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SUMMARY OF CLINICAL TRIALS

Year End Point Title Institution Primary Investigators N Journal /Publication Outcome
2019 © Grip Strength Effect of Shirts with 42% Celliant® Fiber on tcPO2 Levels and Grip Long Beach VA Memorial Dr. lan Gordon, 24 Journal of Textile Science Improved grip strength of
: Strength in Healthy Subjects: A Placebo-Controlled Clinical Trial Hospital Dr. Mark Vangel and and Engineering over 12% in the dominant
Dr. Michael R Hamblin hand after 90 minutes
2014 Tissue Oxygen Randomized Controlled Trial Comparing the Effects of Long Beach VA Memorial Dr. lan Gordon, James 153 Journal of Textile Science Average increase in TCPO2
(TCPO2) Far-Infrared Emitting Ceramic Fabric Shirts and Control Hospital Wason, Dr. Lawrence and Engineering of 8.4% after 90 minutes for
Polyester Shirts on Transcutaneous PO2 Lavery, Dr. Michael R 71% of the subjects
: Hamblin and MS Thein
2012 : Elbow and Wrist Effect of Celliant® Materials on Pain and Strength Long Beach VA Memorial Dr. lan Gordon and 70 N/A Improved grip strength
Pain in Subjects with Chronic Elbow and Wrist Pain Hospital Dr. Michael R Hamblin
2012 I Tissue Oxygen The Test Report on the Impacts of Subject Socks with Academy of Chinese Dr. Li Shaojing, 100 N/A Increase in TCPO2 across
1 (TCPO2) the Application of Celliant® Technical Fibers on Sciences Wu Chuanhong, Gao all healthy subjects
Transcutaneous Oxygen Pressure on a Man's Foot Jian, Zhu Li and
Wen Liwei
2012 : Tissue Oxygen Transcutaneous Partial Pressure of Oxygen (tcPO2) Long Beach VA Dr. lan Gordon and 51 N/A An average increase of
1 (TCPO2) as a Primary Endpoint to Assess the Efficacy of Memorial Hospital Dr. Michael Coyle 7% in TCPO2
Celliant® as a Vasoactive Material
2011 : Performance & Apparel with Far Infrared Radiation for Decreasing an University of Calgary Dr. Jay Worobets, 12 Research Journal of Textile Elite/club cyclists VO2
Recovery Athlete’s Oxygen Consumption During Submaximal Exercise Dr. Darren Stefanyshyn and Apparel reduced by 1.1%, increasing
and Emma Skolnik anaerobic threshold
2010 Sleep (pilot) Double Blind, Placebo Controlled, Crossover Trial on the University of CA Irvine Dr. Marcel Hungs and 6 N/A Nighttime awakenings,
: Effect of Optically Modified Polyethylene Terephthalate Dr. Annabel Wang sleep quality and sleep
Fiber Mattress Covers on Sleep Disturbances in Patients efficiency improved
with Chronic Back Pain
2009 * Foot Pain Effect of Optically Modified Polyethylene University of CA Irvine Dr. lan Gordon and 55 BioMed Central Statistically significant
: Terephthalate Fiber Socks on Chronic Foot Pain Dr. Robyn York Complementary & reduction of pain and
Alternative Medicine improved comfort for
subjects (diabetic/foot
neuropathy)
2005 : Tissue Oxygen Holofiber Study of Thirteen (13) Healthy Subjects University of Texas A&M Dr. Graham McClue 13 N/A An average increase in
: (TCPO2) TCPO2 levels from 10%
to 24%
2003 : Tissue Oxygen Improving Blood Flow with Holofiber in the Loyola University Dr. Lawrence Lavery 20 N/A An average increase in
* (TCPO2) Hands and Feet of High-Risk Diabetics Chicago TCPO2 levels from 12% in
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the hands and 8% in the
feet of diabetic subjects

Year :  EndPoint Title Institution Primary Investigators Journal /Publication Outcome
2017 : Solar IR Emissivity Infrared Radiative Properties and Thermal Modeling Exponent Dr. David Anderson, John Fessler, Biomedical Optics Express Emissivity increased by
: of Ceramic-Embedded Textile Fabrics Matthew Pooley, Scott Seidel, approximately 10x when
Dr. Michael R Hamblin, Haskell sunlight is also used to
Beckham and Dr. James F Brennan power Celliant technology
2016 IR Emissivity Engineered Emissivity of Textile Fabrics by the Exponent Dr. David M. Anderson, Optics Express Emissivity increased by
Inclusion of Ceramic Particles Matthew Pooley, 14 MW per CM2 at fabric
Haskell W. Beckham and temperature of 32 Celsius
Dr. James F Brennan with a 42% Celliant fabric
vs. control
2012 Principals of IR Far Infrared Radiation (FIR): Its Biological Harvard/Wellman Dr. Michael R Hamblin and Photonics and Lasers in Far Infrared Radiation (FIR)
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Abstract

Celliant™ fabric contains quartz, silicon oxide and titanium oxide particles embedded into polymer fibers.
Garments woven with Celliant™ yarns can be activated by body heat (conduction, convection and radiation) and
remit the energy as far infrared radiation (FIR) back into the body. Wearing Celliant garments has been shown to
increase blood flow and oxygen levels in the skin. In the present study we recruited twenty-four healthy volunteers
(18-60 years of age) to wear a placebo shirt for 90 minutes, and after a 15-minute break, to wear a real Celliant
shirt for 90 minutes. The mean transcutaneous oxygen (tcPO,) measured over two sites (biceps and abdomen) was
significantly increased at 3 time points (30, 60, and 90 minutes) by between 5-8% (P<0.05) in Celliant vs. placebo.
The mean grip strength in the dominant hand measured at 90 minutes was 12.44% higher after wearing Celliant vs.
after placebo (p=0.0002). There was a small but significant increase in systolic blood pressure (113.71 vs. 109.38;
p=0.02) but no statistically significant changes in diastolic or mean blood pressure, heart rate, or skin temperature.
These data provide more evidence of the physiological effects of FIR emitting garments and suggest they could be

used for athletic training and recovery.

Keywords: Far-infrared emitting fabric; Transcutaneous oxygen; Grip
strength; Blood pressure; Clinical trial

Introduction

Far infrared emitting fabrics and garments are becoming
increasingly popular both for general health and wellness, and for the
treatment of various medical conditions. Far-infrared radiation (FIR)
therapy has long been used for the treatment of a wide range of diseases
and conditions [1-3], including pain [4-6], wound healing [7], recovery
from exercise [8], heart failure [9], and disturbed sleep [10]. The FIR
is often delivered by an electrically-powered device such as an infrared
heat lamp, an infrared sauna, or a tourmaline and/or jade heating pad.

However, an alternative way to deliver FIR to the body employs
clothing, bandages, or patches constructed from fibers embedded
with ceramic particles that emit FIR when powered by the body heat
of the wearer [3]. These fabrics consist of a variety of different mineral
particles incorporated into the polymer fibers, which are then woven
into garments or patches. The mechanism of action involves natural heat
from the body (radiation, conduction and radiation) being absorbed
by the fabric, which then re-emits the energy back into the body in the
form of FIR as a broad peak with a wavelength centered about 10 um
according to the Stefan-Boltzmann law.

The effective power density emitted by these fabrics is low (<1 mW/
cm?) compared to that emitted by externally-powered devices (>10
mW/cm?). Nevertheless, garments, bed sheets, bandages, and patches
can be worn for much longer times, many hours or even continuously,
allowing a physiologically relevant amount of FIR to be delivered to
the body. At a molecular level the mechanism is thought to involve
the absorption of the FIR by “nanostructured water” which forms at
hydrophobic/hydrophilic interfaces at cellular membranes including
the mitochondrial membrane. The stimulation of mitochondria along
with the release of nitric oxide, can increase cutaneous blood flow,
tissue oxygenation, and produce beneficial effects such as reducing pain,
inflammation, and stimulating wound healing and muscle recovery.

We previously showed [11] that the wearing of a Celliant shirt for 90
minutes could significantly increase the mean tcPO, by 6.7% compared
to a placebo shirt (p <0.0003) and also produce a small but significant
increase in the arterial oxygen saturation (p=0.0002). Moreover these
effects were independent of the sequence in which the two shirts were
worn, thus eliminating a possible source of bias.

The present study was designed to confirm the previous findings
of increased tcPO, after wearing a Celliant shirt, and also to test the
novel hypothesis that these physiological changes could result in
improvement in an indicator of real-life muscular performance, namely
the grip strength of the dominant hand.

Material and Methods

Celliant™ technology is a patented process for adding micron sized
optically active quartz, silicon oxide and titanium oxide particles to
polyethylene terephalate (PET) fibers. The resulting Celliant™ yarns
are woven into golf-shirts containing either 42% Celliant (active) or
zero Celliant (placebo). The two shirts are shown in Figure 1.

Transcutaneous oxygen measurements were recorded using
Radiometer TCM 30 Module supplied by Radiometer America, Inc.
(Brea, CA), and modified Clarke Electrodes supplied by Radiometer
America, Inc. Data was acquired using Perisoft Version 2.10 supplied
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Figure 1: Photographs of golf-shirts containing (A) 42% Celliant (active) or
(B) 0% Celliant (placebo).

by Perimed America, Inc. (North Royalton, OH). The grip strength was
tested using the dominant hand using the Baseline Hydraulic Hand
Dynamometer manufactured by Fabrication Enterprises Inc. (White
Plains, NY).

Clinical trial

Twenty-four healthy subjects (males and females between the ages
of 18-60 years) were recruited under a protocol approved by the IRB
via an on-line advertisement for subjects that paid $25. The trial was
registered at clinicaltrials.gov  NCT02798640 (https://clinicaltrials.
gov/ct2/show/NCT02798640). The protocol was in accordance
with the Declaration of Helsinki and verbal informed consent was
obtained. Exclusion criteria included cardiovascular disease, smoking,
pregnancy, recreational drug use within 6 months, or consumption
of alcohol within 48 hours or caffeine within 3 hours of testing. The
demographics of the subjects are given in Table 1.

Procedures

The subjects underwent preparation as follows. The hair was
shaved from the test sites (biceps of the dominant hand and center of
abdominal wall); the skin surface was then abraded with a fine abrasive
material; the stratum corneum was then removed by the use of light-
weight adhesive tape; and finally, the probe site was wiped with an
alcohol preparation swab.

Subjects were then situated in a seated position on a comfortable
chair. The room temperature was maintained at a constant temperature
over the duration of the study. Blood pressure, heart rate and body
temperature were recorded at three intervals: before the test was
administered, after the 90 minute placebo garment period and finally
after the 90 minute Celliant™ garment period.

The transcutaneous oxygen electrodes were heated to 45°C and
allowed to equilibrate on the skin for 10 minutes (until stable values
were achieved). The resultant tcPO, values were measured in mmHg.

Two self-adhesive fixation rings were affixed (biceps of dominant
arm and abdomen) and the probes attached thereto. A buffer (KCl)
solution was added (3 drops to each fixation ring). Each probe was
calibrated to an assumed atmospheric pressure of 159 mmHg, 20.9% of
the standard atmospheric pressure of 760 mmHg. Each subject therefore
had the same baseline atmospheric pressure, thus compensating for
any pressure changes due to weather variations during the periods of
testing.

Page 2 of 5
Total subjects 24
Males 17
Females 8
Age (years) 30.05 + 10.56
Weight (Ibs) 167.2+429
Body mass index (BMI) 257+55

Table 1: Demographics of subjects (mean + SD).

Measurements of tcPO, were taken every two minutes during the
90-minute placebo and 90-minute active study periods. Blood pressure,
heart rate and body temperature were recorded before and after each
period. The entire study involved an acclimatization period (5 minutes)
with vital sign measurement, placebo probe equilibration (10 minutes),
placebo shirt period (90 minutes), break (15 minutes), active probe
equilibration (10 minutes), active-shirt period (90 minutes). During
the break (after the placebo period) subjects were encouraged to
walk about, relieve themselves if necessary, and consume water and/
or a small snack. After the break, the electrodes were reattached and
equilibrated; subjects donned the second shirt and resumed quietly
sitting.

The grip strength of the dominant hand was measured as follows.
For each test of grip strength, the subject was seated with shoulder
adducted and neutrally rotated, elbow flexed at 90°, forearm in neutral
position, and wrist between 0° and 30° dorsiflexion and between 0° and
15° ulnar deviation.

During the preliminary acclimatization process, the subject
was asked to squeeze the dynamometer initially at less than full
strength simply to experience holding and using the device. The first
measurement was taken after the 90-minute period of wearing the
placebo garment. This served as the baseline or control measurement.
The second measurement was taken following the 90-minute period
after the Celliant™ garment was worn.

Statistics

Grip strength was compared using a paired t-test. Time trends in
tcPO, were estimated using mixed-model regression with subject as a
random effect. Data were smoothed as necessary using cubic regression
splines. The data were analyzed using R [12].

Results and Discussion

There was a small but significant increase in systolic blood pressure
(113.71 vs. 109.38; p=0.02), but no statistically significant changes in
diastolic or mean blood pressure, heart rate, or skin temperature as
shown in Table 2. The mean transcutaneous oxygen (tcPO,) measured
over two sites (biceps and abdomen) was significantly increased at
3 time points (30, 60, and 90 minutes) by between 6-10% (p <0.05)
in Celliant vs. placebo as shown in Table 3. When the two different
sites (biceps and abdomen) were compared, it could be seen that the
increase in the tcPO, measured at the biceps site was higher than that
measured for the abdomen site and the corresponding p values were
lower. This is probably because the biceps site was covered by the shirt
while the abdomen was not.

The mean grip strength in the dominant hand measured at 90
minutes was 95.92 + 26.36 after wearing the placebo shirt, and 105.20
+ 23.82 after wearing the Celliant shirt. This represents an increase
of 12.44% (p=0.0002). There was an increase in grip strength for 19
subjects, no measurable difference in strength for four subjects, and a
decrease for one subject as shown in Figure 2. For seven subjects with
TCPO, measurements at one-minute intervals, and also for a second
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Placebo Celliant P value

Systolic BP mmHg 109.38 + 15.74 113.71 £ 14.0 0.0198
Diastolic BP mmHg 70.96 + 9.05 71.38 +10.58 0.7177
Mean BP mmHg 83.76 + 10.64 85.49 + 11.39 0.1207
Pulse Rate 65.67 +10.17 66.08 + 10.85 0.8127
Skin Temperature °F 92.63 £ 1.95 92.75+2.21 0.6893

Table 2: Physiological variables (mean + SD).

Placebo Celliant % increase P value

Mean 30 min 75.4 £19.37 79.63+14.0 5.61 0.0417
Mean 60 min 74.81+19.52 79.52 + 19.53 6.29 0.0196
Mean 90 min 76.08 + 20.05 81.62 + 20.27 7.28 0.0029

Table 3: Mean tcPO, data recorded at the biceps and abdominal sites (mean +
SD).

Higher Grip Strength After Wearing Celliant Shirt

P =0.0002
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Figure 2: Plot of grip strength measured in 19 subjects after wearing
placebo shirt (control) and active shirt (Celliant). The diagonal line indicates
equality; points below the line correspond to subjects who had higher grip
strength after wearing the Celliant shirt. The P-value is from a paired t-test.

group of eight subjects with measurements at two-minute intervals,
the average values as functions of time are lower for Celliant shirts as
shown in Figure 3. For eight subjects with TCPO, measurements from
four time points at each of three probe locations, the average values
for the Celliant shirts are lower than the corresponding values for the
Placebo shirt, for each location and measurement time as shown in
Figure 4.

This study confirmed the previously reported increase in tcPO,
produced by wearing a Celliant shirt for 90 minutes [11]. However it
also produced a somewhat surprising and impressive finding, namely
that the grip strength in the dominant hand was significantly increased
by wearing the Celliant shirt compared to the placebo shirt. There was
a small increase in systolic blood pressure, but this is probably too small
to represent any significant health hazard.

A previous study at Exponent Consulting compared the emissivity
of PET fabric with or without Celliant particles using sophisticated
optical spectroscopic techniques. The intensity of infrared emission
between 7.5 to 14 um was 2.1% higher when fabric containing 1.22%
w/w Celliant, was compared to fabric without ceramic particles [12].
This finding was consistent with the finding that the absorption co-

Mean TCPO2 as Functions of Time:
Regression Splines; 4df
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Figure 3: Average tcPO, as functions of time for seven subjects with
measurements at one-minute intervals (broken lines), and for eight subjects
with measurements at two-minute intervals (solid lines), from a single probe
location, for Celliant (red) and Placebo (blue) shirts. The values were first
smoothed using cubic regression splines with four degrees of freedom and
equally spaced knots, then averaged over subjects.
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Figure 4: Average tcPO, as functions of time for eight subjects with
measurements at 10, 30, 60 and 90 minutes, from probes at three locations.
Letters (A, B, C) and colors (red, blue) distinguish probe location and shirt,
respectively.

efficient of Celliant fibers in the infrared spectrum was higher than the
absorption co-efficient of pure PET fibers. In other words, the PET
fibers were semi-transparent to infrared radiation, while the Celliant
particles were opaque. A follow-up study from the same group [13]
examined in more detail the influence of Celliant particles on the
infrared reflectance of the PET fabric, and measured the transmission,
and absorption. The findings confirmed that the addition of ceramic
particles to PET fabric led to increased incidence of infrared radiation
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upon the skin at wavelengths longer than 4 pm, with a maximum
effect at approximately 9.4 um. The effect was attributed to increased
absorption of infrared radiation at shorter wavelengths and reemission
at longer wavelengths.

The emission of FIR from ceramic particle-embedded fibers
can interact with molecular and cellular structures by increasing the
vibrational energy stored in chemical bonds, particularly in water
clusters in cell membranes and cellular organelles. Pertubation of
the vibrational energy of water clusters could affect the tertiary
conformation of protein molecules tightly associated with this
“nanostructured” water [14,15]. Low intensity FIR lamps and topically
applied (non-powered) FIR-emitting ceramic materials have been
shown to induce cellular changes in vitro, and produce physiologic
changes in both preclinical animal models and clinical studies. In none
of these studies were the effects shown to be associated with significant
changes in temperature, consistent with the low power from both FIR
lamps and non-powered ceramics in thermal equilibrium with skin (on
the order of 0.1-1 mW/cm?) [3].

Ting-Kai Leung and colleagues in Taiwan have studied the effect
of FIR-emitting ceramic powders in a range of non-clinical biological
studies. In one report [16], they cultured murine myoblast cells (C,C,,)
with bags of ceramic powder placed under the culture plates and found
that FIR irradiation improved cell viability and prevented lactate
dehydrogenase release when hydrogen peroxide was added, and also
increased the intracellular levels of nitric oxide and calmodulin. They
also employed electro-stimulation of amphibian skeletal muscle, and
found that FIR emitting ceramics delayed the onset of fatigue, induced
by muscle contraction. They went on to show [13] that ceramic-emitted
FIR (cFIR) could increase the generation of intracellular nitric oxide
in breast cancer cells and inhibit growth of murine melanoma cells.
Similarly, they found [14] that cFIR increased calmodulin and nitric
oxide production in RAW 264.7 macrophages. cFIR also increased the
viability of murine macrophages with different concentrations of H,0,.
In the same study, it was also shown that cFIR blocked ROS-mediated
cytotoxicity (shown by measurements of cytochrome c and the ratio
of NADP+/NADPH). The Leung group went on to study [15] a rabbit
model of rheumatoid arthritis in which rabbits received intra-articular
injections of lipopolysaccharide (LPS) to induce inflammation that
mimics rheumatoid arthritis. FDG-PET scans were used to monitor the
inflammation 16 hours and 7 days after the LPS injection. Rabbits were
treated with cFIR in a cage surrounded by paper sheets impregnated
with a thin layer of the ceramic powder, while the control group were
surrounded by the same sheets without the material. Comparison of
the final and initial uptakes of FDG in the LPS-injected left knee-joints
of the rabbits indicated decreases in the cFIR exposed group compared
to the control group indicating that FIR reduced inflammation.

With regard to clinical studies, FIR-emitting ceramics and fabrics
have been employed both as ceramic discs held next to the body, and as
garments or patches manufactured from FIR emitting ceramic material
and subsequently applied to the human body.

For instance, a blanket containing discs was reported to improve
quality of sleep [2]. 542 users of far-infrared emitting disks embedded in
bedclothes revealed that the majority of the users reported a subjective
improvement in their health, by completing a questionnaire. These
improvements included the disappearance or reduction of feeling cold,
stiffness of muscles in the shoulders, loins and legs, and improved sleep.

Gloves constructed from FIR emitting fabrics have been reported
to treat arthritis of the hands and Raynaud’s syndrome [16]. This was

a randomised placebo controlled study in 60 patients who suffered
from Raynard’s syndrome, and reported significant improvements in
subjective measures of pain and discomfort and in objective measures
of temperature, grip and dexterity. Another study looked at pain
reduction in fibromyalgia using a bioceramic shirt [17]. The study
recruited 39 female patients (20 active and 19 placebo) who wore the
shirts 8 hours/day for 60 days. The women in the active group showed
a significant reduction in pain in the VAS (p<0.001), fewer tender
points (p<0.001), improvement in the algometer score (p<0.001),
and a significant reduction in FM symptoms and daily tablet intake
(p<0.001). No significant changes in the placebo group were found.

