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Lower limb ischemia with poor wound healing is 
found in patients with diabetic foot disease and 
peripheral arterial occlusive disease (PAOD) 

and remains a major reason for lower limb amputa-

tions. Specifically, more than 60% of nontraumatic 
lower limb amputations in the United States are per-
formed in patients with diabetes.1 In addition, elderly 
patients with diabetes have a higher prevalence of 
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PAOD (up to 6 times more) than patients without 
diabetes.2 Functional changes in the microcirculation 
are found in patients with diabetes. These changes 
are considered to play an important role in the patho-
genesis of diabetic foot syndrome.3,4 Even though 
the existence of a “small vessels disease”5,6 has been 
disproved,7 structural and functional changes within 
the microvasculature of the skin still persist and are 
thought to be causative of diabetic foot syndrome.8,9 
Several theories regarding the pathogenesis are still 
in discussion.4 The hemodynamic hypothesis sug-
gests that the onset of hyperglycemia in early stages 
of diabetes mediates blood flow dysregulations which 
result in an increased flow, capillary filtration capac-
ity,10 and microvascular pressure.11 It is thought that 
these changes lead to structural alterations of diabetic 
microangiopathy, for example, a thickened basement 
membrane with microvascular sclerosis. Transport 
processes through the capillary membrane and even 
the migration of leukocytes may also be impaired.3 In 
addition, the reduced elasticity of microvascular ves-
sels due to the aforementioned changes impairs vaso-
dilatation and may in combination with lost secretory 
functions of the endothelium result in a diminished 
hyperemic response in diabetic patients. This could 
limit nutrient supply to the tissue under conditions 
of stress.12–14 Another hypothesis, the “capillary steal 
syndrome,” suggests that the influence of autonomic 
neuropathy in patients with diabetes impedes sym-
pathetic innervation of the microvasculature, caus-
ing a loss of vasoconstriction, thus directing blood 
away from the capillaries through arteriovenous 
shunts.15,16 Studies supporting this theory have shown 
an increased venous oxygenation in patients with dia-
betic foot disease and peripheral polyneuropathy.17

As PAOD also plays an important role in the 
development of chronic ulcerations and consecu-
tive wound infections, investigations have been con-
ducted to elucidate possible microcirculatory changes 
in patients with impeded macrovascular circulation. 
The pathogenesis of PAOD can be described with 
the development of atherosclerosis which involves 
changes in both the macro- and microcirculation.18 
Even though Laser Doppler studies showed a nor-

mal baseline leg skin perfusion in stage II PAOD 
patients,19,20 impaired postischemic hyperemic 
reaction,19 an abnormal flowmotion pattern,20 and 
impeded vascular reactivity21,22 have been shown.

To further evaluate the underlying mechanisms 
of impaired microcirculation in patients with dia-
betes and PAOD, a variety of techniques for in vivo 
assessment of microcirculatory effects have been 
developed. Combined Laser-Doppler and Photospec-
trometry has been shown to be a useful tool for quan-
titative, noninvasive tissue measurements,23–30 and 
studies published in the literature have investigated 
microcirculatory parameters in diabetic patients and 
patients with PAOD using this technique.23,30–33

To our knowledge, no study has been published as 
of yet, mapping functional microcirculatory param-
eters at the plantar foot in healthy subjects and in 
patients with diabetes mellitus and PAOD using 
combined Laser-Doppler and Photospectrometry 
systems. Therefore, we hypothesized that the func-
tional microcirculation at the plantar foot signifi-
cantly differs between healthy subjects and patients 
with diabetes mellitus and/or PAOD.

SUBJECTS AND METHODS

Clinical Trial Registration
The trial was registered at ClinicalTrials.gov with 

the identifier number NCT01235312. The trial was 
performed in accordance with the Declaration of 
Helsinki (2000) of the World Medical Association. 
Institutional review board approval was granted 
through the local institutional review board commit-
tee. Written consent was obtained from each study 
subject before the start of the investigation.

Reporting Standards
Data are reported according to STROBE (Strength-

ening the Reporting of Observational Studies in Epi-
demiology) guidelines.

Study Design and Setting
The study was designed as a prospective, con-

trolled, and blinded cohort study. Data collection 
was performed between August 2011 and May 2012 
using combined Laser-Doppler and Photospectrom-
etry. For mapping of the microcirculatory parame-
ters, 10 standardized measurement points were cho-
sen equally distributed over the plantar foot (Fig. 1).

