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Background: Infrared thermal imaging is a non-invasive technique capable of detecting
changes in temperature that could ultimately signify changes in blood supply. Flir One is
a smartphone-based thermal camera, working by a downloadable application, capable of
detecting the limb temperature through a non-contact method using infrared thermography
technology. Using the Flir One camera, we will assess the lower limb reperfusion profile
following the tourniquet release post total knee arthroplasty (TKA).

Methods: A prospective study included 46 patients who underwent primary TKA. We used the
(Flir One Gen 3) thermographic camera to capture images at ankle joint preoperatively, and at 1, 10,
and 20 minutes post tourniquet release on operation side. The contralateral ankle stands as control.
Results: The mean preoperative temperature (in Celsius) of ankle control side and operated
side were 33.03 (SD=1.65) and 33.26 (SD=1.42), respectively. The mean ankle temperature
on operation side was 19.73 (SD=2.85), 30.49 (SD=2), and 32.43 (SD=1.31) at 1, 10, and 20
minutes post tourniquet release, respectively, while the control side showed a mean tem-
perature of 32.85 (SD=1.42), 32.84 (SD=0.91), and 33.15 (SD=0.95) at the same time
intervals. There was a significant statistical difference between both ankle temperatures at
1 and 10 minutes (P=0.00 for each time). At 20 minutes, 37 ankles (80.4%) at operation side
reached a temperature level similar but below the level of control side; however, the
difference was not significant (P=0.692).

Conclusion: Infrared thermography using the smartphone-connected camera is a simple,
non-invasive, feasible, and reliable technology. It provides an objective measure to assess the
perfusion status of the limbs. In TKA, the distal limb will reach full reperfusion status after
approximately 20 minutes of tourniquet release.
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Introduction
Dynamic blood flow to the skin is responsible for the regulation of thermal homeostasis.
Vasodilation of blood vessels activated by sympathetic cholinergic nerves increases the
skin’s temperature, while a decrease occurs in vasoconstriction.' Thermography has
been verified for the evaluation of normal skin temperatures in the population.®*
Infrared thermographic-based imaging is a non-invasive technique capable of detecting
changes in temperature that could ultimately signify changes in blood supply.™°

This study aims to investigate the revascularization profile following using
a tourniquet in total knee arthroplasty (TKA) by detecting cutaneous temperature
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changes using smartphone-based thermographic imaging.
The focus will be on the time needed to reestablish vascu-
larization immediately after the release of tourniquet. We
hypothesize that the limb returns to the full perfusion status
(similar to the contralateral side) immediately after the
release of tourniquet after total knee replacement surgery.
To the best of our knowledge, no previous studies
reported the revascularization profile by using infrared
thermography following using a tourniquet in TKA.

Methods

This prospective cohort study has investigated patients
undergoing unilateral primary TKA. The sample was
selected randomly to include all patients who were
planned for elective TKA over 6 months at an academic
institution. We excluded patients with the following con-
ditions: inflammatory arthritis, revision arthroplasty,
symptoms/signs of peripheral vascular disease (such as
claudication, delayed capillary refill, shiny skin, loss of
hair, ulcers, and calcified vessels on knee radiographs),
previous surgery on the control side, and who had skin

disorder on lower limbs.

We obtained approval for this study from the institu-
tional review board at Jordan University Hospital. All
participants signed an informed consent to be included in
this study.

Equipment (Figure 1)

The thermal images were taken using a Flir One thermal
camera operated by a smartphone device. The camera is
physically connected to a smartphone by USB-C input and
is used to capture still images of the joints (Figure 1A).
The smartphone used is a Nokia mobile phone with the
Android version of Flir One Gen 3 camera using
a downloadable application (Figure 1B).

Flir One Gen 3 thermal camera is capable of detecting
infrared energy through a non-contact method. It converts
the infrared readings into an electronic signal, which is
then interpreted into numerical calculations of temperature
in Fahrenheit. The resolution of the camera is 0.1 degrees
Fahrenheit. The camera operates under temperatures
between negative 4- and 140-degrees Fahrenheit. The
thermal resolution of the device is 17um with an
8—14um spectral range.

FLIR Systems

Figure | Showing the Flir One thermal camera connected to the smartphone (A) and operated using an application available on the Google Play store (B).
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Measurement

The study employs a thermographic camera to capture
images at the ankle joint (Figure 2). Imaging of the
ankle taken before application of the tourniquet and
after the release of the tourniquet at 1, 10, and 20
minutes. The contralateral limb stands as the control
for each time point. These images serve to detect
changes in blood supply immediately after the release
of the tourniquet. The camera was mounted 20-30 cm
above the surface of the skin of the medial malleolus.
The images have been taken in the same operating room
and recovery room for all patients. The average envir-
onmental temperature for the operating and recovery
room was 21.6 (SD=1.4) and 23.5 (SD=2.6) Celsius
respectively, while the average humidity was 38.2%
(SD=8.6) and 34.9% (SD=5.9) respectively.

