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Abstract— Infection after joint arthroplasty results in great
discomfort and major financial expenses. The local wound
temperature could influence the risk of infection. Laminar
airflow (LAF) in the operating room (OR) has an effect on
the wound temperature during surgery. The influence of LAF
during joint arthroplasty is investigated by measuring the
temperature of a tissue model with and without the presence
of LAF using thermocouples (TC). The results show that the
LAF lowers the median temperature of the tissue model by
1.85◦C when the model is initially at body temperature. If this
cooling effect also appears in human tissue, it is interesting to
further explore the influence of temperature on the infection
rate. Hence the possibility of measuring the wound temperature
during a joint arthroplasty with an the infrared thermometer
(IRT) and its practical implementation is also investigated. The
accuracy and precision of the IRT are compared to those of
the reference, the TC’s. These experiments are conducted on
the same model that is used to test the influence of the LAF.
What can be concluded from the results is that the accuracy
and precision of the IRT are too low. Therefore, the IRT is
not suitable for wound temperature measurements during joint
arthroplasty.

I. INTRODUCTION

To minimize surgical site infection (SSI) due to microbes,
LAF systems are used in the OR. The current line of
thought is that these systems decrease contamination rates.
Nevertheless recent studies have shown that the positive
effects of LAF are questionable [1].

LAF is predominantly used during joint arthroplasty. The
main reason for a failed joint arthroplasty is periprosthetic
joint infection (PJI). Infection of a prosthetic joint occurs in
0.7% of all operations [2]. Although this percentage might
seem small, the consequences are enormous. Infections lead
to multiple operations, a longer period of disability and have
a major financial impact. One study has estimated that the
total cost of infection revision surgery in the US alone will
exceed 1.62 billion USD in 2020 [3].

Infection is caused by external microorganisms, predom-
inantly bacteria, that enter the body. The multiplication of
these bacteria will ultimately lead to complications. LAF
reduces 80% of pathogens in the air, but also influences the
temperature in the OR as the flow has a temperature of 18◦C.

The aim of this report is to investigate the influence
LAF has on the tissue temperature. A lowered temperature
negatively effects the immune system since the local immune
respone is most effective in the range 35◦C to 37◦C [4].
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Moreover this report explores the potential implementation
of a non-invasive temperature measuring device during total
joint arthroplasty. The implementation of this device is fur-
ther evaluated by examining the influence of environmental
conditions.

In order to achieve this, a tissue model is exposed to
different circumstances and the temperature of the model
is subsequently measured with both a TC and an IRT. The
temperature progress for each situation is analyzed and the
data is compared. This way a conclusion can be drawn about
the effects of these conditions and if an IRT is a functional
instrument to be used during surgery.

The hypothesis of the research states that the temperature
of a representative model of a wound that is exposed to a cold
LAF during total joint arthroplasty is lower in comparison
with the temperature of the same model that is not exposed
to LAF. Furthermore, the IRT approaches the temperature
measurement of a TC with a maximum offset of ± 1◦C in
the OR. This value is based on the maximum allowed offset
in which the temperature sensor is still of use according to an
anesthesiologist from the Reinier de Graaf hospital (RdG). In
addition the manufacturer of the IRT, Optris MS Pro, claims
that the IRT has an offset of ± 1◦C.

This paper consist of a literary research which provides
relevant background information. Based on this research an
experimental setup is determined. In Methods & Materials
the measurement procedure and the procedure for data pro-
cessing are explained. These results will be further analyzed
in the Results and discussed in the Discussion to formulate
an answer to the research question. Finally the conclusions
are summarized and recommendations for future research
are given in the Conclusion. This research study has been
conducted as part of the Bachelor End Project for Mechanical
Engineering students at the TU Delft in the third year of their
Bachelor studies.

II. LITERARY RESEARCH

Five years ago, RdG installed a new ventilation system,
which facilitates distribution of clean air with a temperature
of 18◦C in the OR. Multiple studies [5] [6] and the World
Health Organization [7] question the positive impact that
different airflow systems in the OR have on deep SSI.
Additionally the medical staff of RdG observed that the new
ventilation system does not decrease the number of infected
wounds after surgery.

Earlier research has proven that in 57% of all wound
infections the clustered gram-positive cocci organisms are
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the cause [2]. This type of bacteria can be distinguished by
the forming of clusters or chains. Gram-positive cocci can be
distinguished by their ability to perform coagulase (enzyme
that forms fibrin from fibrinogen) [8] and catalase (enzyme
that decomposes hydrogen peroxide to water and oxygen)
[9] reactions after 24 hours [10]. The optimal temperatures
for the growth of these microorganisms lie in the range of
35◦C to 37◦C [11], similar to the optimal temperature for
the immune system. An expected lower wound temperature
decreases the local immune response, but it also creates
sub optimal conditions for bacteria to grow. In RdG, the
core temperature of patient is occasionally measured during
surgery using an ear thermometer.

