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Purpose: This study evaluated the values of transcutaneous oxygen tension (TcPO2) measurement in diabetic patients
compared with nondiabetic patients and assessed its reproducibility.
Methods: In 60 diabetic patients (type 1 and type 2 diabetes mellitus) without signs of peripheral arterial disease or
neuropathy, we measured TcPO2 at the chest and foot and compared these measurements with 60 age- and sex-matched
nondiabetic patients in a cross-sectional fashion. The reproducibility of TcPO2 in terms of interobserver variability was
also assessed.
Results: Diabetic patients had a mean � SD TcPO2 value at the foot of 50.02 � 8.92 mm Hg, which was significantly lower
compared with 56.04 � 8.80 mm Hg in nondiabetic patients (P < .001). At the chest wall, values for TcPO2 were 51.77 �
11.15 mm Hg, and 58.22 � 12.47 mm Hg for diabetic patients and nondiabetic patients, respectively (P � .003). Regression
analysis showed that TcPO2was significantly associated with diabetes mellitus (coefficient � –0.258; P � .004), and with
having a first-degree relative with diabetes mellitus (coefficient � –0.265; P � .003). Furthermore, the interobserver variability
showed a substantial correlation for both measurements at the chest (P < .001; r � 0.654; intraclass correlation coefficient
[ICC] � 0.79) and at the dorsum of the foot (P < .001; r � 0.426; ICC � 0.60).
Conclusion: Diabetic patients without signs of peripheral disease or neuropathy had significantly lower TcPO2 values compared
with age- and sex-matched nondiabetic patients. The influence of the examiner on the variance in TcPO2 measurements was
relatively small. We advocate the use of TcPO measurement in diabetic patients to detect subclinical microvascular impairment
2

as an additional tool to assess peripheral vascular disease. (J Vasc Surg 2008;48:382-8.)
Transcutaneous oxygen tension (TcPO2) measure-
ment is a noninvasive diagnostic study that provides
information about the supply and delivery of oxygen to
the underlying microvascular circulation by recording
the partial pressure of oxygen at the skin surface. The
amount of oxygen detected by the sensor is a balance of
oxygen delivery and local physiologic demands and re-
flects the metabolic status of the skin.1 The TcPO2

measurement is used in determining amputation level,2,3

wound healing evaluation,4 hyperbaric therapy,5 and
peripheral arterial disease assessment,6,7 including the
status of spinal cord stimulation8 and revascularization
procedures.3,9,10

In the literature, a commonly accepted reference value
with TcPO2measurement for the diagnosis of peripheral
arterial disease is approximately 60 mm Hg, regardless of
electrode location.7,11,12 For wound healing to occur,
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studies found that the TcPO2 should be �40 mm Hg, and
impaired wound healing is noted with values between 20
and 40 mm Hg. Failure of wound healing is demonstrated
with TcPO2values of �20 mm Hg.13,14

The most appropriate clinical role for TcPO2 measure-
ment is to assist in the assessment of severe ischemia. Because
the measurements are not affected by arterial calcification, it is
particularly useful in evaluating diabetic vascular disease. For
diabetic patients, however, TcPO2 values might not be the
same as for nondiabetic patients because potential subclinical
microangiopathy may cause alterations in capillary flow. The
use of the TcPO2measurement in the diabetic population has
been studied previously,4,15,16 but consistent reference values
for diabetic patients without signs of peripheral arterial disease
or neuropathy are lacking. With the increasing prevalence of
obesity, the metabolic syndrome, and associated diabetes mel-
litus (diabetes), and previous studies reporting that tissue
oxygenation measured by TcPO2 in patients with diabetes is
impaired,17,18 determining a reference value for TcPO2 in the
diabetic population could be of help in clinical daily practice.

This study evaluated the reference value for TcPO2

measurement in diabetic patients compared with nondi-
abetic patients and secondarily assessed the reproducibil-
ity of TcPO2in terms of interobserver variability.