The tourniquet was placed around the thigh 10-15 cm
above the surgical site for an average duration of 1.5 hours.
The tourniquet pressure was 150 mmHg above systolic
blood pressure but not exceeding 350 mmHg overall.

All surgeries were done by one expert orthopaedic
surgeon by the same technique and using identical pros-
thesis type (Zimmer Biomet) according to the surgeon’s
preference. The surgical approach was a medial parapatel-
lar for all patients. The mode of anesthesia was either
general or spinal anesthesia depending on the needs of
each patient.

At the end of surgery, in the operating room, we
captured the images after 1 minute of releasing the tourni-
quet, while the patient lying supine.

Postoperatively, in the recovery room, the images were
captured at 10 and 20 minutes while the patient in a supine
position with neutral leg height on the bed without eleva-
tion. All patients were covered with the usual blankets
without using any forced-air warming machines.

Statistical Analysis

We used PASW statistics 18 (IBM-USA) for data analysis.
The Shapiro—Wilk test was used to check the normality of the
data. Analysis of variance (ANOVA) and post hoc multiple
comparisons Bonferroni tests were used to compare the means
of our values. P-value <0.05 was considered statistically sig-
nificant. We converted the temperature degree from
Fahrenheit to Celsius for easy understanding in our

community.

Results
A total of 46 patients were involved in the study (43
females and 3 males). The mean age was 64.46 years
(SD=4.39). Twenty-five patients underwent left TKA and
21 had right TKA. Table 1 illustrates the demographic data
of the included patients.

The mean preoperative ankle temperature (in Celsius)
on the control side and operation side was 33.03

Figure 2 Showing the thermographic images captured by smartphone-connected Flir One camera measuring the ankle joint temperature.

Medical Devices: Evidence and Research 2021:14

135

Dove:


https://www.dovepress.com
https://www.dovepress.com

Dove

Alisi et al
Table | lllustrates the Demographic Data of the Included
Patients
Variables Mean Standard Deviation
Age 64.46 4.39
Body mass index 343 4.14
Operation time (min) 101 19
Count Percentage
Side 25 left side 54.3%
Gender 43 females 93.4%
Diabetes mellites 18 39.1%
Hypertension 33 71.7%
Ischemic heart disease 4 8.7%
Chronic kidney disease | 2.2%
Smoker 14 30.4%
Spinal anesthesia 42 91.3%
General anesthesia 4 8.7%

(SD=1.65) and 33.26 (SD=1.42) respectively. The differ-
ence was not statistically significant between both ankles
at this point (P= 1.00). The mean postoperative tempera-
ture of the ankle on the operation side was 19.73
(SD=2.85), 30.49 (SD=2), and 32.43 (SD=1.31) at
1 minute, 10 minutes, and 20 minutes post-release of
tourniquet, respectively. On the other side, the mean

temperature of the ankle on the control side was 32.85
(SD=1.42), 32.84 (SD=0.91), and 33.15 (SD=0.95) at the
same time intervals (Figure 3).

The difference was statistically significant between
both ankle temperature values at 1 minute and 10 minutes
post-release of the tourniquet (P=0.000 for each time inter-
val). At 20 minutes post-release of the tourniquet, 37
(80.4%) at the
a temperature level similar but below the level of the

ankles operation side reached
control side; however, the difference was not significant

(P=0.692) (Figure 4).

Discussion

Thermal imaging is a modern technology that is becoming
increasingly popular in medicine. It has been utilized for
detection of changes in skin temperature in the form of
inflammation, neovascularization, and vasoconstrictive
phenomena as well as direct thermographic changes that
signify blood supply. Thermal imaging has been used in
several clinical and operative settings. These include but
are not limited to detecting the response to treatment in
inflammatory arthritis, diagnosis of the complex regional
pain syndrome, monitoring the surgical procedures in
surgeries, and fever

open-heart and brain tumor
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Figure 3 Showing the mean ankle temperature on the operation (green) and control (blue) sides at different times.
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Figure 4 Showing the temperature of the ankle on the operation side (green) as it getting closer to the control (blue) side at 20 minutes post-release of the tourniquet.

screening.”’ Furthermore, thermal imaging is considered
an efficient tool for assessment of revascularization in
multiple entities such as diabetic foot, arteriovenous fis-
tula, Raynaud’s phenomenon, kidney transplantation, and
skin grafts.'*!!

