
INTRODUCTION

Nowadays it is more common to perform non-invasive ex-
ams and obtain quick results to ensure and increase effec-
tive patient care during general anaesthesia. To achieve
these goals, different technologies are being sought out and
new equipment is being developed. One such apparatus is a
cerebral oximeter. It performs transcutaneous measurements
to assess the oxygenation of tissues in the frontal cortex,
which is the most oxygenated area of the brain. The mea-
surements are performed using near infrared radiation
(700–1000 nm). This infrared radiation spreads through the

skin, subcutaneous fat, skull, dissipating in the muscles and
brain below. Infrared radiation is absorbed by oxygen-
containing substances with varying concentrations, such as
haemoglobin in the blood or myoglobin in the muscles, as
well as tissues with relatively constant concentrations, such
as melanin in the skin. These measurements mainly reflect
changes in the oxygen content of haemoglobin in tissues
and are necessary to observe the changing balance between
oxygen supply and consumption. (Frost et al., 2012)

The first studies on different absorption of infrared radiation
in different tissues were published in 1977 (Tosh and Pat-
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It is more common to perform non-invasive examination during general anaesthesia to ensure ef-
fective perioperative patient care. To achieve these results, researchers and clinicians are seek-
ing out different technologies and developing new equipment. One such apparatus is a cerebral
oximeter, which is used during cardiac surgery with cardiopulmonary bypass for neuroprotection
management for reducing risk of postoperative neurological injury (cerebral stroke, neurocognitive
dysfunction, and cerebral haemorrhage). A cerebral oximeter performs non-invasive transcutane-
ous measurements using near infrared radiation to assess the oxygenation of tissues. The objec-
tive of the study was to determine if the angle and thickness of a patient's skull affects
measurements. Intralipid water solution, gelatine, and ink were used to make six phantoms with
skull thickness ranging from 6 to 11 mm. All phantoms were bent from a 0 to 20 degrees angle.
The cerebral oximeter SOMETICS INVOS 5100C was used to perform regional oximetry meas-
urements. For skull thickness of 11 mm, the rSO2 was 45.8% (SD 0.96); for skull thickness of
10 mm, the rSO2 was 45.25% (SD 2.22); for skull thickness of 9 mm, the rSO2 was 32%
(SD 1.63); for skull thickness of 8 mm, the rSO2 was 17% (SD 1.83); for skull thickness of 7 mm,
the rSO2 was 15% (SD 0); for skull thickness of 6 mm, the rSO2 was 15% (SD 0). No significant
changes were observed regarding the angle of the skull phantom. The thickness of the bone layer
of the skull phantom affected the regional oximetry results, whereas the angle of the skull did not
affect it.

Keywords: cerebral perfusion, spectrophotometry, cardiac surgery, cardiopulmonary bypass,
neuroprotection, neurocognitive dysfunction, neurologic injury.
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teril, 2016). Following these studies, this research direction
developed rapidly and revealed that there were different
oxyhaemoglobin and deoxyhemoglobin absorption ranges
at different wavelengths. These studies enabled the produc-
tion and sale of the first cerebral oximeter in 1990 (Bsis-
Vandervliet, 1999). This technology is used as an indicator
for various cardiovascular, neurological, and other complex
surgical procedures as an early warning of changes in oxy-
gen content in the brain, or as a trend monitor to follow
changes in oxygen content over time.

The objective of the study was to determine whether the an-
gle between an incident light beam and infrared detector lo-
cation, as well as the thickness of skull bone, influence the
results of measurements of cerebral oximetry. The objec-
tives of the study were to develop a skull phantom, to per-
form cerebral oximetry measurements depending on the
geometric properties of the skull phantom, to analyse the re-
sults obtained to assess how the phantom skull thickness
and curvature affect the measurements of cerebral oximetry
results, and to draw conclusions about the effects of the
skull phantom on the oximetry measurements, to make rec-
ommendations for the use of the obtained results and further
research.

MATERIALS AND METHODS

Clinical research has made it possible to both evaluate dif-
ferent factors that influence the results of cerebral oximetry,
and to compare different cerebral oximeters. At the same
time, however, it is impossible for them to be completely
objective as there are several physiological and other factors
that influence the possible outcome.

A human skull phantom can be used for the accomplish-
ment of this goal by creating the qualities of absorption and
scattering of infrared radiation in a replica of a human head.
This can be achieved by adding a substance or small parti-
cles to the base material of the skull phantom, which would
then provide the necessary absorption and scattering proper-
ties. Studies have shown that several factors, such as the
number of layers a skull phantom has (Kleiser et al., 2016),
the necessity to replace human blood with an equivalent and
the pigment melanin, which is found in skin, influence the
skull’s optical properties.