METHODS

Study design and patients. We performed a cross-
sectional study at the Ikazia Hospital Rotterdam, The

Netherlands, a large community hospital with a specialized
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surgical laboratory experienced in the field of vascular dis-
eases. The study included 60 diabetic patients (types 1 or 2)
from our outpatient clinic with diagnosed diabetes for at
least 1 year and without signs of peripheral arterial disease
and neuropathy. Selection criteria were on the basis of the
medical history, a comprehensive interview, and levels of
fasting blood glucose and glycosylated hemoglobin
(HbA1C). Also invited to participate in the study were 60
nondiabetic patients to match for age and sex.

A physical examination including palpation of the pedal
pulses, vibration thresholds, and standard fiber testing was
used to exclude peripheral arterial disease, injury to the
extremities, peripheral neuropathy and spinal conditions,
cardiovascular disease, pulmonary disease, and psychiatric
illness. Further evaluation of study participants considered
age, sex, height, weight, body mass index (BMI), smoking
habits, family history of diabetes, and if appropriate, type of
diabetes, type of medication, and diabetes duration.

The study was approved by the local ethics committee,
and was performed according to the declaration of Hel-
sinki.19 In accordance with institutional guidelines, written
informed consent to be part of this study and for their study
data to be reported in the literature for the purpose of
scientific articles was obtained from all patients before their
participation.

Measurement of TcPO2. A Radiometer TCM400
(Copenhagen, Denmark) TcPO2 monitor was used to si-
multaneously measure the TcPO2 values at the chest and at
the dorsum of the foot. The laboratory room temperature
was maintained at approximately 25°C. All patients accli-
matized for a minimum of 10 minutes before commencing
the study, during which the device was calibrated at 159
mm Hg according to the manufacturer’s guidelines.20 The
measurements were simultaneously performed on one ran-
domly chosen lower extremity by two different vascular
technologists with the patient resting in supine position
during one session, each applying one electrode at the
dorsum of the foot and one reference at the thorax. The
reported values represent averages of the measurements
assessed by both observers.

At the measured site, skin was shaved and cleaned with
alcohol. A self-adhesive ring was filled with a buffered
solution, both supplied by the manufacturer, and the elec-
trode, heated to a temperature of 43°C, was attached. The
electrode at the dorsum of the foot was placed between the
first and second metatarsal heads just proximal to the first
and second toe, not over a visible vein, bony, or tendon
structure. The electrode at the chest was placed by the same
observer on the ipsilateral anterior chest wall at the midcla-
vicular line and infraclavicular fossa. The TcPO2 value was
recorded for analysis after obtaining a stable reading after
20 minutes. Three registered vascular technologists were
involved, all experienced in TcPO2 measurement.

Statistical analysis. All continuous variables were ex-
pressed as means � standard deviation (SD). Significance of
differences between the group means was assessed by using
the Student t test, or if nonparametric, by using the Mann-

Whitney U test. Significant differences between nominal
and categoric variables were assessed by using Fisher’s exact
test. A one-way sensitivity analysis was performed to test
whether TcPO2 measurements �80 mm Hg had influenced
the results. A subgroup analysis stratifying for type 1 and
type 2 diabetes was performed within the group of diabetic
patients. We then compared the subgroups of type 1 and
type 2 diabetic patients separately with the group of non-
diabetic patients. Backward multiple linear regression anal-
ysis was used to determine which factors were significantly
associated with TcPO2.

Data from both observers were plotted using Bland-
Altman graphs enabling an appreciation of the distribution
of error.21 Typical error was calculated using the SD of the
differences.22 The interobserver variability was assessed by
using the Pearson correlation coefficient. However, be-
cause our data include more than one observation on each
individual and outliers were present, the intraclass correla-
tion coefficient (ICC) was calculated as well, using a two-
way mixed-effects model with absolute agreement defini-
tion. The ICC is defined as the proportion of variance of an
observation due to between-subject variability in the true
scores and can be interpreted as poor (ICC �0.20), fair
(0.20 to 0.40), moderate (�0.40 to 0.60), substantial
(�0.60 to 0.80), and almost perfect (�0.80 to 1.00).23,24

Significance was determined at a two-sided P � .05 and
expressed with the 95% confidence interval (CI). All data
were collected in an Excel database (Microsoft Inc, Belling-
ham, Wash). The analysis was performed using SPSS 12.1
software (SPSS Inc, Chicago, Ill).

