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Abstract: Pressure injuries (PIs) are typically characterized by lesions of the dermis and
subcutaneous tissue; they result from a downward force exerted on the area between
a bony prominence and an external surface. Transcutaneous oxygen pressure (TcPO2)
measurements are a standardized method for measuring tissue oxygen pressure. Standard-
ized TcPO2 measurement data are lacking in regions susceptible to pressure injury. It is
unclear whether the absence of data can be attributed to the unreliability and variability
of the measurements obtained. This study aimed to assess the reliability and repeata-
bility of TcPO2 measurements conducted using a fluorescence-sensitive photo-optical
sensor at three sites on the foot where PIs can occur but for which no data are available.
Thirty volunteers participated in this study. TcPO2 was measured in two sessions, one
week apart, at the lateral of the fifth metatarsal head, the styloid process, and the lateral
malleolus of both feet. TcPO2 (mmHg) exhibited moderate reliability for the left fifth
metatarsal and right fifth metatarsal styloid process (ICC: 0.575 and 0.624, respectively).
The right fifth metatarsal and the right and left lateral malleoli demonstrated good and
excellent reliability of the styloid process of the left fifth metatarsal, with ICC values of
0.810, 0.816, 0.763, and 0.900, respectively. The implementation of a fluorescence-sensitive
photo-optical sensor for the measurement of TcPO2 in the designated regions yielded
reliable and reproducible measurements.

Keywords: pressure ulcer; pressure injury; TcPO2; photo-optical sensor

1. Introduction

Pressure ulcers, currently referred to as pressure injuries (Pls) according to the ter-
minology adopted in 2016 by the National Pressure Ulcer Advisory Panel, encompass all
forms of tissue damage and underlying soft tissue over a bony prominence caused by
prolonged pressure and shear forces, including the stage prior to skin rupture [1,2].

It is important to note that such injuries are a frequent complication in cases of pro-
longed hospitalization, as well as day centers and geriatric hospitals or homes, particularly
in patients with reduced mobility and among the elderly. While such injuries are not
generally considered to be a cause of death during hospitalization, they are associated
with a number of other complications during recovery, including an increased risk of
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infection, insufficient nutrition, prolonged hospitalization, and increased workload and
medical expenses [3-5].

In Europe, the prevalence of PIs among hospitalized adults has been estimated to be
approximately 12.8%, with an incidence of 5.4 per 10,000 patients [6].

In Spain, the Sixth National Study conducted by the National Group for the
Study of and Advice on Pressure Ulcers and Chronic Wounds found a prevalence of
hospital-acquired Pls of 7.7%, a figure that rises to 6.05% in nursing homes and social
healthcare centers [7,8].

Prolonged pressure on the PI region is typically characterized by injury to the skin
and subcutaneous tissue, resulting from the downward force exerted on the area between
a bony prominence and an external surface, such as a mattress or wheelchair cushion.
Sustained pressure exerted by medical devices has also been identified as a contributing
factor. The prolonged application of pressure on the affected area can result in the occlusion
of blood vessels, leading to tissue damage due to a decrease in the supply of oxygen and
nutrients to the tissue [9].

The impact of pressure on anatomical sites that are prone to PIs, as well as its effect
on tissue viability, has been the subject of extensive research. The effect on tissue varies
according to anatomical location, with a more significant impact observed in the heel
and ankle regions when a 50 mmHg increase in pressure is recorded, as opposed to the
sacrum and trochanter, where an increase of 140 mmHg is required to elicit a comparable
effect. This finding underscores the notion that an alteration in cutaneous blood flow, in
conjunction with the tissue ischemia that it engenders due to a decline in tissue perfusion
and oxygenation within a designated area, can be modulated by the quantity of tissue
separating the surface from the bone, thereby facilitating the dissipation of the load [10].

Transcutaneous oxygen pressure (TcPO2) measurements are a standardized method of
measuring oxygen pressure in tissues [11]. This technique has been demonstrated to be
effective in assessing microcirculation, and, as such, it can be utilized as a predictive value
for the wound healing process [12].

In cases of severe ischemia or diabetes, TcPO2 has been shown to be more sensitive
than the ankle brachial index. This is due to its ability to detect changes in blood flow
caused by both macrovascular and microvascular disease. The advantage of TcPO2 is that
it is a direct indicator of microvascular function, as it measures the oxygen supply available
to skin cells without the need to draw arterial blood [13].

