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Summary. The variability of the resting blood flow in 
the foot was studied by means of venous-occlusion 
plethysmography in 25 diabetics and 16 non-diabetics. -- 
To evaluate the functional state of the vessels themselves, 
the postischaemie peak flow was studied in the same 
patients. To obtain an estimate of the functional state of 
the nerves the vibratory perception threshold was de- 
termined. -- The following results were obtained: 1. The 
normally oecuring spontaneous variations in the resting 
blood flow in the foot were considerably reduced in the 
diabetic group of patients, although the mean resting 
blood flow was identical in the diabetic and the non- 
diabetic group. The lack of spontaneous variations showed 
a strong association with the duration of diabetes. -- 2. 
The peak flow was often reduced in long term diabetic 
patients. This abnormali ty was associated with the pre- 
sence of arterial calcifications. -- 3. The vibratory percep- 
t ion threshold increased with increasing duration of dia- 
betes as already shown by other authors. -- 4. I t  was 
demonstrated by statistieM analysis tha t  the loss of 
rhythmic activity in the resting blood flow was due to 
autonomic neuropathy as well as to a vascular factor. 

Variations spontandes du dgbit sanguin au repos, du 
clocher post-ischgmique et de la perception vibratoire darts 
le8 pieds de diabdtiques 

l:l~sum~. La variabilit6 du ddbit sanguin au repos dans 
le pied a 6t6 ~tudide ~ l 'aide de la pldthysmographie par 
occlusion veineuse, ehez 25 diab6tiques et 16 non-diab6- 
tiques. -- Pour 6valuer l'dgat fonetionnel des vaisseaux 
eux-mgmes, le eloeher du d6bit post-ischdmique a 6t6 
dtudi6 chez les mgmes patients. Potv: obtenir une estima- 
t ion de l '6tat fonctionnel des nerfs, le seuil de perception 
vibratoire a dtd dgtermind. -- Les rdsultats suivants ont 
dtg obtenus : 1. Les variations spontandes du ddbit sanguin 
au repos qui se produisent normalement dans le pied 
~taicnt consid6rablement rdduites dans le groupe diabd- 
tique, tandis que le ddbit sanguin moyen au repos dtait 
identique dans le groupe diabdtique et nondiabdtique. 
L'absenee de variations spontan~es 6tait en forte eorr6- 
lation avec la dur6e du diab~te. -- 2. Le elocher du dgbit 

6fair souvent r6duit chez les patients diabgtiques depuis 
longtemps. Cette anomalie 6tait associge ~ la presence de 
calcifications art6rielles. -- 3. Le seuil de perception 
vibratoire augmentait  avce l 'augmentat ion de la dur6e du 
diabgte, comme Font dgjh indiqu6 d'autres auteurs. -- 
4. I1 a 6t6 dgmontr6 par l 'analyse statistique que la perte 
de l 'activit6 rythmique du d6bit sanguin au repos ~tait 
due ~ la neuropathie autonome aussi bien qu'~ un  facteur 
vasculaire. 

Spontanschwankungen der Ruhedurchblutung, der post- 
isehaemischen MaximaldurchstrSmung und des Vibrations. 
empfindsns am/Furl yon Diabetilcern 