During total joint arthroplasty the protective layer, the
skin, is broken. The tissue around the joint is normally
not exposed to such circumstances. The tissue will lose
heat through conduction as a consequence of contact with
cold operating surfaces, evaporation of liquids, convection
by exposure to the air and radiation through tissue loss.
Hypothermia weakens the bodies natural immune system [4],
stimulates the constriction of blood vessels, and causes a de-
crease in pressure of oxygen in the tissue which all together
lowers the bodies natural resistance to bacterial infections.
First of all, anesthesia lowers a patient’s body temperature
after an hour by 1.6◦C ± 0.3◦C [12], after which LAF
causes an even faster decrease. A randomized clinical trial
on wound temperature during open colon surgery showed a
mean core temperature of 36.3◦C, a mean wound temperature
of 29.3◦C and a mean wound edge temperature of 30.1◦C
[12]. This indicates that the local wound temperature instead
of core temperature should be measured during surgery. The
temperature of the open wound and the possibility to warm
it during surgery are almost unexplored [13].

To investigate the open wound temperature, a minimal
invasive technique for measuring temperature in the OR must
be used. The IRT is increasingly taking its place in the medi-
cal world, as this instrument does not require contact with the
object to be measured and can take discrete measurements.
In 2015, a study [14] was done to measure skin temper-
ature with a thermal camera of the lower abdomen. It was
investigated whether image distance affects the measurement
results. In this study three different distances were chosen,
namely 300, 600 and 1000 mm. The results indicate that
there are no significant differences in measured temperature
at different image distances. Recent research [15] shows that
Long wavelength Infrared Thermography (LWIT) sensors
are very well capable of measuring wound temperature.
During the study, the wound of a number of patients were
photographed with a digital camera and analyzed with LWIT
sensors. The LWIT sensor can detect temperature gradients
between the wound and the skin around it. This research will
therefore make use of an LWIT sensor to answer the research
question.

Literary research has shown that the use of LAF is debat-
able, the aim of this report is to investigate the temperature
effect that this LAF has on a tissue model. Tofu will be
used as a simulated model. Research [16] confirmed that

the tofu could be considered homogeneous in terms of heat
transfer. Research has been conducted to acquire insights in
thermal properties of tofu and its ability to mimic human
tissue. Moreover the material is widely available, easy to
shape and has a moisturized surface [17] [16].

III. METHODS & MATERIALS

A. Experimental setup

The same experimental setup as displayed schematically
in Fig. 1 is used In every experiment. The main parts are
the IRT, TC’s, tofu, heat regulator and power supply. The
experiments are conducted in an OR of RdG. Tofu is used
to simulate tissue. A sample cutter, based on the principle of
a cookie cutter, is fabricated to consistently shape the tofu
to the desired size of 95x25x8 mm. The material structure
of tofu can be described as moist and solid. The bottom side
of the tofu is heated with the heat regulator to simulate the
human body temperature. The temperature of the heat regu-
lator is constantly measured with a TC type K. In Laboratory
Virtual Instrument Engineering Workbench (LabVIEW) a
control loop is designed to maintain a certain set temperature.
Experiments have shown that a set temperature of 48◦C will
result in a temperature of 37◦C in the tofu model.

Two electrically insulated TC’s type K are used to measure
the top surface temperature of the tofu. These TC’s stay
in the same position on the surface of the sample during
all measurements, excluding the effects of misplacement of
the TC’s. The used type K TC’s are capable of measuring
temperatures in the range of -75◦C to 250◦C [18]. Every 214
ms a TC type K measurement is registered with an accuracy
of ± 2.2◦C or ± 0.75% [19].

A TC compares the voltage difference between the mea-
suring junction and the cold junction compensation (CJC).
The CJC is the reference environmental temperature [20].
TC’s 1 and 2 (Fig. 1) are calibrated using ice point calibration
[21]. Tap water is added to a bath of ice, after which the
bath stabilizes around 0◦C for approximately 15 minutes.
This temperature is used as a reference temperature. The two
TC’s are placed in the water and the CJC value is adjusted
to the point where both TC’s indicate a temperature of 0◦C.
By using this method the CJC value in the OR is determined
at 19.5◦C.

For the temperature measurement in experiment 1 and
2 the IRT is mounted on a fixed location. The IRT has a
Distance to Spot (D:S) ratio of 20:1. This is the diameter
of the area being measured as it relates to the distance of
the sensor. The IRT is placed on a distance of 150 mm. The
used IRT is the Optris MS Pro, which operates in the range
of -32◦C to 760◦C, with an accuracy of ± 1◦C or ± 1% at
T ≥ 20◦C and an accuracy of ± 1.5◦C or ± 1.5% at 0 ≤
T < 20◦C. Every 300 ms an IRT measurement is registered
[22].