Participants
Study Population and Recruitment

Eligibility criteria were male and female subjects 
aged 18–75 years old either healthy or suffering from 
diabetes mellitus or PAOD.

Disclosure: All authors disclose receiving funding for 
this work from National Institutes of Health (NIH), 
Wellcome Trust, or Howard Hughes Medical Institute 
(HHMI). The Article Processing Charge was paid for 
by the German Research Foundation (DFG).



 Kabbani et al • Functional Microcirculation at the Plantar Foot

3

After inclusion in the trial, participants were 
assigned to 1 of 3 groups according to their medi-
cal history. Group A was the control group consisting 
only of healthy subjects. Group B included patients 
with nonischemic diabetes mellitus type I or II. 
Group C consisted of patients with a medical history 
of PAOD.

Eligibility criteria for the control group were 
healthy subjects excluding diabetes mellitus, Rayn-
aud’s disease, evident plantar malperfusion, soft tis-
sue inflammation or osteomyelitis, vasculitis, PAOD, 
chronic kidney or liver disease, cardiac dysfunction, 
arterial hypotension, and any type of vasoactive med-
ication, that is, β-blockers, calcium channel blockers, 
nitroglycerin, or equivalents.

Exclusion criteria for groups B and C were soft 
tissue inflammation or osteomyelitis, vasculitis, and 
liver disease. The study population was a consecutive 
series of participants defined by the aforementioned 
selection criteria.

Variables
Determination of Vital Parameters of Microcirculation

Hemoglobin and blood flow are measured con-
currently in the Oxygen to see (O2C) system. The 
standardization for measuring both parameters sep-
arately and together (blood flow by Laser-Doppler 
technique and hemoglobin oxygenation and hemo-
globin concentration by photospectrometry) has 
been described in detail elsewhere.23–30 Specifically, 
the O2C system measures these microcirculatory 

parameters using an optical fiber probe. The fiber 
probe incorporates both the laser Doppler method 
and broadband light spectrometry. The probe used 
in this study assessed the following parameters at a 
depth of 8 mm:

•  Cutaneous tissue oxygen saturation (%)
•  �Cutaneous relative postcapillary venous filling 
pressure (arbitrary units, AU)

•  Cutaneous capillary blood flow (AU)

Microcirculatory data assessment using the 
O2C system was performed by the same experi-
enced examiner. Data were blinded for statistical 
analysis.

Bias
Structural measurement bias was avoided by stan-

dardization of environmental factors during assess-
ment of microcirculatory data, that is, assessment 
by the same examiner, uniform positioning of the 
subject during measurement, and standardization 
of ambient light and temperature. Artifacts from 
microcirculatory measurements were avoided by fix-
ation of each measurement probe on every position 
for at least 90 seconds.

Retrieval biases were prevented by an indepen-
dent literature search through the National Library 
of Medicine. Funding bias was eliminated by the 
exclusion of any financial disclosure of any contrib-
uting author.

Statistical Analysis
One-way analysis of variance was performed for 

statistical analysis between groups for microcircula-
tory data, biometrical data, and patient’s characteris-
tics. To complete the multivariate hypothesis testing, 
significance of the diabetes group B and the PAOD 
group C was tested vs healthy group A by using Fish-
er’s least significant difference and Bonferroni post 
hoc test. P-values less than 0.05 were considered to be 
statistically significant. The SPSS statistical software 
package 20 for Windows (IBM, NY) was used for sta-
tistical analysis.

RESULTS

Participants and Descriptive Data
A total of 107 patients met the inclusion and 

exclusion criteria and were included in the study 
after written informed consent was obtained.

Detailed patients’ characteristics such as age, 
height, weight, body mass index (BMI), concom-
itant diseases, and medication are reported in 

Fig. 1. Location of 10 measurement points at the plantar foot.
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Table 1. Subjects were allocated to groups A/B/C 
according to their medical history. Group A was 
the control group consisting of healthy subjects 
(57% male; 63.3 ± 12.2 y; BMI, 27.1 ± 4.7). Group B 
included patients with nonischemic diabetes melli-
tus with an average diabetes duration of 12.5 years 
(53% male; 59.4 ± 17.5 y; BMI, 29.6 ± 6.2). Group 
C consisted of patients with a medical history of 
PAOD (81% male; 66.1 ± 11.3 y; BMI, 27.4 ± 4.6). 
The average duration of PAOD of these patients 
is 4.75 years. Statistical analysis showed an equal 
distribution of patients between groups regarding 
gender, age, height, weight, and BMI.