Zusammenfassung. Die Schwankungen der Ruhedurch- 
blutung des Ful]es wurden bei 25 Diabetikern und  16 
stoffwechselgesunden Kontrollpersonen durch venSse 
Okklusions- Plethysmographie untersucht.  Aul]erdem 
win'den bei den gleichen Probanden die postischaemische 
Maximaldurchbhltung und  die Reizschwelle des Vibra- 
tionsempflndens bestimmt, um den funktionellen Zus tand  
der Gef/~13e und  Nerven beurteilen zu k6nnen. -- Diese 
Untersuchungen fiihrten zu folgenden Ergebnissen: 1. Die 
normalen Spontanschwanktmgen der Ruhedurchblutung 
des Ful3es warcn bei den Diabetikern betr/ichtlieh redu- 
ziert, obgleich die Ruhedurchblutung selbst bei der Grup- 
peder  Diabetiker mad der Normalpersonen fibereinstimm- 
re. Das Fehlen der Spontanschwankungcn war mit  der 
Diabetesdauer korreliert. -- 2. Bei Langzeitdiabetikern 
fand sich h/~ufig eine verringerte Maximaldurchblutung 
bei vermehrtem Nachweis arterieller Gef~13verkalkungen. 
-- 3. Der Schwellenwert far das Vibrationsempfmden 
stieg parallel zur Dauer der diabetischen Erkrankung an, 
wie von anderen Autoren bereits demonstriert worden 
ist. -- 4. Dureh die statistische Auswertung liel? sich nach- 
weisen, dal3 die fehlenden Spontanschwankungcn der 
~uhedurehblutung sieh sowohl auf eine autonome Neuro- 
pathie als auch auf einen Gefgl?faktor beziehen lassen. 

Key-words: Spontaneous variations, resting blood 
flow, postisehaemic peak flow, vibratory perception, feet, 
diabetics, arterial calcification, autonomic neuropathy. 

Dur ing  studies designed to examine  blood flow in  
the  feet of diabetics, i t  was no ted  t h a t  the so-called 
spontaneous  var ia t ions  in  the rest ing blood flow were 
often absent  or considerably reduced in  diabetic pa- 
t ients .  

The present study was undertaken to evaluate 
various aspects of this abnormality, particularly to 
clarify whether the abnormality is due to autonomic 
neuropathy, or to a lesion of the vessels themselves. 
The degree of nerve lesion was estimated by measuring 
the vibratory perception threshold in the big toe, and 
the functional state of the vessels was evaluated by 
studying the vascular response to artificially induced 

ischaemia, viz. the peak flow. The interrela t ionships  in  
ind iv idua l  pa t ients  between these two parameters ,  and  
the var iabi l i ty  of the rest ing blood flow were analyzed.  

Methods 

The blood flow in  the foot was measured b y  venous- 
occlusion ple thysmography.  

The foot plethysmogwaph used in  the present  s tudy  
had  a general design similiar to the appara tus  described 
b y  S T ~ D  and  KIJNKEL [32], a nd  the technical  da ta  
need therefore no t  be reported in  detail.  The expansion 
chamber  a t  the upper  surface of the ple thysmograph,  

12" 
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which was connected with the registration apparatus,  
had a surface area of 21 cm ~. 

The plethysmograph was waterfilled, and the water  
temperature  thermostatically controlled a t  32~ =J= 
0.2 [6]. An ink writing piston recorder was used for 
registration. 

The opening of the plethysmograph through which 
the limb passed was closed by  a thick (5 m m  in thick- 
ness) and a thin rubber diaphragm. The thin diaphragm 
was at tached to a rubber cuff, which was cemented to 
the skin just proximal to the malleoli. The diaphragms 
were pressed against the opening of the plethysmo- 
graph by  an iron ring. The diaphragms and the cuff 
were made individually on the basis of a plaster-of- 
Paris bandage casting of the region just proximal to 
the malleoli. 

The calibration was done during arrest of the 
circulation by  injecting two ml of water  in successive 
steps and measuring the mean rise of the pen. 

The volume of the enclosed foot was obtained by  
measuring the amount  of water  in the plethysmograph 
at  the end of the experiment and subtracting this 
amount  from the known volume of the apparatus.  

A blood pressure cuff 6 cm wide was applied to the 
leg just above the ankle, and a pressure of 50 m m  Hg  
was used for venous occlusion [34]. 

A quanti tat ive estimate of somatic nervous func- 
tion was obtained by  measuring the v ibra tory  percep- 
tion threshold in the big toe. The vibratory perception 
threshold was measured with a standardized technique 
[33] by  a biothesiometer 1 and expressed in volts. Other 
procedures included palpation of the dorsal pedal 
ar tery  and the posterior tibial artery, and measure- 
ment  of blood pressure. 

X- ray  films of the foot (dorsal-plantar and lateral 
films) were taken with the specific technique for demon- 
strating arterial calcification. 