The normal lower limb TcPO2 values are approximately 60 mmHg in healthy subjects
and remain constant along the limb: 73.8 & 10.9 mmHg at the thigh, 67 & 10 mmHg at
the dorsal skin of the leg, 70 & 9 mmHg at the pretibial level, 70.0 &= 12.1 mmHg at the
calf, and 69.8 + 5.3 mmHg at the foot. However, in diseased individuals, a progressive
decrease in TcPO2 is observed. The influence of TcPO2 is multifaceted, being subject to
factors such as tissue temperature, alterations in the hemoglobin dissociation curve, the
degree of tissue oxygen metabolism, the circulatory status, peripheral blood perfusion,
local skin conditions, and anatomical factors [11,14].

Electrochemical sensors have been utilized for the measurement of TcPO2 for several
decades; however, recent advancements have led to the development of a fluorescence-
sensitive photo-optical sensor, which capitalizes on the interactions between light and
matter. In comparison with electrochemical TcPO2, this method has the advantages of not
requiring oxygen consumption or extraction, and of being less time-consuming for probe
preparation, with no need for calibration prior to each measurement [15,16].

While the advantages of TcPO2 measurement in diabetic foot syndrome are well-
documented [17], it is noteworthy that the application of the same technique for the study
of pressure injuries is typically limited to the sacrum, trochanter, and the lateral side of
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the calcaneus [10,11]. Conversely, in the context of TcPO2 measurements in the context
of diabetic foot syndrome, the sensor is specifically positioned on the dorsal aspect of the
foot, between the navicular bone and the medial malleolus [17]. While the lateral aspect
of calcaneus has been shown to coincide with regions of pressure injury occurrence, no
comparable data are available from other areas of comparable frequency: styloid process
and the fifth metatarsal head and the lateral malleolus [18,19]. It is not certain whether data
are lacking in these areas because the application of fluorescence-sensitive photo-optical
sensors in the described anatomical locations of the foot does not provide reliable and
repeatable data.

In view of the aforementioned points, the primary objective of this study was to assess
the reliability and repeatability of TcPO2 measurements using a fluorescence-sensitive
photo-optical sensor at three sites that are susceptible to foot PIs for which no data were
available: the styloid process and head of the fifth metatarsal and the lateral malleolus.

2. Materials and Methods
2.1. Study Design

The present study employed a measurement design to ascertain the reliability of
TcPO2 measurements using a fluorescence-sensitive photo-optical sensor. We estimated
this variable at three specific anatomical sites: the styloid process, the head of the fifth
metatarsal, and the lateral malleolus.

The participants were present for two days while undergoing the measurements. On
the first day, the anthropometric measurements were recorded, and the initial measurement
was conducted. In the absence of analogous studies, and given the substantial variability
found in the test-retest studies consulted [20-26], a period of one week between each
measurement was selected. This period corresponds to the time that should be established
in future fieldwork with patients at risk of developing pressure injuries. These evalua-
tions were conducted in a designated practice room at the University of Valencia. The
temperature of the room was recorded at 24 °C £ 3 °C.

2.2. Participants

The sample calculation for obtaining the interclass correlation coefficient (ICC) was
conducted with the following characteristics being taken into account: a power of 0.90,
a minimum acceptable reliability of 0.07, and an expected reliability of 0.90 (excellent
reliability) [27]. The alpha value was set at 0.05. The total required number of participants
was 25 [28]. However, a sample of 30 volunteers was utilized, which aligns with the typical
sample size in other test-retest studies that measure TcPO2 [20-26].

A total of 30 volunteers participated in this study, during which basic anthropometric
data were collected for the purpose of describing the sample. The specific data collected
included sex, age, weight in kilograms (kg), height in centimeters (cm), and body mass
index (BMI). These measurements are given in Table 1.

Table 1. Sample description (mean and standard deviation).