For the purpose of measuring the cerebral oxygenation, a
cerebral oximeter SOMETICS INVOS 5100C was used. A
cerebral oximeter is a device that is used to determine rSO2,
fluctuations in haemoglobin volume and indirectly also the
blood flow of the brain, as well as the amount of oxygen
consumed by muscles. It shows the dynamic balance be-
tween oxygen delivery and consumption in capillary,
venule, and arteriole pools. The device operates on the prin-
ciple that near infrared radiation of 700–1000 nm is able to
penetrate the skin, subcutaneous tissue, skull, and the brain,
where it is either absorbed or scattered. Weakening of the
infrared signal can be caused by oxygen absorption in tis-
sues with variable (haemoglobin, myoglobin) or constant

(melanin) oxygen concentration, as well as different cell
structures, such as the nucleus (Steppan and Hogue, 2014).
INVOS 5100 is constructed of photodiodes that emit two
730–810 nm near infrared radiation waves — the head tis-
sue absorption and scattering coefficients, that correspond
to these wavelengths (Roggan et al., 1999; Correia et al.,
2009) (Table 1) and of two photodetectors that are 30–40
mm away from the photodiodes and pick up the transmitted
signal, an illustration of which can be seen in Figure 1. To
determine the regional oxygen saturation, it is needed to
compare the results of the two photodetectors. According to
the information provided by the manufacturer, the oxygen
saturation can be determined up to a depth of 5 cm.

The device calculates the regional oxygen saturation by the
absorption rate of near infrared radiation in both venous and
arterial blood at a proportion of 3 : 1, which gives real-time
data on oxygen delivery and its balance or disbalance, as
well as shows the residual oxygen left in veins or what is
left after all the basic life supporting organs have been sup-
plied with it. The algorithm of this device presumes that all
tissues have the same scattering coefficient.

This device can be used with four different disposable cere-
bral oximetry sensors, which all vary in size and design, but
all use the same wavelength, intensity, and distance be-
tween photodiodes and photodetectors. In this study, paedi-
atric sensors were used, which were placed directly onto the
phantom.

While taking the measurements it must be noted that the de-
vice only measures regional oxygen saturation in the
15–95% range. The manufacturer also notes that the meas-
urement repeatability for the device including sensors is 1%
of the in vitro measurement value. In cases when the oxy-
gen saturation is low, the device shows a notification “Poor

Table 1. Head tissue absorption and reduced scattering coefficients

Absorption
coefficient µa,

cm-1

Absorption
coefficient µa,

cm-1

Reduced
scattering

coefficient µs’,
cm-1

Reduced
scattering

coefficient µs’,
cm-1

Tissue 730 nm 810nm 730 nm 810nm

Skin 0.17 0.18 23.5 22.5

Skull 0.33 0.38 22 19

Brain 0.25 0.25 23.5 20.0

Blood 11 19 11 19

Fig. 1. Placement of sensors on head-device INVOS 5100 (“Covidean”).
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signal quality” (Steppan and Hogue, 2014), “Low rSO2” or
“15%”. In cases where the oxygen saturation is high, the de-
vice shows a notification “Poor signal quality” or “95%”.
The device also has a signal strength indicator that shows
the intensity of the signal, which depends on different
physiological factors and is susceptible to possible interrup-
tions from near-by devices. This factor is used only as an
indicator.

The cerebral oximeter registers a result once every 5–6 sec-
onds. All the measurements are taken in normal mode,
which is meant for uninterrupted patient monitoring. It must
be noted that all of the aforementioned factors are consid-
ered in the process.

As a trial-run for measuring cerebral oximetry whilst ob-
serving the possible influence of the skull’s curvature and
thickness on the results, a pumpkin (Fig. 2) was used, as it
is composed of different layers varying from hard to soft,
which bears similarity to the skull and the brain. Sparkling
water was used as an equivalent to blood — it provides both
absorption and scattering qualities. It was concluded that a
pumpkin is a poor replica of the optical qualities of the hu-
man skull, leading to the decision to create a more complex
skull phantom with more accurate absorption and scattering
properties.