The patients were studied in a quiet room. The 
temperature  of the room was controlled at  23~ (range 
22--24~ The blood flow was measured while the 
pat ient  was resting comfortably in the horizontal posi- 
tion covered by  two blankets. The patients were at  
rest, with the foot enclosed in the plethysmograph for 
at  least 30 min before blood flow measurements were 
started. 

Blood flow measurements were performed in the 
following manner:  The resting blood flow was measured 
as quickly as possible approximately 30 times. This 
procedure lasted about  8 rain. The circulation in the 
foot was then stopped by  inflating the blood pressure 
cuff with a pressure of 300 m m  Hg. The arterial occlu- 
sion was maintained for 6 rain and then suddenly re- 
leased. The blood flow was measured as often as possi- 
ble during the first minute, and approximately 4 times 
every minute until 9 min had elapsed, by  which t ime 
the blood flow had returned to the preoeclusion level. 
The whole procedure was then repeated until 4 series 

1 Bio-Medieal Instrument Company, Chagrin Falls, 
Ohio. 

of resting blood flow measurements and 3 or 4 series 
of flow values after arterial occlusion had been ob- 
tained. The investigation lasted for about  3 hours, and 
included approximately 250 blood flow determinations 
in each patient.  

The mean blood flow, the standard deviation and 
the coefficient of variation s were calculated for each 
series of resting blood flow measurements,  and the 
mean of the four series used in the analysis presented 
in the following. In  four patients, however, only 1 or 2 
series were available. 

The flow values obtained during reactive hyper- 
aemia were plotted into a coordinate system where the 
shape of the hyperaemic curve could be studied. The 
maximal  blood flow, which generally occured within 
the first minute after release of the arterial occlusion, 
was measured. The peak flow was calculated by  sub- 
tracting from the maximal  blood flow the mean resting 
blood flow measured in the 8 minute period imme- 
diately before arterial occlusion. 

Conventional probabil i ty levels of significance have 
been used in the statistical analysis, a P value greater 
than  0.05 not being considered significant. 

Patients 

41 individuals were studied. 25 were diabetics, 15 
males and 10 females. The mean age was 36 years 
(range 27--48 years). The duration of diabetes ranged 
between 0--40 years, and was more than  20 years in 
approximately half of the diabetic patients. One fourth 
of the patients had clinical neuropathy in the sense of 
pain and paraesthesiaes. 16 individuals were non- 
diabetics. None of them had symptoms of diabetes 
mellitus or glucosuria. The mean age was 38 years 
(range 26--46 years). 10 were males and 6 females. 
Diabetics and non-diabetics were examined at  random. 

The variabil i ty of the resting blood flow was also 
studied in three, newly-diagnosed juvenile diabetics 
during metabolic derangement and after normalization 
of the blood sugar. Two series of resting blood flow 
measurements were obtained before and after careful 
t rea tment  with insulin. 

Results 

All important  data  are summarized in Table 1. 

Resting blood flow. In  the non-diabetic group the 
mean resting blood flow averaged 3.7 ml per 100 ml 
foot per min. =~ 1.1 ml (range 2.1--6.5 ml). No associa- 
tion with age could be demonstrated. 

In  the diabetic group the mean resting blood flow 
averaged 3.9 ml per 100 ml foot per rain. • 1.3 ml 
(range 1.9--6.7 ml). The resting blood flow in the dia- 
betic group showed no association with the age of the 
patient,  the duration of the disease, the vibratory 
perception threshold or the peak flow. Neither the 

2 standard deviation • 100 
mean resting blood flow 
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mean  blood flow nor the range in  the two groups differ- 
ed significantly from each other. 