Males (n = 13) Females (n =17)
Age (years) 58.33 + 15.36 57.53 + 14.86
Weight (kg) 79.83 + 8.89 69.65 4+ 11.34
Height (cm) 173.75 £ 5.26 160.76 + 6.30
BMI 26.51 + 3.37 26.90 + 3.83

All subjects met the established inclusion criteria: they were over 40 years of age,
their BMI was within a healthy range or slightly overweight, they had no history of
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cardiovascular disease, no ulcers, no foot surgery in the six months prior to the study,
and were taking no medication that affects peripheral circulation. The objectives and
characteristics of this study were explained to all participants, who provided their informed
consent in writing. This study was approved by the Ethics Committee of the University of
Valencia (2024-ENFPOD-3198972).

2.3. Materials

The device utilized for this study was the MediCap®© Précise 8001® (Ulrichstein,
Germany). This compact, portable device is intended for ambulatory use and is designed
to measure TcPO2 in the skin. This monitor is based on the principle of optical fluorescence
and consists of a sensor that produces local hyperemia (between 43 °C and 44 °C) to
generate vasodilation in the area, thereby facilitating greater oxygen diffusion. This sensor
does not require recalibration prior to each utilization. It is capable of recording values
ranging from 0 to 2000 mmHg with a margin of error of +10%, providing valid results at
ambient temperatures ranging from 15 to 35 °C and at relative air humidity levels ranging
from 10 to 95%. A noteworthy advantage of the device lies in its capacity to adjust the
sensor temperature between 44 and 40 °C [29]. Figures 1 and 2 illustrate the device and
offer a detailed view of its sensor, respectively.

2.4. Procedure

The volunteers underwent a non-invasive local procedure to evaluate TcPO2 at three
specific anatomical points: the styloid process, the head of the fifth metatarsal, and the
lateral malleolus of both feet. As illustrated in Figure 3, the three anatomical points are
marked with sensor application rings.

Figure 1. MediCap® Précise 8001® device.
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Figure 2. Sensor detail.

Figure 3. The three specific anatomical points.
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In each session, the subject of study was placed in a supine position on a stretcher
in the room where this study was conducted. Prior to measurement, the measurement
area was disinfected with alcohol. Then, the probe was firmly attached to the fixing
ring, and the contact liquid supplied by the manufacturer was applied. Subjects were
advised to abstain from caffeine and tobacco consumption for a period of two hours prior
to the measurements [14].

This study’s primary variable was the TcPO2 level in the lateral of the fifth
metatarsal head, the styloid process, and the lateral malleolus of both feet. The mea-
surements were obtained in a progressive manner, starting from the distal end and
working towards the proximal end. First, we took all measurements of the right foot,
then proceeded to measure the left foot. Two sessions were conducted, with an interval
of one week between them (Figure 4). For each anatomical point, a measurement was
recorded in each session.

First test Second test

| |

TCPo2 measurement TCPo2 measurement

l |

Right foot: Right foot:
1. 5th metatarsal 1. 5th metatarsal
2. Styloid process of 5th metatarsal 2. Styloid process of 5th metatarsal
3. Lateral malleollus 3. Lateral malleollus

Left foot: Left foot:
1. 5th metatarsal 1. 5th metatarsal
2. Styloid process of 5th metatarsal 2. Styloid process of 5th metatarsal
3. Lateral malleollus 3. Lateral malleollus

A week appart >

Figure 4. Diagram of the testing method.

2.5. Statistical Analysis

The statistical analysis was conducted using SPSS® 25.0.2.0 (IBM®, Chicago, IL, USA).
The descriptive statistics collected were reported using means and standard deviations (SD).
The Shapiro-Wilk statistical model was employed to analyze the difference in paired data,
with a p-value greater than 0.05. The Student’s t-test was employed in two key ways: first,
to illustrate the presence of statistically significant differences between the results obtained
from paired samples, and second, to calculate the effect size (ES) of the standardized
mean differences in the repeated samples. The following criterion was used to interpret
the ES: the scale ranges from 2.00 (very large), 1.20-2.00 (large), 0.60-1.19 (moderate),
0.2-0.59 (small), and <0.20 (null) [30].