A study employed socks made from PET fibers incorporating
Celliant particles, designed to treat chronic foot pain resulting from
diabetic neuropathy or other foot disorders [18]. A double-blind,
randomized trial recruited 55 subjects (38 men, 17 women, average
age 59.7 + 11.9 years), 26 with diabetic neuropathy and 29 with other
pain etiologies. Subjects were provided 3 pairs of socks (Celliant or
placebo) in a closed container, and asked to wear them exclusively for
the next two weeks. One and two weeks after the end of the period they
filled out the same panel of questions. Greater reduction in pain was
reported by Celliant subjects for 8 of the 9 pain questions employed,
with a significant (p=0.043) difference between controls and Celliant
for McGill question III. In neuropathic subjects, Celliant caused greater
pain reduction in 6 of the 9 questions, but not significantly. In non-
neuropathic subjects 8 of 9 questions showed greater pain reduction
with the Celliant socks.

The increase in tcPO, observed in the present study is likely to be
a consequence of increased oxygen availability in the tissue receiving
FIR, possibly through a vasodilatory effect in the dermal circulation or,
alternatively, effects on oxygen binding to hemoglobin. The increase
in grip strength after only 90 minutes of wearing the shirt, is probably
also due to increased oxygen availability and improved blood flow to
the muscles of the dominant hand. Although our understanding of the
mechanisms responsible for the effect of ceramic polyester composites
on human physiologyis still incomplete, our data confirm that it is a real
scientific phenomenon. Even without completely understanding the
effect, it maybe possible to design ceramic polyester composite garments
that can improve strength and performance in athletic training, and
improve muscle recovery after exercise. The recent decision by the US
FDA that Celliant garments will be regulated as medical devices and
as general wellness products (http://www.medicaldevices-business-
review.com/news/fda-determines-celliant-products-meet-criteria-
as-medical-devices-260717-5882229) encourages clinical testing in
multiple disease indications.

Conclusion

The data from this study suggests that wearing Celliant® fabric
shirts for only 90 minutes can increase tissue oxygenation in the skin,
and increase grip strength in the dominant hand.

Competing interests

The authors declare the following conflicts of interest. SC is a
stockholder and employee of Hologenix LLC that manufacturers
Celliant fabric, and which funded this study. ILG received sponsored
research funding from Hologenix LLC. MRH received consulting
fees and is on the scientific advisory board of Hologenix LLC. MRH
declares the additional possible conflicts of interest. Scientific Advisory
Boards: Transdermal Cap Inc, Cleveland, OH; BeWell Global Inc,
Wan Chai, Hong Kong; Hologenix Inc. Santa Monica, CA; LumiThera

J Textile Sci Eng, an open access journal
ISSN: 2165-8064

Volume 9 + Issue 4 + 1000403


http://www.medicaldevices-business-review.com/news/fda-determines-celliant-products-meet-criteria-as-medical-devices-260717-5882229)
http://www.medicaldevices-business-review.com/news/fda-determines-celliant-products-meet-criteria-as-medical-devices-260717-5882229)
http://www.medicaldevices-business-review.com/news/fda-determines-celliant-products-meet-criteria-as-medical-devices-260717-5882229)

Citation: Gordon IL, Casden S, Vangel M, Hamblin MR (2019) Effect of Shirts with 42% Celliant® Fiber on tcPO, Levels and Grip Strength in Healthy

Subjects: A Placebo-controlled Clinical Trial. J Textile Sci Eng 9: 403.

Page 5 of 5

Inc, Poulsbo, WA; Vielight, Toronto, Canada; Bright Photomedicine,
Sao Paulo, Brazil, Quantum Dynamics LLC, Cambridge, MA;
Global Photon Inc, Bee Cave, TX; Medical Coherence, Boston MA;
NeuroThera, Newark DE; JOOVV Inc, Minneapolis-St. Paul MN;
AIRx Medical, Pleasanton CA; FIR Industries, Inc. Ramsey, NJ; UVLRx
Therapeutics, Oldsmar, FL; Ultralux UV Inc, Lansing MI; Illumiheal &
Petthera, Shoreline, WA; MB Lasertherapy, Houston, TX; ARRC LED,
San Clemente, CA; Varuna Biomedical Corp. Incline Village, NV;
Niraxx Light Therapeutics, Inc, Boston, MA. Consulting; Lexington
Int, Boca Raton, FL; USHIO Corp, Japan; Merck KGaA, Darmstadt,
Germany; Philips Electronics Nederland B.V. Eindhoven, Netherlands;
Johnson & Johnson Inc, Philadelphia, PA; Sanofi-Aventis Deutschland
GmbH, Frankfurt am Main, Germany. Stockholdings: Global Photon
Inc, Bee Cave, TX; Mitonix, Newark, DE.

Authors' contributions

ILG participated in the conception and design of the study, carried
out subject recruitment and data collection, took part in the statistical
analysis, and helped draft the manuscript. SC participated in the
conception and design of the study, provided materials and funding,
and helped draft the manuscript. MV carried out the majority of the
statistical analysis and helped draft the manuscript. MRH wrote the
manuscript and critically reviewed the data. All authors read and
approved the final manuscript.

References

1. Tsai SR, Hamblin MR (2017) Biological effects and medical applications of
infrared radiation. J Photochem Photobiol B 170: 197-207.

2. Inoue S, Kabaya M (1989) Biological activities caused by far-infrared radiation.
Int J Biometeorol 33: 145-50.

3. Vatansever F, Hamblin MR (2012) Far infrared radiation (FIR): its biological
effects and medical applications. Photonics Lasers Med 4: 255-266.

4. Lai CH (2014) Effects of far-infrared irradiation on myofascial neck pain: a
randomized, double-blind, placebo-controlled pilot study. J Altern Complement
Med 20: 123-129.

5. Lai YT (2017) Far-infrared ray patches relieve pain and improve skin sensitivity
in myofascial pain syndrome: A double-blind randomized controlled study.
Complement Ther Med 35: 127-132.

.York RM, Gordon

Lee CH (2011) A multicenter, randomized, double-blind, placebo-controlled
trial evaluating the efficacy and safety of a far infrared-emitting sericite belt in
patients with primary dysmenorrhea. Complement Ther Med 19: 187-93.

Toyokawa H (2003) Promotive effects of far-infrared ray on full-thickness skin
wound healing in rats. Exp Biol Med 228: 724-729.

Irineu L, Cesar CCA, Fabio YN, Solange de PR, Ronaldo K, et al. (2016)
Effects of far infrared rays emitting clothing on recovery after an intense
plyometric exercise bout applied to elite soccer players: a randomized double-
blind placebo-controlled trial. Biol Sport 33: 277-283.

Marcelo VL, Marcelo EO, Kelly NV, Airton S, Juliano NC, et al. (2014) Thermal
vasodilation using a portable infrared thermal blanket in decompensated heart
failure. Int Heart J 55: 433-439.

.Honda K, Inoue S (1988) Sleep-enhancing effects of far-infrared radiation in

rats. Int J Biometeoro 32: 92-94.

. Washington K, Wason J, Thein MS, Lavery LA, Hamblin MR, et al. (2018)

Randomized controlled trial comparing the effects of Far-Infrared emitting
ceramic fabric shirts and control polyester shirts on transcutaneous PO,. J Text
Sci Eng 8.

.R_Core_Team, R: A language and environment for statistical computing. R

Foundation for Statistical Computing, Vienna, Austria.

. Ting-Kai L, Chin-Feng C, Ping-Shan L, Chih-Hui Y, Chia-Yen H, et al. (2012)

Inhibitory effects of Far Infrared irradiation generated by ceramic material on
murine melanoma cell growth. Int J Photoenergy 646-845.

. Ting-Kai L,Yung-Sheng L, Chi-Ming L, Yen-CC, Huey-FS (2011) Direct and

indirect effects of ceramic far Infrared radiation on the hydrogen peroxide
scavenging capacity and on murine macrophages under oxidative stress. J
Med Biol Eng 31: 345-351.

.Leung TK (2012) Bone and joint protection ability of ceramic material with

biological effects. Chin J Physiol 55: 47-54.

. Ko GD, Berbrayer D (2002) Effect of ceramic-impregnated "thermoflow" gloves

on patients with Raynaud's syndrome: randomized, placebo-controlled study.
Altern Med Rev 7: 328-35.

. Santos ECMA, Garcia Pinillos F, Latorre Roman PA (2017) Reduction in pain

after use of bioceramic undershirt for patients with Fibromyalgia. Altern Ther
Health Med 23: 18-22.

IL (2009) Effect of optically modified polyethylene
terephthalate fiber socks on chronic foot pain. BMC Complement Altern Med
9:10.

J Textile Sci Eng, an open access journal
ISSN: 2165-8064

Volume 9 + Issue 4 + 1000403


https://www.sciencedirect.com/science/article/pii/S1011134416311691?via=ihub
https://www.sciencedirect.com/science/article/pii/S1011134416311691?via=ihub
https://link.springer.com/article/10.1007/BF01084598
https://link.springer.com/article/10.1007/BF01084598
https://www.degruyter.com/view/j/plm.2012.1.issue-4/plm-2012-0034/plm-2012-0034.xml
https://www.degruyter.com/view/j/plm.2012.1.issue-4/plm-2012-0034/plm-2012-0034.xml
https://www.liebertpub.com/doi/abs/10.1089/acm.2013.0122
https://www.liebertpub.com/doi/abs/10.1089/acm.2013.0122
https://www.liebertpub.com/doi/abs/10.1089/acm.2013.0122
https://read.qxmd.com/read/29154057/far-infrared-ray-patches-relieve-pain-and-improve-skin-sensitivity-in-myofascial-pain-syndrome-a-double-blind-randomized-controlled-study
https://read.qxmd.com/read/29154057/far-infrared-ray-patches-relieve-pain-and-improve-skin-sensitivity-in-myofascial-pain-syndrome-a-double-blind-randomized-controlled-study
https://read.qxmd.com/read/29154057/far-infrared-ray-patches-relieve-pain-and-improve-skin-sensitivity-in-myofascial-pain-syndrome-a-double-blind-randomized-controlled-study
https://koreauniv.pure.elsevier.com/en/publications/a-multicenter-randomized-double-blind-placebo-controlled-trial-ev
https://koreauniv.pure.elsevier.com/en/publications/a-multicenter-randomized-double-blind-placebo-controlled-trial-ev
https://koreauniv.pure.elsevier.com/en/publications/a-multicenter-randomized-double-blind-placebo-controlled-trial-ev
https://journals.sagepub.com/doi/10.1177/153537020322800612
https://journals.sagepub.com/doi/10.1177/153537020322800612
http://183.indexcopernicus.com/abstracted.php?level=5&ICID=1208479
http://183.indexcopernicus.com/abstracted.php?level=5&ICID=1208479
http://183.indexcopernicus.com/abstracted.php?level=5&ICID=1208479
http://183.indexcopernicus.com/abstracted.php?level=5&ICID=1208479
https://www.jstage.jst.go.jp/article/ihj/advpub/0/advpub_14-096/_pdf
https://www.jstage.jst.go.jp/article/ihj/advpub/0/advpub_14-096/_pdf
https://www.jstage.jst.go.jp/article/ihj/advpub/0/advpub_14-096/_pdf
https://link.springer.com/article/10.1007/BF01044900
https://link.springer.com/article/10.1007/BF01044900
https://www.omicsonline.org/open-access/randomized-controlled-trial-comparing-the-effects-of-farinfrared-emitting-ceramic-fabric-shirts-and-control-polyester-shirts-on-tr-2165-8064-1000349-100245.html
https://www.omicsonline.org/open-access/randomized-controlled-trial-comparing-the-effects-of-farinfrared-emitting-ceramic-fabric-shirts-and-control-polyester-shirts-on-tr-2165-8064-1000349-100245.html
https://www.omicsonline.org/open-access/randomized-controlled-trial-comparing-the-effects-of-farinfrared-emitting-ceramic-fabric-shirts-and-control-polyester-shirts-on-tr-2165-8064-1000349-100245.html
https://www.omicsonline.org/open-access/randomized-controlled-trial-comparing-the-effects-of-farinfrared-emitting-ceramic-fabric-shirts-and-control-polyester-shirts-on-tr-2165-8064-1000349-100245.html
https://www.hindawi.com/journals/ijp/2012/646845/
https://www.hindawi.com/journals/ijp/2012/646845/
https://www.hindawi.com/journals/ijp/2012/646845/
http://www.jmbe.org.tw/files/553/public/553-2679-2-PB.pdf
http://www.jmbe.org.tw/files/553/public/553-2679-2-PB.pdf
http://www.jmbe.org.tw/files/553/public/553-2679-2-PB.pdf
http://www.jmbe.org.tw/files/553/public/553-2679-2-PB.pdf
https://www.tripdatabase.com/doc/1533161-Effect-of-ceramic-impregnated--thermoflow--gloves-on-patients-with-Raynaud-s-syndrome--randomized--placebo%23content
https://www.tripdatabase.com/doc/1533161-Effect-of-ceramic-impregnated--thermoflow--gloves-on-patients-with-Raynaud-s-syndrome--randomized--placebo%23content
https://www.tripdatabase.com/doc/1533161-Effect-of-ceramic-impregnated--thermoflow--gloves-on-patients-with-Raynaud-s-syndrome--randomized--placebo%23content
https://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=10786791&AN=125745830&h=5e4zzwE3cix+cbgx2O4Ndu/odh+Vf9rtki16WVSFe9Do6epYuh4ILQKniIJklDAGcoJECncEERGfmEVzudJNWw==&crl=f&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=10786791&AN=125745830
https://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=10786791&AN=125745830&h=5e4zzwE3cix+cbgx2O4Ndu/odh+Vf9rtki16WVSFe9Do6epYuh4ILQKniIJklDAGcoJECncEERGfmEVzudJNWw==&crl=f&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=10786791&AN=125745830
https://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=10786791&AN=125745830&h=5e4zzwE3cix+cbgx2O4Ndu/odh+Vf9rtki16WVSFe9Do6epYuh4ILQKniIJklDAGcoJECncEERGfmEVzudJNWw==&crl=f&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=10786791&AN=125745830
https://bmccomplementalternmed.biomedcentral.com/articles/10.1186/1472-6882-9-10
https://bmccomplementalternmed.biomedcentral.com/articles/10.1186/1472-6882-9-10
https://bmccomplementalternmed.biomedcentral.com/articles/10.1186/1472-6882-9-10

%
|
CELLIANT

Powered by You

Randomized Controlled Trial Comparing the Effects
of Far-Infrared Emitting Ceramic Fabric Shirts and
Control Polyester Shirts on Transcutaneous P02

Dr. lan Gordon, James Wason, Dr. Lawrence Lavery, Dr. Michael R Hamblin and MS Thein




Washington et al., J Textile Sci Eng 2018, 8:2
DOI: 10.4172/2165-8064.1000349

) Journal of Textile Science & Engineering

Randomized Controlled Trial Comparing the Effects of Far-Infrared
Emitting Ceramic Fabric Shirts and Control Polyester Shirts on

Transcutaneous PO2

Washington K', Wason J?, Thein MS?, Lavery LA* Hamblin MR and Gordon IL®

"Hologenix LLC, 1112 Montana Avenue, Santa Monica, California, USA
2Maelor Group 7 Village Woods Dr. Amherst, Massachusetts, USA

3Veterans Affairs Long Beach Healthcare System 5901 E. 7th Street, Long Beach California, USA

“University of Texas Southwestern 1801 Inwood Road Dallas, Texas, USA

*Wellman Centre for Photo-medicine, Massachusetts General Hospital, Harvard Medical School, Boston, Massachusetts 02114, USA
5Veterans Affairs Long Beach Healthcare System 5901 E. 7th Street, Long Beach California, USA

Abstract

Our aim was to confirm earlier studies showing tcPO, to be higher under clothing made with polyethylene
terephalate (PET) fabric containing ceramic particles (CEL) compared to standard PET fabric. In previous studies
PET garments were donned first to avoid possible persistent effects from ceramic particles. This study randomized
donning sequence to avoid bias.

Methods: Subjects were randomized to don either PET shirts first (PETF n=73) or CEL first (CELF n=80),
switching garments after 90 minutes. Skin temperature (ST), arterial oxygen saturation (O,sat), and tcPO, were
measured every 30 minutes.

Results: Baseline ST and O, sat were nearly identical in the two groups. Baseline tcPO, was modestly higher in
the CELF group than with PETF: 66.4 + 18.9 vs. 63.9 + 18.8 mmHg (n.s). Independent of donning sequence, tcPO,
measurements 90 minutes after wearing CEL were 6.7% higher than after 90 minutes wearing PET (p<0.0003).
Sequence analysis found tcPO, in PETF subjects to gradually rise before and after switching garments, but tcPO, fell
immediately after switching garments in CELF subjects. PETF baseline O,sat of 98.1 + 1.3 increased insignificantly
after 90 minutes, and then increased further to 98.6 + 0.8 after wearing CEL ninety minutes (p=0.0001). CELF
baseline O,sat of 97.9 + 1.7 increased to 98.5 + 1.1 90 minutes after donning CEL (p=0.0002) and fell to 98.3 + 1.0
ninety minutes after switching to PET (p=0.0033).

Conclusions: The ability of ceramic-embedded fabric to induce higher tcPO2 measurements is not due to

sequence bias.

Keywords: FIR-emitting garments; Randomized controlled trial;
Ceramic-embedded fabric; Ceramic-embedded clothing; Far-infrared
radiation; Tissue oxygenation; Transcutaneous PO,; Donning sequence

Background

Far-infrared radiation (FIR) therapy has been used for the treatment
of a variety of diseases and conditions [1-3], including pain [4-6], wound
healing [7], recovery from exercise [8], heart failure [9], and disturbed
sleep [10]. Often the FIR is delivered from an electrically-powered
device such as an infrared heat lamp, an infrared sauna or a tourmaline/
jade heating pad. However, there is an alternative way to deliver FIR to
the body, which is by the wearing of clothing constructed from ceramic
particle-embedded fibers that emit FIR when powered by the wearer’s
own body heat [3]. Celliant® (CEL, Hologenix LLC, Santa Monica, CA)
yarn for clothing is constructed from standard polyester (polyethylene
terephthalate --PET) extruded molten from a two-barrel machine with a
proprietary mixture of ceramic particles added to produce a bicompatible
fiber, with the center-load containing approximately 1 micron diameter
particles [11]. CEL has been designed to capture heat from the body
and re-emit radiant far-infrared energy to induce health benefits, and
is thought to improve sleep and speed recovery from exercise. In one
randomized clinical trial CEL socks were found to decrease chronic foot
pain [12]. Three previous unpublished studies examined the effects of
CEL garments on transcutaneous partial pressure of oxygen (tcPO,)
using Clark electrodes placed on the skin underneath either control
PET garments or active CEL garments (http://www.pureenergysleep.ca/
clinical-studies/). Lavery in 2003 studied 20 subjects with diabetes and

peripheral vascular disease wearing socks and gloves made from PET
or CEL while resting quietly. With PET socks, foot tcPO, levels fell on
average 2.6% from baseline over 60 minutes, compared to an increase of
4.7% after 60 minutes wearing CEL socks. Hand tcPO, increased 15.4%
while wearing PET gloves for 60 minutes, compared to a significantly
greater increase (30.8%) wearing CEL. A study in 13 normal subjects
(McClue and Lavery, 2005, unpublished) compared tcPO, values of the
hands and feet after wearing either PET or CEL garments. One hour of
wearing CEL gloves induced mean tcPO, values in the hand to be 25.0%
higher than those found with PET. Foot tcPO, was 10.2% higher under
CEL socks than under PET socks; both hand and foot differences were
significant.

Gordon in 2009 measured tcPO, in 24 healthy volunteers wearing
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either PET or CEL shirts. After one hour the tcPO, was 7.1% higher
under CEL shirts compared to PET shirts (p<0.05). No significant
differences in mean blood pressure, heart rate, or temperature were
found comparing measurements obtained while wearing CEL or PET.
Due to a possible concern that the effects of CEL might persist after
switching from active CEL garments to PET control garments, in these
studies the PET garments were always worn first, before switching to
CEL garments. This protocol could induce bias if, for example, tcPO,
steadily rises in resting subjects independent of fabric type. The current
study compared measurements of skin temperature (ST), arterial
oxygen saturation (O sat) and tcPO, obtained while subjects wore PET
shirts or CEL shirts. In one group PET shirts were worn first and in the
second CEL garments were worn first, with the order sequence being
randomized. Our goal was to confirm earlier findings without risk of
bias from influences of the sequence of wearing.

Methods

Between October 2013 and January 2014, healthy volunteers
aged 18 to 60 were recruited for an IRB approved protocol via on-line
advertisement for subjects that paid $25. The trial was registered at
clinicaltrials.gov NCT02798640 (https://clinicaltrials.gov/ct2/show/
NCT02798640). The protocol was in accordance with the Declaration
of Helsinki and informed consent was obtained. Exclusion criteria
included cardiovascular disease, smoking, recreational drug use within
6 months, pregnancy, or consumption of alcohol within 48 hours or
caffeine within 4 hours of enrolment. The garments employed were
short sleeved shirts. PET and CEL garments were constructed at the
same mill using either standard PET fiber or CEL fiber containing 1.25
% (mass ratio) proprietary ceramic particles. CEL and PET shirts were
of identical fabrication and dernier differing only in color: PET was
white and CEL was a light grey color (Figure 1).