Variability of the resting blood flow. I n  the non-  
diabetic group of pa t ients  the resting blood flow was 
vary ing  continuously.  Sometimes even differences in  
the slope of single inflow curves were seen. The change 
in  flow often occured in  waves. Fig. 1 demonstra tes  a 

diabetic (o) (Case No. 10 and  15), whose average blood 
flow was approximate ly  4 mt per I00 ml foot per rain. 
The lower graph shows in  the same way the pa t t e rn  in 
two eases (No. 5 and  26) where the average flow was 
somewhat  lower, abou t  3 ml  per 100 ml per min.  The 
difference between the two pa t t e rns  is quite striking, 
and  it  is obvious t ha t  the normal ly  oecuring sponta-  

Fig. 1. The figure represents a section of one of the series 
of resting blood flow measurements obtained in a non- 
diabetic (Case No. 27). Note the undulat ing change in 

arterial inflow. Time marker: 11 units = 10 see 

Fig. 2. The figure represents a section of one of the series 
of resting blood flow measurements obtained in a diabetic 
patient  (Case No. 24). Note loss of spontaneous variations. 

Time marker: 11 units = 10 sec 

section of one of the series obta ined  in  Case No. 27. 
The ampl i tude  of variat ions,  expressed as the s tandard  3 7 
deviat ion,  increases with increasing mean  resting blood 8 
flow. The equat ion  of the regression line is: 10 

y = 0.29 x + 0.13 11 
12 

and  the regression coefficient differs significantly from 19 
zero (P less t h a n  0.02). The coefficients of var ia t ion  22 

25 
are, however, i ndependen t  of the mean  rest ing blood 26 
flow wi th in  the range of flow obta ined  here (P greater 27 
t h a n  0.1) and  average 33 (19--55). For  this reason this 28 
parameter  was used in  the following analysis. 30 

31 
I t  appears from Table 1 t ha t  the var iabi l i ty  in the 35 

rest ing blood flow was considerably reduced in  m a n y  39 
diabetics. This abnorma l i ty  is i l lus t ra ted in  Figure 2, 
which represents a section of one of the series obta ined 
in  Case No. 24. Fig. 3 i l lustrates the difference in  the 
temporal  pa t t e rn  observed in  non-diabet ics  and  dia- 
betics. The upper  graph shows a diabetic ( .)  and  a non-  
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Fig. 3. The figure illustrates the difference in the temporal 
pat tern observed in non-diabetics and diabetics. The 
upper graph shows a diabetic (.) and a non-diabetic (o), 
whose average blood flow was approximately 4 ml per 
100 ml foot ~er rain. The lower graph shows in the same 
way the pat tern in two cases where the average flow was 

about 3 ml per 100 ml foot per rain 

Table i a 

Non-diabetics 

Patient- age resting coefficient peak vibratory 
n u m b e r  blood of varia- flow perception 

flow tion threshold 

26 3.7 55 t0.4 4 
36 4.1 27 10.7 12 
33 3.1 34 9.9 8 
37 4.0 33 9.2 9 
30 4.7 32 8.4 10 
29 2.1 19 10.1 8 
32 2.7 55 9.4 10 
4t 3.6 26 10.1 9 
41 3.8 22 9.2 11 
46 2.9 44 13.2 12 
42 4.0 45 13.7 8 
44 2.8 38 9.3 18 
43 6.5 26 11.6 13 
43 3.7 19 9.4 14 
40 2.2 19 10.8 11 
42 4.8 33 10.8 10 

neous var ia t ions  were great ly diminished in  the two 
diabetic pat ients .  

I n  Fig. 4 the coefficients of var ia t ion  obta ined  in  
the 25 diabetic pa t ients  have been plot ted  agains t  the 
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dura t ion  of the  disease. I t  appears  t h a t  the var iab i l i ty  
decreased as the  dura t ion  of the  disease increased (P 
less t han  0.01, med ian  tes t  by  ehi square).  This asso- 

can t ly  f rom the  corresponding mean  in the  non-dia-  
bet ic  group (P less t h a n  0.02, M a n n - W h i t n e y  U 
tesi).  