To prevent inaccurate measurements the TC’s are placed
outside the area being measured by the IRT so that the TC’s
do not influence the IRT measurements.
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Fig. 1: Schematic overview of the experimental setup

The emissivity of tofu is determined by calibrating the IRT
with a TC and the contact probe that is included with the
Optris MS Pro. The emissivity is changed to a value where
the IRT gives the same value as the probe and the TC. The
emissivity value of 0.95 is used throughout this research.

Experiment 1 and 2 explore the utility of the IRT by
analyzing the influence of the light in the ORs on the IRT
and determining the accuracy and precision of the IRT.
Experiment 3 examines the influence of LAF on the sample
temperature. Each experiment is conducted five times. Pilot
experiments have shown that a temperature gradient exists
in the heating element and that this gradient is linearly
distributed along the element. In all experiments the mean
of the two TC measurements (TTC) is considered as the
reference temperature, as the TC’s are calibrated using the
ice point bath calibration. The reference temperature is stated
in Eq. 1.

TTC =
TTC1 + TTC2

2
(1)

All experimental IRT measurements (TIR) are compared
to the reference temperature. The temperature difference
between the IRT measurement and mean TC measurement
is referred to as the offset ∆T in Eq. 2.

∆T =| TIR − TTC | (2)

The offset is used to determine the accuracy and the range
of the offset to determine the precision of the IRT.

The TC’s are connected to a computer through a Texas
Instruments High Speed USB Carrier. The data of the TC’s
and the IRT of every experiment over a time interval ttotal =
[0, 600]s are collected in LabVIEW and stored in a Microsoft
Excel file. The temperature progress of each experiment
is graphed and presented in the Results. This relatively
long time interval ttotal allows the temperature to reach a
constant. Therefore the temperature progress and data of
the sample at time interval tstable = [500, 600]s can be
evaluated and compared with other measurement results. The
evaluated data at the time interval tstable is presented in
the assigned tables. Relevant statistical parameters include
the minimum and maximum temperature, median and range

since the distribution of the data is asymmetrical. These
values will provide an indication of the measured differences,
accuracy and precision. The statistical significance of the
results is determined by the Mann-Whitney U Test [23]. In
the Mann-Whitney U test the null hypothesis H0 stands for
the difference of value between the samples is equal to 0.
The alternative hypothesis Ha stands for the difference of
value between the samples is different from 0. The alpha
value will be set at 5% which results in a value of 0.05. If
the p-value > the alpha value then H0 is accepted if not then
Ha is accepted.

B. Experiment 1

Experimental question: What is the influence of light in
the OR on the IRT measurement of the sample in comparison
with a situation where an enclosure blocks the light from the
sample?

Experimental setup: To examine the influence of light in
the OR, the sample is placed on the heat regulator of the
setup. In the OR two Dräger Polaris 600 operating lights are
used. One light has 92 Light Emitting Diodes (LEDs) which
altogether have a maximum light intensity of 160 000 lux.
The ambient light intensity in the OR is 3 000 lux [24].

First the sample is exposed to the lights in the OR and
the surface temperature is measured by both the IRT and the
TC’s. The enclosure, a cardboard box (485 x 325 x 380 mm),
is opened on one side to expose the sample to the light in
the OR and still block the LAF. Secondly the enclosure is
closed to block the light in the OR and the temperature is
registered again. All other factors are kept constant.

C. Experiment 2

Experimental question: What is the difference in temper-
ature measurements with a TC versus an IRT?

Experimental setup: To explore the utility of the IRT
during surgery the same setup is used as shown in Fig. 1. The
accuracy is determined by calculating the difference between
the IRT and the TC’s, which will be referred to as the offset
∆T . To determine the precision the range in the offset will
be calculated.

D. Experiment 3

Experimental question: What is the influence of LAF with
flow conditions of TLAF =18◦C and a downward flow QLAF

= 11.40 m3/hr in the OR on the temperature of the tissue
model?

Experimental setup: First the surface temperature of the
tofu sample is measured without LAF (TwithoutLAF ) using
only TC’s. To exclude the influence of LAF the enclosure
is placed over the experimental setup. Next, the enclosure is
removed, exposing the setup to LAF. The surface tempera-
ture of the sample (TwithLAF ) is measured with the TC’s.
The settle temperature with and without LAF is measured,
plotted and compared. The temperature difference between

3



the measurements with and without LAF is called ∆TLAF

and is stated in Eq. 3.