The number of patients suffering from arterial 
hypertension, cardiac diseases, diabetes mellitus, 
PAOD, and chronic kidney diseases were signifi-
cantly higher in groups B and C compared to group 
A (all parameters P < 0.05). A significantly higher 
prevalence of patients with cardiac diseases, PAOD, 
and chronic kidney disease were apparent in group 
C (PAOD) relative to group B (diabetes mellitus) 
and a significantly lower number of patients suffer-
ing from diabetes mellitus in group C vs group B (all 
P < 0.05)

Microcirculatory Analysis
The microcirculatory data of the plantar side of 

the foot were averaged and displayed as mean and 
standard deviation. Detailed microcirculatory data 
of all assessed measurement points are reported in 
Table 2.

Cutaneous Oxygen Saturation
Global cutaneous oxygen saturation microcircu-

lation at the plantar foot of healthy individuals was 
8.4% higher than in patients with diabetes mellitus 
and 8.1% higher than in patients with PAOD (P = 
0.033) (group A vs group B: 70.0% ± 7.6% vs 64.1% ± 
4.0%; P = 0.061; group A vs group C: 70.0% ± 10.9% 
vs 64.3% ± 3.7%; P = 0.076).

There was no statistically significant difference 
between subjects with diabetes mellitus and PAOD 
(64.1% ± 4.0% vs 64.3% ± 3.7%; P = 1.0).

Postcapillary Venous Filling Pressure
Global cutaneous postcapillary venous filling 

pressure at the plantar side of the foot of healthy 
subjects was not significantly different compared 
to patients with diabetes mellitus (47.4 ± 6.7 AU vs 
44.7 ± 4.6 AU; P = 0.692) and compared to patients 

Table 1.  Patient Characteristics: Group A (Healthy Subjects) vs Group B (Diabetes Mellitus) vs Group C (PAOD)

Group A Group B Group C

P-value 
Between 
Groups  

after One-way 
ANOVA  

Test

P-value vs  
Healthy Subjects  
after Post Hoc  

LSD Test

P-value vs  
Diabetes  
after Post  

Hoc LSD Test

Healthy  
Subjects (n = 36)

Diabetes  
(n = 35)

PAOD  
(n = 36) Diabetes PAOD PAOD

Males 21 (57%) 19 (53%) 30 (81%) 0.0506 0.7222 0.0537 0.0238
Females 16 (43%) 17 (47%) 7 (19%) 0.0506 0.7222 0.0537 0.0238
Age 63.33 ± 12.22 59.44 ± 17.51 66.08 ± 11.25 0.1323 0.7176 1 0.1375
Height 1.73 ± 0.1 1.71 ± 0.08 1.71 ± 0.09 0.6697 1 1 1
Weight 80.89 ± 15.67 86.98 ± 19.0 80.25 ± 15.13 0.1858 0.3973 1 0.2905
BMI 27.09 ± 4.74 29.55 ± 6.18 27.39 ± 4.59 0.0990 0.1461 1 0.2504
Arterial hypertension 18 (49%) 31 (86%) 35 (95%) 0.0000 0.0001 0.0000 0.2020
Coronary heart disease 1 (3%) 12 (33%) 25 (68%) 0.0000 0.0015 0.0000 0.0007
Diabetes mellitus
  No diabetes 37 (100%) 0 (0%) 26 (70%) 0.0000 0.0000 0.0000 0.0000
  Type 1 diabetes 0 (0%) 10 (28%) 2 (5%) 0.0002 0.0001 0.4274 0.0014
  Type 2 diabetes 0 (0%) 26 (72%) 9 (24%) 0.0000 0.0000 0.0040 0.0000
All subjects with diabetes 0 (0%) 36 (100%) 11 (30%) 0.0000 0.0000 0.0000 0.0000
PAOD stage
  Fontaine I 0 (0%) 0 (0%) 2 (5%) 0.1365 1.0000 0.0833 0.0854
  Fontaine IIa 0 (0%) 2 (6%) 6 (16%) 0.0235 0.3527 0.0071 0.0761
  Fontaine IIb 0 (0%) 2 (6%) 20 (54%) 0.0000 0.4624 0.0000 0.0000
  Fontaine III 0 (0%) 0 (0%) 3 (8%) 0.0476 1.0000 0.0320 0.0332
  Fontaine IV 0 (0%) 0 (0%) 6 (16%) 0.0016 1.0000 0.0017 0.0018
Interventional therapy or 

surgery (eg, angioplastic, 
arterial bypass for PAOD 
treatment only)