Currently two approaches to creating a phantom skull can
be distinguished — skull phantoms created with nanoparti-
cles and intralipid solution and skull phantoms that are
made with epoxy resin and other polymers that allow the
layers to quickly dry and harden, resulting in a durable
product. The latter approach also provides the possibility of
differently shaped skull phantoms to be made. Skull phan-
toms made of epoxy resin also retain their optical properties
for up to a year (Wrobel et al., 2015).

Different solutions are used for providing the properties of
absorption in a skull phantom, such as intralipid solution or
nanoparticles (TiO2, SiO2, etc.). Intralipid solution concen-
trations used in this study were based on literature reviews
(Aernouts et al., 2014).

A decision was made to make a liquid skull phantom based
on a previously approved method, where the scattering
properties would be provided using intralipid water solution
and ink that would be used as the absorbent, while gelatine
would act as a binder. As the infrared radiation sensor of the
cerebral oximeter emits light that scatters and absorbs in the
human brain tissue up to 5 cm deep and in an approximately
5 cm wide range, the skull phantom must be at least 6 × 6 ×
6 cm large.

To determine what ink concentration is required to provide
the quality of absorption in deionised water, spectropho-
tometry measurements and absorption coefficient calcula-
tions were made. rSO2 measurements were taken when
making the intralipid phantom to determine if the measured
and the calculated concentrations match the concentration
that the device can measure.

A spectrophotometer was used to measure the concentration
of a dissolved substance in liquid by measuring the light
that is absorbed (the number of photons). Transmission
measurements were made with a spectrophotometer Cecil
CE1021 that allows measurements at a wavelength
200–1100 nm, 8 nm frequency strip and 1 nm precision. Re-
usable 10 × 10 mm 3500 µl quartz cuvettes that are meant
for wavelength 320–2500 nm were used when working with
the device.

As the skull phantom was made of ink and deionised water
solution, it was necessary to find solution concentrations
that would fit correspondingly to the tissue absorption coef-
ficients.

Measurements were taken for a reference point cuvette in
the spectrophotometer at transmission wavelength 730 nm.
Then, deionised water and the smallest possible amount of
ink were mixed and filled in a cuvette, which was then
placed in the spectrophotometer. Measurements were taken
again at the same wavelength. Then the cuvette was rinsed
with deionised water, the next suspension concentration
mixed, and the process was repeated until all solution con-
centrations had been measured. All measurements were re-
peated at least twice. For the creation of the final version of
the skull phantom, the intralipid solution was added to
deionised water in a transparent PET bowl so that the scat-
tering rate would be adequate for blood, depending on
which ink (Forpus F060421) was added. INVOS cerebral
oximeter sensors were then placed and fixated on the bowl’s
sides with tape to ensure the registration of the measure-
ments. The ink concentration was then gradually increased
and measured with the phantom on a scale.

Transmission measurements at wavelength 810 nm were
taken to determine the absorption coefficient µa.

Soy oil (Heuschen & Schrouff) and lecithin (Lecithin 1200
mg, UAB EVD, Baltics) was used as the intralipid and com-
bined in pre-set proportions (Ohmae et al., 2018). The pre-
pared solution was warmed in a water bath at 60 °C for ap-
proximately 10 min until lecithin had visually completely

Fig. 2. Pumpkin used as a skull phantom.
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dissolved. Then it was filled in a sterile syringe and kept in
a refrigerator at 2–6 °C and heated to 35 °C before use.

The brain part of the phantom skull was constructed by add-
ing gelatine to part of the deionised water, such that it
would correspond to 20% of the deionised water’s complete
weight. Then it was heated in a water bath at 35 °C until
completely dissolved. Then the rest of the water was added,
creating a homogenous solution, to which the predeter-
mined amount of ink and intralipid solution were added, af-
ter which it was heated and stirred continuously. Then the
liquid was poured into a mould. The prepared solution was
cooled in the refrigerator at 2–6 °C until it had completely
hardened. Measurements were then taken with a cerebral
oximeter to determine the values before adding another
layer on top of the previous one. By simulating a brain part
with an even layer, it was possible to better evaluate the
skull phantom’s thickness and angle effect on rSO2 values,
and in addition the environment of a very close-knitted cap-
illary net was mimicked.

The subsequent bone and skin layers were prepared using
the same method and placed on top of the brain layer of the
skull phantom.

The intralipid skull phantom was elastic and allowed for
elastic deformation up to a 20° angle. Layer thickness was
controlled by using previously known or calculated data,
and after the phantom had dried — also by measuring them,
as layers can visually differ (Fig. 3).