∆TLAF = |TwithoutLAF − TwithLAF | (3)

IV. RESULTS

A. Experiment 1

In Fig. 2 and Fig. 3 the temperature TIR and TTC of the
sample with the light in the OR when exposed to light in
the OR are plotted against time. In Fig. 4 and Fig. 5 the
TIR and TTC of the sample without the light in the OR
are plotted against time. All figures show a time interval
ttotal = [0, 600]s. The offset ∆T , defined in Eq. 2, for all
five measurements is graphed in Fig. 6. For each measure-
ment, minimum temperature, maximum temperature, median
temperature and accompanying range over the time interval
tstable = [500, 600]s is displayed. The results in Tab. III
show an overall smaller offset ∆T of the experiment with
light in the OR in comparison with the experiment without.
The median offset with light in the OR for all data is 3.46◦C,
the median without light in the OR is 4.36◦C. Tab. VIII
shows that the difference in offset is 0.90◦C. The accuracy of
the IRT will be further discussed in the Discussion. As listed
in Tab. III, the median range of experiment 1 with light in the
OR is 0.5◦C and the median range of the experiment without
light in the OR is 0.18◦C. Not only does light influence the
offset but the IRT also shows more fluctuation.

Fig. 2: Experiment 1: IRT temperature with light in the OR

Fig. 3: Experiment 1: TC temperature with light in the OR

With light in the OR
Measurement 1 2 3

TC IRT TC IRT TC IRT
Min T (◦C) 34.82 31.30 35.18 31.70 36.07 32.20
Max T (◦C) 35.17 31.60 35.60 32.10 36.39 32.50
Median T (◦C) 35.00 31.40 35.46 32.00 36.26 32.30
Range (◦C) 0.35 0.30 0.42 0.40 0.32 0.30

TABLE I: Temperature evaluation of experiment 1 with light in
the OR

Fig. 4: Experiment 1: IRT temperature without light in the OR

Fig. 5: Experiment 1: TC temperature without light in the OR

Without light in the OR
Measurement 1 2 3 4 5

TC IRT TC IRT TC IRT TC IRT TC IRT
Min T(◦C) 35.45 31.30 35.90 31.60 35.96 31.60 35.77 31.60 35.92 31.60
Max T (◦C) 35.77 31.30 36.05 31.60 36.07 31.70 35.97 31.70 36.13 31.60
Median T (◦C) 35.60 31.30 35.98 31.60 36.01 31.60 35.90 31.60 36.01 31.60
Range (◦C) 0.32 0.00 0.16 0.00 0.11 0.10 0.20 0.10 0.21 0.00

TABLE II: Temperature evaluation of experiment 1 without light
in the OR

Fig. 6: Experiment 1: offset with/without light in the OR
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With light in the OR Without light in the OR
Measurement 1 2 3 1 2 3 4 5
Min ∆T (◦C) 3.28 3.20 3.67 4.15 4.30 4.29 4.10 4.32
Max ∆T (◦C) 3.81 3.70 4.09 4.47 4.45 4.47 4.37 4.53
Median ∆T (◦C) 3.58 3.46 3.92 4.30 4.38 4.41 4.23 4.41
Range (◦C) 0.53 0.50 0.42 0.32 0.16 0.18 0.27 0.21

TABLE III: Offset evaluation of experiment 1 with/without light
in the OR

B. Experiment 2

In Fig. 4 and Fig. 5 TIR and TTC are graphed, respec-
tively. The curves obtained for TC and IRT are similar in
shape. The offset ∆T , defined in Eq. 2, is plotted against
the time in Fig. 7. In Tab. IV data for the time interval
tstable = [500, 600]s is presented. The median offset is
4.36◦C and median range is 0.18◦C, as can be seen in Tables
IV and VIII.

Fig. 7: Experiment 2: offset

Offset
Measurement 1 2 3 4 5
Min T (◦C) 4.15 4.30 4.29 4.10 4.32
Max T (◦C) 4.47 4.45 4.47 4.37 4.53
Median T (◦C) 4.30 4.38 4.41 4.23 4.41
Range (◦C) 0.32 0.16 0.18 0.27 0.21

TABLE IV: Temperature evaluation of experiment 2

C. Experiment 3

The temperature progress when the setup is exposed to
LAF and the progress when not exposed, is shown in
Fig. 8. The grouped results indicate a temperature difference,
∆TLAF , between the experiment with and without LAF in
the time interval tstable = [500, 600]s. The corresponding
data is presented in Tab. V and VI. In Tab. VII the minimum
and maximum temperature of the measurements with and
without LAF are presented. The experiment with LAF and
the experiment without LAF both show left-skewed distribu-
tions. The difference in range is 0.18◦C and the difference
in median is 1.85◦C.