In total knee arthroplasty, several studies have been
reported the use of thermal imaging for assessment of
local warmth, anterior knee pain, and prosthetic joint
infection postoperatively.'> '® Glehr et al'* concluded
that thermography can be considered as a rapid and inex-
pensive technology to assess knee pain and inflammation
post total knee arthroplasty. In more than one article,

1'*1% studied the effectiveness of thermogra-

Romano et a
phy for diagnosing periprosthetic infections post TKA.
They reported that thermal imaging is a reliable option to
diagnose periprosthetic knee infection.

Paton and Neal'” and Patil et al'® studied the effect of
TKA on distal limb vascularity. They assessed the oper-
ated limb by Doppler ultrasonography and concluded that
TKA does not affect the blood flow in the lower limb
postoperatively.

Our study assesses and profiles the reestablishment of
blood supply in the distal limb in the immediate post-

operative period after the release of tourniquet. We

assessed revascularization of the limb using thermal ima-
ging by detecting the change in the ankle temperature at
regular intervals post tourniquet release.

Infrared cameras can be classified into 3 categories
according to their spectral range; Short- Wavelength
Infrared (SWIR: 1.4-3 pm), Mid-Wavelength Infrared
(MWIR: 3-8 um), and Long-Wavelength Infrared (LWIR:
8—15 pum). The SWIR cameras have limited use due to poor
thermal radiation within their spectral range. The MWIR
cameras have been widely used within the field of thermo-
graphy, but they are very expensive and usually available in
specialized research centers. Although the LWIR cameras
have lower quality images, it is less expensive by 200X
than the MWIR cameras. Razani et al'® validated the use of
the cheap LWIR cell phones-connected cameras for thermo-
graphic assessment of biological materials. Furthermore,
recent studies demonstrated the validity and applicability of
using the cell phones-connected thermal cameras for differ-
ent clinical implications.**

FLIR ONE is a LWIR smartphone-connected thermal
camera. It is a light hand-held device, easy to use, non-
invasive, cheap, reliable, and an objective tool that pro-
vides an immediate reading for skin temperature and
reflects the perfusion status of the limb.**
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A tourniquet will temporarily halt the blood supply as
a mean of avoiding excess intraoperative blood loss and
providing a clean surgical field. The blood supply to the
knee is cut off intraoperatively by raising the tourniquet
cuff pressure above the systolic arterial pressure and re-
established after wound closure. Hence, reperfusion is
expected to occur in the immediate postoperative period.
This study has profiled postoperative reperfusion in
patients who underwent TKA after the release of the
tourniquet to test this hypothesis.

The results of this study showed that temperature at the
ankle joint of the operated side was significantly lower
than the control side immediately (at 1 minute) and at 10
minutes after the release of the tourniquet. However, the
temperature of the ankle joint of the operated side
increased gradually till it reaches a similar level of the
control limb at 20 minutes post-release of the tourniquet.
These results refute the hypothesis of the immediate reper-
fusion of the distal limb after the release of the tourniquet
in patients who underwent primary TKA. Of note, none of
our patients have documented peripheral vascular disease
or calcified vessels on knee radiographs.

The clinical implications of this study include that ther-
mal imaging can be used as a tool to ensure the postopera-
tive lower limb perfusion status in patients with severe
vascular disease or who have impalpable dorsalis pedis
pulsation. Besides, we can use thermal imaging as an objec-
tive tool in the operative room to determine the tourniquet
pressure at which the blood supply of the lower limb is
sufficiently halted. Mu et al* reported the use of Doppler
ultrasound to detect tourniquet pressure in the lower limb.

Limitations of this study include its observational nat-
ure and a relatively small number of patients. Furthermore,
we suggest further studies to validate the use of thermal
imaging to detect postoperative reperfusion in patients
with severe vascular disease.

Conclusion

Infrared thermal imaging using the smartphone-connected
camera is a simple, non-invasive, and reliable technology
to assess the perfusion of the limbs. It is feasible to be
used in emergency situations and offering a wide range of
clinical implications.

This study emphasizes the practicality of using the
low-cost thermal camera as an objective tool for detecting
the postoperative limb perfusion status. In TKA, the distal
limb will reach full reperfusion status after approximately
20 minutes of tourniquet release.

We advise the researchers to investigate the applicabil-
ity of this technology for further clinical situations.
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