RESULTS

The study included 60 diabetic patients and 60 nondi-
abetic patients matched for age and sex. Demographics and
clinical characteristics of this study population are reported
in Table I. Smoking habits, defined as current or never/
ever (�1 year) were equally distributed among diabetic
patients and nondiabetic patients (13 of 60 vs 10 of 60; P �
.643; Table I). Significantly more diabetic patients had a
first-degree relative who was diagnosed with diabetes (36 vs
21; P � .010) but had a lower BMI (27.20 � 5.73 vs 30.21 �
6.25 kg/m2; t � 2.74118, P � .007) compared with the
nondiabetic patients (Table I). Within the diabetic patients,
however, positive family history of diabetes (13 of 25 vs 23
of 35; P � .293) and BMI (t � 2.1458 P � .487) were
equally distributed between type 1 and type 2 diabetic
patients (26.59 � 3.77 and 27.64 � 6.81 kg/m2, respec-
tively).

Fig 1 illustrates the mean values and corresponding
95% CI for TcPO2 for diabetic and nondiabetic patients:
The averaged mean values for TcPO2 measurements (mm
Hg) were, respectively, 50.02 � 8.92 and 56.04 � 8.80 at
the dorsum of the foot and 51.77 � 11.15 and 58.22 �
12.47 at the chest wall. When diabetic and nondiabetic
patients were compared, the absolute difference of TcPO2

values measured at the foot and chest were 6.02 mm Hg (95%
CI, 2.81-9.22; P � .001) and 6.45 mm Hg (95% CI, 2.17-
10.73; P � .003), respectively. The absolute differences for

TcPO2 values between type 1 and type 2 diabetics measured at
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foot and chest were 3.35 mm Hg (95% CI, –1.28 to 7.99; P �
.153), and 2.18 mm Hg (95% CI, –3.68 to 8.05; P � .459)
and showed no significant difference.

After comparing nondiabetic patients with type 2 dia-
betic patients, however, both the values for TcPO2 mea-
sured at the dorsum of the foot and chest wall were signif-
icantly different, with absolute differences of 7.41 mm Hg
(95% CI, 3.68–11.15; P � .001), and 7.36 mm Hg (95%

Table 1. Comparison of demographics and clinical charac

Demographic Diabe

Patients, No.
Type of diabetes, No.

Type 1
Type 2

Age, mean � SD, y
Overall 58.1
Type 1 48.7
Type 2 64.8

Age at diabetes diagnosis, y
Type 1 27.1
Type 2 56.0

Sex, No. (%)
Male 2
Female 3

Smoking habit, No. (%)
Yes 1
No/former 4

Family history of diabetes, No. (%)c

Yes 3
No 2

BMI, mean � SD kg/m2 27.2
Fasting blood glucose, mean � SD mmol/L 8.9
HbA1c, % 7.7

BMI, Body mass index; NA, not applicable; SD, standard deviation.
aStudent’s t test.
bFisher’s exact test.
cFamily history of diabetes mellitus in a first-degree relative.
dMann-Whitney U test.

Fig 1. Mean values and corresponding 95% confiden
(TcPO2) measured in mm Hg at the (A) chest wall and (
patients.
CI, 2.41–12.31; P � .004), respectively. The absolute
differences for TcPO2 between nondiabetic patients and those
with type 1 diabetes were 5.18 mm Hg (95% CI, –0.72 to
11.07; P � .084) for TcPO2 values measured at the chest and
4.06 mm Hg (95% CI, –0.10 to 8.22; P � .056) at the foot,
not reaching statistical significance.

Backward stepwise multiple linear regression analysis
showed that TcPO2was significantly associated with diabe-
tes (coefficient � –0.258; P � .004) and with having a
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P � .003). Cigarette smoking, BMI, type of diabetes, and
duration of diabetes showed no significant associations
with TcPO2.