The standard error of measurement (SEM) was utilized to assess absolute reliability.
The interclass correlation coefficient (ICC) was employed to evaluate relative reliability
in accordance with the following criteria: CV < 5% indicates high reliability, while
CV 5.1 10% indicates acceptable reliability. The coefficient of variation (CV) was also
assessed [31]. The relative reliability (ICC) was classified according to the following cri-
teria: values 0.90-1.00 were designated as “excellent reliability”; 0.89-0.75 represent
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“good”; 0.74-0.5 are “average”; and values < 0.49 are “low” [32]. The presence
of systematic bias was quantified using Bland-Altman plots, which established
95% agreement limits between the test and retest results. A coefficient of determination of
R? > 0.1 was defined for the interpretation of the heteroscedasticity of errors in the Bland-
Altman plots [33].

Pearson’s correlation coefficient was employed to calculate the correlation of all TcPO2

“_ 1
r

measurements, and the magnitude of “r” was interpreted according to the following criteria:
the scale ranges from 1.00, representing “perfect”, to 0.00, representing “null”. Scores falling
between 0.70 and 0.89 are classified as “very large”, those between 0.50 and 0.69 as “large”,
those between 0.30 and 0.49 as “moderate”, those between 0.10 and 0.29 as “small”, and
those below 0.09 as “null” [34].

The standard error of measurement, coefficient of variation, standard error of bias,
and the requisite limits for the Bland—Altman graphs were calculated using a spreadsheet.
The remainder of the calculations and graphic representations were conducted utilizing

SPSS 25 software.

3. Results

As demonstrated in Table 2, the variables examined during the initial session exhibited
higher values in the right foot than in the left. It was noted that the TcPO2 of the right fifth
metatarsal was elevated relative to the left (100.62 & 49.8 mmHg vs. 96.52 & 51.19 mmHg).
The discrepancy between the styloid process and the right and left malleoli was less
pronounced (styloid process: 96.24 £+ 38.14 mmHg vs. 96.38 + 41.39 mmHg. lateral
malleolus: 82.07 &= 36.43 mmHg vs. 82.69 & 37.70 mmHg).

Table 2. The following descriptives of TcPO2 for the various anatomical locations are expressed as
both the mean and standard deviation.

Test Right Fifth Right Styloid Right Left Fifth Left Styloid Left
Metatarsal Head Fifth Metatarsal Lateral Malleolus Metatarsal Head Fifth Metatarsal Lateral Malleolus
First da 100.62 96.24 82.07 96.52 96.38 82.69
Y + 49.80 + 38.14 + 36.43 + 51.19 + 41.39 + 37.70
Second da 93.38 96.93 74.10 106.14 91.41 81.69
Y + 44.23 + 43.94 + 32.72 + 52.60 + 37.32 + 39.59

The values at the styloid process in the second session exhibited a similar trend to
those in the first session, with higher TcPO2 levels recorded in the right foot (right vs. left:
96.93 + 43.94 mmHg vs. 91.41 + 37.32 mmHg). In contrast, the remaining anatomical
points exhibited divergent behaviors, with elevated values recorded in the left foot (right
vs. left of fifth metatarsal head: 93.38 & 44.23 mmHg vs. 106.14 £+ 52.60 mmHg. lateral
malleolus: 74.10 £ 32.72 mmHg vs. 81.69 £ 39.59 mmHg).

The data presented in Table 3 indicate the mean duration of the measurements.

Table 3. The mean and standard deviation (SD) of the measurement time in minutes per anatomical
area are presented.

Anatomical Area Mean + SD
Right fifth metatarsal head 21.40 £7.79
Right styloid process of the fifth metatarsal 1791 +7.44
Right lateral malleolus 15.16 £ 4.05
Left fifth metatarsal head 20.76 £ 8.26
Left styloid process of the fifth metatarsal 17.29 £7.46

Left lateral malleolus 15.45 4+ 4.62
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In order to assess the repeatability and reliability of the data obtained with the mea-
suring device, the intraclass correlation coefficients, coefficient of variation (CV), standard
error of measurement (SEM), and standard error of the estimate (SE) were calculated,
yielding the results detailed below.

No significant differences were identified (p > 0.05), and substantial ES values
(ES > 2.00) were observed in nearly all measurements with the exception of the styloid
process of the right fifth metatarsal and the left malleolus, where moderate values
(0.60-1.19) were recorded for TCPO2 levels in both feet. In accordance with the test—
retest reliability measurements undertaken, it was determined that there is an acceptable
level of absolute reliability (CV < 10%) and that the results show an ICC ranging from
0.575 to 0.900. As demonstrated in Table 4, the measurements obtained from the right
styloid process and the head of the left fifth metatarsal yielded an ICC ranging from
0.575 to 0.624, signifying a moderate degree of reliability. In the other anatomical regions,
the ICC values ranged from 0.763 to 0.816, indicating that the degree of reliability was
good, with the styloid process of the left foot being the sole point that exhibited an
excellent reliability (ICC = 0.900).