Two other phantoms without scattering and absorbing prop-
erties were also produced in order to better understand the
algorithm used by the device to take measurements. Neither
of the cases produced any oximetry result values, and notifi-
cation of a mistake was shown on the device. In total, six
skull phantoms were made with skull thickness 6–11 mm.

RESULTS

Absorption measurements were initially performed to create
a skull phantom and provide absorption for infrared radia-
tion similar to that of human tissues. The experiment used
wavelengths corresponding to those applied by the INVOS
5100 cerebral oximeter at 730 and 810 nm. The results of
the measurements, which is the transmission in this case,
and the calculated results, which are the absorption factor,
are summarised in Table 2.

Table 1 demonstrates how the regression equation and the
corresponding curve was developed to evaluate the relation-
ship between absorption and ink concentration. Knowing
that this dependency needs to be linear, a straight line was
constructed. The determination factor R2 was also used to
assess the strength of the correlation (Fig. 4).

Figure 4 and Table 2 show that the ratio of the absorption
factor and ink concentration in deionised water is linear. A
higher ink concentration in deionised water increased ab-
sorption. Blood has an absorption coefficient of 11 cm-1

(730 nm) and 19 cm-1 (810 nm), and thus the required con-
centration of ink in the solution was 18.78% (730 nm) and
19.70% (810 nm).

Fig. 3. Different layers of a skull phantom.

Fig. 4. Absorption of near-beam radiation at wavelength 730 and 810 nm
depending on the ink concentration in deionised water.

Table 2. Ink concentration in deionised water and corresponding absorption factors at 730 and 810 nm

Concentration,
%

730 nm 810 nm

Transmission, % Transmission Absorption
coefficient µa, cm-1

Transmission, % Transmission Absorption
coefficient µa, cm-1

1.0 65.7 0.657 0.420 65.9 0.659 0.417

2.5 25.0 0.25 1.386 25.5 0.255 1.366

5.0 5.9 0.059 2.830 6.6 0.066 2.718

7.5 1.4 0.014 4.269 1.6 0.016 4.135

10.0 0.3 0.003 5.809 0.4 0.004 5.521
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Phantom oxygen concentration measurements with the IN-
VOS 5100C were performed at different skull thickness
from 6 to 11 mm, thus creating six different phantoms. The
concentration was also measured before each layer was ap-
plied, to assess relative changes. When the ink concentra-
tion was lower than 18.6% and higher than 18.9%, a notifi-
cation “Poor signal quality” was shown. The values of the
measurements are given in Table 3. An additional 1 mm fil-
ter of PET plastic was used for the brain part measurements.
From each phantom of different thickness, measurements
were performed at 4 points and the standard deviation (SD)
was calculated (Table 4).

Table 3 clearly illustrates how rapidly the measurements
change depending on the ink concentration in water and

demonstrates that the only attainable results were within the
range of 18.6% to 18.9%, which correspond to the previ-
ously determined ink concentration in the solution of
18.78% at 730 nm. Thus, it can be concluded that an ink
concentration of 18.6% to 18.9% corresponds to that of the
blood absorption coefficient. It can also be concluded that
an increased ink concentration leads to lower rSO2 values.

The results from Table 4 indicate that enlarged skull thick-
ness increases the oximetry value.

In order to determine the impact of the angle of the curve of
the skull phantom on the results of the regional oxygen con-
tent measurements, all six of the above mentioned phan-
toms were bent from 0 to 20 degrees (Fig. 5).

Table 3. rSO2 measurement results based on ink concentration in deionised water

No. Concentration,
%

rSO2,
%

rSO2, % rSO2, % rSO2median,
%

Standard
deviation

1 18.767 PSQ PSQ PSQ – –

2 18.717 PSQ 15 15 15.0 0.0

3 18.712 15 15 15 15.0 0.0

4 18.707 15 17 15 15.7 1.2

5 18.702 15 21 20 18.7 3.2

6 18.697 23 24 23 23.3 0.6

7 18.692 23 27 31 27.0 4.0

8 18.687 38 47 45 43.3 4.7

9 18.682 62 56 60 59.3 3.1

10 18.677 72 60 66 66.0 6.0

11 18.672 95 95 95 95.0 0.0

12 18.667 95 95 95 95.0 0.0

13 18.617 PSQ PSQ PSQ – –

PSQ, poor signal quality

Table 4. rSO2 measurement results based on skull thickness.