Subjects were blinded to shirt composition and donning sequence.
Assignment to either donning CEL shirts first (CELF) or control PET
shirts first (PETF) was based 1:1 on a random allocation table. Studies
were performed at the same constant temperature (24.0 £+ 0.88°C), in
a constant humidity (37.1 £ 5.0%) room with overhead fluorescent
lighting. Prior to donning the first shirt, if necessary the anterior right
shoulder skin was shaved, followed by gentle application of a fine
abrasive and cleaning with tape and isopropyl alcohol. A probe with an
electrolyte fluid ring, Clark electrode and a heating element set to heat
the skin to 44°C was applied attached to a Periflux System 5000 monitor
(Perimed, Kings Park, New York) with continuous monitoring software
(Perisoft v2.55) as previously described [12]. Left forearm volar skin
temperature (ST) was determined with an infrared thermometer.
Fingertip pulse oximeter probes (CMS50DL, Crucial Medical Systems,
and Atlanta, Georgia) monitored arterial oxygen saturation (O,sat).
After preparation, subjects donned the first shirt, and sat quietly.

Figure 1: Appearance of CEL and PET shirts.

Subjects were allowed to read or play video games but not sleep or
converse.

Recordings of ST, O,sat, and tcPO, began to be collected once
tcPO, measurements were deemed stable, which generally required
10 to 15 minutes. The tcPO, signal representing mean + s.d. was
sampled at 32 Hz over 5 minutes. If s.d. was > 2 mmHg, the data was
rejected as unstable. Cases in which the electrode membrane had to be
replaced during measurements were also rejected. In 23 subjects data
was excluded for one of these two problems, but all 23 returned on a
later day to successfully repeat the entire protocol. No other data was
excluded and all enrolled subjects completed the protocol.

Once the initial tcPO, signal stabilized, baseline measurements
were obtained followed by recordings 30, 60, and 90 minutes after
baseline (A30, A60. A90). After the A90 measurement, subjects were
encouraged to walk about, relieve themselves if necessary, and consume
water and/or a small snack. The break interval was approximately 15
minutes. After the break, subjects donned the second shirt and resumed
quiet sitting. A second set of measurements was obtained 30, 60, and
90 minutes after tcPO, stabilized (B30, B60 and B90). Sample size was
based on measurement of the variance in tcPO, in 45 subjects with
power analysis indicating that a minimum of 147 subjects would be
required to achieve a 95% confidence level and power of 80%. Statistical
analyses were performed only after all data had been acquired with
subgroup analysis based only on gender and donning sequence.

Results

Table 1 shows the demographics of the study population. The
subjects were 54.3% male; 62.5% of the CELF sequence and 45.2% of
the ConF sequence subjects were male (p=0.047, chi square test with
Yates’ correction). The age, height, weight, and BMI distribution were
similar in the CELF and ConF subjects with no significant differences.
Overall 52% of the subjects were Caucasian, 22% African-American,
16% Hispanic, 8% Asian, and 1% other - the ethnic distributions were
comparable in the active and control sequences (53, 18, 20, 9, and 1%
versus 52, 26, 20, 9, and 1%) (Table 1).

As shown in Table 2 is the baseline physiologic parameters. Mean
baseline skin temperatures were nearly identical in the CELF and
PETF groups 33.1 + 0.9°C for CELF and 33.2 £ 1.1°C for PETE, as were
baseline tcPO, and O,sat. There were gender differences in baseline
physiologic parameters: men had higher ST, lower O,sat, and lower
tcPO, then women. Mean baseline tcPO, was 2.5 mmHg higher in the
CELF group compared to the PETF group, (66.4 + 18.9 versus 63.9 +
18.8 mmHg) but not significantly (p=0.424 unpaired t test) (Table 2).

Table 3 shows ST and O,sat measurements. The mean baseline ST
for all subjects was 33.1 + 1.0°C, significantly higher (p<0.0001, paired
t test) than mean 32.7+ 1.1°C ST for all combined B90 measurements
(the last measurements in each groups (data not shown). The difference
between baseline and final B90 ST was significant in the CELF group
(p<0.0001, paired t test) but not in the PETF group.

In contrast to the fall in ST observed from beginning to end of

Subject % Male Age (years) Heights Weights BMI
(inches) (ibs)
All (n=153) 543 38.3+123 67.4+3.9 167.2+429 25.7+55
CELF (n=180)| 62.5 | 37.9+12.1 67.5+3.8 171.3+43.5 26.2+5.7
PETF (n=73) | 45.2*2 38.7+126 67.2+4.0 162.8+40.3 25.0+5.2

ap=0.047, chi-square.
Table 1: Subject demographics.
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Subject tcPO, (mmHg) ST (°C) %0,Sat

All (n=153) 64.9 +18.5 33.1+1.0 98.0+1.3
Male (n=83) 60.2 + 18.5% 33.3+0.9¢ 97.6+1.7'
Female (n=70) 70.3+17.22 329+1.2¢ 98.5+ 1.1
CELF (n=80) 66.4 +18.9 33.1+0.9 98.0+1.0
CELF Male (n=50) 62.9 £ 18.1° 33.3+0.8° 97.6 +1.99
CELF Female (n=30) 70.7 £ 18.1° 32.6 +£1.0° 98.5 +0.9¢
PETF (n=73) 63.9+18.8 33.2+1.1 98.1+1.3
PETF Male (n=33) 56.2 + 18.6° 33.3+1.1 97.5+1.3"
PETF Female (n=40) 70.0 £ 16.7° 33.3+1.1 98.5+1.3"

2p=0.0008 *p=0.059 °p=0.003 dp=0.01 ¢p=0.0009 p<0.001 9p=0.023 "p=0.003
Table 2: Baseline physiologic parameters.

ST (°C)
Baseline CEL 90 minutes | PET 90 minutes
All 33.1+£1.0 328+1.0 326+1.0
CELF 33.1+£1.02 328+1.0 32.4+1.0a
PETF 33.2+1.1° 329+1.1b 328+1.0
%0, Sat
Baseline CEL 90 minutes | PET 90 minutes
All 98.0+1.3 98.5+0.8° 98.2+1.0°
CELF 97.9+1.7¢ 98.5+1.1¢f 98.3+1.0f
PETF 98.1+1.3¢ 98.6 £ 0.8¢ 98.2+1.2

ap<0.0001, paired t test °p=0.064, paired t test °p<0.0001 paired t test “p=0.0001,
paired t test ©p=0.0002, paired t test p=0.003, paired t test

Table 3: Effects of Garments on ST and O,Sat.

testing, O,sat increased from beginning to end. Combining all subjects,
the mean baseline O,sat was 98.0 + 1.3 compared to a mean value of
98.4 + 0.9 for all B90 measurements (data not shown, p<0.0001, paired
t test). Mean O,sat for all subjects after wearing CEL 90 minutes was
significantly higher than O sat for all subjects wearing PET 90 minutes
(98.5+0.8vs.98.2+ 1.0, p<0.0001, paired t test). In PETF subjects, mean
O,sat was 98.1 = 1.3 at baseline and increased insignificantly (p=0.30
paired t test) to 98.2 + 1.2 after ninety minutes, and then increased
further to 98.6 *+ 0.8 after wearing CEL shirts for ninety minutes
(p=0.0001, paired t test). In the CELF group, however, mean baseline
O,sat of 97.9+1.7 increased significantly to 98.5 # 1.1 (p=0.0002, paired
t test) after wearing CEL 90 minutes, then fell to 98.3 + 1.0 after wearing
PET 90 minutes (p=0.0033, paired t test) (Table 3).

Figure 2 shows tcPO, for all the subjects combined, independent of
donning sequence. Plotted are mean tcPO, 30, 60, and 90 minutes after
donning each garment-the baseline value is the mean for all subjects. At
each interval tcPO, is significantly higher for CEL compared to controls
(p < 0.0003, paired t tests). At 30 minutes, the difference between CEL
and PET tcPO, levels was 3.42 + 11.29 mmHg (5.5%); at 60 minutes
4.30 = 10.16 mmHg (6.4%); and at 90 minutes 4.44 + 9.51 mmHg
(6.7%). Each point represents the combined mean + s.e.m tcPO, for all
subjects at the specified time interval after establishment of stable tcPO,
measurements after donning PET or CEL shirts (Figure 2).

Figure 3 shows the same analysis performed comparing female
and male subjects’ responses to PET and CEL-the same pattern was
observed, but the differences in tcPO, levels based on garment worn
were more pronounced in women. Each point represents mean values
+ s.e.m combining data from one gender at the specified time interval
after establishment of stable tcPO, measurements (Figure 3).

Figure 4 shows the results of separating tcPO, measurements
based on donning sequence. The CELF and PETF baseline values
are different. Mean tcPO, is plotted in the temporal sequence with
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Figure 2: Combined tcPO, measurements for PET and CEL garments
independent of donning sequence.
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Figure 3: TcPO, measurements based on gender.

which it was measured. The PETF plot shows 30, 60, and 90 minute
measurements obtained under PET shirts followed by 30, 60, and 90
minute measurements under CEL shirts. The plot for CELF subjects
has the temporal sequence reversed: measurements obtained under
CEL shirts are plotted before PET measurements. In the PETF group
tcPO, rose from baseline through A90 and continued to increase
after switching garments. In contrast, tcPO, levels in the CELF group
increased through the A90 measurement but then fell after switching
to PET. When the differences between tcPO, measurements at each
time interval are separately compared within sequence groups, i.e., 30
minute tcPO, values for PET versus CEL in the CELF group, without
inclusion of data from the PETF group and vice versa, two separate
trends emerge. In the PETF group, differences between tcPO, levels
under PET vs. CEL are highly significant (p<0.0001) for each 30-minute
interval by paired t testing. In contrast, in the CELF group, differences
in tcPO, between CEL and PET garments at 30 and 60 minutes are not
significant, but approach significance at 90 minutes (p=0.051). Data
from male and female subjects were combined and depicted in the
sequence with which they were obtained (Figure 4).

When the same sequence analysis was applied to each gender,
the same patterns were seen: tcPO, levels fell in both CELF male and
female subjects after switching from CEL to PET shirts, but continued
to increase in both male and female PETF subjects after switching from
PET to CEL (data not shown).
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Figure 4: TcPO, based on donning sequence.

Discussion

This study measured changes in tcPO, at 30 minute intervals up
to 90 minutes using Clark electrodes placed under either PET and
CEL shirts which differed only by the presence or absence of ceramic
particles in otherwise identical PET fibers. Subjects were randomized
to wear either PET or CEL garments first. In general, tcPO, levels
tended to increase while wearing either garment from baseline to end
of the complete protocol. When tcPO, measurements were combined
without reference to the sequence with which garments were worn,
measurements under CEL garments were 5.5% higher at 30 minutes
and 6.7% higher at 90 minutes (p<0.05). A different pattern of tcPO,
measurements emerges, however, when tcPO, is plotted based on
donning sequence (Figure 4). In subjects who wore CEL first, tcPO, fell
immediately after switching to control PET garments, but the opposite
result was seen in subjects who donned PET first--tcPO, continued to
rise after switching to CEL. The sequence data support the conclusion
that wearing CEL is associated with greater increases in tcPO, than
PET, independent of donning sequence. Interestingly, the differences
in tcPO2 measured at each interval between garments (e.g., mean A60
and mean B60 values) within the PETF group were significant, but not
in the CELF group. This finding, in conjunction with the sequence
pattern suggests that CEL effects might persist long enough to influence
measurements taken after switching to PET. The 9.7% difference in
mean tcPO2 levels between PET and CEL in the PETF group at 90
minutes (68.2 mmHg versus 74.9 mmHg) is comparable to results of
the previous studies which employed that sequence.

CELF subjects had a mean baseline tcPO, that was 2.5 mmHg
higher than mean for PETF baseline, but this alone should not skew
this analysis as most comparisons are based on paired measurements
of the same individual, as, for example, the results shown in Figure 2.
As baseline measurements were obtained after subjects donned the first
garment, the higher baseline in CELF subjects conceivably resulted
from ceramic particles influencing tcPO, during the interval required
to achieve stable measurements.

Another factor, the greater proportion of males to females in the
CELF group versus PETF (62.5% vs. 45.2%) could have skewed the data
analysis to show more of effects by CEL than is indeed the case, but
as the men had lower baseline tcPO, levels, and showed a moderately
lower response to CEL than women, this seems unlikely.

If ST or core temperatures were higher under CEL than PET, then
differences in tcPO, might be due to heat induced vasodilation of the
dermal microcirculation. Our study did not directly measure either core

temperature or ST directly under the shirts, but the ST measurements
from the subjects uncovered forearm make this explanation seem
unlikely-ST generally fell throughout the protocol while tcPO,
generally rose. If temperature were the dominant factor influencing
tcPO,, the later should have fallen in parallel with ST. Further, tcPO,
measurements entail heating skin to 44 °C, which should minimize the
impact of variations in core or surface temperatures.

O,sat measurements differed when data from both sequence
groups were combined. Ninety minutes after wearing CEL, mean O, sat
was 98.5% for all subjects, significantly higher than the mean O sat of
98.2% measured 90 minutes after donning PET. The pattern of change
in O,sat with time in each group paralleled that observed with tcPO,. In
PETF subjects, baseline O_sat rose slightly after 90 minutes of wearing
PET, and then rose significantly more after 90 minutes wearing CEL
With CELF subjects, baseline O,sat increased significantly over 90
minutes while wearing CEL, and after switching garments decreased
significantly over 90 minutes while wearing PET. The modest similarity
in the kinetic patterns observed with O,sat and tcPO, measurements
suggests they might be the result of the same ceramic particle influence.
This raises the question of what is the underlying mechanism for the
tcPO, changes observed. Ceramic particles absorb heat (whether that
be radiant, converted or conducted) emitted from the body, and then
re-emit the thermal energy as IR (with a peak at 9.4 um) back into the
body. Re-emission occurs near the same wavelength as absorption, but
may be at slightly a longer wavelength due to differences in temperature
between the body and the fabric. This is not an energy neutral
phenomenon, as the ceramics decrease the loss of infrared energy away
from the body, those otherwise escapes through normal clothing.

The likely net result is increased absorption of FIR energy into the
skin and underlying tissues. A recent study by scientists at Exponent
Consulting compared the emissivity of PET fabric with or without CEL
particles using sophisticated optical spectroscopic techniques. The
intensity of infrared emission between 7.5 to 14 um was 2.1% greater
with fabric containing CEL particles (1.22% by weight) compared to
fabric without ceramic particles [13]. This finding is consistent with
the finding that the absorption co-efficient of the ceramic particles in
the infrared spectrum was higher than the absorption co-efficient of
pure PET fibers. In other words, the PET fibers are semi-transparent
to infrared radiation, while the CEL particles are opaque. A follow-up
study from the same group examined in more detail the influence of
the ceramic particles on the infrared reflectance of the PET fabric, and
measured the transmission, and absorption [14]. This analysis modeled
the effects of the particles on infrared radiation incident upon the skin,
asafunction of wavelength, skin temperature, and ambient temperature,
proportion of ceramic particles, air velocity, and influence of sunlight.
The findings confirmed that the addition of ceramic particles to PET
fabric leads to increased incidence of infrared radiation upon the skin at
wavelengths longer than 4 um, with a maximum effect at approximately
9.4 um. The effect was attributed to increased absorption of infrared
radiation at shorter wavelengths and reemission at longer wavelengths.

Increased emission of infrared from PET fibers with ceramic
particles has the potential to interact with molecular and cellular
structures by increasing the vibrational energy stored in chemical
bonds, particularly in water clusters in cell membranes and cellular
organelles. Perturbation of the vibrational energy of water clusters could
affect the tertiary conformation of protein molecules tightly associated
with this “nanostructured” water [15,16]. Low intensity far infrared
(FIR-wavelength >14 um) lamps and topically applied (non-powered)
FIR-emitting ceramic materials have been shown to induce cellular
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changes in vitro, and produce physiologic changes in both preclinical
animal models and clinical studies. In none of these studies were the
effects associated with significant changes in temperature, consistent
with the low power associated with both far infrared lamps and non-
powered ceramics in thermal equilibrium with skin (on the order of
0.1-1 mW/cm? [3]. In vitro studies have found infrared radiation to
inhibit cellular proliferation and be associated with increased reactive
oxygen species; decreased production of intracellular nitric oxide and
heat shock protein; inhibition of prostaglandin E2 synthesis; inhibition
of kinase dependent nuclear signalling; and decreased production of
inflammatory mediators and cell adhesion molecules [4,5,17-19].

Preclinical studies of infrared effects have shown inhibition of
prostaglandin mediated inflammation in a rabbit arthritis model and
delayed onset of muscle contraction induced fatigue [20]. Particular
relevant to our findings are two reports in rats, one showing that
infrared increased skin blood flow [21] and the other showed that
infrared accelerated wound healing [7].

Three clinical studies have reported that blood flow was increased
by infrared exposure from powered IR sources or non-powered
ceramics [2,22,23] and one clinical study found alleviation of the
symptoms of Raynaud’s syndrome with ceramic impregnated gloves
[24]. Other clinical studies with topically applied ceramic materials
have demonstrated changes in body measurements (fat loss) [25,26],
reduced dysmenorrhea [27], and improved lactation [28].

The increase in tcPO2 observed in this study likely is a consequence
of increased oxygen availability in infrared illuminated tissue, possibly
through a vasodilatory effect on the dermal circulation or, alternatively,
effects on oxygen binding to hemoglobin. Although our understanding
of the mechanism responsible for the effect of ceramic polyester
composites on tcPO2 still incomplete, our data confirm that it is a
real scientific phenomenon. Even without completely understanding
the effect, it may be possible to design ceramic polyester composite
garments or dressings that could improve wound healing, which is both
sensitive to tissue perfusion and a critical problem for patients with
diabetes. The recent decision by the US FDA that CEL garments will be
regulated as medical devices and as general wellness products (http://
www.medicaldevices-business-review.com/news/fda-determines-
celliant-products-meet-criteria-as-medical-devices-260717-5882229)
encourages clinical testing in multiple disease indications.

Conclusion

The present study has added to the body of evidence that suggest
that FIR-emitting garments can exert real measurable physiological
effects, and deserve further study for medical indications. Especially
the potential for ceramic-embedded fabrics to improve skin and wound
perfusion has particular relevance to diabetes and warrants further
study.
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1. The Purpose of the Test
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To do the preliminary study of the effects of socks that use Celliant® technical
fibers provided by Qingdao ReY.S International Co., Ltd. on local transcutaneous
Oxygen Pressure on human the foot dorsum through the clinical research before and
after the wearing of the socks in a randomized, double-blind, and controlled way and
on improving human body’s local microcirculation.
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2. Materials of the Test
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Socks with the application of Celliant® technical fibers (for short: subjects
socks), control socks (regular socks sold in the market with no health care function),
medical tapes, etc.
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3. Instruments and Equipment of the Test
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Single-channel transcutaneous oxygen/ carbon dioxide partial pressure tester,
(PF5040 TcpO,/pCOy)  Perimed China LTD., Model: PeriFlux 5000.
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4. Principle of the Detection
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The principle of the transcutaneous oxygen/carbon dioxide partial pressure (

TcpO2/pCOy)) tester: Through the preinstalled electric regulator, this technology uses
Clark electrode to control the temperature at the 37 to 45[01. At 451, the blood flow of
the capillary is arterialized. When the skin temperature rises, capillary expands and
the oxygen dissociation curve moves towards the right side and the spread of oxygen
from the skin into the contact liquid begins. Heating can dissolve the dead skins of
epithelial lipid layer, and improve the dispersing of gas into skin. The passed oxygen
dissolves into the contact liquid and then decreases the amount of measurable gas.
The amount of the decreased gas equals the amount of oxygen that passes through the
skin. Therefore, to test the oxygen partial pressure in contact liquid is to measure the
oxygen partial pressure in subcutaneous tissue after using the Clark electrode to heat

skin for ten to fifteen minutes.
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The heating parts in the measuring sensors will heat the skin under the sensors,
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which will increase the blood flow in capillary in the tissue and the passed O,/pCO,
through the skin will be absorbed by the sensors. Details are shown in Figure one.
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5. Methods of the Test
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(1) The testing principles
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Before the test, the researchers will ask participants about their medical history,
heath conditions and so on. And if necessary, they are asked to do medical check-ups
and other tests related to the research (such as blood routine, urine routine and blood
biochemical inspection, etc.) to find out whether the participants are fit to participate
in this research. All the investigation forms on health conditions and the original test
reports will be kept by the research institution.
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After the whole screening procedures, the participants will wear control socks
and subjects socks once successively on the test day. The time for each is no more
than 60 minutes and meanwhile the changes of local transcutaneous oxygen partial
pressure at the right side of foot dorsum will be monitored.
1. Z&EF NERHE
1. The criteria for qualified participants

B 50 N

Fifty men and fifty women

TERSTE 18-25 %

Ages are between eighteen and twenty-five

REIEH (BMD fF 19-24 28], BMI=/kE (kg) /& (m®);

Body Mass Index (BMI) is between nineteen and twenty-four. BMI = weight

4



(kg)/ height (m?)

Tl F B HAIE. WA RG. R R AU S L

No medical history of heart, liver, kidney, alimentary canal, nerve system,
mental disorder, and metabolic disorder, etc.

TP ER AR L L

No drug or other substance allergy history

AR AR I . 06, PRIRCIR L I

Normal blood pressure, heart rate and breathing condition shown by the physical
examinations.

2RI —F AL E A M R SR EA LR (ILEF. JR
RN IER FBR, ALT. AST fEIEH LR 1.5 f5LAP);

The tests in the year before the research include: blood test and urine test. And
the liver and kidney function is basically normal (creatinine and urea nitrogen does
not exceed the normal limit and ALT and AST are within 1.5 times more than the
normal limit).

ToAN R ST R i, X iy 79 Jo) R X 390 1) AR e FH A 245 K 25 ks A
I BT B EOR

No bad habits or hobbies. And two weeks before the test and during the test,
there is no taking of any drugs or drinks that contain alcohol or caffeine;

H IS Ik 252 R A R

Voluntarily participate in the test and sign the informed consent form.