With LAF
Measurement 1 2 3 4 5
Min T (◦C) 34.18 34.01 33.31 33.30 31.79
Max T (◦C) 34.36 34.18 33.43 33.46 31.98
Median T (◦C) 34.29 34.10 33.35 33.37 31.90
Range (◦C) 0.19 0.17 0.12 0.16 0.18

TABLE V: Temperature evaluation of experiment 3 with LAF

Without LAF
Measurement 1 2 3 4 5
Min T (◦C) 35.45 35.90 35.96 35.77 35.92
Max T (◦C) 35.77 36.05 36.07 35.97 36.13
Median T (◦C) 35.60 35.98 36.01 35.90 36.01
Range (◦C) 0.32 0.16 0.11 0.20 0.21

TABLE VI: Temperature evaluation of experiment 3 without LAF

Fig. 8: Experiment 3: temperature with/without LAF

Min Max Median Range
T with LAF (◦C) 33.30 34.36 34.11 1.06
T without LAF (◦C) 35.45 36.13 35.96 0.68
Difference | ∆ TLAF | (◦C) 2.15 1.77 1.85 2.83

TABLE VII: Temperature evaluation of experiment 3

D. Overview of all results
At last, the results of the three conducted experiments are

summarized in Tab. VIII.

Exp. Condition Median TC Median IRT Offset
1 T with light in the OR (◦C) 35.46 32.00 3.46

T without light in the OR (◦C) 35.96 31.60 4.36
2 T (◦C) 35.96 31.60 4.36
3 T with LAF (◦C) 34.11 - -

T without LAF (◦C) 35.96 - -

TABLE VIII: Data evaluation of all experiments

V. DISCUSSION

This study shows that LAF influences the temperature of
a tissue model.

Different moisture conditions could influence the decrease
in temperature and therefore the temperature difference could
be higher than 1.85◦C. Also, the Optris MS Pro IRT is not
a suitable device for measuring the local wound temperature
during total joint arthroplasty. The results indicate poor
similarity between the TC and IRT. Structurally, The IRT
measures a lower temperature of the model. The light in
the OR influences the precision of the IRT. The accuracy is
questionable because the offset differs greatly and is larger
than ± 1◦C. The sections below elaborate on the setup and
each experiment separately.

A. Experimental setup
The final setup eliminates most sources of disturbances.

Experiments which were executed incorrectly were removed
from the data.
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The common perception is that a type T TC is more
accurate than type K [25]. Nevertheless conduction along
the leads of the wire of the TC could undesirably influence
the outcome. The TC’s are attached to the sample surface and
the conduction could be influenced by the temperature of the
air. Since type K TC wires have a lower thermal conductivity
compared to type T TC, the usage of type K minimizes the
influence of the air temperature on the surface measurement
and therefore results in less measurement error [26].

All measurements have a p-value < 0.0001. As the com-
puted p-value is lower than the significance level alpha =
0.05 one should reject the null hypothesis H0, and accept
the alternative hypothesis Ha.

B. Experiment 1

The Mann-Whitney U Test proves that the measurements
with the light in the OR are significantly different from the
measurements without light in the OR. From the results can
be concluded that the offset ∆T when the sample is the
exposed to light in the OR is less than the offset when not
exposed. Intuitively a smaller offset is expected when the
sample is placed within the enclosure. However Fig. 6 shows
that the IRT structurally underestimates the temperature of
the sample in comparison with the TC’s. When the sample
is not covered, ambient IR light is measured by the IRT
which results in a higher temperature reading. Because of
this higher temperature reading the measurement value will
be closer to the reference value resulting in a smaller offset.
The finding that this offset is smaller does not mean that the
IRT functions better under these circumstances. The Dräger
Polaris 600 operating light is used in cold mode, which
means that no infrared radiation is emitted by the LEDs
[27]. However IR wavelengths from other light sources and
objects that emit IR radiation present in the OR disturb
the measurement. The external radiation of IR causes an
increased fluctuation in the accuracy of the IRT. The range of
the enclosed IRT is smaller than the range of the IRT when
exposed to external radiation, see Tab. III. This indicates a
better precision with enclosure.

After experiment 1 with light in the OR was conducted
three times, the operation room was needed. Therefore, more
measurements could not be conducted. It is concluded that
the performed measurements already represent the thermal
progress of the model exposed to external lighting properly.

C. Experiment 2

The Mann-Whitney U Test proves that the measurements
with IRT are significantly different from the measurements
done with the TC’s.

Fig. 7 shows inconsistency in the offset. The results
present in Tab. IV differ between 4.10◦C and 4.53◦C. The
offset is not equal to the value of ± 1◦C as stated in the
subhypotheses. A study conducted by Michalski et al [28]
states that ∆T between the reference value and experimental
value is 1.5◦C at maximum. This means that an offset of ±
1◦C might not be attainable. Nevertheless, the obtained offset
in the IRT is still significantly larger than 1.5◦C.