No. Layer Skull
thickness, mm

rSO2, % rSO2, % rSO2, % rSO2, % rSO2vid, % SD

1 Brain 0 54 53 57 56 55.0 1.83

Brain and skull 11 54 56 55 56 55.3 0.96

Brain, skull and skin 11 46 45 47 45 45.8 0.96

2 Brain 0 51 52 57 62 55.5 5.07

Brain and skull 10 51 52 56 54 53.3 2.22

Brain, skull and skin 10 46 43 48 44 45.3 2.22

3 Brain 0 52 55 48 53 52 2.94

Brain and skull 9 35 36 33 36 35 1.41

Brain, skull and skin 9 32 34 32 30 32 1.63

4 Brain 0 58 45 52 67 55.5 9.33

Brain and skull 8 21 16 23 20 20 2.94

Brain, skull and skin 8 19 15 16 18 17 1.83

5 Brain 0 46 52 56 50 51 4.16

Brain and skull 7 15 15 15 15 15 0

Brain, skull and skin 7 15 PSQ 15 15 15 0

6 Brain 0 53 55 49 54 52.8 2.63

Brain and skull 6 PSQ 15 PSQ 15 15.0 0

Brain, skull and skin 6 15 PSQ 15 PSQ 15.0 0

PSQ, poor signal quality
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There were no significant changes in the oximetry values
compared to the original values.

DISCUSSION

One of the oxygen concentration measurement limitations is
caused by the phantom manufacturing technology, as only
the brain layer can be controlled. Measurements were per-
formed for both the liquid-shaped brain layer and after hard-
ening. Given that no significant changes in measurement
values were observed, the values for the phantom were re-
corded in a solid state. Theoretically, if the preconditioning
process is constant at all times and the phantom is uniform,
all measurement values should be similar and comply with
the normal distribution. Given that the total number of mea-
surements was small (n = 24), the Shapiro-Wilk normalcy
test was used to test normality. This test compares data
from a sample to a normal distribution that has the same
mean and variance and examines whether the sample is
taken from a population with a normal distribution. That is,
the deviation from a normally divided population at a cer-
tain probability is compared. The original hypothesis, H0,
was that the data corresponded to a normal distribution.
Calculations were made using the Shapiro-Wilk Test Calcu-

lator online tool (Shapiro Wilk test…). The probability of
data being taken from normal distribution was 0.265. Given
that p-value > 0.05, the hypothesis that the data is derived

from normal distribution cannot be rejected. In addition,
Shapiro-Wilk statistic (W) was 0.950, which at a signifi-
cance level of 95% indicate that the distribution is normal,
as W � (0.9169; 1.0000).

The standard deviation reflects sufficiently well the poten-
tial error resulting from the production of the phantom,
which was high. However, given that the process of making
a phantom is complex and includes many sources of uncer-
tainty, such as weight, the precision of a pipette, and the ox-
imetry device itself, inhomogeneity of raw materials and
other, such precision is acceptable. The same uncertainty
may be attributed to the accuracy of the production of bone
and skin layers, as the same method of manufacturing is ap-
plied.

It was expected that an increase in thickness should lead to
a decrease in the reported oxygen concentration due to the
weakening of the signal, but practically the reverse situation
was observed. However, this can be explained by the manu-
facturer’s oximetry value calculation algorithm, which is
based on the Beer-Lambert Law.

By graphically displaying the difference between the meas-
ured oxygenation of the brain through the PET filter and the
phantom (Fig. 6), it was revealed that the difference be-
tween values increased as the slice thickness increased.

Fig. 5. rSO2 measurement results de-
pending on the curve of the skull
phantom.

Fig. 6. Difference of measurement re-
sults between the brain layer and the
phantom.
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Looking at Figure 3 from a clinical point of view, it can be
estimated that in a case where the skull is less than 8 mm,
the equipment shows reliable regional oxygen saturation
values. This is essential to consider if the equipment is used
for making oxygenation measurements of other tissues.
From the phantom development process, it can be con-
cluded that the equipment is highly sensitive to a narrow
range of absorption changes, as well as to the target tissues
of radiation. It should be noted that it may show false re-
sults when measuring in other areas of the body.

The angle of curvature of the phantom may theoretically af-
fect the measurement results because the length of the path
between the source and the two sensors change. The phan-
tom could be curved to an angle of 20-degree angle until it
starts to crack, which could correspond to the curve of the
human skull. A change in values of rSO2 was not observed
during the arc to this angle.

There are other studies that measure the oximetry on skull
phantoms but have differences in the technology and layers
in the phantom manufacturing process. Due to this, the re-
sults obtained with the oximeters vary and possible short-
comings have been noted in some studies (Dullenkopf et

al., 2003; Hyttel-Sorensen, Testing…) where oxygen con-
centration values were higher than in our study.