2. ZREHRRARHE
2. The criteria for unqualified participants

FEPFIAITERE GO B O MERER, RIERE, A RGER
LM )

The main organs have organic diseases (such as liver, kidney, cardiovascular
disease, metabolic disorder, nerve system disease, and other chronic disease);

WP, Sk

Regular headache or dizziness



US4 i > 130mmHg F1/88 £7 5K [ >90mmHg # ;

Systolic pressure>>130mmHg and/or diastolic pressure>90mmHg;

A AR o7 BB PR B s

Persons allergic to substances or have skin allergies;

A A A B R B S I A 5T

Hemorrhagic disease or bleeding disorders;

YR

Drug abuse;

RESH L W

Smoking or drinking alcohol;

AR AR T ELR

Serious disease history within half a year;

E=AH WSk i

Donating blood within the last three months;

1 =A H NS HAl 251l R 1k 56 %

Participating in clinical tests of other drugs within three months;

=R 2 X6 1 e P 3 At A A 259

Persons who take any other drugs three days before and during the test;

HBV. HCV HiJR AP

Positive to antigen of HBV and HCV;

HIV HUiARAVEH ;

Positive to antibody of HIV;

(=) RiEskhdi

(2) Detailed Procedure of the Test

FEE R IEARAE RS2 AT B R AR 5, S 15-20min APRESFRE
Ja, BT MR RO RENE, JHd.

After the qualified participants have signed the consent form, they will rest for a
period of 15 to 20 minutes until they are calm. Their temperature, blood pressure and

heart rate will be tested and the test results will be recorded.



WEEHLT, 32 E L5 B AR Z AR, HEATA M2 REE R 4A
I3 BRI 45 73f, PSR 22 8] B S B0 AS U (B R 15 70+ e SXof SRR Hh 00 45
JERHAT AR T A0 R A, IR

On the double-blind test, the participants will wear control socks and subjects
socks successively. The monitoring time for the local transcutaneous oxygen partial
pressure at the right side of the foot dorsum is 45 minutes for each. The time between
the monitoring of two kinds of socks should be 15 minutes. After the monitoring of
control socks, the temperature, blood pressure, and heart rate of participants should be
measured and recorded.

X IR S 2l s e e, ZREIRE 15 2dh)a, BT &JE — IR
NS =i0] 21 S S TRET

After the ending of the monitoring of the control socks and subjects socks,
participants will rest 15 minutes and then their temperature, blood pressure and heart
rate will be measured and recorded again.

(=) By ITE

(3) Data processing methods

ZARE 700 AN IRAR K G, AT 8 AL R — AL R A4 B 8 0 T B
S, WD Ry 45 0, PR T R BGRE 2 IR T B E (&
2) VBB st R & B oy oA (B2 mmHg), SR BRI 3R U7 2 70 Hrnt 4
PEBEAT G b

To monitor the dynamics of local transcutaneous oxygen partial pressure at the
same spot of foot dorsum when the participants wear control socks and subjects socks
respectively for 45 minutes, then the average of data under the stable state of both
kinds of socks (Figure 2) will be used. Local transcutaneous oxygen partial pressure
value (unit mmHg) will be used for analysis and data will be analyzed by using single

factor variance analysis.
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Figure 2 The collecting of dynamic data of local transcutaneous oxygen partial
pressure

DI 1 Do FRARAG A X sk & r I I) 5 R A B hp s X 80, Bos BfE
NIEIX 28 J S o e sh A HUE X ME s X8k 2 932 iR AR A X3 (I A i ) s £
JE B — BB hR R XD, BoRBUE Y X 5 A7) IS sl S EUME R M .

Area one is the stable section of the control socks test (In the figure, the time
before the stable section is marked with color.). The shown figure is the average of
the dynamic values of local transcutaneous oxygen partial pressure of this area. Area
two is the stable section of subjects socks test (In the figure, the time after the stable
section is marked with color).The shown figure is the average of the dynamic values
of local transcutaneous oxygen partial pressure of this area.
6. The Result of the Test

(=) ZRKEEMNBHEINERBLRHERESTENER

(1) The impacts of subjects socks and control socks on local transcutaneous
oxygen partial pressure at foot dorsum

ZREFEXZAKE, W 45 o8, EELRTELZADEN
(73.28+14.93)mmHg; SZH FHEXNBIKSE, Wl 45 7080, EH RIS KA 5
JEN (62.60+15.69) mmHg (3R 1), JZEF ML H: PIFER T X AR R 45
WA A T 25 (BR 2). #b— B EAraE R BN, Sl S0 K



FAEL, SRR AR L 7 AL JR R 22 B S 70 IS e i LA il e 2% 2 5 (P<<0.01,
® 3), AR SR RARAREL, RN (R B, AT AT RS e AR R Ak
2Ry .

The participants wear subjects socks and then researchers monitor the local
transcutaneous oxygen partial pressure at foot dorsum for 45 minutes. The result is
(73.28+14.93)mmHg. The participants wear control socks and then researchers
monitor the local transcutaneous oxygen partial pressure at foot dorsum for 45
minutes. The resultis (62.60+15.69) mmHg (Table 1). Homogeneity of variance of
local transcutaneous oxygen partial pressure at foot dorsum of two kinds of socks is
shown (Table 2). Further variance analysis shows that compared with control socks,
subjects socks’ impacts on local transcutaneous oxygen partial pressure at foot
dorsum has significant difference (P <<0.01, Table 3). This demonstrates that
compared with control socks, subjects socks within the monitoring period, can better
improve the local transcutaneous oxygen partial pressure at foot dorsum.

R LFR T AR AL TS A JR A e B 4800 T () B i ik

Table 1 The data of the local transcutaneous oxygen partial pressure at foot dorsum of
two kinds of socks

. : s s IET 95%EAF XA
2H 5 N YME PrfEZE bRiER = I
PORIERTS 100 62.60 15.69 1.57 59.49 65.72
SRR 100 73.28 14.93 1.49 70.32 76.24
M 200 67.94 16.19 1.14 65.68 70.20

95% confidence
interval of the mean

Average Standard Standard

Groups N value deviation Error lower Upper
. limit
limit

Control 100 62.60 15.69 1.57 59.49 65.72
socks

Subjects

100 73.28 14.93 1.49 70.32 76.24

socks
total 200 67.94 16.19 1.14 65.68 70.20




R 2 PIRIRR T N2 T AL JR i 2 B S8 o0 T g 22 55 PR AR
Table 2 Homogeneity of variance of local transcutaneous oxygen partial pressure at
foot dorsum of two kinds of socks

Levene 41t & dfl df2 T
0.454 1 198 0.501

Levene statistics dfl df2 Significance
0.454 1 198 0.501

R 3 PR N TS AL R ER A B 0y TR ) R 3R T 2 e
Table 3 Single factor variance analysis of local transcutaneous oxygen partial pressure
at foot dorsum of two kinds of socks

P 7 df Y7 F o E
Al 5697.568 1 5697.568 24.284 0.000
HAN 46455.626 198 234.624
%4 52153.194 199
Sum of df Mean F Significance
squares square
Among groups 5697.568 1 5697.568 24.284 0.000
Within groups ~ 46455.626 198 234.624
Total 52153.194 199

() REHNTANERBLREHEZRETENERMETFERINZRT
i
(2) Whether there is gender difference of subjects socks’ local transcutaneous
oxygen partial pressure at foot dorsum

LZ RS RAE BEEELRHEEAS EHER

1. The impacts of two kinds of socks’ local transcutaneous oxygen partial

pressure at men’s foot dorsum

RAMEER, FE2RE FEWWE, I 45 obl, 2R RIS
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A RN (72.06+£15.73)mmHg; A& FEXN ARG, Wil 45 7080, EE4R
L R A3 RN (61.65£16.65) mmHg. 77 Z5-HERGIGF1: Widpsk 75t B 2y
Wb REREE RS o IR T 22551 (3R 50 iE— BT Ea i a R R, Zilbk 5 Xt
RERRAREL, Ho T IV 2 AR B R o IS I A A R 25 72 7% (P<<0.01,
®6), AR E X MAELL, "I AIR m E Ab B A T .
Statistics in Table 4 shows that after the male participants wear subjects socks
and then researchers monitor the local transcutaneous oxygen partial pressure at foot
dorsum for 45 minutes, the result is(72.06+15.73)mmHg. After the male participants
wear control socks and then researchers monitor the local transcutaneous oxygen
partial pressure at foot dorsum for 45 minutes, the result is (61.65£16.65)mmHg.
Homogeneity of variance of local transcutaneous oxygen partial pressure at men’s
foot dorsum of two kinds of socks is shown (Table 5). Further variance analysis
shows that compared with control socks, the subjects socks’ impacts on local
transcutaneous oxygen partial pressure at men’s foot dorsum has significant
difference (P<<0.01, Table 6). It demonstrates that compared with control socks,
subjects socks can better improve the local transcutaneous oxygen partial pressure at

the men’s foot dorsum.

R 4 PIAART I ER T AL R R B 3 T 5 T Y B ik
Table 4 Statistics of the impacts of two kinds of socks’ local transcutaneous oxygen

partial pressure at men’s foot dorsum

WER 95% B=X[A]

A N HE hrdEE RRrER

TR FR

XTHEEE 50 61.65 16.65 2.35 56.92 66.38
T 50 72.06 15.73 2.22 67.59 76.53
SE 100 66.85 16.94 1.69 63.49 70.22

Average Standard Standard 95% confidence interval

Groups N ..
p value deviation Error of the mean

11



lower limit Upper limit

Control 50 61.65 16.65 2.35 56.92 66.38
socks
Subject . 72.06 15.73 2.22 67.59 76.53
s socks
total 100 66.85 16.94 1.69 63.49 70.22

R 5 PIRIRRTX5 M 2 T AL R 2 B S o T R (4 5 22 5 PR AR 6
Table 5 The homogeneity of variance test of the impacts of two kinds of socks’ local
transcutaneous oxygen partial pressure at men’s foot dorsum

Levene 4iit & dfl df2 wEM
0.102 1 98 0.750
Levene statistics dfl df2 Significance
0.102 1 98 0.750

R 6 WA AL T AL R ER A B Sy TR i B 3R T 2 e
Table 6 single factor variance analysis of local transcutaneous oxygen partial pressure

at men’s foot dorsum of two kinds of socks

. Mean »
“E5 A df F N e
square
2H [A] 2708.578 1 2708.578 10.326 0.002
HAN 25705.992 98 262.306
%4 28414.570 99
Sum of Mean
df F Significance
squares square
Among groups 2708.578 1 2708.578 10.326 0.002

Within groups  25705.992 98 262.306

12



Total 28414.570 99

3. RN AN Lt BT AR HEEE D KR
3. The impacts of two kinds of socks’ local transcutaneous oxygen partial
pressure at women’s foot dorsum

R TEHERR, LA ETEZWWE, W 45 08, ERALRELK
EITIEON (74.50£14.17)ymmHg; SZARE FHEXMARE, B 45 08, LHLR
By RN (63.56+14.79) mmHg. J7 2RI AT AR TX) otk 2 1
Wb REREGE RS o IR T 22551 (B &) it — BT E T R o, SZildk 5 Xt
RERRAREL, Ho T oM 2 W AL SR B SR o IS e B AR 25 %2 7% (P<<0.01,
®9), AR E X EMARLL, WA A PR i e b B SRy T

Statistics in Table 7 shows that after the female participants wear subjects socks
and then researchers monitor the local transcutaneous oxygen partial pressure at foot
dorsum for 45 minutes, the result is(74.50+14.17)mmHg. After the female
participants wear control socks and then researchers monitor the local transcutaneous
oxygen partial pressure at foot dorsum for 45 minutes, the result is
(63.56+£14.79)mmHg. Homogeneity of variance of local transcutaneous oxygen
partial pressure at women’s foot dorsum of two kinds of socks is shown (Table 8).
Further variance analysis shows that compared with control socks, subjects socks’
impacts on local transcutaneous oxygen partial pressure at women’s foot dorsum has
significant difference (P<<0.01, Table 9). It demonstrates that compared with control
socks, subjects socks can better improve the local transcutaneous oxygen partial

pressure at women’s foot dorsum.

KT WA M AL R AR B 3 T S T B A
Table 7 Statistics of the impacts of two kinds of socks’ local transcutaneous oxygen

partial pressure at women’s foot dorsum

An N HE ARdEE WRdER MER 95% B SIXIE
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R EIR

XTHERK 50 63.56 14.79 2.09 59.36 67.76
AR 50 74.50 14.14 2.00 70.48 78.52
MEC 100 69.03 15.41 1.54 65.97 72.09

Average Standard Standard 95% confidence interval
Groups N

value deviation Error of the mean
lower limit Upper limit
Among
50 63.56 14.79 2.09 59.36 67.76
groups
Within o0 2 55 14.14 2.00 70.48 78.52
groups
10
Total 69.03 15.41 1.54 65.97 72.09
0

R 8 PIRIIR X L T AL JR 2 B S8 o0 TR R 4y 22 5 PR AR 6
Table 5 The homogeneity of variance test of the impacts of two kinds of socks’ local
transcutaneous oxygen partial pressure at women’s foot dorsum

Levene 41t & dfl df2 T
0.102 1 98 0.750
Levene statistics dfl df2 Significance
0.102 1 98 0.750

R 9 WA LT AL R ER A B Uy TR K B 3R T 2 e
Table 6 Single factor variance analysis of local transcutaneous oxygen partial pressure

at women’s foot dorsum of two kinds of socks

“E5 A df il F M

2H [H] 2992.528 1 2992.528 14.299 0.000

14



HN 20509.696 98 209.283

pet g 23502.223 99
Sum of Mean
df F Significance
Squares square
A
mong 2992.528 1 2992.528 14.299 0.000
groups
"
Within— 209,696 98 209.283
groups
Total 23502.223 99

4. MR T BEELEREE LR HEERE D KR
4. The impacts of two kinds of socks’ local transcutaneous oxygen partial
pressure at men’s and women’s foot dorsum

38N, BRI G IEAMAREL, ARx T A A, RE AL RS
B ISAPERUE B ZE SR, BB M LIRSt I L BEEER . IR
AR T NAK R 218 AL SR B e B S0 IS RIS, FF el 22 IR B 2250 45 R an
4, ZpON T BV R ke B R m L R W AL R A A I, EJEME
T ZE S o

Statistics in Figure 3 shows that although compared with control socks, there is
difference of subjects socks’ impacts on local transcutaneous oxygen partial pressure
at men’s or women’s foot dorsum, however the difference between the impacts on
men’s and women’s are not significant. It shows that there is no gender difference in
the impacts of subjects socks’ local transcutaneous oxygen partial pressure at men’s
or women’s foot dorsum. As shown in Figure 4, subjects socks can significantly
improve local transcutaneous oxygen partial pressure at both men’s and women’s foot

dorsum, and there is no gender difference.
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Figure 3 The comparison of difference between two kinds of socks’ local

transcutaneous oxygen partial pressure at men’s and women’s foot dorsum  (n=50)
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Figure 4 The impact of two kinds of socks’ local transcutaneous oxygen partial

. wig

7. Discussion

pressure at men’s and women’s foot dorsum (n=50)
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el 70 GRS C 4 AR R BRI MR I 2 #U T Jridiz —1Y, HARR
0 Bk T IR G ER PN B ARG 32E 1M S e Jo) BRI s BV 1 O 2
—FPERVE TR, TO O RO RO R AR ) B B O ORI, AR
ORAE AL ANIFR], SRIATN), 55 ORLAE TSR R TS 24 R 505 1 FH R EEAT A R £
VPN, T2 By S TR PRI Ml S R SR A PR AS o A IR F A 3 5
PeriFlux 5000 %Y FLETE 22 7 800 Ik / —S80HK 53 He il 3E A% (PF5040 TepO,/pCO,)
XH B ¥k HEr R 5HF R AR SRS celliant®@BEARLF4E 1) T B 32 1k
A A Ja NAR R BB 2 R e AT R, 0 FL s N A4 R R A A4 I AT 1728
I

The measuring of transcutaneous oxygen partial pressure (TcpO,) is a
technology to reflect capillary’s blood flow. Since thel870s, it has become one of
classic methods to evaluate noninvasive blood microcirculation. It can well reflect the
microcirculation state of lower limb blood vessel especially that of the skin beneath
the ankle, which further reflects the peripheral artery perfusion situation. It is an
important method that is easy to operate and has no invasive diagnosis at detecting
capillaries. And there are documents which show that relative health-care products
like topical agent, daub agent, dress materials and others can fulfill their function by
improving micro circulation and transcutaneous oxygen partial pressure can relatively
well reflect the local microcirculation state. This research uses a single-channel
transcutaneous oxygen/carbon dioxide partial pressure tester, (PF5040 TcpO./pCO») .
model of PeriFlux 5000, generated by Perimed China Ltd to test the impacts on local
transcutaneous oxygen partial pressure at the foot dorsum of subjects socks that
adopts Celliant® technical fibers provided by Qingdao ReY.S International Co.
before and after wearing them. The purpose of the preliminary research of Celliant®
socks’ is to improve the human body’s local microcirculation.

AR & TR Tl BRIl bk < T B LB A, o 20 (3t SR HE Bk PR F e —
BIEY, JEIEH R G rh BRI AR R Th e SR N AR B Al SO JIE i s 7 A
RERF LR e HE I B A5 3 B I AL 23, 06 75 SE B A0 20 I B A I AN 5
Co B 20 [R] 2 ) B A2 Bl K B AT 35 — 1 B2 —OETE, Pt DME R 2 1

-
-
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FEAAE IR L M Ay N A P 565 0 D)

Microcirculation refers to the blood circulation between the arterioles and micro
vein. It is the only channel™ through which cells provide oxygen and eliminates waste
and is the basic structural and functional unit in the microcirculation system. Only by
cardiac contraction, the human body can’t directly pour blood into cells of all organs
of the body. It has to rely on the asynchronous (with the heart beat) self- discipline
movement of capillaries of microcirculation part to adjust or pour the blood into
organs for the second time. Therefore, in the medicine field, microcirculation is

compared to the second heart”! of the human body.

BB S IR AR, G AR gz, AR (LR JREA. L
MR MEREANMSR S5 W, BEE LTHY, R Chn s I 255 50 /N
R Rl BB PGk D) e E T AAE IR 5 AR S AT AN T 23 B, FEAS[E] 19
W E PRI U RN TR R 5 & A B 8. R 7 R R — P I
I, AP AR R FiE AR P A e S st AR R HERR,  FA R R A LYY, i
WAL HRSHMB PR E O B . B siME /58, [F2 HIlR
RS R ROIRT . RRE NS IR . NARTERE IR T IR ZS 23 [ 15 1
THHTEE), SIENUAIEEN I ST LR, WG A E IR, 25 5 S8
TEFRIRAS R, I8 B 55 T g Zh A5 o B IR A BB A7 AN 20 T g B Al
A2, ARE BB AT AR T AR BOIRAS, BRI 5 =) 5 4 2R 28 B
e, WA SR EAT . AR SR, BRI, B EE
Ve AT MRS, RATE DA SO, oK SHEE, ™EMIE
MRS H R AT ORI Bk R0,

With the increase of exercise load, the velocity of microcirculation slows,
metabolites (lactic acid, urea nitrogen, creatine, segments of cells and others)

6] and local edema appears (such as increase of

accumulate, osmotic pressure rises
crus’s girth, and acra edema brought by intensive training). Because of the integrity of
microcirculation and the organs of the body, microcirculation maintains its uniformity
with organs in the form of its smallest units. When the degree of tiredness further
increases, the slowing of microcirculation can’t eliminate metabolic wastes out of the

body in a timely manner, electrolyte disorder occurs'”), and the accumulated toxin will

18



negatively affect the central organs, heart, brain, lung, kidney and motor nerve system,
which leads to decreased sensitivity, lagged response, declined physical strength and
tiredness, etc. If the human body exercises under the situation of microcirculation’s
abnormal state, it will accelerate the body’s tiredness, damage the microcirculation
structure, easily cause the abnormal microcirculation state, and lead to exercise
injuries™. Although microcirculation itself is under no influence of the heart’s energy
and heart rate, it can affect the body’s heath anytime. To a lower degree of damage, it
affects the health of local tissue and organs, like acra cyanosis due to the lack of
oxygen. When the inner temperature remains high, osmotic pressure rises. And the
increase of capillary’s permeability can facilitate the seepage. If it occurs at the
pericardial area, it will press the heart and laryngeal edema will lead to suffocation.
And the serious microcirculation malfunction will even lead to shock, coma and even
death.

HWRLBEHL B XRAIG RS T TR Y], M celliant®F AL 4E K L AE
PESZARIR S KA B, AT E R IR T MR 2 I R BRI I
I B LA 72 7 o IR BRI 32 AR AT RE e B A4 2 1 AL R PR O B 24 2t
A NARP= RN . SUEFEIRy, KB SCERIE, a3 R eE A B e stk
WA LVE TRV BN P R A e, A B T IR R RE, KB ST, o
fi S AL, X ABHIR L celliant®F AR L4k () T REIE SZ AR MK A 7] RE(2 ik A A4 55
IR, (HIX— S50 7 8k — 20 1 SEgs i LASGIE .

After the research done in a randomized, double-blind, and controlled way, it shows
that compared with control socks, subjects socks adopting Celliant® technical fibers
can significantly improve local transcutaneous oxygen partial pressure at the foot
dorsum in a stable state, and there is no gender difference. This shows that this kind of
subjects socks may improve the local microcirculation at the foot dorsum and thus
fulfill their health care function for the human bodies. Meanwhile, much literature
shows that the improvement of microcirculation is helpful to promote the nutrient
supply and the exchange of metabolic products of normal human bodies, improve
physical strength, alleviate tiredness, and strengthen the body. And this also implies
that functional subjects socks adopting Celliant® technical fibers may be helpful for
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the recovery of the body from tiredness. However, this waits for further testing.