An IRT is influenced by many factors. The most im-
portant factors are the emissivity, moisture of the object,
sensor distance , angle of observation, air supply and at last
the effect of the sources of interference such as the heat
produced by the heating elements or by the lamps lighting
the surface [28]. Calibration of the IRT and the test setup
excludes most of these factors. One of the limitations is the
lack of knowledge of the emissivity of moist tofu surface.
During calibration of the IRT the emissivity changed with
temperature. The value of 0.95 was found in most, but not all
calibration measurements at a sample temperature of 37◦C.
To test the influence of moisture on the emissivity of the
IRT, the emissivity of other materials such as the ceramic
iron heating element, a piece of white paper and an assumed
black body were calibrated and compared with known values.
The emissivity still fluctuated with different temperatures.
The Optris MS Pro IRT is therefore not a suitable device for
measurements on the model.

The findings of this report regarding the difference be-
tween conductive and IR devices contradict some past re-
searches [29][30] although more recent studies supports the
conclusion of this report [31][32].

D. Experiment 3

The Mann-Whitney U Test proves that the measurements
with LAF are significantly different from the measurements
without LAF. The temperature progress as displayed in Fig. 8
and the data in Tab. VII show a higher settle temperature
when the sample is exposed to LAF. For the data in Tab. VII,
measurement 5 is eliminated to exclude an error caused by
the introduction of a new sample whilst all other measure-
ments were conducted with the same sample. The limitation
of this method is that the multiple heat and cool down cycles
will cause changes in moisture content of the sample. The
influence of LAF decreases with every measurement, as the
maximum and minimum temperatures for measurement 1-5
in Tab. V indicates. It was determined that the influence of
the misplacement of the TC’s is greater than the influence
of the difference in moisture content. To maintain similar
conditions throughout all experiments, the sample is not
replaced after every measurement.

Furthermore, during total knee arthroplasty the wound is
rinsed with water two times and rinsed with disinfectant
liquid once. The rinsing moisturizes and cools down the
wound even further. The tofu temperature is regulated by
a heat regulator during the measurements. In human tissue
the wound temperature is regulated by the blood flow. The
blood flow heats the wound more uniformly and possibly
results in a different temperature distribution than the model.
Therefore it is interesting to investigate the temperature
progress in human tissue. The assumption is made that lower
temperature will increase the chances of infection, because
local hypothermia commonly leads to an increased infection
chance [33].

6



VI. CONCLUSION

The initially stated aim of this research was to identify the
influence of LAF on the temperature of a tissue model and
to explore the possibilities to perform discrete measurements
with an IRT. While recognizing the limitations of the set up,
the conclusion can be drawn that the IRT is not suitable to use
during joint arthroplasty. Therefore in future research on non-
invasive measurements, the implementation of different IRT
should be explored. The research has furthermore concluded
that the IRT experiences negative influence from ambient
lighting. In further research an IRT should be used with
an enclosure to minimize the effects of ambient light. The
temperature with LAF is substantially lower than without
LAF. The influence of wound temperature on infection rate
is still undiscovered. This research has demonstrated the
relevance of investigating the effect LAF has on human
tissue. Because all the experiments are conducted on a tissue
model and not on human tissue, further research will have
to explore the effect of LAF on the human body during joint
arthroplasty.

ACKNOWLEDGEMENTS

This study was made possible due to the efforts of prof.
dr. Jenny Dankelman and Jos van Driel from the TU Delft,
Bas Verdouw, Hennie Verburg and Dr. Nina Mathijssen from
Reinier de Graaf.

REFERENCES

[1] S. McHugh., A. Hill., and H. Humphreys., “Laminar airflow and the
prevention of surgical site infection. more harm than good?” The
Surgeon, vol. 13, pp. 52– 58, 2015.

[2] L. Pulido, E. Ghanem, A. Joshi, J. Purtil, and J. Parvizi, “Periprostethic
joint infection,” The Association of Bone and Joint Surgeons, vol. 466,
pp. 1710–1715, 2008.

[3] S. M. Kurtz, E. Lau, H. Watson, and J. K. Schmier, “Economic burden
of periprosthetic joint infection in the united states,” J Arthroplasty,
vol. 27, pp. 61–65, 2012.

[4] M. Allen and D. Jacofsky, “Normothermia in arthroplasty,” The
Journal of Arthroplasty, vol. 32, 2017.

[5] K. H. Song, E. S. Kim., Y. K. Kim., H. Y. Jin., S. Y. Jeong., and
Y. G. Kwak, “Differences in the risk factors for surgical site infection
between total hip arthroplasty and total knee arthroplasty in the korean
nosocomial infections surveillance system (konis).” Infect Control
Hosp Epidemiol, vol. 33(11), pp. 1086– 1093, 2012.

[6] World Health Organization, “Global guidelines for the prevention of
surgical site infection.” WHO Library, pp. 158– 162, 2016.