Interobserver variability. Table II reports the mean
values and corresponding 95% CI for TcPO2 for diabetic
and nondiabetic patients as recorded by the different ob-
servers. The absolute differences for TcPO2 between ob-
servers measured at the chest wall were 1.067 mm Hg (95%
CI, –2.20 to 4.33; P � .516) for diabetic patients and
–0.733 mm Hg (95% CI, –3.29 to 1.83; P � .568) for
nondiabetic patients. At the dorsum of the foot, the abso-
lute differences for the TcPO2 measurement between ob-
servers were –0.117 (95% CI, -2.59 to 2.35; P � .925) for
diabetic patients and –0.283 (95% CI, –3.86 to 3.29; P �
.875) for nondiabetic patients (Table II).

The results related to the Bland-Altman analyses

Table II. Mean values for transcutaneous oxygen tension
different observers

Location Patient Observer No.

Chest Nondiabetic Observer 1 60
Observer 2 60

Diabetic Observer 1 60
Observer 2 60

Foot Nondiabetic Observer 1 60
Observer 2 60

Diabetic Observer 1 60
Observer 2 60

CI, confidence interval.
aStudent’s t test.

Fig 2. The Bland-Altman distribution shows the diff
observer 1 and 2, with the average of TcPO2 in mm Hg
shows the mean difference and the dotted lines show the
show that the distribution of the error was low and,
although outliers were present, randomly distributed
across the range of values for TcPO2 measured at the
dorsum of the foot and chest wall (Fig 2). After a
one-way sensitivity analysis by censoring the outlying
TcPO2 values �80 mm Hg (7 of 480 individual measure-
ments), the results did not change substantially. Fig 3
presents the correlation of TcPO2 values between ob-
server 1 and 2 for values measured at the chest wall (Fig
3, A) and dorsum of the foot (Fig 3, B). The values for
TcPO2 measured by the different observers at the chest
wall and dorsum of the foot were both positively corre-
lated (r � 0.654; P � .001, and r � 0.426; P � .001,
respectively). The ICC describing the interobserver vari-
ation was 0.79 (95% CI, 0.69-0.89; P � .001) for all
TcPO2 measurements at the chest wall and 0.60 (95% CI,
0.42-0.72; P � .001) for all TcPO2 measurements at the

abetic patients and nondiabetic patients measured by two

Mean 95% CI Difference Pa

57.85 54.16-61.54 �0.733 .568
58.58 55.51-61.65
52.30 48.76-55.84 1.067 .516
51.23 48.31-54.15
55.90 52.76-59.04 �0.283 .875
56.18 53.69-58.67
49.97 47.64-52.30 �0.117 .925
50.08 47.31-52.85

e in transcutaneous oxygen tension (TcPO2) between
he (A) chest and (B) foot measurements. The solid line
confidence interval.
in di
erenc
for t
dorsum of the foot.
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DISCUSSION

This study assessed mean values for TcPO2 measure-
ments in diabetic patients without signs of peripheral arte-
rial disease compared with age- and sex-matched nondia-
betic patients without signs of peripheral arterial disease.
The main finding of our study was a significantly lower
TcPO2 value measured at both the foot and chest for
diabetic patients compared with nondiabetic patients.

Many studies about TcPO2 and diabetes have been
published since the 1970s. To our knowledge, however, no
studies have been reported in which the study design was to
assess a reference value for TcPO2 in diabetic patients. What
we do know is that impaired tissue oxygenation is an
independent risk factor for diabetic foot ulceration.25,26

Therefore, consistent reference values for TcPO2 in the
diabetic population are crucial to identify patients with a
foot at risk. A previous study showed that TcPO2 measure-
ment is also a useful diagnostic modality to prevent periph-
eral vascular disease in diabetic patients because it detects
early changes in skin oxygenation before the development
of clinically overt microangiopathy.27

In our study we found that when the nondiabetic
patients were compared with patients with type 2 diabetes,
the values for TcPO2 measured at both the dorsum of the
foot and chest wall were significantly lower. However, the
absolute differences of TcPO2values at both the dorsum of
the foot and chest wall between nondiabetic patients and
patients with type 1 diabetes did not reach statistical signif-
icance. An explanation could be the difference in number:
25 type 1 diabetic patients were compared with 35 type 2
diabetic patients.