Table 1 b 

Diabetics (duration less than 20 years) 

Patient- age dura- resting coefficient peak vibratory severe 
number t ion blood of varia- flow perception calci- 

flow tion threshold fication 
4 27 0 2.5 29 8.4 5 
6 27 8 5.4 7 9.0 40 

13 40 13 3.6 61 12.3 9 
14 28 4 2.9 40 10.5 10 
17 31 11 2.1 42 13.2 20 
20 28 16 4.9 31 7.6 13 
21 38 6 2.9 43 11.9 11 
24 35 14 5.0 7 13.7 46 
29 42 19 4.5 10 6.0 47 
33 42 12 3.9 34 8.4 15 
34 48 6 4.6 31 8.6 20 
37 41 9 4.7 26 11.1 13 
40 ' 36 16 4.0 29 7.1 14 

Diabetics (duration greater than 20 years) 
1 38 24 2.3 11 10.2 40 
2 37 35 3.0 5 0.6 50 X 
5 33 26 3.3 10 8.4 43 
9 29 28 3.1 21 5.2 28 X 

15 40 27 4.7 9 4.4 47 X 
16 37 22 4.8 28 11.4 13 
18 42 21 3.6 16 2.8 23 X 
23 43 40 6.7 16 3.2 12 
32 38 28 1.9 22 8.4 23 X 
36 32 27 2.3 8 3.4 41 X 
38 40 22 5.5 7 3.9 17 X 
41 38 36 6.3 14 4.6 13 X 

Table 1 a and b. See text for explanation. X denotes the presence of severe arterial calcification 
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Fig. 4. The coefficient of variat ion obtained in the 25 d i a -  
betics, plotted against the duration of the disease. The 

stippled lines indicate the medians 

ciation was not influenced by the age of the pa- 
tients. 

The mean coefficient of variation in the diabetic 
group averages 22 (range 5--61), and differs signifi- 
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Fig. 5. Variability of the resting blood flow expressed as 
the staudard deviation, plot ted against the mean resting 
blood flow (ml per 100 ml foot per rain). Two series of 
resting blood flow measurements were obtained in three 
newly-diagnosed patients during metabolic derangement 
(e) and after normalization of the bled sugar (o). The 
calculated regression line obtained in the non-diabetic 

group is also shown 

For  fur ther  s tat is t ical  analysis presented  below, the  
values of the  coefficient of va r ia t ion  were conver ted  
according to the  following equa t ion  

z = 100 log coefficient of variation. 

Fig. 5 shows the var iab i l i ty  of the  rest ing blood 
flow in the  three  newly diagnosed pa t ien ts  s tudied 
dur ing metabol ic  de rangement  ( , )  and  af ter  normal iza-  
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tion of the blood sugar (o). The regression line obtained 
in the non-diabetic group has also been plotted. I t  can 
be seen that  there is no striking difference in the two 
situations, despite the fact that  some impairment of 
nervous function could be demonstrated during un- 
controlled conditions [33]. 

Blood flow response during reactive hyperaemia. 
Fig. 6 shows an example of the time course of the 

15 

10 

brood f low 
mt per 100 rnt per min 

i 3 6 9 rain 

Fig. 6. Blood flow (ml per 10O ml foot per rain) obtained 
after release of arterial aeelusion (reactive hyperaemia 
plotted against time. l~esults obtained in a non-diabetic 
are shown (Case No. 8). Note spontaneous variations in 

the latter part of the 9 rain period 

reactive hyperaemia obtained in a non-diabetic (Case 
No. 8). The blood flow was high immediately after 
release of the arterial occlusion, and then rapidly de- 
creased towards basal levels. Spontaneous variations 
are seen in the latter part  of the 9 min period. 

In the control group the maximal blood flow ranged 
between 12.1 and 19.3 ml per 100 ml foot per rain, and 
averaged 14.1 ml ~: 2.1. The maximal blood flow in- 
creased with increasing mean resting blood flow. The 
equation of the regression line is: 

y = 1.12 x + 9:96 (Ploss than 0.002). 

The peak flow, which was calculated by subtracting 
the mean resting blood flow from the maximal blood 
flow, averaged 10.4 ml -4- 1.4, and ranged between 
8.4 ml and 13.7 ml per 100 ml foot per min. The peak 
flow was independent of the resting blood flow (P 
greater than 0.1), as the regression coefficient above is 
close to one. For this reason the peak flow was used in 
the analysis presented below. 