[7] D. J. Anderson, K. Podgorny, S. I. Berrios-Torres, D. W. Bratzler, E. P.
Dellinger, and L. Greene, “Strategies to prevent surgical site infections
in acute care hospitals,” Infect Control Hosp Epidemiol, vol. 35(6), pp.
605– 627, 2014.

[8] “Merck & co resource library,” https://web.archive.org/web/
20090212105543/http://www.mercksource.com:80/pp/us/cns/
cns hl dorlands split.jsp?pg=/ppdocs/us/common/dorlands/dorland/
two/000022192.html, accessed: 2018-10-23.

[9] P. Chelikani, I. Fita, and C. Loewen, P, “Diversity of structures and
properties among catalases,” Cellular and Molecular Life Sciences,
vol. 61(2), p. 192208, 2004.

[10] “Antimicrobe antibiotic therapy for positive blood cultures.” http://
www.antimicrobe.org/e38.asp#t5a, accessed: 2018-10-15.

[11] B. Watt and G. L. F. Smith, “Anaerobic cocci,” Topley and Wilsons
principles of bacteriology, virology and immunology., vol. 8, pp. 247–
253, 1990.

[12] D. Sessler and M. Todd, “Perioperative heat balance,” Anesthesiology,
vol. 92, 2000.

[13] J. Frey, M. Janson, M. Svanfeldt, P. Svenarud, and J. Van der Linden,
“Local insufflation of warm humudified co2 increased open wound and
core temperature during open colon surgery: A randomized clinical
trial.” International Anesthesia Research Society,, vol. 115, pp. 1204–
1211, 2012.

[14] C. Siah and C. Childs, “Thermographic mapping of the abdomen in
healthy subjects and patients after enterostoma.” Journal of Wound
Care, vol. 24(3), pp. 112–120, 2015.

[15] A. Chanmugam, D. Langemo, K. Thomason, J. Haan, E. A. Al-
tenburger, A. Tippett, and T. A. Zortman, “Relative temperature
maximum in wound infection and inflammation as compared with a
control subject using long-wave infrared thermography,” Advances in
Skin & Wound Care, vol. 30(9), pp. 406– 414, 2017.

[16] J. Kong, O. Miyawaki, and T. Yano, “Effective thermal diffusivities
of some protein gels.” Agric. Biol. Chem., vol. 44(8), pp. 1905–1910,
1980.

[17] O. Baik and G. S. Mittal, “Determination and modeling of thermal
properties of tofu,” International Journal of Food Properties, vol. 6,
pp. 1, 9–24, 2003.

[18] “RS online rs pro type k thermocouple 0.075mm diameter, -
75c +250c,” https://nl.rs-online.com/web/p/thermocouples/3971589/,
accessed: 2018-11-24.

[19] “RS online thermocoupleselection guide,” https://docs-emea.rs-online.
com/webdocs/15e5/0900766b815e5302.pdf, accessed: 2018-11-24.

[20] “Maxim Integrated implementing cold-junction compensation in
thermocouple applications,” https://www.maximintegrated.com/en/
app-notes/index.mvp/id/4026, accessed: 2018-12-12.

[21] “Canada Government te-lp-001preparation and use of an ice point bath
as a reference temperature.” https://www.ic.gc.ca/eic/site/mc-mc.nsf/
eng/lm00557.html, accessed: 2018-11-15.

[22] “Optris datasheet optris ms,” https://www.optris.com/
downloads-portable-thermometers?file=tl files/pdf/Downloads/
Portable%20Thermometers/Data%20Sheet%20optris%20MS.pdf,
accessed: 2018-11-15.

[23] “Leard Statistics mann-whitney u test using spss
statistics,” https://statistics.laerd.com/spss-tutorials/
mann-whitney-u-test-using-spss-statistics.php, accessed: 2018-12-19.

[24] “Drger drger polaris 600 operating lights,” https://www.draeger.com/
Products/Content/polaris-600-pi-9072978-en.pdf, accessed: 2018-11-
18.

[25] “REOTEMP Instrument Corporation types of thermocouples,” https:
//www.thermocoupleinfo.com/thermocouple-accuracies.htm, accessed:
2018-11-28.

[26] H. Shaukatullah and A. Claassen, “Effect of thermocouple wire size
and attachment method on measurement of thermal characteristics of
electronic packages,” Ninteenth Annual IEEE Semiconductor Thermal
Measurement and Management Symposium, 2003.

[27] “MED gadget let draeger polaris be your guiding light.” https://www.
medgadget.com/2009/11/let draeger polaris be your guiding light.
html, accessed: 2018-12-14.

[28] D. Michalski, K. Strk, and M. Piasecka, “Comparison of two surface
temperature measurement using thermocouples and infrared camera,”
Faculty of Mechatronics and Mechanical Engineering Kielce Univer-
sity of Technology Al. 1000-lecia P.P., vol. 7, pp. 25–314, 2016.