Next, because we found conflicting studies in the liter-

Fig 3. The correlation of transcutaneous oxygen tensio
measured at the (A) chest wall and the (B) dorsum of th
ature on the effects of age and sex on TcPO2results,17,28,29
we matched our patient groups for age and sex. Further-
more, in our study cigarette smoking and BMI showed no
association with lower TcPO2 values, which is consistent
with the findings by Rooke et al17 but contrasts with a study
by Strauss et al,30 who identified that cigarette smoking
cessation improved the TcPO2value measured at the foot.
Despite our results, however, the controversy about the
effect of cigarette smoking and BMI on TcPO2 remains.

Further, we also investigated the interobserver variabil-
ity in TcPO2 measurement. No significant absolute differ-
ences were noted between observers. For measurements at
foot and chest level, TcPO2 values obtained by both observ-
ers simultaneously showed a highly significant correlation.
Although variation in the measurements was present, dis-
tribution of error was low and randomly assigned across the
range of values for TcPO2, meaning that the biologic vari-
ance was relatively small. Presented as an ICC value, the
interobserver variability showed a substantial correlation
for measurements at the chest and at the dorsum of the
foot. The ICC value in our study was somewhat smaller
compared with the reported ICC value of 0.77 by De
Graaff et al,31 but was identically classified.

The lower ICC value for the TcPO2 measurements
obtained at the dorsum of the foot compared with the chest
may be explained by the position of the electrodes. Al-
though the electrodes were attached to the first intermeta-
tarsal space as instructed, skin oxygenation could have been
influenced by skin thickness and partially positioning the
electrode on the metatarsal bony or tendon structures,
which may have introduced some variation in our measure-
ments. Overall, the influence of the examiner on the vari-
ance in TcPO2measurements appeared to be relatively

O2) values is shown between observer 1 and 2 for values
t.
n (TcP
small.
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Several possible limitations of this study warrant con-
sideration. First, by using a cross-sectional design, we are
unable to infer causality because the study was done at one
time point without follow-up.

Second, because we only provided a snapshot of the
situation at one specific point in time, results might be
different if another timeframe were chosen. We did not
perform repeated measurements, which have previously
been shown to introduce greater variability.31 Our data
from the interobserver variability analysis, however,
showed a substantial correlation between the measure-
ments taken by both observers at the same time.

Third, because the toe pressure measurements in our
first 20 diabetic patients were in the normal range (unpub-
lished data), neither in the subsequently included diabetic
patients nor in the nondiabetic patients has the diagnosis of
peripheral arterial disease been excluded by additional test-
ing. All patients had bilateral palpable pedal pulses, and all
passed standard neurosensory testing. One may rather favor
to have baseline values of toe blood pressures or ankle-
brachial pressure indexes, or both, to objectively exclude
any evidence of peripheral arterial disease; however, these
modalities may often lack discriminative accuracy and do
not reflect local microvascular perfusion status.

This study was designed in such a way that we relied on
the patient’s medical history in addition to a comprehensive
interview and a routine physical examination to provide a
representative sample of patients which physicians daily
encounter in clinical practice.

CONCLUSION

Our results demonstrate that diabetic patients without
signs of peripheral arterial disease and neuropathy have
significantly lower TcPO2 values at both the dorsum of the
foot and the chest wall compared with matched nondia-
betic patients. The reduced supply of oxygen to the skin in
diabetic patients reflects an early subclinical impairment in
their microcirculation, thus providing the TcPO2 measure-
ment as an additional tool in the diagnostic armamentar-
ium of vascular surgeons to assess peripheral vascular dis-
ease in diabetic patients.

We thank Karin Goederaad and Willeke Dolman, vas-
cular technologists, for performing TcPO2 measurements,
and the patients for their voluntary participation in the
study.