Table 4. Evaluation of the reliability and repeatability of the MediCap Précise 8001® TcPO2 monitor
at different anatomical points on the foot.

Mean + SD (mmHg) p-Value ES SEM CV% ICC
Prueba Retest (IC 95%) (IC 95%) (IC 95%)
Fifth metatarsal
. 20.412 48.277 0.810
Right 100.62 +49.806  93.38 4+ 44.232 0.310 7.241 (6.999-33.825)  (47.290-49.265) (0.594-0.911)
33.688 50.997 0.575
Left 96.52 +51.194 106.14 + 52.605 0.320 9.621 (19.598-47.777)  (49.934-52.059) (0.094-0.800)
Styloid process
. 24.948 42.122 0.624
Right 96.24 + 38.143  96.93 £ 43.946 0.277 0.690 (12.446-37.450)  (41.294-42.951) (0.199-0.823)
12.378 41.687 0.900
Left 96.38 +41.393  91.41 £ 37.323 0.369 4.966 (1.156-24.641)  (40.869-42.505) (0.787-0.953)
Malleolus
. 14.825 44257 0,816
Right 82.07 &+ 36.437 74.1 + 32.725 0.270 7.966 (3.302-26.346)  (43.374-45.139) (0.608-0.914)
18.657 46.629 0.763
Left 82.69 £37.700  81.69 4 39.599 0.275 1.000 (6.523-30.790)  (45.685-47.572) (0.496-0.889)

mmHg: millimeters of mercury. p-value: significance level for Student’s t-test. SD: standard deviation. ES: Cohen’s
d effect size. SEM: standard error of measurement. CV%: coefficient of variation. ICC: intraclass correlation
coefficient. IC 95%: 95% confidence interval.

The Bland—Altman graphs reveal a systematic bias low (—9.62; 7.96 mmHg) for the
evaluation of TCPO2 in the fifth metatarsal, the styloid process and malleolar values in
both the right and left feet, as well as a coefficient of determination of R? =0.01; 0.032, as
shown in Figure 5.



Appl.

Sci. 2025, 15, 5710

9of 15

Test—Retest Styloid process (mmHg) Test—Retest 5th Metatarsus (mmHg)

Test—Retest Malleolus (mmHg)

Bias=7.24
LoA=—-40.79, 55.28
R?=0.26
Left foot
150 .
100 o
50 ')
. oo ¢ ?
0 '. s .. i K ) P
-50 i — .
-100 tw
g 50 :oo 150 200
Bias = —0.69
LoA=-62.77,61.39
R?=0.22
Left foot
75 0
25 AR - T - il
25 - *
o 50 75 100 125 150 175
Bias =7.96
LoA =34.36, 50.29
R?2=0.22
Left foot
100 .
50 i
0 Iah -. : b ".
50 e =
<100 50 100 150

=3
(=3
o

o
o

én
=)

-100

Test—Retest 5th Metatarsus (mmHg)
o

-
(=3
=]

o
o

'
(54
(=]

Test—Retest Styloid process (mmHg)
3
o =]

. -
o v (=3
o o o o

Test—Retest Malleolus (mmHg)
=
o

Bias = —9.62
LoA=-92.83, 73.58
R?=0.01
Right foot
50 100 150
Bias = 4.96
LoA =-29.08, 39.02
R%2=0.32
Right foot
-
Cri . %
50 100 150
Bias =1
LoA = 38.36, 45.51
R?=0.004
Right foot
-
L .. 'y & v 5 .
50 100 150

Figure 5. Bland-Altman test-retest plots for each of the anatomical points (right and left foot) in both

test sessions using a fluorescence-sensitive photo-optical sensor.

The magnitude r was very large for the left apophysis, large for the right fifth

metatarsal and right and left malleolus, and moderate for the left fifth metatarsal and

right apophysis (Figure 6).
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Figure 6. Relationship between TCPO2 for each anatomical point, with a distinction between right
and left legs. The small circles are the TcPO2 (mmHg), the central line is the graph of the Pearson
correlation model, and the blue dashed lines are the 95% confidence interval of the model provided
by the IBM SPPSO statistical package.