In  the diabetic group the peak flow ranged be- 
tween 0.6--13.7 ml per 100 ml foot per min. and 
averaged 7.8 ml ~: 3.6. Considering only the patients 
with a duration of the disease less than 20 years, the 
peak flow was of the same order of magnitude as in the 
non-diabetic group (P greater than 0.1). However after 

20 years of diabetes the peak flow was often consider- 
ably reduced. Fig. 7 shows the relationship between 
the peak flow and the duration of the disease. Regres- 
sion analysis was carried out with duration of the 
disease and age of the patient as the invariables, and 
the peak flow as the variable. However, only the first 
factor, the duration of diabetes, is of importance (P less 
than 0.001). The equation of the regression line is: 

y ~ - 0.223 x + 12.0 
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Fig. 7. Peak flow (ml per 100 ml foot per rain) obtained in 
the 25 diabetics plotted against the duration of the 
disease. The symbol (e) denotes the presence of severe 

arterial calcification 

The mean peak flow differs significantly from the 
corresponding mean in the control group (P less than 
0.01). 

Vibratory perception threshold. The vibratory per~ 
eeption threshold measured in the big toe increases, as 
is well known [33, 19, 14, 11], with increasing duration 
of diabetes. To obtain llnearity and constant standard 
deviation for regression analysis, the results from the 
examination of the threshold were converted according 
to the following equation; z = 100 log threshold. The 
transformation used elsewhere [11] was found to be 
less satisfactory for the present data. 

The equation of the regression line is: 
y (z) = 1.08 x @ 110.8 

and the regression coefficient differs significantly from 
zero (P less than 0.05). The vibratory perception 
threshold could not be shown to be associated with the 
age of the patients in the present small series. The 
mean threshold in the non-diabetic group was 10 and 
in the diabetic group 25, a significant difference (Pless 
than 0.001, Mann-Whitney U test). 

Interrelationships between variability of the resting 
blood flow, pea#flow and the vibratory perception treshold. 
I t  is obvious from a theoretical point of view, that  the 
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decrease in the variability of the resting blood flow in 
the diabetic patients can be due to lesions of autonomic 
nerves, as Well as to a decreased reactivity of the 
vessels themselves. I t  appears from Table 1 that  the 
coefficient of variation is invariably reduced when the 
vibratory perception threshold is high. The association 
is illustrated in the upper part of Fig. 8. Furthermore, 
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Fig. 8. The variability of the resting blood flow in diabetic 
patients expressed as the coefficient of variation, plotted 
on a log scale against the logarithm of the vibratory per- 
ception threshold (upper curve) and against the peak flow 

(lower curve) 

it appears from the table that  the low variability in 
some patients (e.g. Case No. 23, 38, 41) can only be 
explained on the basis of a rigidity of the vessels. The 
lower part  of Fig. 8 illustrates the relationship be- 
tween the peak flow and the coefficient of variation. 
The conditions are, however, complicated by the fact 
that  all three parameters are dependent on the dura- 
tion of diabetes. For this reason multiple regression 
analysis was carried out. The converted values of the 
coefficient of variation were taken as the variable, and 
the converted values of the vibratory perception 
threshold, the peak flow and the duration of the disease 
were used as the invariables. 

The equation of the regression line is: 
y (z) = -- 0.73 x (threshold) + 2.93 x (peak flow) -- 0.07 x 
(duration) ~- 197.1 

The two partial regression coefficients associating the 
coefficient of variation and the vibratory perceptiQn 
threshold, and associating the coefficient of variation 
and the peak flow differ significantly from zero (P less 
than 0.001, 0.05), whereas the duration of the disease 
is without significance in this analysis. The total vari- 
ance is 22381, and the explained variance 15973. When 
only the vibratory perception threshold and the dura- 

tion of the  disease were used as the invariables in the 
analysis, the explained variance is 14494. This differ- 
ence is significant (F ---- 4.845, P less than 0.05). I t  is 
thus established that  the association between the coef- 
ficient of variation and the threshold, as well as be- 
tween the coefficient of variation and the peak flow, 
is due to an agreement in the individual patients and 
not to the common dependence of the duration of dia- 
betes. 