EEPUN

[N LL, W AEIA D RE ARSI 5 v S FAE B PROT o A S [0, 1 B A 3 22
R 2009, 36(4): 196-210.

[1]Dong Xuehong, and Hu Renming, Evaluation of the microcirculation and its
clinical applications in diabetes mellitus[J], International Journal of Internal

Medicine.2009, 36(4): 196-210

[21E77, ZF a2 B S o el e L0 R A2 h IR PR R[], IR = 2 H 9P
FRAF5T.2010, 9(3):18-19.

[2]Wang, Fang and Li Sumei, Clinical Use of Transcutaneous Oxygen Pressure
Measurement in Diabetic Foot[J].Clinical Medicine and Nursing Research. 2010, 9(3):
18-19

[31%0 & S SRR Or ek 25 23 b A FH O PEAN [CL. 28 = Jm D REVE ST -k S ok
FOR RIS 218 38 AL 5T 2003: 97-99.

[3]Liu Yuying, The evaluation of microcirculation detection on the function of
health-care textiles[C]. The Paper Collection of the 3" Conference on the Application
of Functional Textiles and Nanometer Technology. Beijing 2003: 97-99
[4]Mader SS. Human anatomy and physiology[M]. Wm. C. Brown publishers 1991:
216-219.

[5]Nase GP. Modulation of sympathetic constriction by the arteriolar endothelium
does not involve the cyclooxygenase pathway[J]. Int J microcirc.1997, 17:41.
[6]Tortora CJ. Principles of anatomy and physiology [M].7th ed.Harper Collins
college publishers. 1993: 624-628.

[7] Arthur C. Overview of the circulation, and medical physics of pressure, flow, and
resistance. In guyeon AC: Textbook of medical physiology[M].8th ed. Saunders
Philadelphia. 1991:150-155.

[BIULFHAE, A NAR B G A s X TR Re I BAF T R 0. EF R F it

20



SRR, 2011, 30 (2): 116-1109.

[8]Liang Jingqun, and Ling Jingjun, The research of the impact of improving the
acra’s microcirculation on physical recovery[J]. Junshi Tiyu Jinxiu Xueyuan Xuebao,
2011, 30(2): 116-119

O FefR, RVEIL, e, MocEer s (REERAYE) ——— MBI
R HIHIBAR[CY. H ] ] o O e 12 2 205 D Jo v [ ] B O A 77 12 S8R, 2004:69-72.
[9]Zhao Kesen, Zhu Zuojiang and Huang Xuliang, Infinitesimal biochemical fiber
(Natural fiber) - a new way to improve microcirculation[C]. The Paper Collection of

the 4™ China Health Care Fair China International Healthcare Expo. 2004:69-72

Bi 1. 32l o AR T 2 19 AL SR B B AR 0 IS B
Attached table 1 Statistics of two kinds of socks’ local transcutaneous oxygen partial

pressure at the foot dorsum

ZARE 2 [ H ok (mmHg)
Xof HE A TRAERR
1 61.96 70.84
52 61.96 70.84
%3 82.23 89.80
34 55.46 66.41
%5 55.46 66.41
%6 55.96 71.48
%7 94.45 102.16
% 8 74.98 81.90
%9 51.79 54.14
%10 60.37 68.16
%11 75.35 91.23
512 74.44 77.67
%13 68.31 79.83
%14 61.76 75.00
P15 87.04 88.88
% 16 20.34 28.99
17 45.03 52.10
%18 72.89 77.49
519 54.23 88.50
%20 43.71 51.69
%21 89.86 92.15
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%22
% 23
%24
% 25
% 26
% 27
% 28
% 29
% 30
% 31
% 32
%33
% 34
%35
% 36
% 37
% 38
% 39
% 40
3 41
% 42
% 43
T 44
B 45
% 46
% 47
% 48
% 49
% 50
71
72
73
74
75
76
77
7 8
%9
7 10
%11
% 12
713
% 14
715

30.57
86.13
62.78
34.12
78.21
74.11
79.04
62.69
49.96
77.03
62.91
61.07
71.51
62.23
66.90
36.24
56.20
66.70
31.07
56.11
23.05
58.44
57.07
67.74
71.04
71.61
63.72
72.05
44.60
51.23
23.59
77.67
43.08
59.09
52.43
77.62
40.36
81.28
83.12
50.08
58.35
60.92
60.92
74.61
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39.95
90.31
68.46
48.75
110.67
82.15
86.45
72.92
57.42
89.04
66.63
73.94
82.96
73.47
76.41
66.17
72.76
75.96
53.22
63.21
46.08
59.21
64.88
82.70
71.74
77.97
74.54
75.73
53.55
66.74
43.67
104.09
62.73
59.27
58.85
87.22
47.54
83.22
107.13
90.62
69.55
61.14
61.14
79.80



%16 74.61 79.80

17 77.91 81.54
718 79.52 82.02
%19 68.65 72.30
20 58.95 72.52
7 21 56.21 67.17
722 56.21 67.17
1 23 50.82 65.69
7 24 74.12 83.87
25 64.98 73.80
7 26 58.97 64.33
127 75.91 81.59
128 71.37 80.17
1 29 42.46 76.76
% 30 76.51 84.36
% 31 93.71 97.99
32 61.40 68.83
% 33 93.71 97.99
% 34 67.06 73.86
% 35 51.67 73.30
% 36 48.70 64.07
1 37 56.80 68.06
7 38 35.17 35.29
% 39 58.64 71.97
1 40 65.18 75.25
7 41 72.52 83.62
0 42 68.65 96.98
7 43 54.46 62.03
7 44 70.10 81.39
7 45 79.25 84.27
7 46 62.34 66.95
47 38.99 72.88
1 48 75.37 79.19
7 49 62.78 71.71
% 50 79.85 83.51
Participants transcutaneous oxygen partial pressure (mmHg)
control socks subjects socks/ health -care

socks
Male 1 61.96 70.84
Male 2 61.96 70.84

Male 3 82.23 89.80
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Male 4
Male 5
Male 6
Male 7
Male 8
Male 9
Male 10
Male 11
Male 12
Male 13
Male 14
Male 15
Male 16
Male 17
Male 18
Male 19
Male 20
Male 21
Male 22
Male 23
Male 24
Male 25
Male 26
male 27
Male 28
Male 29
Male 30
Male 31
Male 32
Male 33
Male 34
Male 35
Male 36
Male 37
Male 38
Male 39
Male 40
Male 41
Male 42
Male 43
Male 44
Male 45
Male 46
Male 47

55.46
55.46
55.96
94.45
74.98
51.79
60.37
75.35
74.44
68.31
61.76
87.04
20.34
45.03
72.89
54.23
43.71
89.86
30.57
86.13
62.78
34.12
78.21
74.11
79.04
62.69
49.96
77.03
62.91
61.07
71.51
62.23
66.90
36.24
56.20
66.70
31.07
56.11
23.05
58.44
57.07
67.74
71.04
71.61

24

66.41
66.41
71.48
102.16
81.90
54.14
68.16
91.23
77.67
79.83
75.00
88.88
28.99
52.10
77.49
88.50
51.69
92.15
39.95
90.31
68.46
48.75
110.67
82.15
86.45
72.92
57.42
89.04
66.63
73.94
82.96
73.47
76.41
66.17
72.76
75.96
53.22
63.21
46.08
59.21
64.88
82.70
71.74
77.97



Male 48

Male 49

Male 50

Female 1

Female 2
Female 3

Female 4
Female 5

Female 6
Female 7
Female 8

Female 9
Female 10
Female 11
Female 12
Female 13
Female 14
Female 15
Female 16
Female 17
Female 18
Female 19
Female 20
Female 21
Female 22
Female 23
Female 24
Female 25
Female 26
Female 27
Female 28
Female 29
Female 30
Female 31
Female 32
Female 33
Female 34
Female 35
Female 36
Female 37
Female 38
Female 39
Female 40
Female 41

63.72
72.05
44.60
51.23
23.59
77.67
43.08
59.09
52.43
77.62
40.36
81.28
83.12
50.08
58.35
60.92
60.92
74.61
74.61
77.91
79.52
68.65
58.95
56.21
56.21
50.82
74.12
64.98
58.97
75.91
71.37
42.46
76.51
93.71
61.40
93.71
67.06
51.67
48.70
56.80
35.17
58.64
65.18
72.52

25

74.54
75.73
53.55
66.74
43.67
104.09
62.73
59.27
58.85
87.22
47.54
83.22
107.13
90.62
69.55
61.14
61.14
79.80
79.80
81.54
82.02
72.30
72.52
67.17
67.17
65.69
83.87
73.80
64.33
81.59
80.17
76.76
84.36
97.99
68.83
97.99
73.86
73.30
64.07
68.06
35.29
71.97
75.25
83.62



Female 42
Female 43
Female 44
Female 45
Female 46
Female 47
Female 48
Female 49
Female 50

68.65
54.46
70.10
79.25
62.34
38.99
75.37
62.78
79.85

96.98
62.03
81.39
84.27
66.95
72.88
79.19
71.71
83.51
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INTRODUCTION

Celliant® technology is a patented process for adding micron sized optically active quartz,
silicon oxide and titanium oxide particles to polymer fibers. The resulting Celliant® yarns have
unique effects on the electromagnetic energy environment of the skin in the visible and near

infrared portion of the spectrum leading to increased blood flow and oxygen levels in the tissue.

This report is a summary of data collected under the auspices of lan Gordon, M.D., Ph.D.,
Associate Clinical Professor of Surgery at the University of California- Irvine Medical School.
Fifty-one (51) healthy men and women were enrolled in the study. This study was a within
subjects trial, which is noted for its ability to control for individual differences among subjects.
Since each subject is assessed under each level of the independent variable or condition, the
subjects serve as their own control, with the result that one of the largest sources of between

treatment differences, inter-subject variation, is controlled (Keppel, 1991; Lindquist, 1953).

In the medical sciences, statistical significance levels are stated, a. priori, to know whether or not
the treatment was efficacious relative to the control or baseline. A stringent statistical
significance level (alpha = 0.05) is typically chosen so that if the study were to be reproduced,
one would get the exact same results 95 times out of 100. Therefore, a p-value of less than 0.05
is perfunctory to meet this requirement. This represents a reasonable and realistic value for
research in the medical and biological sciences (Cohen, 1965, 1977) and suggests that the
likelihood is decent that a treatment effect will be detected, assuming a modest effect size (Chase

& Tucker, 1976).

OBJECTIVES
The objective of this pilot study was to test the null hypothesis that a novel, optically active
garment made with Celliant® (CL) material would not influence mean tcPO, over a 90-min

period differently than when compared to a baseline (BL) period of the same duration (90-min).

PRIMARY ENDPOINT
The primary endpoint in this study was transcutaneous partial pressure of oxygen (tcPO2),

measured in units of mmHg, which was used to assess treatment efficacy. This endpoint has been



used in numerous clinical trials and is a well-accepted clinical measure for tissue perfusion and
oxygenation (Burgess, Matsen, Wyss, & Simmons, 1982; Dooley, Schirmer, Slade, & Folden,
1996; Franzeck, Talke, Bernstein, Golbranson, & Fronek, 1982; Hanna et al., 1997; Jaszczak,
1988; Le Devehat & Khodabandehlou, 1990; Le Devehat, Khodabandehlou, & Vimeux, 2001;
Matsen, Bach, Wyss, & Simmons, 1980; Matsen et al., 1980; Matsi, Manninen, Suhonen,
Pirinen, & Soimakallio, 1993; Shoemaker & Vidyasagar, 1981; White et al., 1982) with well
established norms for intra-subject variability (Coleman, Dowd, & Bentley, 1986; Wagener &
Hendricker, 1987)

MATERIALS AND METHODS

Subjects

Fifty-one (51) heathy men and women enrolled in the study (37 men; age 33.4 yrs (SD 9.3) and
14 women; age 37.2 yrs (SD 7.7). Subjects known to be active smokers (Fewings, Rand, Scroop,
& Whelan, 1966; Mayhan & Patel, 1997) or engaged in recreational drug use for the six months
prior to the start of the study were excluded. Patients were postprandial two (2) hours and
refrained from alcohol ingestion (Altura & Altura, 1982; Fewings, Hanna, Walsh, & Whelan,
1966) within forty-eight (48) hours and caffeine ingestion (Umemura et al., 2006) within four (4)

hours prior to testing.

Methods

Skin Preparation. Preparation of the subject was standardized to the following: the hair was
shaved from the bicep of dominant arm; the dermis was then abraded with a fine abrasive
material; the stratum corneum was then removed by the use of light weight adhesive tape; and

finally, the probe site was wiped with an alcohol preparation swab.

Measurement of transcutaneous oxygen (tcP0,). Subjects were seated in a comfortable chair.
Room temperature was maintained at a constant temperature over the duration of the study.
Baseline measurements (BL) of tcPO, were recorded for ninety (90) minutes at the bicep. During
this time, the subject wore a standard shirt. After the baseline period, subjects donned a
Celliant® shirt and subsequent measurements of tcPO, were recorded at the bicep for ninety (90)

minutes. Transcutaneous partial pressure of oxygen (tcP0O;) data points were taken at t=10-min,



30-min and 90-min during BL and with CL. All measurements of transcutaneous oxygen tension
were recorded using a PeriFlux System 5000 (Perimed, Inc., Kings Park, NY, USA) and
modified Clarke Electrodes (Radiometer America, Inc., Ohio, USA). Data were sampled using
Perisoft Version 2.10 (Perimed America, Inc., North Royalton, Ohio, USA).

All subjects received the same treatment in the same order: Baseline (BL) followed by Celliant®
(CL). Transcutaneous oxygen tension (tcPO,) does not vary significantly over time, therefore,

establishing a baseline prior to measuring a treatment effect was warranted.

STATISTICAL ANALYSES

Continuous variables are summarized with standard descriptive statistics including means,
standard deviations (SD) and 95% confidence intervals (95% CI). Inferential analyses were
conducted using two-way repeated measures analyses of variance (ANOVA). All data were
analyzed using SPSS (IBM, 2011). Statistical significance for this study was set at alpha = 0.05.

Thus, a p-value < 0.05 was necessary to be considered statistically significant.

An analysis of the entire data set identified four (4) missing data points (three (3) data points
from the Celliant® condition and one (1) data point from the Baseline condition). This resulted

in a data set equal to 98.7% of the total expected data.

Multiple analyses were executed to evaluate the data. At the highest level, to evaluate whether or
not the primary efficacy variable was sensitive enough to detect a difference between the
Baseline and the Celliant® conditions, a one-way ANOVA was employed to test the means. The
Celliant® treatment was statistically greater than the Baseline after ninety (90-min) (CL = 81.5
mmHg (SD 14.5), 95% CI [79.1, 83.7]; BL = 76.6 mmHg (SD 14.1), 95% CI [74.3, 78.9],
F(1, 294) = 8.602, p. = 0.004. This represented a mean percent change from Baseline of seven
percent (7%).

Figure 1 demonstrates the mean treatment difference between Celliant® and Baseline, as defined

by the primary efficacy variable, tcPO,, over the ninety (90) minute measurement period.



Figure 1. Difference in Treatments as Measured by tcPO2
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A two-way Repeated Measures ANOVA was employed to evaluate the influence of treatment at
the different time points. The interaction between Condition (BL & CL) and Time was not
significant ((F(1, 45) = 0.012, p. = 0.914). However, there was a significant within subject
contrast for Time (F(1, 45) = 7.423), p. = 0.009). Pairwise comparisons were conducted using
dependent sample #-tests to evaluate the differences between the means to identify statistical
differences between specific time points. At all time points, the Celliant® condition was

statistically greater than the Baseline as assessed by two-tailed, paired #-tests and corresponded to



a mean change from the Baseline condition of seven percent (7%). See Table 1 for a summary of

these data.

Table 1. Summary of Two-tailed Paired #-tests vs. Time

Time Mean CL tcPO2 | Mean BL tcPO2 t d.f. | P-value
mmHg mmHg statistic
10-min 80.3 76.1 -2.60 50 0.012
30-min 80.7 75.9 -3.14 50 0.003
90-min 83.8 78.6 -3.22 46 0.002

To be certain that mean tcPO, did not significantly increase over time during the Baseline, as
well as to show that the Baseline did not influence the Celliant® condition, a two-tailed paired z-
test was executed in the Baseline condition between t=10-min (76.2 mmHg (SD 14.2)) and t=90-
min (77.8 mmHg (SD 14.1), #(49) = -1.18, p. = 0.242. Figure 2 shows the difference in treatment

means graphically.



Figure 2. Mean tcPO2 by Condition Over Time
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* At all time points, Celliant was statistically greater than Baseline. See Table 1 for p values.



A boxplot of the treatment means (Figure 3) is helpful to identify skewed data. The median is the
line in the middle of the box; the upper edge of the box is the 75™ percentile and the lower edge
is the 25™ percentile. The ends of the vertical bars or “whiskers” indicate the minimum and
maximum data values. A datum outside the whiskers is an outlier, in this case there were none
(McGill, Tukey, & Larsen, 1978). This graphic suggests that these data show good symmetry

and are not skewed.

Figure 3. Distribution of tcPO2 values Between Baseline & Celliant
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SUMMARY

Fifty-one subjects underwent separate ninety (90) minute testing periods where transcutaneous
partial pressure of oxygen (tcP0,), a well-accepted clinical measurement for tissue perfusion and
oxygenation, was used as the primary endpoint. First, a Baseline was established. Then, a shirt
made with Celliant® material was worn during a subsequent session. All measurements were

taken at the bicep.

Transcutaneous oxygen tension proved to be a sensitive measure of efficacy, which resulted
in the rejection of the null hypothesis. Thus, mean tcPO; values for the Celliant® garment
were statistically greater than the Baseline at all time points (t= 10-min, 30-min & 90-min),
as well as showed an over all treatment effect when mean tcPO, values were condensed
across time. In all cases, the observed mean increases in tcPO; represented a seven percent

(7%) increase in tissue oxygenation in the Celliant® condition when compared to Baseline.
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Apparel with Far Infrared Radiation for Decreasing an
Athlete’s Oxygen Consumption during Submaximal Exercise

Jay T. Worobets*, Emma R. Skolnik and Darren J. Stefanyshyn
Human Performance Lab, Faculty of Kinesiology, University of Calgary, Canada

ABSTRACT

Far infrared radiation (FIR) has been shown to have physiological effects when used as a
treatment modality for certain medical conditions. Athletic apparel are currently
commercially available that are constructed with fabrics that purportedly emit FIR. If
apparel with this technology are capable of inducing positive physiological effects, then
there may be important implications when worn by an athlete during exercise. The purpose
of this study is to examine whether FIR apparel has an effect on oxygen consumption during
exercise at submaximal intensities. Twelve male cyclists have completed submaximal
incremental cycling tests. Each subject is tested on 4 separate days, twice while wearing a
full body Control garment, and twice while wearing a similar garment made out of FIR
fabric. Throughout each cycling test, the volume of oxygen uptake is monitored by using a
breathing mask and metabolic analysis cart. At lower cycling intensities, the subjects
consume statistically significantly less oxygen when wearing the FIR apparel compared to
the Control garment, despite performing the same amount of mechanical work. Additional
research is required to determine the implication of this effect for a training or competing
athlete; however, the results indicate that this apparel technology does elicit a physiological
effect.

Keywords: Athletic Apparel, Far Infrared Radiation, Oxygen Consumption, Performance

Introduction

FIR is not limited to powered devices: ceramic

Far infrared radiation (FIR) is a subdivision of the
electromagnetic radiation spectrum that has been
investigated for biological effects (Vatansever &
Hamblin, 2012). The FIR band comprises the
longest wavelengths (A = 3 - 100 um) of the
infrared radiation band. FIR transfers energy
purely in the form of heat, which can be perceived
by the thermoregulators in human skin as radiant
heat (Plaghki et al., 2010).

Laboratory studies have shown that FIR emitting
heat lamps can induce positive effects. Yu et al.
(2006) found that FIR increases skin blood flow
in rats. Toyokawa et al. (2003) reported that FIR
significantly quickens skin wound healing in rats.
Akasaki et al. (2006) showed that FIR could
induce angiogenesis in mice with hindlimb
ischemia. The findings of Ishibashi et al. (2008)
suggest that FIR may suppress the proliferation of
some human cancer cell lines.

* Corresponding author. Tel.: 1 (403) 220 2704
E-mail address: worobets@ucalgary.ca (Jay Worobets)
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materials can emit FIR depending on their
temperature (Liang et al. 2008; Wang et al. 2010).
The nanoparticles of such ceramic materials can
be incorporated into fibers and then woven into
fabrics and manufactured into wearable apparel;
theoretically, body heat would cause the ceramics
to emit FIR. Such apparel have been linked to
positive physiological effects; FIR gloves were
reported to help treat arthritis of the hands and
Raynaud’s syndrome (Ko & Berbrayer, 2002),
FIR belts were found to reduce body
measurements (Conrado & Munin, 2011) and
menstrual pain (Lee et al., 2011), and FIR socks
were shown to have a beneficial impact on
chronic foot pain (York & Gordon, 2009).

If FIR apparel is capable of inducing positive
physiological effects, then there may be important
implications if applied to sport. As an athlete
could wear FIR apparel at any time, this type of
apparel could possibly help an athlete warm up
before exercise, enhance performance during
competition, and/or facilitate recovery post
exercise. The purpose of this study is to examine
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whether FIR apparel has an effect on oxygen
consumption during submaximal exercise.