AUTHOR CONTRIBUTIONS

Conception and design: VM, HS, SS, PH
Analysis and interpretation: VM, SS, PH
Data collection: VM, HS, SS, FK
Writing the article: VM
Critical revision of the article: VM, HS, SS, FK, PH
Final approval of the article: VM, HS, SS, FK, PH
Statistical analysis: VM, SS
Obtained funding: Not applicable

Overall responsibility: PH
REFERENCES

1. Fagrell B, Intaglietta M. Microcirculation: its significance in clinical and
molecular medicine. J Intern Med 1997;241:349-62.

2. Ubbink DT, Spincemaille GH, Reneman RS, Jacobs MJ. Prediction
of imminent amputation in patients with non-reconstructible leg
ischemia by means of microcirculatory investigations. J Vasc Surg
1999;30:114-21.

3. Faglia E, Clerici G, Caminiti M, Quarantiello A, Curci V, Morabito A.
Predictive values of transcutaneous oxygen tension for above-the-ankle
amputation in diabetic patients with critical limb ischemia. Eur J Vasc
Endovasc Surg 2007;33:731-6.

4. Kalani M, Brismar K, Fagrell B, Ostergren J, Jorneskog G. Transcuta-
neous oxygen tension and toe blood pressure as predictors for outcome
of diabetic foot ulcers. Diabetes Care 1999;22:147-51.

5. Fife CE, Buyukcakir C, Otto GH, Sheffield PJ, Warriner RA, Love TL,
et al. The predictive value of transcutaneous oxygen tension measure-
ment in diabetic lower extremity ulcers treated with hyperbaric oxygen
therapy: a retrospective analysis of 1,144 patients. Wound Repair Regen
2002;10:198-207.

6. Byrne P, Provan JL, Ameli FM, Jones DP. The use of transcutaneous
oxygen tension measurements in the diagnosis of peripheral vascular
insufficiency. Ann Surg 1984;200:159-65.

7. Cina C, Katsamouris A, Megerman J, Brewster DC, Strayhorn EC,
Robison JG, et al. Utility of transcutaneous oxygen tension measure-
ments in peripheral arterial occlusive disease. J Vasc Surg 1984;1:
362-71.

8. Ubbink DT, Spincemaille GH, Prins MH, Reneman RS, Jacobs MJ.
Microcirculatory investigations to determine the effect of spinal cord
stimulation for critical leg ischemia: the Dutch multicenter randomized
controlled trial. J Vasc Surg 1999;30:236-44.

9. Stalc M, Poredos P. The usefulness of transcutaneous oximetry in
assessing the success of percutaneous transluminal angioplasty. Eur J
Vasc Endovasc Surg 2002;24:528-32.

10. Faglia E, Clerici G, Clerissi J, Mantero M, Caminiti M, Quarantiello A,
et al. When is a technically successful peripheral angioplasty effective in
preventing above-the-ankle amputation in diabetic patients with critical
limb ischaemia? Diabet Med 2007;24:823-9.

11. Clyne CA, Ryan J, Webster JH, Chant AD. Oxygen tension of the skin
of ischemic legs. Am J Surg 1982;143:315-8.

12. Hauser CJ, Shoemaker WC. Use of a transcutaneous PO2 regional
perfusion index to quantify tissue perfusion in peripheral vascular dis-
ease. Ann Surg 1983;197:337-43.

13. Dowd GS, Linge K, Bentley G. Measurement of transcutaneous oxygen
pressure in normal and ischaemic skin. J Bone Joint Surg Br 1983;65:
79-83.

14. Quigley FG, Faris IB. Transcutaneous oxygen tension measurements in
the assessment of limb ischaemia. Clin Physiol 1991;11:315-20.

15. Le Devehat C, Khodabandehlou T. Transcutaneous oxygen pressure
and hemorheology in diabetes mellitus. Int Angiol 1990;9:259-62.