[29] M. Buono, A. Jechort, C. Smith, and J. Welch, “Comparison of
infrared versus contact thermometry for measuring skin temperature
during exercise in the heat.” Physiological Measurement, vol. 28(8),
pp. 9–855, 2007.

[30] R. Burnham, R. McKinley, and D. Vincent, “Three types of skin-
surface thermometers: a comparison of reliability, validity, and respon-
siveness.” American Journal of Physical Medicine and Rehabilitation,
vol. 85(7), pp. 8–553, 2006.

[31] T. Kelechi, A. Good, and M. Mueller, “Agreement and repeatability
of an infrared thermometer.” Journal of Nursing Measurement, vol.
19(1), pp. 55–64, 2011.

[32] A. Fernandes Ade, P. Amorim, B. C., A. de Moura, D. Moreira,
C. Costa, M. Sillero-Quintana, and J. Marins, “Measuring skin temper-
ature before, during and after exercise: a comparison of thermocouples
and infrared thermography,” Physiological Measurement, vol. 35(2),
pp. 189–203, 2014.

[33] “ScienceDirect hypothermia,” https://www.sciencedirect.com/topics/
neuroscience/hypothermia, accessed: 2018-12-17.

7

https://web.archive.org/web/20090212105543/http://www.mercksource.com:80/pp/us/cns/cns_hl_dorlands_split.jsp?pg=/ppdocs/us/common/dorlands/dorland/two/000022192.html
https://web.archive.org/web/20090212105543/http://www.mercksource.com:80/pp/us/cns/cns_hl_dorlands_split.jsp?pg=/ppdocs/us/common/dorlands/dorland/two/000022192.html
https://web.archive.org/web/20090212105543/http://www.mercksource.com:80/pp/us/cns/cns_hl_dorlands_split.jsp?pg=/ppdocs/us/common/dorlands/dorland/two/000022192.html
https://web.archive.org/web/20090212105543/http://www.mercksource.com:80/pp/us/cns/cns_hl_dorlands_split.jsp?pg=/ppdocs/us/common/dorlands/dorland/two/000022192.html
http://www.antimicrobe.org/e38.asp#t5a
http://www.antimicrobe.org/e38.asp#t5a
https://nl.rs-online.com/web/p/thermocouples/3971589/
https://docs-emea.rs-online.com/webdocs/15e5/0900766b815e5302.pdf
https://docs-emea.rs-online.com/webdocs/15e5/0900766b815e5302.pdf
https://www.maximintegrated.com/en/app-notes/index.mvp/id/4026
https://www.maximintegrated.com/en/app-notes/index.mvp/id/4026
https://www.ic.gc.ca/eic/site/mc-mc.nsf/eng/lm00557.html
https://www.ic.gc.ca/eic/site/mc-mc.nsf/eng/lm00557.html
https://www.optris.com/downloads-portable-thermometers?file=tl_files/pdf/Downloads/Portable%20Thermometers/Data%20Sheet%20optris%20MS.pdf
https://www.optris.com/downloads-portable-thermometers?file=tl_files/pdf/Downloads/Portable%20Thermometers/Data%20Sheet%20optris%20MS.pdf
https://www.optris.com/downloads-portable-thermometers?file=tl_files/pdf/Downloads/Portable%20Thermometers/Data%20Sheet%20optris%20MS.pdf
https://statistics.laerd.com/spss-tutorials/mann-whitney-u-test-using-spss-statistics.php
https://statistics.laerd.com/spss-tutorials/mann-whitney-u-test-using-spss-statistics.php
https://www.draeger.com/Products/Content/polaris-600-pi-9072978-en.pdf 
https://www.draeger.com/Products/Content/polaris-600-pi-9072978-en.pdf 
https://www.thermocoupleinfo.com/thermocouple-accuracies.htm
https://www.thermocoupleinfo.com/thermocouple-accuracies.htm
https://www.medgadget.com/2009/11/let_draeger_polaris_be_your_guiding_light.html
https://www.medgadget.com/2009/11/let_draeger_polaris_be_your_guiding_light.html
https://www.medgadget.com/2009/11/let_draeger_polaris_be_your_guiding_light.html
https://www.sciencedirect.com/topics/neuroscience/hypothermia
https://www.sciencedirect.com/topics/neuroscience/hypothermia

	Introduction
	Literary research
	Methods & Materials
	Experimental setup
	Experiment 1
	Experiment 2
	Experiment 3

	Results
	Experiment 1
	Experiment 2
	Experiment 3
	Overview of all results

	Discussion
	Experimental setup
	Experiment 1
	Experiment 2
	Experiment 3

	Conclusion
	References