2. Methods

Twelve male aerobically fit recreational cyclists
are recruited for this study. The height, mass,
body mass index (BMI), and age of each subject
are shown in Table 1. Informed written consent
was obtained from all subjects prior to data
collection in accordance with the Conjoint Health
Research Ethics Board at the University of
Calgary.

Table 1. Characteristics of the test subjects.

. Height  Mass BMI Age
It m) (kg [ke/m’] [yrs)

1 1.85 929 27.1 29

2 1.75 73.8 24.1 24

3 1.88 76.2 21.6 21

4 1.73 69.5 232 26

5 1.82 83.8 253 28

6 1.74 78.2 25.8 30

7 1.76 720 232 32

8 1.75 69.1 22.6 34

9 1.75 75.8 24.8 23

10 1.86 80.3 232 23

11 1.84 87.9 26.0 22

12 1.81 83.8 25.6 22

Two full body, non-compression apparel

conditions were tested; one with FIR properties
(termed FIR) and one without (termed Control).
The fabrics for both apparel conditions were
obtained from Hologenix LLC. The Control
apparel was built by using 180 grams/m” fabric
woven from polyethylene terephthalate (PET) and
spandex fibers. The FIR apparel was built by
using 180 grams/m’ fabric woven 70% with PET
fibers embedded with 1.25% by weight FIR that
emitted ceramic nanoparticles (silicon dioxide,
alumina oxide, and titanium dioxide), and 30%
with standard PET and spandex fibers. The
apparel consisted of pants with an elastic
waistband and a long sleeved shirt (Figure 1).
Both conditions were visually identical, except
for a code written on a label on the inside of the
clothing. Four sets of the apparel were built in a
range of sizes (small, medium, large, and
extra-large) in order to ensure that each subject
had an appropriate fit. The apparel were machine
washed after each use by using a warm water
cycle and mild commercially available laundry
detergent.
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In general, the data collection sessions comprised
a subject who cycled on a cycle ergometer at a
constant cadence while the workload was
increased every two minutes. During this exercise
test, oxygen consumption data were continuously
collected by using a TrueMax 2400 metabolic cart
(ParvoMedics, Salt Lake City, USA), and blood
samples were drawn from a fingertip every two
minutes to measure blood lactate concentration
with a Lactate Pro analyzer (Arkray Inc., Kyoto,
Japan). Each subject completed four test sessions
(two per apparel test condition), with each session
being at least 48 hours apart. The subjects were
instructed to refrain from any behavior outside of
their normal physical activity, diet, and sleeping
patterns during their entire testing period.

Fig. 1. Photograph of the test apparel.

Immediately prior to each data collection session,
the metabolic cart, lactate probe, and cycle
ergometer resistance were calibrated. As soon as
the subject arrived, height and mass were
measured and the subject was given the test
apparel and asked to go change (the apparel test
order was randomized for each subject). The
exercise physiologist who was running the data
collection sessions determined the starting cycle
ergometer workload (100, 125, or 150 W) of each
subject, depending on the size and fitness level of
the athlete: this was determined during the first
session of each subject and applied to all sessions.

The subjects warmed up for the test by cycling for
5 minutes at a workload 25 W below their defined
starting workload at a self-selected ‘easy’ and
‘natural’ cadence. After the warm up, a resting
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blood lactate measurement was taken to ensure
that the value was less than 2 mmol/L. At this
time, a breathing mask (including head gear and
nose clip) was put on the subject, and connected
to the metabolic cart.

To begin the test, the subject started pedaling at
their starting workload at a maintainable cadence
between 80-90 rpm (the ergometer displayed
cadence in real time for feedback to the subject
and exercise physiologist for monitoring
purposes); whatever cadence the subject naturally
adopted at the very beginning of their first session
was set as their cadence for the rest of the test and
all following test sessions. At the two minute
mark, the first blood lactate sample was taken,
and the cycle ergometer workload was increased
by 25 W. Every two minutes, blood was again
sampled and workload increased another 25 W.
During the first collection session of each subject,
as soon as the blood lactate reading was greater
than 6 mmol/L, the workload that the subject was
currently cycling at was defined as their final
workload, after which the test session was ended.

The first test session therefore established the
initial and final workloads (and so also trial
duration) that the subject would begin and end at
in all four test sessions (Table 2). As such, each
subject performed the same amount of mechanical
work in each of their four test sessions; increasing
in relative intensity from a blood lactate
concentration less than 2 mmol/L to greater than 6
mmol/L.

Table 2. Test protocol details for each subject.

Subject # Initial Final Trial
Workload  Workload Duration

(W] (W] [min]
1 125 300 16
2 125 300 16
3 150 325 16
4 125 300 16
5 125 375 22
6 100 250 14
7 125 275 14
8 125 350 20
9 100 250 14
10 125 350 20
11 100 275 16
12 100 325 20

For each test session, the blood lactate data were
plotted against time, and a curve was best fit to
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the data. The equation for this best fit curve was
used to calculate the time at which the blood
lactate concentration of the subject reached 2, 4,
and 6 mmol/L. These time points therefore define
three relative intensity intervals: < 2 mmol/L, 2 -
4 mmol/L, and 4 - 6 mmol/L. The oxygen
consumption data were integrated over these
intervals to determine the volume of oxygen
consumed by the subject when cycling within
each relative intensity (the data in Figure 2 in the
Results section illustrate this analysis procedure).

For each subject, the data from the two test
sessions were averaged for each apparel condition.
The data were checked for normality by using
Shapiro-Wilk tests, and then paired t-tests or
Wilcoxon signed-rank tests were used to identify
statistically ~ significant differences between
apparel conditions at the a = 0.05 level.

3. Results

The graph in Figure 2 shows the raw oxygen
consumption and blood lactate concentration data
for the first trial of Subject 1. The graph also
illustrates how the blood data points are used to
define a best fit curve, the function of which
identifies the times when the subject reached
blood lactate concentrations of 2, 4, and 6
mmol/L.. These time markers establish the
intervals over which the oxygen consumption data
are integrated.

@ VO, [L/min] @ Blood Lactate Concentration [mmol/L]
4 4 r 8

Example data: g,’

Subject 1: Trial 1

r""/.(‘ Y
rd 6
p
y
y

0

1'2 1'4 16

Time [min]
Fig. 2. Raw data from the first trial of Subject 1.
Three relative intensity intervals are defined: <2,
2 -4, and 4 - 6 mmol/L. Total oxygen consumed
during each of these 3 intervals is calculated and
compared between conditions.

On average, the subjects were in the < 2 mmol/L
interval for 432 s, during which they consumed
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1540 L of oxygen with a day to day standard
deviation of 0.32 L. The subjects were in the 2 - 4
mmol/L interval for 255 s, during which they
consumed 11.81 L of oxygen with a day to day
standard deviation of 0.25 L. The subjects were in
the 4 - 6 mmol/L interval for 158 s, during which
they consumed 8.92 L of oxygen with a day to
day standard deviation of 0.20 L. There is no
statistically significant difference in interval time
between the two apparel conditions for any of the
three intensity levels.

The mean oxygen consumption values for each
apparel condition are shown for each interval in
Table 3. In the < 2 mmol/L interval, the subjects
consume statistically significantly less oxygen in
the FIR condition than the Control condition;
1.1% less oxygen on average. In the 2 - 4 mmol/L
interval, the subjects consume statistically
significantly less oxygen in the FIR condition
than the Control condition; 0.9% less oxygen on
average. There is no statistically significant
difference between conditions in the 4 - 6 mmol/L.
interval.

Table 3. Oxygen consumption results for each
intensity level. The mean values are the
average of all 12 subjects.

< 2 mmol/L Control FIR
Mean O, Consumed 1548 L 1531L
p-value 0.014
% Difference 1.1%
2 -4 mmol/L Control FIR
Mean O, Consumed 11.87L 11.76 L
p-value 0.048
% Difference 0.9%
4 - 6 mmol/L Control FIR
Mean O, Consumed 894 L 890 L
p-value 0.511

% Difference -

The individual responses of the subjects to the
FIR apparel are not statistically significantly
correlated with their mass, height, or BMI.

4. Discussion

The purpose of this study is to examine whether
athletic apparel that emit FIR has a measurable
physiological effect on athletes during
submaximal exercise. Prior research has shown
that apparel that emit FIR can have an effect on
certain medical conditions (Vatansever &
Hamblin, 2012), but it has not been shown if the
effects of this apparel technology extend to an
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exercising athlete.

The results of this study show that apparel that
emit FIR can have an effect on an athlete during
exercise. When the subjects were cycling at lower
intensities (blood lactate concentrations of < 2
mmol/L and 2 - 4 mmol/L) they consumed
statistically significantly less oxygen when
wearing the FIR apparel compared to when they
were wearing the Control apparel (Table 3). On
average, this difference in oxygen consumption is
1.1% for the < 2 mmol/L interval, and 0.9% for
the 2 - 4 mmol/L interval. There was no
difference in oxygen consumption for the 4 - 6
mmol/L. interval; it appears that the benefit
provided by the FIR apparel is greatest at lower
exercise intensities and diminishes as intensity
increases.

These results show that the FIR emitting apparel
does have an effect on oxygen consumption.
However, it is unknown if the oxygen
consumption benefit occurs at a high enough
intensity to provide a cyclist with a competitive
advantage during an endurance race. Theoretically,
the race pace of an endurance cyclist would be
slightly below their anaerobic threshold, near a
blood lactate concentration of 4 mmol/L (Heck et
al., 1985; Kindermann et al., 1979; Sjodin &
Jacobs, 1981; Skinner & McLellan, 1980). In this
study, the subjects consume less oxygen in the
FIR apparel when cycling at intensities less than 4
mmol/L, but there is no effect when cycling above
4 mmol/L. Therefore, it is unclear from these
results whether the FIR apparel would provide a
benefit when cycling at an endurance race pace. A
future experiment that examines oxygen
consumption while subjects cycle at their
endurance race pace would be required to
determine if there is a benefit to wearing the FIR
apparel.

The mechanism by which the FIR apparel
decreases oxygen consumption is unknown and is
not elucidated in this experiment. It has been
hypothesized that FIR may stimulate the release
of nitric oxide and cause vasodilation (Vatansever
& Hamblin, 2012), which could increase blood
circulation and the ability of the body to deliver
oxygen to the working muscles. However,
verification of whether this is in fact what
occurred is beyond the scope of the present
experiment. To the knowledge of the authors,
there are no studies to date that have conclusively
demonstrated the mechanism by which FIR elicits
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positive physiological effects.
5.  Conclusion

Apparel that emit FIR have been previously
shown to elicit physiological effects in humans
(Conrado & Munin, 2011; Ko & Berbrayer, 2002;
Lee et al. 2011; York & Gordon, 2009). The
results of this study show that this apparel
technology can also have a physiological effect on
athletes during exercise. When cycling at lower
relative intensities (< 4 mmol/L), the subjects
consume approximately 1.0% less oxygen when
wearing FIR emitting apparel. This effect
diminishes with increasing cycling intensity;
therefore, further study is required to determine if
this effect is relevant for a competing endurance
cyclist.
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Dear Mr. Casden:

The trial “Double blind, placebo controlled, crossover pilot trial on the effect of Optically Modified Polyethylene
Terephthalate Fiber mattress covers on sleep disturbances in patients with chronic back pain” is now completed
with all six enrolled subjects trial parameters analyzed.

The double blind, placebo controlled, crossover pilot trial evaluated the effect of Optically Modified
Polyethylene Terephthalate Fiber mattress covers on sleep disturbances in patients with chronic back pain.

We assessed sleep quality in six patients with lower back pain as measured by Clinical Global Impression
(CQG), sleep variables measured with actigraphy and exploratory objectives including the Pittsburgh Sleep
Quality Index, visual analogue scale for pain, Clinical Global Impression of Sleep and Clinical Global
Impression of Pain.

The total duration of the study for a participant was approximately 49 days, including 14 days of screening prior
to treatment and 28 days of treatment interrupted by a wash-out phase of seven days. Subjects who met the initial
screening criteria underwent actigraphy monitoring for a period of 14 days to record a baseline sleep pattern.
Subjects were then offered, in this crossover double blind designed trial, either the active or the placebo garment
mattress cover. 14 day actigraphy with use of the provided study material was performed followed by the
crossover offering of the alternate garment for the next 14 days.

Here are some key findings:

* The median time spent awake at night after falling asleep was reduced by 18.3 minutes.

* Individuals spent 42 minutes less time sleeping, suggesting less need to sleep on Celliant (perhaps
consolidating and improving sleep on the active garment).

*  The median sleep efficiency improved by 2.6 %.

* Three out of six participants reported a subjective improvement of their sleep with the use of the active
garment mattress cover as measured in the Clinical Global Impression scale.

¢ Two participants also reported that nocturnal back pain was better with the use of the active garment as
measured in the Clinical Global Impression scale for pain.
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Below is the summarized tabulated data for the six subjects who have completed the trial.

Number of

N s Mledtelen TS S S Loy
g Awakenings v

1 -22.18 -14.53 -3.64 3.76 1.84

2 7.71 -27.49 -1.81 -2.06 15.62

3 -9.62 -89.61 5.63 -2.39 5.19

4 -18.54 -13.77 -1.15 2.53 -10.92

5 -46.01 -52.90 1.11 2.63 -15.50

6 -1.27 -1.08 -0.50 -0.56 -0.40

Average -14.98 -33.23 -0.06 0.65 -0.70

WL . Wake after sleep Total Sleep Number of Sleep Sleep Latency

Ve Subject onset (min) (min) nocturnal Efficiency (%) (min)

changes Awakenings y i

1 -17.50 -4.50 -6.50 4.00 0.50

2 -17.50 -26.00 -3.00 2.69 10.50

3 -34.00 -138.00 5.00 3.93 0.00

4 -21.00 -33.00 -2.00 2.27 -7.00

5 -18.00 -59.00 -2.00 2.38 0.00

6 -2.00 4.00 -1.00 0.29 0.00

Average -18.33 -42.75 -1.58 2.59 0.67

These results show tendencies toward the use of Celliant mattress covers in order to improve sleep but not lower
back pain. The only participant without subjective or objective improvements had significant, acute chronic back
pain at the time of enrollment. As the study is expanded, subjects with acute and severe back pain will not be
admitted.

Other studies have shown that randomized, single-blinded, parallel-group studies evaluating structurally
different mattresses, that bedding system differences can influence chronic low back pain and sleep (Bergholdt
K et al 2008, Jacobson BH et al 2008, Jacobson BH et al 2002, Monsein M et al, 2000). A recent study
showed improvements in mild back pain, sleep quality, and perceived stress in 59 patients after introduction of
new bedding systems (Jacobson BH et al 2009).

Using the Wilcoxon Rank Sum Test, it is possible that with 12 additional subjects tested, more clear trends
indicating the benefit of Celliant may emerge. Also, mild lower back pain is more likely to respond to Celliant

then severe pain syndromes. Dr. Annabel Wang of the UCI Neurology Department will be continuing the project.

Regards,

Marcel Hungs, M.D., Ph.D.
Assistant Professor of Clinical Neurology
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Abstract

Background

Increasing experimental and clinical evidence suggests that illumination of the skin
with relatively low intensity light may lead to therapeutic results such as reduced pain
or improved wound healing. The goal of this study was to evaluate prospectively
whether socks made from polyethylene terephthalate (PET) incorporating optically
active particles (Celliant™) ameliorates chronic foot pain resulting from diabetic
neuropathy or other disorders. Such optically modified fiber is thought to modify the
illumination of the skin in the visible and infrared portions of the spectrum, and
consequently reduce pain.

Methods

A double-blind, randomized trial with 55 subjects (38 men, 17 women) enrolled
(average age 59.7 = 11.9 years), 26 with diabetic neuropathy and 29 with other pain
etiologies. Subjects twice completed the Visual Analogue Scale (VAS), Brief Pain
Inventory (BPI), McGill Pain Questionnaire (MPQ), and SF-36 a week apart (W,2)
before receiving either control or Celliant™ socks. The same questionnaires were
answered again one and two weeks (W344) later. The questionnaires provided nine
scores for analyzing pain reduction: one VAS score, two BPI scores, five MPQ
scores, and the bodily pain score on the SF-36. Mean W, and W3,4 scores were
compared to measure pain reduction.

Results

More pain reduction was reported by Celliant™ subjects for 8 of the 9 pain questions
employed, with a significant (p = 0.043) difference between controls and Celliant™

for McGill question III. In neuropathic subjects, Celliant™ caused more pain



reduction in 6 of the 9 questions, but not significantly. In non-neuropathic subjects 8
of 9 questions showed more pain reduction with the Celliant™ socks.

Conclusions

Socks with optically modified PET (Celliant™) appear to have a beneficial impact on
chronic foot pain. The mechanism could be related to the effects seen with
illumination of tissues with visible and infrared light.

Trial Registration: ClinicalTrials.gov NCT00458497

Background

Celliant™ is a polymer fabric constructed from polyethylene terephthalate (PET) yarn
containing optically active particles — a proprietary mixture of natural and inorganic
materials — which scatter and reflect visible and near infrared light. Garments
constructed with such optically modified fibers are thought to influence transmission
and reflectance of electromagnetic energy into underlying tissue and skin. Numerous
anecdotal reports from patients with a variety of chronic pain syndromes indicate that
wearing Celliant™ garments for even a few days leads to dramatic improvement or
complete resolution in subjective pain. We report here the results of a prospective,
blinded study designed to substantiate the ability of Celliant™ socks to ameliorate

chronic pain resulting from diabetic neuropathy and other disorders of the foot.

Methods

This study was conducted at the Veterans Administration Medical Center Long Beach
and approved by the local ethics board. All subjects reviewed an Informed Consent
document and gave consent prior to enrolment. Fifty-five subjects (38 men, 17
women, age 59.7 £ 11.9) were enrolled, 26 with diabetic neuropathy and 29 with
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other causes of foot pain. Inclusion criteria included age >21, foot pain for at least six
months, and a score of > 3 on question III of the McGill Short Form Pain
Questionnaire (MPQ) at screening. Subjects with diabetic neuropathy (DPN) had a
minimum of 2/6 anesthetic points by Semmes-Weinstein filament testing on one foot.
Subjects without DPN had 0/6 anesthetic points. Exclusion criteria included severe
peripheral arterial disease (PAD) (ABI < 0.5), inability to ambulate, chronic
ulceration, and severe psychiatric disorders. For subjects without DPN, etiologies
included arthritis, erythromelalgia, Parkinson’s disease, and PAD (Table 1). The

most common foot pain etiology was arthritis.

At screening (week 1) subjects underwent physical examination including
monofilament testing and completed a series of four questionnaires (Visual Analogue
Scale [1] [VAS], Brief Pain Inventory [2, 3] [BPI], MPQ [4], and SF-36 Quality of
Life Inventory [5]). Only the bodily pain score from the SF-36 questionnaire was used
to assess pain responses. Subjects completed the same questionnaires a week later
(week 2) and were given 3 pairs of socks in a closed container and asked to wear them
exclusively for the next two weeks. One (week 3) and two weeks (week 4) later they
filled out the same panel of questions. Controls received socks made from standard
1.2 denier PET fabric, while the Celliant™ group received otherwise identical socks
except PET containing Celliant™ particles was used to fashion the bottom (plantar)
half of the garments. Both study personnel and subjects were blinded to the treatment

assigned.

As the MPQ has 5 components (Ia, Ib, Ia+b, II, III) and the BPI 2 components (Pain

Severity, Pain Interference), a total of 9 questions assessing pain were analyzed to



measure subjects’ responses. Mean scores for individual questions were calculated
for the first two (W1,,) and final two visits (W3.4). Differences between W, and
W34 scores reflected changes in perceived pain resulting from wearing socks. Non-
parametric two tailed t-test analysis (Mann-Whitney) was used to compare changes in
scores [(mean W,,) — (mean W3,4)] for individual questions reported by control and
Celliant™ subjects. Analyses were performed on all 55 subjects as well as DPN and

non-DPN subgroups.

Results

Control and Celliant™ subjects had comparable age and gender distributions upon
entry into the study (Table 2). Except for the BPI questions in the non-DPN subjects,
there were no significant (p < 0.05) differences in the mean scores for individual

questions at screening.

Both control and Celliant™ subjects reported decreased subjective pain after wearing
socks for every question based on comparing W, scores to W34 scores (see
Figures). The differences between W, and W34 scores were significant (p < 0.05,
Mann Whitney) in 6 of 9 questions for Celliant™ subjects and in 4 of 9 questions for
controls. Improvement in pain scores before and after treatment is characteristic of a
strong placebo effect generally seen in pain studies. For most questions, however,
more improvement was reported by the entire Celliant™ group compared to the entire

control group based on the magnitude of differences in [W ., — Wi,4] scores.