The final solution is: 
y (z) = -- 0.74x (threshold) ~- 3.05x (peak flow) -F 198.1 

(P less than 0.001, 0.01) 
The interpretation of the results is that  the decrea- 

se in the variability of the blood flow is due to auto- 
nomic neuropathy as well as to a decreased reactivity 
of the vessels themselves. 

Other features. Pulsation in the dorsal pedal artery 
and the posterior tibial artery. Pulsation in the two 
arteries was absent in two diabetics (Case No. 2 and 
36), and pulsation of the dorsal pedal artery could not 
be felt in one non-diabetic (Case No. 12). In  all other 
cases strong pulsation was felt without difficulty in 
both arteries. 

Blood pressure. In  the non-diabetic group the mean 
systolic pressure averaged 124 mm Itg •  In  the 
diabetic group the mean systolic pressure averaged 
140 mm H g / =  24. This difference is significant (P less 
than 0.05). The diastolic pressure averaged 80 mm t{g 
• 11 in the non-diabetics and 87 mm Hg • 13 in the 
diabetics. This difference is not significant. No asso- 
ciation could be established between the blood pres- 
sures and the duration of diabetes. 

Calcification of the arteries. X-ray films of the arte- 
ries of the foot were obtained in all diabetics except one 
case (No. 14). The results are given in Table 1. Exten- 
sive calcification, i.e. calcification in several parts of 
the arterial system of the foot, has been denoted by 
a X. In  Fig. 7, the symbol (.) indicates the presence of 
severe calcification. Minor calcification was present in 
a few patients and localized to a small area of one of 
the arteries. The present study did not include a suf- 
ficient number of persons, to allow an exact statistical 
analysis of the interrelationships between decreased 
peak flow, the presence or absence of calcification of 
the arteries and the duration of diabetes. This problem 
has been evaluated in another investigation [11]. I t  
appears, however, from the figure and the table that  
extensive calcification of the arteries is associated with 
a small peak flow, and a low peak flow is associated 
with the presence of extensive calcification in all cases 
except one. The results are thus in accordance with 
those presented elsewhere [11]. 

X-ray examination was generally not performed in 
the non-diabetic group. However, in a X-ray study of 
the arteries of the foot in 36 non-diabetics, 25 males 
[11] and 11 females [34] with a comparable age, it was 
found that  only one person, a man 32 years of age, 
showed minor calcification in the first interdigital 
S p a c e .  
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The type of calcification present in the arteries of 
the foot is calcification of the media in all cases [11, 
22, 16]. 

Discussion 

Comments on the spontaneous variations. The usually 
occuring spontaneous variations in blood flow and 
blood volume in the distal portions of the extremities 
have been studied by  several authors, and a review 
has recently been given by  A~AMSON [1]. 

BU~TO~ [9] showed tha t  the periodic changes in 
blood flow were due to changes in the act ivi ty of the 
sympathet ic  nervous system, and occured simultane- 
ously in various parts of the vascular system. Accord- 
ingly, spontaneous variations are not noted in sym- 
pathectomized patients [9]. I t  cannot, however, be 
excluded tha t  some minor rhythmic activity is due to 
local act ivi ty of smooth muscle, independent of inner- 
ra t ion  [20]. The variations are called spontaneous 
because they occur without any obvious external or 
psychical stimulus [10]. I t  was already noted by  
Bv~To~ [9] tha t  the changes in blood volume were to 
some extent independent of changes in blood flow, 
indicating tha t  some of the changes in volume are due 
to changes in the tonus of the postcapfllary vessels. A 
similar conclusion has been reached by  other workers 
[2, 8]. Despite a considerable amount  of work, the 
significance of the spontaneous variations is not known 
[1, 9, 8]. 