0 (0%) 2 (6%) 7 (19%) 0.0088 0.3741 0.0028 0.0341

All subjects with PAOD 0 (0%) 4 (11%) 37 (100%) 0.0000 0.0105 0.0000 0.0000
Chronic kidney disease 0 (0%) 11 (31%) 24 (65%) 0.0000 0.0011 0.0000 0.0003
Cerebral insult 1 (3%) 2 (6%) 7 (19%) 0.0347 0.6670 0.0151 0.0458
Significant P-values are presented in bold.
ANOVA, analysis of variance; LSD, least significant difference.
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with PAOD (47.4 ± 6.7 AU vs 44.6 ± 2.6 AU, respec-
tively; P = 0.638). Cutaneous postcapillary venous fill-
ing pressure at the plantar side of the foot was not 
statistically different between patients with diabetes 
mellitus and PAOD (44.7 ± 4.6 AU vs 44.6 ± 2.6 AU, 
respectively; P = 1.0).

Capillary Blood Flow
Global cutaneous capillary blood flow at the 

plantar side of the foot of healthy subjects was not 
different in patients with diabetes mellitus (group 
A: 145.6 ± 26.7 AU vs group B: 148.3 ± 31.1 AU; P = 
1.0) and patients suffering from PAOD (group A: 
145.6 ± 26.7 AU vs group C: 142.3 ± 20.4 AU; P = 1.0). 
Similar to postcapillary venous pressure, there was 
no difference between groups B and C (148.3 ± 31.1 
AU vs 142.3 ± 20.4 AU, respectively; P = 1.0).

DISCUSSION
The aim of this investigation was to evaluate the 

functional cutaneous microcirculatory perfusion 
of the plantar foot in both males and females, to 
determine functional foot microcirculation relevant 
to altered wound healing processes. We therefore 
hypothesized that functional microcirculation at 
the plantar side of the foot differs between healthy 
patients and patients with diabetes or PAOD.

Our study assessed different parameters of func-
tional microcirculation at the plantar foot between 
healthy subjects and patients with diabetes or PAOD. 
Patients with either diabetes or PAOD showed a 
global deterioration in cutaneous oxygen saturation, 
despite maintaining global blood perfusion and 
global postcapillary venous filling pressure at the 
plantar foot relative to healthy subjects. However, 
local sampling at various points of the plantar foot 
revealed no changes between healthy controls and 
patients with either diabetes or PAOD.

Despite confirming our hypothesis, the pathogen-
esis of the diabetic foot still remains controversial.34 
In addition to vasculopathy, there are additional 
pathways and risk factors that can lead to foot ulcer-

ations including peripheral neuropathy, foot trauma, 
foot deformity, lower limb ischemia, foot edema, and 
callus deformation. The combination of these find-
ings, especially neuropathy, minor foot trauma, and 
foot deformity, is considered to be the leading cause 
of diabetic foot ulcers.35 Structural changes seen 
within the microvasculature of patients with diabe-
tes, for example thickened capillary basement mem-
branes, reduced capillary size, and pericyte degen-
eration have also been documented in the current 
scientific literature.13,36–40 However, data and theo-
rized mechanisms regarding the role of a functional 
microcirculation are still controversial and require 
new approaches for the assessment of microcircula-
tory alterations in patients with diabetes.4 Combined 
Laser-Doppler and Photospectrometry allows quan-
titative measurements of soft tissue microcirculation 
measuring simultaneously cutaneous oxygen satura-
tion, cutaneous postcapillary venous filling pressure, 
and cutaneous capillary blood flow. We thus initiated 
the reassessment of these microcirculatory parame-
ters in patients with diabetes to compare them with 
healthy volunteers and patients with PAOD.