It is difficult to compare our results with cerebral oximetry
results in human participants in other studies because of hu-
man skull variability and inability to standardise parame-
ters. However, in a study where cerebral oxygenation was
measured with INVOS 5100C, the results obtained were
higher than in our study (Kleiser et al., 2018; Hyttel-
Sorensen, 2013), which may indicate possible clinical inac-
curacy of our study.

The present study resulted in practical experiments that
were done for the first time using a solid optical skull
equivalent phantom and commercially available equipment.
Experiments showed that it is possible to actually simulate
the optical properties of tissue and that it is possible to con-
tinue the on-going study and to analyse other potential
causes of measurement errors. The following recommenda-
tions for further studies may be:

• For further development of an optical phantom, it would
be necessary to validate the optical properties using ex-
perimental methods;

• The INVOS 5100 algorithm of the machine used takes
into account different absorption of oxyhemoglobin and
deoxyhemoglobin, there is a need to apply other absor-
bent substances or a combination of substances with dif-
ferent absorption values at wavelengths of 730 and 810
nm instead of ink;

• Additional experiments should be performed using other
equipment, because a specific algorithm exists for a par-
ticular device. Because of this, the phantom used in this
study may not be suitable for testing other equipment;

• The total number of measurements is limited by the time
consumption to manufacture a phantom, it would be nec-
essary to make more phantoms and repeat the measure-
ments to increase replication;

• Bending the phantom may alter its optical properties as a
result of mechanical influences. Therefore, it would be
necessary to make and measure phantoms at different an-
gles;

• Produce phantom skull layers of less than 1 mm thick-
ness;

• It is necessary to perform additional measurements of
skull thickness exceeding 11 mm to determine the thresh-
old at which the machine will stop displaying measure-
ment values.

CONCLUSION

The thickness of the bone layer of the phantom skull affects
the regional oximetry results, but the angle of the skull does
not affect it.
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CEREBRÂLÂS OKSIMETRIJAS MÇRÎJUMU REZULTÂTI ATKARÎBÂ NO GALVASKAUSA FANTOMA PIRMSKLÎNISKÂ
MODEÏA

Mûsdienâs bieþâk tiek izmantoti neinvazîvi izmeklçjumi, kuri pacientiem spçj nodroðinât efektîvu aprûpi. Lai nodroðinâtu pacienta
perioperatîvâs aprûpes augstu kvalitâti, pçtnieki meklç daþâdas tehnoloìijas un izstrâdâ jaunas iekârtas. Viena no tâm ir cerebrâlais
oksimetrs. Ar to veic transkutânus mçrîjumus, izmantojot inftrasarkano starojumu, lai novçrtçtu audu oksigenâciju. Pçtîjuma mçríis bija
noteikt, vai galvaskausa fantoma leòíis un biezums ietekmç cerebrâlâ oksimetra mçrîjumus. Tika izmantots intralipîda ûdens ðíîdums,
þelatîns un tinte, lai izgatavotu seðus fantomus ar galvaskausa biezumu no 6 lîdz 11 mm. Mçrîjumi katram fantomam tika veikti èetros
punktos. Visi seði fantomi tika izliekti no 0 lîdz 20 grâdu leòíim, lai noteiktu galvaskausa fantoma izliekuma leòía ietekmi uz reìionâlo
oksigenâciju. Lai veiktu reìionâlâs oksimetrijas mçrîjumus, tika izmantots cerebrâlâs oksimetrijas instruments SOMETICS INVOS 5100C.
Galvaskausa biezumam 11 mm rSO2 bija 45,8% (SD 0,96); galvaskausa biezumam 10 mm rSO2 bija 45,25% (SD 2,22);
galvaskausa biezumam 9 mm rSO2 bija 32% (SD 1,63); galvaskausa biezumam 8 mm rSO2 bija 17% (SD 1,83); galvaskausa biezumam 7
mm rSO2 bija 15% (SD 0); galvaskausa biezumam 6 mm rSO2 bija 15% (SD 0). Mçrot oksimetrijas atkarîbu no galvaskausa izliekuma
leòía, bûtiskas izmaiòas oksimetrijas vçrtîbâs netika novçrotas. Fantoma galvaskausa kaulu slâòa biezums ietekmçja reìionâlo okismetriju,
taèu galvaskausa leòíis to neietekmçja.
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