4. Discussion

The primary objective of this study was to assess the reliability and repeatability of a
fluorescence-sensitive photo-optical sensor in measuring TcPO2 at sites prone to Pls in the
foot. For the right styloid process and the left fifth metatarsal, the ICCs exhibited moderate
reliability, with an excellent value for the left styloid process and a satisfactory value for
the remaining anatomical regions.

The measurement of PO2 by fluorescence in the field of biology is not a novel con-
cept [35,36]; however, the application of a photo-optical sensor that is sensitive to fluores-
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cence for the measurement of TcPO2 in the clinic is a relatively recent development. The
first relevant reference we found is the study carried out by Urban et al. in 2015 [37]. This
study examined the concordance between photo-optical and electrochemical TcPO2, at rest
and during exercise, in patients with claudication. Subsequently, the research group led
by Bernard S. Leenstra published three studies using photo-optical TcPO2 to predict the
duration of diabetic foot ulcers [15], in order to study the application in measurements of
revascularized patients [38], and for real-time measurements during activity in patients
with peripheral arterial disease compared to an electrochemical sensor [16]. All of the
articles referenced employed the same photo-optical sensor that has been marketed by
MediCap®©, which was also utilized in this study. Despite the evident dissimilarity in
objectives and rationales underlying the aforementioned studies and the present one, it is
noteworthy that two of the studies used a control probe in the subclavicular region when
conducting measurements on the lower extremities [16,38]. The feasibility of this endeavor
was enabled by the utilization of a MediCap© 8008 multichannel model in both studies.
In our specific case, the MediCap© 8001 single-channel model was employed; it lacks the
capacity for simultaneous monitoring. Nevertheless, the application of the control probe
is constrained to the diagnosis of lower limb arterial disease and remains inadequately
substantiated by the extant literature [11].

A review of the extant literature reveals a paucity of studies measuring TCpO2 in
the context of PIs. Most of these studies focus on performing assessments of the sacrum,
trochanter, and calcaneus [39-43], but we did not find any reference to the points evaluated
in our study. In an effort to locate more comprehensive studies of the foot, a search was
conducted within the domain of diabetic foot research, where there is substantial expertise
in the assessment of TcPO2 [17,44-48]. Indeed, the measurement of TcP02 was shown to be
an effective predictor of the healing of diabetic foot ulcers, with a threshold of 25 mmHg.
Higher values were associated with an increased probability of healing, while lower values
were linked to a higher probability of major amputation [45]. It is important to reiterate
the absence of coincidences in the positioning of the sensors. In diabetic feet, sensors are
applied on both the dorsal aspect of the foot, between the first and second metatarsal bones,
and on the plantar surface, between the navicular bone and the medial malleolus, with
consideration given to the angiosome pattern [17,47].

A preliminary analysis of the study outcomes reveals that the documented values
exceed the established benchmarks for healthy skin beneath the knee, which are typically
close to 70 mmHg [43,49]. In comparison, the following results were obtained. In the
injtial session, the mean blood pressure was recorded at 100.62 & 49.80 mmHg at the right
fifth metatarsal and 96.24 £ 38.14 mmHg at the right styloid process. In the subsequent
session, the mean blood pressure was recorded at 106.14 & 52.60 mmHg at the left fifth
metatarsal and 96.93 £ 43.94 mmHg at the right styloid process. These values can be
explained, first and foremost, in the thickness of the skin at the analyzed points. In their
study, Falstie-Jensen et al. measured TcPO2 levels and epidermis thickness in different
regions of the body. Their findings demonstrated that, for every micrometer increase in
skin thickness, TcPO2 exhibited a decrease of 0.26 mmHg [49]. Given the consideration of
the diminished thickness of the skin in the measurement area utilized in this study, the
elevated values obtained can be adequately explained. The thickness of the subcutaneous
tissue in the malleolus, styloid process, and head of the fifth metatarsal is minimal, and it
possesses a thin layer of epidermis. This specific condition would facilitate the diffusion of
oxygen through the skin [50]. In the present study, the sensor was positioned directly on the
bony prominences. In subsequent research, it would be prudent to affix the sensor around
measurement areas to ascertain whether the TcPO2 values diminish and align with the
values obtained in other anatomical regions. Second, in the present study, a photo-optical
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probe was utilized, which, in comparison with electrochemical sensors, has been shown to
provide higher TcPO2 values. This is because these photo-optical probes do not consume
oxygen during the measurement process [16].