Recent studies support the hemodynamic hypoth-
esis in the pathogenesis of diabetic microangiopathy, 
demonstrating increased capillary blood pressure in 
diabetic patients.10,11,41 Beckert et al23 could demon-
strate a significant increase in capillary blood flow 
at the forefoot in diabetic foot ulcer patients com-
pared to healthy controls, without demonstrating 
significant changes in cutaneous oxygen saturation 
using the same combined Laser-Doppler and Pho-
tospectrometry as we did in our study (O2C). How-
ever, their data are not fully comparable to our study 
because they had a different focus of investigation, 
by trying to distinguish between healing and non-
healing diabetic foot ulcers. Microcirculatory param-
eters might be compounded due to inflammatory 
processes. Several other studies contradict the hemo-
dynamic hypothesis by reporting increased capillary 
blood flow and/or increased capillary flow pres-
sure in patients with diabetes.4,42,43 In concordance 

Table 2.  Global Cutaneous Oxygen Saturation, Global Cutaneous Postcapillary Venous Filling Pressure, 
and Global Cutaneous Capillary Blood Flow of Groups A (Healthy Subjects) vs B (Diabetes Mellitus) vs C 
(PAOD) at all 10 Measurement Points at the Plantar Side of the Foot

Global Microcirculatory Parameters

Measurement Point at the Plantar Foot

Group A Group B Group C

P
Healthy Subjects  

(n = 36)
Diabetes Mellitus  

(n = 35) PAOD (n = 36)

Cutaneous oxygen saturation (%) 70.0 ± 7.6 64.1 ± 4.0 64.3 ± 3.7 0.033
Cutaneous postcapillary venous filling 

pressure (AU)
47.4 ± 6.7 44.7 ± 4.6 44.6 ± 2.6 0.365

Cutaneous capillary blood flow (AU) 145.6 ± 26.7 148.3 ± 31.1 142.3 ± 20.4 0.881
Significant P-value is presented in bold.
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to these results, we also could not detect significant 
changes in capillary blood flow in either diabetic 
patients or in PAOD patients. Iwase et al31 showed 
that transcutaneous oxygen pressure (TcPO2) at the 
dorsal foot in patients with diabetes was reduced 
compared to healthy controls, whereas skin blood 
flow did not differ significantly. This is also in agree-
ment with our results as we reported deteriorated 
cutaneous oxygen saturation with equivalent blood 
perfusion in patients with diabetes mellitus. Iwase et 
al suggested that these findings might be explained 
with sympathetic vascular dysfunction shunting the 
microcirculating blood away from nutritive capillar-
ies through anastomotic arteriovenous shunts, which 
would in generally confirm the “capillary steal syn-
drome” hypothesis.

One of the major advantages of the combined 
Laser-Doppler and Photospectrometry System that 
we used in our study is that it is capable of assess-
ing the tissue oxygen saturation of nutritive capillar-
ies by measuring the venular (postcapillary) oxygen 
saturation in the capillary bed.44 As our findings 
demonstrated deteriorated cutaneous oxygen satu-
ration in these nourishing capillaries of the skin with 
equivalent blood perfusion and equivalent postcapil-
lary venous filling pressure in patients with diabetes 
compared to healthy controls, our results support 
the theory of the capillary steal syndrome.

Nagase et al45 tried another approach to assess 
vascular alteration in nonulcer diabetic patients 
by taking images of the plantar foot using Infrared 
Thermographic Imaging in 129 diabetic patients 
and 32 healthy controls. They found a much higher 
variation in the plantar thermographic patterns in 
the diabetes group than in healthy controls. This 
established a new conceptual classification of the 
plantar patterns according to the plantar angio-
somes and their own findings. The higher variations 
in plantar thermographic patterns of patients with 
diabetes may be one reason why current studies are 
not consistent with respect to a functional microcir-
culation in patients with diabetes. Nevertheless, a 
potential limitation of this study by Nagase et al may 
be related to age unmatched groups, a parameter 
controlled for in our study which may make our data 
more conclusive.

