately. Although it is possible that the nerve fibres them- 
selves are damaged at differing rates, the extensive over- 
lap of the receptive fields subserving light touch may allow 
normal sensation to be maintained, even when some affer- 
ent units have been lost. The preservation of tickle per- 
ception (small unmyelinated C fibres) suggests that these 
sensory units are resistant to injury in the Charcot arthro- 
pathy patients. 

The cardiovascular autonomic function tests, were ab- 
normal in both the Charcot and the ulcerated neuropathy 
patients. Therefore,  loss of cardiac autonomic innervation 
occurs equally in both groups of patients together with 
loss of peripheral vascular tone. 

Peak skin blood flow at the toe (predominantly arte- 
riovenous shunt flow) was preserved in the Charcot ar- 
thropathy patients, although acutely the Charcot foot be- 
haved like the ulcerated neuropathic foot with decreased 
peak skin blood flow responses. This may have resulted 
from a transient loss of vascular control, which improved 
in the non-acute foot: in the ulcerated neuropatic foot the 
loss of vascular control seemed permanent.  A reduction of 
peak skin blood flow may suggest that there is redistribu- 
tion of flow away from the toes into bone [34]. There may 
exist sympathetic vasodilator fibres which precipitate va- 
sodilatation in response to heating [35, 36]. The selective 
neuropathy in the Charcot patients may spare these fibres 
permitting maximum vasodilatation to take place. There 
is, however, evidence of peripheral vascular denervation 
in both the Charcot patients and the ulcerated neuropathy 
patients, as paradoxical vasoconstriction and reduction of 
blood flow was seen during local heating which may re- 
flect vascular denervation and result from abnormal local 
reflex vascular control [10]. The greatly reducedpeak flow 
in the ulcerated diabetic patients resulted from persistent 
vasoconstriction of skin blood flow on heating and failure 
of subsequent vasodilatation. Increased vessel tone [37], 
microvascular sclerosis [38], and lack of local dilating 
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vasoactive metabolites, for example endothelium derived 
relaxing factors and prostaglandins [39, 40] may contri- 
bute to the absent vasodilatation in these patients. 

We have, therefore, shown that patients demonstrating 
Charcot arthropathy have a peripheral neuropathy and 
vascular responsiveness which dear ly  distinguishes them 
from ulcerated neuropathy patients. It is not clear 
whether our findings represent a distinct type of diabetic 
neuropathy, or is a stage in its development.  The findings 
in particular, of preservation of light touch but loss of vi- 
bration perception is unusual in diabetic neuropathy and 
may be evidence of a unique form of neuropathy. Charcot 
in his original description referred to "trophic nerves" 
which are essential for bony integrity. Perhaps these are 
the small A delta fibres conveying pain and cold or the 
sympathetic fibres controlling arteriovenous shunt flow, 
which have been damaged in these patients. High bone 
shunt flow may precipitate bony resorption, which 
together with the ability to further greatly increase blood 
flow in response to trauma, and the loss of pain sensation, 
may result in the bony destruction and the formation of a 
neuropathic joint. Further studies on the evolution of the 
neuropathy are now required. 
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