With regard to the CCI, the present study is the first to measure TcPO?2 in the styloid
process of the fifth metatarsal, the head of the fifth metatarsal, and the lateral malleolus.
Consequently, no data exist for comparison. A review of the results of ICC evaluated in
other test—retest studies, in which TcPO2 measurements were evaluated with different objec-
tives, reveals that results ranging from moderate to excellent were also obtained [21-24,26].
Conversely, a recent study sought to ascertain the most efficacious non-invasive measure
for diagnosing peripheral arterial disease, with a particular focus on predicting wound
healing in revascularized diabetic foot tissues. The investigation revealed that transcuta-
neous oxygen pressure (TcPO2) and absolute systolic toe pressure emerged as superior
indicators of wound healing [44]. These data confirm that measuring TcPO2 is a reliable
method for analyzing the skin’s physiological response in various conditions, particularly
in the presence of foot wounds.

As shown in Table 2, the time required to obtain the data exhibited variability according
to anatomical location. However, the time required to obtain the data was coincident
between anatomical locations on both extremities. The duration of the processes required
to obtain TcPO2 exhibited a range of variation, with values ranging from 15.16 & 4.05 min
at the right lateral malleolus to 21.40 & 7.79 min at the right fifth metatarsal head. These
values are consistent with the 20 min average reported by studies employing TcPO2 at
other anatomical locations [20-22,24].

While the findings of this study indicate that the utilized equipment offers reliable
measurements for the designated anatomical regions, it is imperative to consider the
limitations of this study when interpreting the results. First, this study was conducted
on healthy volunteers. This condition was deemed necessary in order to serve as an
initial point of reference. However, subsequent investigation is required to ascertain
the implications of employing the fluorescence-sensitive photo-optical sensor in clinical
practice, with these investigations focusing on a population that exhibits a propensity
to develop PIs. Conversely, the CCI exhibited variability between equivalent points in
each limb. In the context of this observation, the present study was conducted with a
modest sample size, although it remained within the established limits of the sample size
calculation. A larger study population could have shown a smaller effect for the limb
studied with respect to the analyzed values.

5. Conclusions

The findings of this study demonstrated that the implementation of a fluorescence-
sensitive photo-optical sensor for the measurement of TcPO2 in the styloid process of the
fifth metatarsal, the head of the fifth metatarsal, and the lateral malleolus yielded reliable
and repeatable measurements. It is recommended that the sample size be increased to
further refine these results.

Conversely, the results demonstrated elevated TcPO2 levels at the examined anatomi-
cal regions in comparison with other areas. It is conceivable that the measurements obtained
around the bony prominences could offer more representative values of the oxygen supply
in these regions.

In conclusion, the potential implications of this study extend to the domain of clinical
practice. This study proposes a novel approach for the utilization of TcPO2 assessment in
anatomical regions that exhibit a high risk of developing PIs and have yet to be thoroughly
investigated. The findings of this study demonstrate the viability of performing TcPO2 mea-
surements in the designated anatomical regions to facilitate the early detection of ischemia.
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This advancement is pivotal in the prevention of PIs in patients who present with restricted
mobility and vascular diseases. Conversely, it must be noted that the photo-optical TcPO2
is a mobile device that has the advantage of being easily transported. Furthermore, it is
less expensive than electrochemical TcPO2. The duration of the measurements ranged from
15 to 20 min. In the case of bedridden patients, the measurement points on the foot are
usually accessible without modifying the subject’s posture; therefore, this time does not
represent a limitation for TcPO2 measurements. As such, the fluorescence-sensitive photo-
optical sensor could offer significant benefits for bedridden patients who are at risk of
developing PIs.

The investigation of TCPO2 measurements in susceptible PI areas in the feet is neces-
sary to determine the prognostic capacity of this measurement. This investigation follows
previous studies of TCPO2 measurements in diabetic foot ulcers.
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