As most subjects in our PAOD group were stage II 
patients, capillary blood flow should have remained 
normal at rest, due to microcirculatory compensa-
tion, observations shown elsewhere.19,20 It therefore 
seems that the total amount of blood flow alone is 
not crucial for impeded microcirculation in patients 
with PAOD. In this regard, Bongard and Fagrell46 
reported that resting blood flow in the skin microcir-
culation in patients with PAOD was even increased, 

but maldistributed. Moreover, through TcPO2 mea-
surements, reduced O2 levels could be demonstrated 
in patients with PAOD,20,47 which is in line with our 
results as we found deteriorated cutaneous oxygen 
saturation with equivalent global blood perfusion in 
patients suffering from PAOD. In addition, studies 
have indicated that vascular reactivity is impeded in 
patients with PAOD21,22 and skin postischemic hyper-
emic reaction is also impaired.19 Furthermore, in 
patients with critical limb ischemia, a reduced local 
vasoconstrictor response during limb lowering, in 
addition to pain while at rest, showed an increase in 
blood flow,48 implying a capillary hypertension with 
more filtration, which suggests a further compromise 
of the nutritive capillaries while increasing the oxy-
gen diffusion distance.20 These results and findings 
shown by vital capillaroscopy, for example, dilated 
papillary capillaries, indistinct capillaries, capillary 
hemorrhage with extravasation, and a reduced num-
ber of blood filled capillaries,49 may be possible rea-
sons for changes in functional microcirculation in 
patients with PAOD.

There is no doubt that microcirculatory changes 
seem to play a major role in patients with diabetes 
and PAOD. In recent studies, it has been shown 
that among patients with critical limb ischemia, the 
microcirculatory assessment was a powerful indicator 
to predict amputation,32,50 whereas Fontaine staging, 
ankle blood pressure, or the presence of diabetes 
mellitus did not.50 Thus, it can be concluded that the 
microcirculation may have an even bigger impact on 
morbidity than an impeded macrovasculature. More-
over, Rajbhandari et al33 demonstrated a decreased 
microvascular oxygen saturation as an early indicator 
of diabetic foot ulcers occurring with healing.

Therefore, improvement of microcirculation 
should be considered as one of the primary goals of 
treatment. Glycemic control and metformin admin-
istration in patients with diabetes have been shown 
to have a positive influence on microcirculation.51–53 
Similarly, we have demonstrated that remote ischemic 
preconditioning in healthy volunteers can improve 
the cutaneous microcirculation.27 Further studies are 
needed to elucidate whether this could also be useful 
for patients with diabetes mellitus or PAOD.

LIMITATIONS
There are 2 main limitations in our study. First, 

we did not match the microcirculatory findings in 
the diabetes group to either Hba1c values or poly-
neuropathy status, which may be factors affecting 
the microcirculatory parameters.11,33,54 However, our 
diabetes study population had an average diabetes 
duration of 12.5 years, so that a relevant microcircu-
latory damage should be expected. As far as we know, 
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there are no studies suggesting these values above 
have any influence on microcirculatory parameters 
assessed using the O2C as a combined Laser-Doppler 
and Photospectrometry System.54

Another limitation are the intraindividual changes 
during a time period with respect to skin blood flow 
or other microcirculatory parameters, especially in 
patients with PAOD, as there are reports of intrain-
dividual variabilities and fluctuations in patients with 
PAOD when measuring oxygen saturation using the 
transcutaneous oxygen tension (TcPO2) technique.55 
However, combined Laser-Doppler and photospec-
trometry as a relatively new technique revealed a high 
reproducibility,56 even in patients with diabetes.30

CONCLUSIONS
According to our findings, we can conclude that 

the “capillary steal syndrome” hypothesis might be 
one possible pathway for reduced capillary oxygen 
saturation with equivalent blood perfusion and 
equivalent postcapillary venous filling pressure at 
the plantar foot in patients with diabetes. However, 
further investigations have to be conducted to eluci-
date the entire mechanisms leading to foot ulcers, 
including the assessment of microcirculatory effects 
and their implications. Impaired tissue oxygen satu-
ration seems to play an essential role in foot ulcers 
and wound healing as both patient groups showed 
a significant deterioration of tissue oxygen satura-
tion at the plantar foot. This is most interesting in 
patients with PAOD; these data suggest that impaired 
microcirculation may have an even bigger influence 
on morbidity than an impeded macrocirculation.

Interestingly, we could show that venous stasis and 
blood flow did not show any significant alterations in 
patients suffering from diabetes mellitus or PAOD, 
which may imply a benefit of therapeutic options 
that ameliorate cutaneous tissue oxygen saturation 
at the feet of these patients. 

Robert Kraemer, MD
Plastic, Hand and Reconstructive Surgery

Hannover Medical School
Carl-Neuberg-Strasse 1

Hannover 30625, Germany
E-mail: kraemer.robert@mh-hannover.de 
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