Questions Ia and Ib of the MPQ rate the intensity of various aspects of pain: Question

Ia rates 11 sensory aspects of pain such as throbbing or cramping as absent, mild,
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moderate, or severe. Question Ib similarly rates four affective dimensions (e.g.,
fearful). Question II is a simple scale where the intensity of present pain is marked on
a line. Question III rates overall pain on a 0 (absent) to 5 (excruciating) scale. For
control and Celliant™ groups, little difference between the improvements in mean
scores for questions Ia, Ib, and Ia+b were found. The Celliant™ group demonstrated
an improvement in pain for questions Ia (0.34 vs. 0.20, p = 0.634) and Ia+b (0.52 vs.
0.50, p = 0.829). For question Ib controls, however, showed a modestly greater
reduction in pain compared to the Celliant™ subjects (0.17 vs. 0.10, p = 0.405). In
question III (Figure 1), pain reduction for Celliant™ subjects was significantly greater
(0.50 versus 0.00) than for controls (p = 0.043). For subjects with DPN, Celliant™
subjects reported more pain reduction in question Ia (0.22 vs. 0.19, p = 0.978),
whereas controls reported more reduction in pain for questions Ib (0.06 vs. -0.01, p =
0.566), and Ia+b (0.45 vs. 0.21, p = 0.587). In question II, 19% more improvement
was seen with Celliant™ in DPN subjects (p=0.703). For question III, DPN subjects
wearing Celliant™ socks showed a reduction of pain of 0.50 versus 0.00 in controls
(p =0.148). The Celliant™ group displayed minor improvements in pain scores for
questions Ia (0.44 vs. 0.22, p =0.571) and Ia+b (0.79 vs. 0.55, p = 0.896) in non-DPN
subjects. Controls demonstrated more improvement for question Ib (0.28 vs. 0.20, p
=(.615) in this group. For question II in the non-DPN subjects, a nearly two-fold
difference in pain reduction was seen with Celliant™ socks compared to controls
(1.20 vs. 0.65, p = 0.371). For question III in non-DPN subjects, more reduction in

pain was reported with Celliant™ (0.50 versus 0.00, p = 0.154).

Two scores are derived from the BPI. The severity score rates pain over the previous

7 days, past 24 hours, and present between 0 (absent) and 10 (worst possible). The



interference score measures interference with activities such as walking and working
from O (none) to 10 (complete). Celliant™ subjects reported 30% more reduction in
severity compared to controls (p = 0.077, Figure 2). For interference, the Celliant™
group reported 18% more reduction than controls (p = 1.000). Celliant™ subjects
with DPN reported a reduction in pain severity of 0.75 compared to 0.50 in the
controls (p = 0.211) (Figure 2). For interference, controls demonstrated a greater
reduction compared with the Celliant™ group (0.35 vs. 0.03 respectively), but this
was not significant (p = 0.644). In non-DPN subjects a 40% greater reduction in
severity was observed in Celliant™ subjects (p=0.230). Non-DPN Celliant™ subjects

reported 34% more reduction in interference compared with controls (p = 0.760).

The Visual Analog Scale (VAS) rated foot pain from 0 (none) to 10 (worst possible)
during the previous week. The entire Celliant™ group reported 45% greater
reduction in pain compared to controls (p = 0.127; Figure 3). Changes between W,
and W34 VAS pain scores did not vary significantly between Celliant™ and control
DPN subjects (0.10 compared to 0.00, p = 0.849) (Figure 3). In the non-DPN group,
Celliant™ subjects exhibited 54% more reduction in pain compared to controls (p =

0.060).

The SF-36 questionnaire has 10 categories measuring health and wellness. The
bodily pain score measures a subject’s attitude towards pain. Higher scores reflect
less pain and lower scores more. Reduced pain correlates with negative [W ., —
W3,4] results. Figure 4 shows the Celliant™ group had 62% more improvement
compared to controls (p = 0.058). In DPN subjects, there was 99% greater

improvement in the pain score with Celliant™ compared to controls (p = 0.109). For



non-DPN subjects, pain improvement with Celliant™ was 29% greater compared to

controls (p = 0.275).

Discussion

This is the first trial assessing the impact of optically modified PET garments on pain.
The pain questionnaires employed have been validated in previous studies [1-7], and
were modified only by asking subjects to consider foot pain in their replies (except for
the SF-36). Although a placebo effect was observed for most questions (controls
reported improvement in 7 out of 9, 3 significantly), more reduction in pain was
reported by subjects wearing Celliant™. The response to MPQ question III, in
particular, showed significantly greater reduction in pain for Celliant® compared to
controls. In the DPN subgroup, two questions failed to show greater improvement
with Celliant™ compared to placebo: MPQ questions Ib and Ia+b. These questions
employ multiple complex scales and are designed more to measure sensory and
affective aspects of pain rather than intensity. For all subjects, only question Ib on the
MPQ did not display results favouring the Celliant™ group. Similarly, the BPI pain
interference question does not address pain intensity and in the DPN subgroup, more
improvement was found in the control group (p > 0.566). Table 3 shows the

aggregate result for all pain questions.

Overall the data reported show more improvement in pain reported by subjects
wearing the Celliant® socks compared to the controls. The lack of statistical
significance for the differences in results with most of the questions may be due to the
relatively low number of subjects in this pilot study as well as a lack of homogeneity

in the subjects.



In our study each questionnaire was administered twice before and after dispensing
the study garments with the results averaged, in the hopes of increasing the precision
of the pain assessments. This might skew the data if the therapeutic effect of the
Celliant™ socks changes with time — either increasing or decreasing. In future studies
employing larger number of subjects this methodological problem should be avoided

by administering each set of pain questionnaires only once.

In general, non-DPN subjects showed more sensitivity to the beneficial effect of
Celliant™ than subjects with DPN. Assuming the effect of Celliant™ on tissue is
relatively localized, one might expect less of an effect to be seen in neuropathy, as
only a portion of the diseased neuron fibers are in close proximity to the plantar

aspect of the socks, and thus likely subject to the effect of the modified fabric.

This raises the question of what mechanism could account for the apparent beneficial
impact of optically modified fiber garments. Two unpublished studies, one in healthy
subjects and one in diabetics, demonstrated significant increases in transcutaneous
oxygen tensions in the skin of the hands and feet when Celliant™ garments were
worn compared to placebo garments (Lavery LA, 2003; McClue GM and Lavery LA,
2003). The increased oxygen tensions were observed by 10 minutes and persisted
during repeated measurements over 60 minutes. The increase in healthy subjects
ranged from 10 to 24%; diabetic subjects showed an average increase of 10%. It is
conceivable that some interaction of the Celliant™ particles with light increases
reflection or transmission of light in the visible or near infrared portion of the

spectrum into the skin, leading to vasodilation of the microcirculation and enhanced



perfusion of tissue, which plausibly could ameliorate some causes of chronic pain.
Alternatively, the enhanced illumination of the skin and underlying tissues could
influence the biologic activity of endogenous chromophores (cytochromes, flavins,
and poryphyrins) involved in energy metabolism in a manner leading to anti-

inflammatory or anti-nocioceptive effects.

A large body of evidence suggests that short periods of illuminating skin, tissue, and
cells with visible or infrared light has positive effects on pain, injury recovery, and
wound healing. A number of studies have looked at joint pain such as
temporomandibular joint pain [8], finding that near infrared light (810 nm) appears to
reduce pain compared to sham illumination regimens. A meta-analysis of 20 trials
employing laser therapy for chronic joint disorders found that when sufficiently
intense light was employed, such therapy had a direct anti-inflammatory effect on the
joint capsule [9]. A study of the effects of infrared (950 nm) on sural nerve
conduction showed significant impact of illumination on nerve conduction velocity
and negative peak latency compared to sham illumination [10]. Several studies on
diabetic neuropathy showed a favourable impact of intermittent illumination with
infrared at 890 nm on sensation and pain [11, 12]. Low level illumination of joints
affected by osteoarthritis by infrared diodes emitting at 890 nm has also been reported
as effective for alleviating pain, and the effect has been postulated to be related to
stimulation of constitutive nitric oxide synthetase [13]. Low intensity laser therapy at
810-820 nm combined with exercise regimens has been shown to benefit patients with
chronic back pain and Achilles tendonopathy [14, 15]. Several studies using animal
models of wound healing or cell cultures have examined the effects of short exposures

to red (e.g., 632nm, 670 nm) or infrared light (e.g., 830 nm), finding wound healing to
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be significantly accelerated or increased expression of genes and proteins associated

with proliferation [16-21].

Previous studies generally entailed short illumination periods of a few minutes at
intensities of 1 to 20 Joules/cm which are much higher than the presumptive low
intensity optical effects of Celliant™ garments. Our subjects were wearing socks
under ambient light conditions and often shoes. Past demonstrations of interactions
between tissues and external light, nonetheless, support the possibility that
Celliant™’s effect is due to prolonged exposure of underlying structures to an altered
electromagnetic environment. Given the putative anti-inflammatory effects of infrared
light, the ability of longer wavelengths to penetrate more deeply, and the likelihood
that Celliant™ particles significantly reflect and scatter infrared light, plausibly the
Celliant™ effect is mediated by perturbations in the infrared portion of the spectrum.
Conceivably, but we think unlikely, the Celliant™ effect may be due to higher skin
temperatures resulting from more efficient reflection of infrared energy, but this
requires further investigation. We are now planning further studies employing
thermography and hyperspectral imaging of skin blood flow to further characterize

the effects of wearing Celliant™ garments.

Conclusions

The data from this pilot study suggests that wearing Celliant™ fabric socks may
reduce the pain associated with chronic foot disorders. Future studies in larger
numbers of subjects looking at other chronic pain conditions such as carpal tunnel

syndrome and knee arthropathies are warranted as well as attempts to elucidate the
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mechanism by examining the influence of the modified garments on tissue perfusion,

temperature, oxygen levels, and inflammation.
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Figures

Figure 1 - Results of McGill Question lll

The difference between mean W, and mean W34 scores is depicted. Solid bars

report Celliant™ and stipled bars report control subjects. *p < 0.05

Figure 2 — Results of the Brief Pain Inventory — Pain Severity
The difference between mean W ., and mean W34 scores is depicted. Solid bars

report Celliant™ and stipled bars report control subjects.

Figure 3 — Results of the VAS

The difference between mean W, and mean W34 scores is depicted. Solid bars

report Celliant™ and stipled bars report control subjects.
Figure 4 — Results of the SF-36 Bodily Pain

The difference between mean W, and mean W34 scores is depicted. Solid bars

report Celliant™ and stipled bars report control subjects.

-16 -



Tables

Table 1 — Pain etiologies in non-DPN subgroup

Etiology Celliant™ Control
Arthritis 45% 40%
Edema 7% 0%
Erythromelalgia 0% 7%
Parkinson’s Disease 0% 12%
PAD 0% 7%
Plantar Fasciitis 0% 7%
Previous Chemotherapy 7% 0%
Previous Surgery 7% 7%
Other Causes 36% 20%
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Table 2 — Subject Characteristics Prior to Treatment

Demographics McGill
All Subjects Age % male I-a I-b I-a+b 11 111
Celliant™ 57.7+11.8 70% 1.2+0.8 0.6#0.7 1.9+1.5 4.7+24 2.6+1.0
Control 61.6+11.8 68% 1.3+0.7 1.1+1.0 24+16 5.4+2.8 3.1+1.1
DPN group
Celliant™ 63.0+7.7 85% 1.240.9 0.6+0.7 1.9+1.5 5.1+2.6 2.7+11
Control 63.9+11.0 77% 1.4+0.7 1.2+1.1 25417 52+29 2.940.9
Non-DPN group
Celliant™ 52.7+13.1 57% 1.2+0.8 0.6+0.8 1.9+1.5 4.4+23 2.4+0.9
Control 59.5+12.3 60% 1.3+0.8 1.1+1.0 23+1.6 5.6+2.8 3.3+1.2

Brief Pain Inventory

Pain Severity Pain VAS  SF-36: Bodily Pain
All Subjects Interference
Celliant™ 4.242.4 5.842.4 37.8+8.1 4.242.4
Control 5.54+2.6 6.4+1.8 34.6+7.8 5.54+2.6
DPN group
Celliant™ 4.9+2.0 4.7+2.5 5.9+24 34.2+7.4
Control 5.1+2.3 5.5+2.9 6.1+1.9 36.1+7.5
Non-DPN group
Celliant™ 3.941.9* 3.8+2.3" 5.8+2.5 40.8+7.7
Control 5.3+1.6% 5.6+2.3* 6.6+1.8 33.348.1

*denotes significant (p < 0.05) differences between Celliant™ and Control subjects.
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Table 3 — Results of pain questions

Question All Subjects DPN subgroup Non-DPN subgroup
McGill Ia + + +

McGill Ib - - -

McGill Ia+b + - +

McGill IT + + +

McGill II1 Ak + +

BPI Pain Severity +* + +

BPI Pain Interference + - +

VAS + + I

SF-36 Bodily Pain +¥ + +

(+) Celliant™ showed greater improvement; (-) Controls showed greater improvement

**p <0.05, *<0.10
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OBJECTIVE:

HoLOFIBER STUDY OF THIRTEEN (13) HEALTHY SUBJECTS

To evaluate changes in peripheral blood flow in the dorsum of the left arm and the
Transmetatarsal region of the foot of a healthy group of thirteen (13) persons when a
placebo garment and then Holofiber gloves and stockings are worn. It is expected that
subjects when wearing the Holofiber garments will have an increase in local tissue
perfusion compared to baseline and control garments. The study outcomes are
Transcutaneous Oxygen (TcpO,) measurements over the course of one hour each for the
placebo and the garment trials, with a ten (10) minute equalization of the probes prior to
the start of data acquisition with a 30 minute rest period between studies.

STUuDY DESIGN:

This will be an evaluation of changes in peripheral perfusion. Subjects will be selected
from a healthy population of males and females between the ages of 18 — 50 and will act
as their own controls. | plan to enroll thirteen (13) subjects without a history of diabetes or
peripheral vascular disease. Subjects will be evaluated by way of transcutaneous oxygen
tension measurement for baseline blood flow status over a period of one (1) hour following
a ten (10) minute probe equalization period, during this time the subjects will wear a
placebo garment, there will be a 30 minute break between the placebo trial and the
product trial.

Subjects will have transcutaneous oxygen measurements recorded using Radiometer
TCM 30 Modules supplied by Radiometer America, Inc., Ohio, and modified Clarke
Electrodes supplied by Radiometer America, Inc., data will be acquired using Perisoft
Version 2.10 supplied by Perimed America, Inc. of North Royalton, Ohio. Each subject
will wear stockings and gloves made with and without Holofiber.

Measurements will be recorded prior to wearing the product garments and continuously
over a one hour period. | will analyze data at ten (10) minute intervals. Following the 30
minute break, recorded measurements will be taken of both the left arm on the dorsum at
a point of mid ulna/radius and left foot at the Transmetatarsal region with study subjects
wearing Holofiber versus standard fiber gloves and stockings, the latter being used as the
placebo for the purposes of the study. See Fig. 1 below for study design details

Step Duration

Placebo Equalization 10 minutes
Placebo Study 60 minutes
Rest Period 30 minutes
Product Equalization 10 minutes
Product Study 60 minutes

Totals 170 minutes

Fig. 1
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INCLUSION CRITERIA:

1. No known family history of Diabetes or Peripheral Vascular Disease
2. Subjects 18 - 50 years old

EXCLUSION CRITERIA:

METHOD:

1. Patient currently being treated by dialysis, or having serum creatinine greater than or
equal to 3.0 mg/dl.

2. Patient known to be an active alcohol or substance abuser for the six months prior to
the start of the study.

Subjects will also be excluded if any of the following apply:

1.

Sk wN

N

© x

The use of corticosteriods in a dose equivalent to greater than or equal to 10 mg of
prednisone per day.

Has ever received immunosuppressive agents.

Has ever undergone radiation therapy.

Has ever received cytotoxic agents.

Subject currently receiving antiviral agents.

Subject is a female who is breast feeding, pregnant, or attempting to become
pregnant.

Patient has other conditions considered by the investigator to be sound reasons
for disqualification (e.g., acute illness or exacerbation of chronic illness, lack of
motivation, and history of poor compliance).

Any history of vascular disease including Arterial or Venous insufficiency.

Any history heart disease.

The dynamic non-invasive vascular assessment consisted of transcutaneous oxygen
pressure (TcPO,) measurement. | used the Radiometer TCM30 module and data will be
acquired using the Perisoft data acquisition software.

The study was non-invasive, and each subject has given verbal consent to the study after
an explanation of the methods was explained. Each subject was requested not to smoke
or consume liquid containing caffeine at least three (3) hours pre-study.

Preparation of the subject was standardized to the following, the hair was shaved from the
test sites, the dermis was then abraded with a fine abrasive material, the stratum corneum
was then removed by the use of light weight adhesive tape, and finally the probe site was
wiped with an alcohol preparation swab.

8819 Diamond Lake Lane, Houston, Texas — 77083 2
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Subjects were then situated in a semi-recumbent position of a Straker gurney, the
laboratory was maintained at a constant temperature of 21° C over the duration of the
study.

The transcutaneous oxygen electrodes were heated to 45°C and allowed to equilibrate on
the skin for ten (10) minutes (until stable values are achieved). The resultant values are
measured in mmHg, and is defined as the Partial Pressure or Tension of Oxygen (PpO.,).
Two self-adhesive fixation rings were affixed and the probes attached thereto. A buffer
(KCI) solution was to be used at a rate of three (3) drops in each fixation ring, the probe, a
modified Clarke Electrode with heating element and thermsitor was to be utilized. Each
module was to be calibrated to an assumed atmospheric pressure of 159 mmHg, this
being 20.9% of the standard atmospheric pressure of 760 mmHg, in doing this each
patient had the same baseline atmospheric pressure, thus alleviating any pressure
changes due to weather variations during the periods of testing. No humidity control was
taken into consideration during this study.

| measured transcutaneous oxygen continuously during the one (1) hour placebo
evaluation period and recorded seven (7) values for two (2) minutes at each selected
marker at random on the dorsum of the foot and hand. During the product trial, |
measured continuously and made seven (7) random selections of the 60 minute data
collection period at two (2) minute duration each. At the conclusion of each data
collection period two (2) comparisons will be made to show the differences recorded
between the placebo and the product as outlined in the attached preliminary results.
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PRELIMINARY RESULTS:
SuBJECT 1

Comment: Male, 32 years of age
Non Smoker

Weight: 211 Ibs., Height: 5' 7",
BP: 137/85

Percent Change Areas
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Item Area Area Area Area Area Area Area Area Area Area Area Area Area Area All

1 2 3

5 6 7 8 9 10 1 12 13 14 areas

Mean 52.51 6157 5850 63.73 6733 6270 6546 8223 88.60 83.64 90.30 8514 90.22 87.18 74.22

value

Mean value channel 2 : PO,

Item Area Area Area Area

1 2 3

Area Area Area Area Area Area Area Area Area Area All
5 6 7 8 9 10 1 12 13 14 areas

Mean 106.7 1413 1350 7047 5742 5727 5369 6790 76.89 7241 7623 70.73 70.85 68.34 80.30

value 2 3 1
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SUBJECT 2

S L4g,

Comment: Hispanic Male, 23 years of age
Non Smoker.