16. Ballard JL, Eke CC, Bunt TJ, Killeen JD. A prospective evaluation of
transcutaneous oxygen measurements in the management of diabetic
foot problems. J Vasc Surg 1995;22:485-90; discussion 490-2.

17. Rooke TW, Osmundson PJ. The influence of age, sex, smoking,
and diabetes on lower limb transcutaneous oxygen tension in pa-
tients with arterial occlusive disease. Arch Intern Med 1990;150:
129-32.

18. Mayrovitz HN, Larsen PB. Functional microcirculatory impairment: a
possible source of reduced skin oxygen tension in human diabetes
mellitus. Microvasc Res 1996;52:115-26.

19. World Medical Association Declaration of Helsinki. Ethical principles
for medical research involving human subjects, 2004. http://www.
wma.net/e/policy/b3.htm. Accessed Feb 8, 2008.

20. Radiometer Medical. The tcpO2 Handbook, 2004. Copenhagen, Den-
mark: Radiometer Medical Aps; 2004.

21. Bland JM, Altman DG. Statistical methods for assessing agreement
between two methods of clinical measurement. Lancet 1986;1:

307-10.

http://www.wma.net/e/policy/b3.htm
http://www.wma.net/e/policy/b3.htm


JOURNAL OF VASCULAR SURGERY
August 2008388 de Meijer et al
22. Hopkins WG. Measures of reliability in sports medicine and science.
Sports Med 2000;30:1-15.

23. Bartko JJ. The intraclass correlation coefficient as a measure of reliabil-
ity. Psychol Rep 1966;19:3-11.

24. Fleiss JL, Cohen J. The equivalence of weighted kappa and the intraclass
correlation coefficient as measures of reliability. Educ Psychol Meas
1973;33:613-9.

25. Boyko EJ, Ahroni JH, Stensel V, Forsberg RC, Davignon DR, Smith
DG. A prospective study of risk factors for diabetic foot ulcer. The
Seattle Diabetic Foot Study. Diabetes Care 1999;22:1036-42.

26. Williams DT, Price P, Harding KG. The influence of diabetes and lower
limb arterial disease on cutaneous foot perfusion. J Vasc Surg 2006;44:
770-527.

27. Iino K, Yoshinari M, Doi Y, Shinohara N, Iwase M, Fujishima M.
Reduced tissue oxygenation and its reversibility by glycemic control in
28. Orenstein A, Mazkereth R, Tsur H. Mapping of the human body skin
with the transcutaneous oxygen pressure method. Ann Plast Surg
1988;20:419-25.

29. Boyko EJ, Ahroni JH, Stensel VL, Smith DG, Davignon DR, Pecoraro
RE. Predictors of transcutaneous oxygen tension in the lower limbs of
diabetic subjects. Diabet Med 1996;13:549-54.

30. Strauss MB, Winant DM, Strauss AG, Hart GB. Cigarette smoking and
transcutaneous oxygen tensions: a case report. Undersea Hyperb Med
2000;27:43-6.

31. de Graaff JC, Ubbink DT, Legemate DA, de Haan RJ, Jacobs MJ.
Interobserver and intraobserver reproducibility of peripheral blood and
oxygen pressure measurements in the assessment of lower extremity
arterial disease. J Vasc Surg 2001;33:1033-40.
diabetic patients. Diabetes Res Clin Pract 1997;34:163-8. Submitted Feb 8, 2008; accepted Mar 5, 2008.

CME Credit Now Available to JVS Readers

Readers can now obtain CME credits by reading selected articles and correctly answering multiple choice questions
on the Journal website (www.jvascsurg.org). Four articles are identified in the Table of Contents of each issue and 2
questions for each are posted on the website. After correctly answering the 8 questions, readers will be awarded 2
hours of Category I CME credit.


	Reference value of transcutaneous oxygen measurement in diabetic patients compared with nondiabetic patients
	METHODS
	Study design and patients
	Measurement of TcPO2
	Statistical analysis

	RESULTS
	Interobserver variability

	DISCUSSION
	CONCLUSION
	AUTHOR CONTRIBUTIONS
	Acknowledgment
	REFERENCES