The variabili ty of the resting blood flow in the foot 
found in the present s tudy in the non-diabetic group 
was of the same order of magnitude as tha t  found by  
Allwood [5]. A coefficient of variation lower than 20 is 
generally not observed in younger patients when the 
local temperature is kept  constant about 32 ~ C. 

Neurovascular abnormalities in diabetics. I t  has been 
known for some t ime tha t  diabetic patients, particu- 
larly patients with a long duration of disease, manifest 
certain neurovaseular abnormalities, i.e., the normally 
oceuring vascular responses mediated through the 
autonomic nervous system cannot be provoked. 

One of the best known and most extensively studied 
neurovaseular abnormalities in diabetics is the lack of 
rise in cutaneous temperature during indirect heating 
[26, 23, 7, 30, 4]. Although the presence of this ab- 
normali ty in diabetics and its association with the 
duration of the disease has been established, the patho- 
physiological basis has never been clear. A vascular 
lesion, an autonomic neuropathy or both have periodi- 
cally been claimed responsible [23, 7, 30, 4, 24, 25, 28]. 
There are probably several reasons for this state of 
inconsistency. First  of all, conflicting results may  be 
due to the fact tha t  some of the methods of measuring 
blood flow used by  the authors mentioned above, do 
not give a reliable estimate .of the actual size of the 
blood flow, e.g. identical cutaneous temperature  does 
not necessarily indicate identical cutaneous blood flow 
[23, 28, 15]. Another source of error might be due to 

erroneous interpretation of the results obtained after 
nerve blocking [26, 7, 24, 25]. A lack of vascular dilata- 
tion after appropriate nerve blocking does not imply 
a vascular lesion per se, but  might as well be due to a 
preexisting autonomic neuropathy. I t  might be men- 
tioned here tha t  there was no association in the present 
s tudy between the vibratory perception threshold, 
which was shown to indicate the presence or absence 
of autonomic neuropathy,  and the mean resting blood 
flow, i.e. the blood flow was not increased in patients 
with impaired autonomic innervation. This finding is 
in accordance with the well known fact tha t  the resting 
blood flow is not increased or only slightly increased in 
limbs some t ime after sympathectomy.  Even if the 
vessels themselves were normal in the diabetic patients, 
a normal response to nerve blocking could not be 
expected. 

The present study shows that  a loss of spontaneous 
variations in the resting blood flow is a characteristic 
finding in many  diabetic patients, and could be ex- 
plained by  the existence of an autonomic neuropathy 
as well as of a vascular lesion. I t  is likely that  the same 
twofold mechanism is the basis of the lack of rise in 
cutaneous temperature during indirect heating. 

Comments on the reactive hyperaemia in diabetic pa- 
tients. The vascular response to isehaemia occurs in 
skin and muscles. Arterio-venous anastomoses are 
apparent ly not involved [17]. The response is mediated 
locally in the tissue concerned, and the response is not 
dependent on the integrity of the sympathetic nervous 
system [21, 3, 13, 18]. The observation presented here, 
the decrease of peak flow with increasing duration of 
diabetes mellitus is in accordance with the results 
presented elsewhere [11], demonstrating that  the maxi- 
mal blood flow in the anterior tibial muscle measured 
by  radioactive xenon 1~8 is abnormally low in long term 
diabetics. Since the blood pressure was normal or 
slightly elevated in these patients, the abnormali ty  is 
due to an increased peripheral resistance. 

A rather peculiar phenomenon is the association be- 
tween low peak flow as well as low maximal blood flow 
[11], and the presence of arterial calcification of the 
media. The presence of this type of calcification per se 
in non-diabetic persons seems generally to be accepted 
as an innocent finding without any functional signi- 
ficance, and occuring independent of intimal change 
[22, 27, 31, 12, 29]. The established association in dia- 
betic persons between medial calcification and de- 
creased peak flow, does suggest a somewhat different 
development of the peripheral vascular disease in dia- 
betics and non-diabetics; although the calcification 
per se might contribute little to the increased peripheral 
resistance. 
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