Weight: 182 Ibs., Height: 5' 7"

BP: 132/78

1 PO2

100
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2 P02
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Mean value channel 1 : PO,

Item Area Area Area Area Area Area Area Area Area Area Area Area Area Area All

1 2 3 4 5 6 7 8 9 10 11 12 13 14 areas
Mean 6146 7142 6667 6844 7115 8174 7358 78.80 84.17 7546 8192 7858 7844 79.67 75.11
value

Mean value channel 2 : PO,

Item Area Area Area Area Area Area Area Area Area Area Area Area Area Area All

1 2 3 4 5 6 7 8 9 10 1 12 13 14 areas
Mean 6047 76.78 7186 7480 76.66 83.61 7554 76.81 7762 7296 77.11 7538 76.29 7347 74.95
value

SUBJECT 3

Comment: White Female, 21 years of age
Smoker

Weight: 123 Ibs., Height: 5' 8"

BP: 127/76

1 PO2

Erd o7 Plaxbo Shdy -
Sutlec] will now e 330
Mruke Brexk

« msm mam m:sm o1mm D1:1500 o1m D1:4500 mmm ZAST0 p
8819 Diamond Lake Lane, Houston, Texas — 77083 5

Telephone: (281) 568-7322
Facsimile: (281) 568-3904
Cell Phone: (832) 287-1758



Mean value channel 1 : PO,

Item Area Area Area Area Area Area Area Area Area Area Area Area Area Area
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Mean 6522 69.75 7126 7349 8156 8123 8499 8292 8326 8425 8497 8266 8597 87.74
value
Mean value channel 2 : PO,
Item Area Area Area Area Area Area Area Area Area Area Area Area Area Area
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Mean 61.77 66.09 6554 6384 62.03 6154 6230 7040 6958 7114 68.56 67.01 65.96 66.41
value
SUBJECT 4
Comment: Female, 43 years of age
Non Smoker
Weight: 152 Ibs., Height: 5' 6"
BP: 118/78
1PO2 T] |[] Sl |
- . - . Erd ofPlazbo T |- 1 - [Sbrloradmrue Preduci '
ShrloTDMruke ligh! Shdy
1008- - - . L. .. exzrcize peded .
50 L
2 P02
100 !
a0 o r —
a m:15m m3m m:sm o1mm 01m D1:4500 mmm
Mean value channel 1 : PO,
Item Area Area Area Area Area Area Area Area Area Area Area Area Area Area
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Mean 29.07 5260 54.27 53.21 5455 6255 56.05 70.97 71.21 70.35 7057 6953 7197 70.78
value
Mean value channel 2 : PO,
Item Area Area Area Area Area Area Area Area Area Area Area Area Area Area
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Mean 2912 5492 5297 54.03 5168 5514 47.01 63.00 61.79 56.86 5335 51.74 4919 49.34

value
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SUBJECT 5

Comment: White Male, 29 years of age
Non Smoker

Weight: 270 Ibs., Height: 5" 10"

BP: 134/76

1 PO2

Skrlor 10 Mruke

Produxl Trid -

2 P02

Mean value channel 1 : PO,

Item Area Area Area Area Area Area Area Area Area Area Area Area Area Area All

1 2 3 4 5 6 7 8 9 10 1 12 13 14 areas
Mean 55,80 57.28 60.76 55.87 59.15 6042 62.79 62.07 63.91 53.51 5536 51.75 51.31 46.37 56.88
value

Mean value channel 2 : PO,

Item Area Area Area Area Area Area Area Area Area Area Area Area Area Area All

1 2 3 4 5 6 7 8 9 10 1 12 13 14 areas
Mean 40.57 3529 3128 26.77 2710 26.48 24.87 5715 56.03 4723 4726 46.80 46.22 4243 39.68
value

SUBJECT 6

Comment: White Male, 24 years of age
Non Smoker

Weight: 225 Ibs., Height: 6' 0"

BP 148/86
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Mean value channel 1 : PO,

Item Area Area Area Area Area Area Area Area Area Area Area Area
1 2 3 4 5 6 7 8 9 10 1 12
Mean 66.95 65.03 6537 60.88 74.05 5872 59.32 66.95 65.03 6537 60.88 74.05
value
Mean value channel 2 : PO,
Item Area Area Area Area Area Area Area Area Area Area Area Area
1 2 3 4 5 6 7 8 9 10 1 12
Mean 7125 71.06 7343 7136 80.91 73.02 7564 8755 8567 83.67 83.11 83.53
value
SUBJECT 7

Comment: White Male, 32 years of age
Non Smoker

Weight: 220 Ibs., Height: 5' 7"

BP 122/76

Area

58.72

Area

90.21

Area All
14 areas
59.32 67.77
Area All
14 areas
83.32 79.55

1 PO2

Py Al A

Mean value channel 1 : PO,

Item Area Area Area Area Area Area Area Area Area Area Area Area
1 2 3 4 5 6 7 8 9 10 11 12
Mean 62.73 59.33 60.70 49.25 50.91 5250 6159 7445 7580 7158 7262 63.71
value
Mean value channel 2 : PO,
Item Area Area Area Area Area Area Area Area Area Area Area Area
1 2 3 4 5 6 7 8 9 10 11 12
Mean 5117 56.60 57.65 53.15 49.21 5129 5427 49.84 53.11 51.36 56.49 52.38
value

8819 Diamond Lake Lane, Houston, Texas — 77083
Telephone: (281) 568-7322
Facsimile: (281) 568-3904
Cell Phone: (832) 287-1758

Area

60.16

Area

50.32

Area All
14 areas
66.32 62.97
Area All
14 areas
55.98 53.06
8
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SUBJECT 8

Comment: White Male, 23 years of age
Smoker

Weight: 177 Ibs., Height: 5' 9"

BP

1 PO2

resle Bresk

Erd o7 PRaxho Sy -
leclvAll row e 330

FEb by 10 A
ercduelTrie -

\—g

« m:Sm mom m:sm o1mm 01:1500 01m 01:4500 @mm m@:15m
Mean value channel 1 : PO,
Item Area Area Area Area Area Area Area Area Area Area Area Area Area Area

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Mean  40.21 4456 4145 4286 4563 4122 4478 6195 64.74 67.84 66.13 6255 73.45 63.49
value
Mean value channel 2 : PO,
Item Area Area Area Area Area Area Area Area Area Area Area Area Area Area

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Mean 55,57 5823 5459 55.08 5458 5194 5428 6386 66.54 6561 6485 6259 64.64 59.00
value
SUBJECT 9
Comment: Hispanic Male, 22 years of age
Non Smoker
Weight: 180 Ibs., Height: 5' 7"
BP 128/72

1] [T]
aTPlaxzso=Skdy + |- ¢ - |StxloT1BMrue ' '
leclwdll row bz 3 30 Equizlen Pered
e Brexk X Preducl Trixd , .
} =" Shou
D1:4500 mmm m@:15m0 mam

8819 Diamond Lake Lane, Houston, Texas — 77083

Telephone: (281) 568-7322
Facsimile: (281) 568-3904
Cell Phone: (832) 287-1758

All
areas
54.35

All
areas
59.38



Mean value channel 1 : PO,

Item Area Area Area Area Area Area Area Area Area Area Area Area Area All
1 3 4 5 6 7 8 9 10 1 12 13 14 areas

Mean 53.83 5273 5517 5410 5412 5523 73.82 7859 7096 76.91 7229 7251 73.45 64.13

value

Mean value channel 2 : PO,

Item Area Area Area Area Area Area Area Area Area Area Area Area Area All
1 3 4 5 6 7 8 9 10 1 12 13 14 areas

Mean 71.50 7059 69.86 6500 61.89 6097 80.17 80.90 7247 74.01 70.80 70.95 68.63 70.81

value

SuBJECT 10

Comment: White Male, 45 years of age

Non Smoker

Weight: 157 Ibs., Height: 5' 7"

BP 137/82

1 PO2

2 P02

« m:Sm

—
omo30m

Mean value channel 1 : PO,

Item Area
1
Mean 44.68

value

Mean value channel 2 : PO,

Item Area
1
Mean 29.41

value

Area Area Area Area Area Area Area Area
3 4 5 6 7 8 9 10
40.45 40.07 4172 38.89 40.02 5519 59.96 57.12
Area Area Area Area Area Area Area Area
3 4 5 6 7 8 9 10
28.03 2775 3132 25.61 2564 3421 40.06 38.60

8819 Diamond Lake Lane, Houston, Texas — 77083
Telephone: (281) 568-7322
Facsimile: (281) 568-3904
Cell Phone: (832) 287-1758

Area

40.44

Area

39.04

Area

37.49

Area
14
48.40

Area
14
34.06

All
areas
47.71

All
areas
32.82

10
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SuBJECT 11

Comment: White Male, 27 years of age
Non Smoker

Weight: 195 Ibs., Height: 5' 7"

BP 132/88

1 PO2

ShrloTs Mruke Plazbo
Shdy

100
50

2 P02

100
50

« m:Sm m3m m:sm

Mean value channel 1 : PO,

Shrlor 10 Mruke

Item Area Area Area Area Area Area Area All
1 2 3 4 5 9 10 areas
Mean 43.72 4471 4237 4560 44.55 63.30 59.14 53.41
value
Mean value channel 2 : PO,
Item Area Area Area Area Area Area Area All
1 2 3 4 5 9 10 areas
Mean 4446 4484 37.98 4022 37.50 57.80 52.06 47.06
value
SUBJECT 12
Comment: White Female, 44 years of age
Non Smoker
Weight: 130 Ibs., Height: 5' 9"
BP 137/78
1 PO2 T T
' . . ' . . Erd o7 Plozbo Shdy - '
T b
100 ' .o . - s ,
50 Equimlcn Perlcd )
ShrloTad Mruke Preducl
Shdy
2 PO2
100 ' ! ! .
so L AL A AL
« m:5m m:+5m oi1mm D1:4500 o130m @HSm
8819 Diamond Lake Lane, Houston, Texas — 77083 11

Telephone: (281) 568-7322
Facsimile: (281) 568-3904
Cell Phone: (832) 287-1758



Mean value channel 1 : PO,

Item Area Area Area Area Area Area Area Area Area Area Area Area

1 2 3 4 5 6 7 8 9 10 1 12
Mean 55.37 57.07 5435 5362 5644 6137 5202 7935 7493 7838 76.58 78.16
value

Mean value channel 2 : PO,

Item Area Area Area Area Area Area Area Area Area Area Area Area
1 2 3 4 5

Mean 41.01 40.34 3560 3282 30.32 3298 2506 3995 3733 3586 37.84 37.25

value

SuBJECT 13

Comment: White Female, 47 years of age
Non Smoker

Weight: 130 Ibs., Height: 5' 5"

BP 118/80

Area

81.70

Area

39.58

Area

81.52

Area

38.25

1 PO2

Shrlondd Mruk Piaxzbo
Shdy

100
50

2 P02

100
50

— T T T T T
« 0O:is1o omo30m o0:«s0 o1om 01:1sm 0130 01:4500

Mean value channel 1 : PO,

Item Area Area Area Area Area Area Area Area Area Area Area Area

1 2 3 4 5 6 7 8 9 10 11 12
Mean 53.61 55.76 5448 49.76 5253 55,67 53.79 7316 71.84 66.51 67.10 68.03
value

Mean value channel 2 : PO,

Item Area Area Area Area Area Area Area Area Area Area Area Area

1 2 3 4 5 6 7 8 9 10 11 12
Mean 4743 4715 4276 36.98 3585 34.87 33.37 53.75 4493 40.19 41.04 38.94
value

8819 Diamond Lake Lane, Houston, Texas — 77083
Telephone: (281) 568-7322
Facsimile: (281) 568-3904
Cell Phone: (832) 287-1758

Area

70.36

Area

38.43

All
areas
67.20

All
areas
36.02

Z:AST0 p

Area All
14 areas

66.89 61.39

Area All
14 areas

36.94 40.90

12



Subject Sex Age

#
1 M 32.75
1
2 M 23.50
2
3 F 20.85
3
4 F 43.72
4
5 M 29.25
5
6 M 24.37
6
7 M 32.65
7
8 M 23.95
8
9 M 22.70
9
10 M 44.30
10
11 M 27.90
11
12 F 4475
12
13 F 46.90
13

32.12

Area 1

52.51
105.72
61.46
60.47
65.22
61.77
290.07
29.12
55.8
40.57
66.95
71.25
62.73
51.17
40.21
55.57
53.83
71.5
44.68
29.41
43.72
44.46
55.37
41.01
53.61
47.43

52.70
54.57

Areas 1 -3 = Placebo (PL)
Areas 4 - 10 = Product (PR)

Male 9
Female =4

Area 2

61.57
141.33
71.42
76.78
69.75
66.09
52.6
54.92
57.28
35.29
65.03
71.06
59.33
56.6
44.56
58.23
54.12
73.64
42.31
27.81
44.71
44.84
57.07
40.34
55.76
47.15

56.58
61.08

Area 3

Area
4

Placebo (PL)

58.50
135.01
66.67
71.86
71.26
65.54
54.27
52.97
60.76
31.28
65.37
73.43
60.7
57.65
41.45
54.59
52.73
70.59
40.45
28.03
42.37
37.98
54.35
35.60
54.48
42.76

55.64
58.25

63.73
70.47
68.44
74.80
73.49
63.84
53.21
54.03
55.87
26.77
60.88
71.36
49.25
53.15
42.86
55.08
55.17
69.86
40.07
27.75
45.6
40.22
53.62
32.82
49.76
36.98

54.77
52.09

Area

67.33
57.42
71.15
76.66
81.56
62.03
54.55
51.68
59.15
271
74.05
80.91
50.91
49.21
45.63
54.58
541
65
41.72
31.32
44.55
37.5
56.44
30.32
52.53
35.85

57.97
50.74

Area

62.70
57.27
81.74
83.61
81.23
61.54
62.55
55.14
60.42
26.48
58.72
73.02
52.5
51.29
41.22
51.94
54.12
61.89
38.89
25.61
43.88
35.78
61.37
32.98
55.67
34.87

58.08
50.11

Area

65.46
53.69
73.58
75.54
84.99
62.3
56.05
47.01
62.79
24.87
59.32
75.64
61.59
54.27
44.78
54.28
55.23
60.97
40.02
25.64
46.93
37.93
52.02
25.06
53.79
33.37

58.20
48.51

Area
Av
PL

61.69
88.70
70.64
74.25
75.36
63.30
51.76
49.27
58.87
30.34
64.33
73.81
56.72
53.33
42.96
54.90
54.19
67.64
41.16
27.94
44.54
39.82
55.75
34.02
53.66
39.77

56.28
53.62

Area

82.23
67.90
78.80
76.81
82.92
70.4
70.97
63
62.07
57.15
66.95
87.55
74.45
49.84
61.95
63.86
73.82
80.17
55.19
34.21
59.56
51.87
79.35
39.95
73.16
53.75

70.88
61.27

Area

88.60
76.89
84.17
77.62
83.26
69.58
71.21
61.79
63.91
56.03
65.03
85.67
75.8
53.11
64.74
66.54
78.59
80.9
59.96
40.06
63.30
57.80
74.93
37.33
71.84
44.93

72.72
62.17

Area
10

83.64
72.41

75.46
72.96
84.25
71.14
70.35
56.86
53.51

47.23
65.37
83.67
71.58

51.36

67.84
65.61

70.96
72.47
57.12
38.60
59.14
52.06
78.38
35.86
66.51

40.19

69.55
58.49

Area  Area
11 12
Product (PR)
90.30 85.14
76.23 70.73
81.92 78.58
7711  75.38
84.97 82.66
68.56 67.01
70.57 69.53
53.35 51.74
5536 51.75
47.26  46.8
60.88 74.05
83.11 83.53
72.62 63.71
56.49 52.38
66.13  62.55
64.85 62.59
76.91  72.29
74.01 70.8
52.85 53.47
40.44  39.04
60.41 66.90
52.80 57.63
76.58 78.16
37.84 37.25
67.10 68.03
41.04 38.94
70.51  69.76
59.47  57.99

Area
13

90.22
70.85
78.44
76.29
85.97
65.96
71.97
49.19
51.31
46.22
58.72
90.21
60.16
50.32
73.45
64.64
72.51
70.95
52.87
37.49
68.77
58.72
81.70
39.58
70.36
38.43

70.50
58.37

Area

87.18
68.34
79.67
73.47
87.74
66.41
70.78
49.34
46.37
42.43
59.32
83.32
66.32
55.98
63.49
59.00
73.45
68.63
48.40
34.06
57.92
49.27
81.52
38.25
66.89
36.94

68.39
55.80

Area
Av
PR

86.76
71.91
79.58
75.66
84.54
68.44
70.77
55.04
54.90
49.02
64.33
85.29
69.23
52.78
65.74
63.87
74.08
73.99
54.27
37.70
62.29
54.31
78.66
38.01
69.13
42.03

70.33
59.08

%
Change

PLv PR
40.65%
-18.93%
12.66%
1.91%
12.18%
8.11%
36.73%
11.71%
-6.74%
61.57%
0.00%
15.56%
22.07%
-1.03%
53.02%
16.35%
36.71%
9.39%
31.83%
34.94%
39.85%
36.40%
41.10%
11.73%
28.83%
5.68%

24.97%
10.18%

13
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CONCLUSIONS:

All the data that these conclusions are drawn from is contained within the information table on page
13 of this document.

Thirteen (13) subjects were chosen at random and tested in accordance with the protocol within the
study design, the breakdown of the subjects was:

Female N=4
Male N=9

With an age range of 20.85 years to 46.75 years (mean 32.12 years).

Data designated in areas 1 — 7 is the Placebo trial and those data within areas 8 — 14 is the
Product trial.

In looking at the collective data it will be noted that with the exception of three (3) subjects, Nos: 1,
5, and 7 there was a substantial increase in oxygen perfusion when using the Holofiber product.
These increases in the Placebo versus Product vary in range in the mid radial ulna region of the
dorsum, designated channel 1, from 0.00% to 53.02% with a mean of 29.97%, these figures
exclude the one (1) subject that showed a negative increase in perfusion levels in this region. In
channel 2, the Transmetatarsal region of the foot, increases ranged from 1.91 — 61.57% with the
mean being 10.18%, these numbers exclude those subjects that showed a diminished perfusion in
this region.

In the case of subjects 1, 5, and 7, it will be noted that in the case of subject 1 there was a
decrease in the Transmetatarsal region of 18.93% and in subject 5, there was a decrease of 6.74%
in the mid radial ulna region of the dorsum, and in subject 7 a decrease of 1.03% was observed in
the metatarsal region of the foot. This discrepancy cannot be explained without further medical
investigation which is outside the scope of this study.

Increased oxygen profusion has been shown to aid in the increase of energy. Energy produced at
the cellular level will accelerate muscle tissue recovery from exercise, which is known to induce
lactic acid increases, rebuild strength in muscles damaged by exercise, and also reduce the
incidence of cramping, edema, and muscle fatigue post strenuous exercise in athletic conditioning.

In conclusion, it is the opinion of this researcher, based on this study, that Holofiber does, in fact,
increase oxygen perfusion levels within by 10% to 24% in a healthy non-compromised population.

Graham M. McClue, Ph.D. Date

8819 Diamond Lake Lane, Houston, Texas — 77083 14
Telephone: (281) 568-7322
Facsimile: (281) 568-3904
Cell Phone: (832) 287-1758
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Improving Blood Flow with Holofiber in
the Hands and Feet of High-Risk Diabetics

Dr. Lawrence Lavery




Improving Blood Flow with Holofiber in the Hands and Feet of High-Risk Diabetics

Objective: To evaluate changes in peripheral blood flow in the hands and feet of persons
with diabetes when Holofiber gloves and stockings are worn. We expect that patients that
wear the Holofiber garments will have an increase in local tissue perfusion compared to
baseline and control garments. The study outcomes are transcutaneous oxygen and laser
Doppler flowometry measurements over the course of one hour while the study subjects

wear Holofiber garments and placebo garments.

Study Design: This will be a double blind evaluation of changes in peripheral perfusion.
Subjects will act as their own controls. We plan to enroll 20 subjects with a history of
diabetes and vascular impairment. Subjects will be evaluated for baseline blood flow
status. They will then have transcutaneous oxygen (Perimed Inc. North Royalton, Ohio,
PF5040 transcutaneous module) and laser Doppler flowometry measurements
(PF5010Laser Doppler Perfusion module) with stockings and gloves made with and
without Holofiber. Measurements will be made prior to wearing the garments and
continuously over a one hour period. We will analyze data at ten minute intervals. The
tester and subject will be blinded to the study garment. Garments will be randomly
selected and tested from a computer generated randomization list. We will take
measurements of both the hand and foot with study subjects wearing Holofiber versus

standard fiber gloves and stockings.

The diagnosis of diabetes mellitus will be based on World Health Organization criteria.”

For the purposes of this study, the diagnosis of peripheral vascular disease will be a

transcutaneous oxygen measurement > 30mm Hg taken at the transmetatarsal level on the

day of enrollment. >

Inclusion Criteria:
1. Diagnosis of Diabetes Mellitus by the World Health Organization Criteria
2. Patient 18 -80 years old.



Exclusion Criteria:

1.

© N »n bk

10.

11.

12.
13.
14.
15.
16.

Patient currently being treated by dialysis, or having serum creatinine greater than
or equal to 3.0 mg/dl.

Patient known to be an active alcohol or substance abuser for the six months prior
to the start of the study.

Patient currently receiving systemic corticosteriods in a dose equivalent to greater
than or equal to 10 mg of prednisone per day.

Patient currently receiving immunosuppressive agents.

Patient currently receiving radiation therapy.

Patient currently receiving cytotoxic agents.

Patient currently receiving antiviral agents.

Patient having history of widespread malignant or systemically
immunocompromising disease.

Patient is a female who is breast feeding, pregnant, or attempting to become
pregnant.

Patient has other conditions considered by the investigator to be sound reasons
for disqualification (e.g., acute illness or exacerbation of chronic illness, lack of
motivation, and history of poor compliance).

Amputation proximal toLisfranc’s(tarsometatarsal) joint or if amputation/surgical
debridement has destroyed the venous plexus of the plantar arch.

Acute deep venous thrombosis.

Active congestive heart failure.

Uncontrolled osteomyelitis.

Vascular surgery in the past 4 weeks.

Patient has a full thickness skin ulcer.

The dynamic non-invasive vascular assessment will consist of transcutaneous oxygen

pressure (TcPO,) measurement, and laser Doppler flowmetric measurement. We will use

the PeriFlux 5000 System It is a multifunctional system that incorporates four functional

units that combine transcutansous oxygen and laser Doppler function units.



The transcutaneous oxygen electrodes are warmed to 44°C and allowed to equilibrate on

the skin for 5 minutes (until stable values are achieved). The resultant values are

measured in mmHg. >’ The laser Doppler monitor will be used to continuously measure
tissue blood perfusion (PF5010 Laser Doppler Perfusion module). The application is non-
invasive. Two stick-on probes similar to standard EKG probes are applied to the skin. In
the tissue, the laser light is scattered and Doppler shifted by interaction with the moving
blood cells according to the well-known Doppler principle. The sampling depth is on the
order of 200-500 micrometers. A fraction of the backscattered light is detected by a

remotely positioned photo detector.

We will measure transcutaneous oxygen and laser Doppler flowometry measurements
continuously during the one hour evaluation period and record values for 60 seconds at
ten minute intervals on the dorsum of the foot and hand. In addition, we will measure a
two minute interval at the conclusion of each data collection period to compare the

change in blood flow parameters in placebo and Holofiber treatment groups.

Results:

We used a paired t-test to compare transcutaneous oxygen (TCOM) and laser Doppler
(LD) values on the hand and foot. Treanscutaneous oxygen measures the partial pressure
of oxygen at the surface of the skin, and the laser Doppler measures capillary blood flow.
As part of the descriptive evaluation of the data we, stratified TCOM and LD into three
levels: increase when comparing Holofiber to placebo, no change or a decrease when
comparing Holofiber to placebo. If there was less than a 4% change when the placebo vs.
Holofiber was used, this was determined to represent “no change”. TCOM’s in the hand
showed 10 subjects with an increase, 4 unchanged and 6 with a decrease when using
Holofiber compared to the placebo garment. TCOM’s in the foot again showed 10

subjects with an increase when using Holofiber, 4 were unchanged and 6 were decreased.

There was a statistically significant change in transcutaneous oxygen or the oxygen
delivery to the skin in the hand and foot when using the paired t-test to compare data

collected at time periods 40 and 50 minutes after initiation of testing. The Laser Doppler



studies did not show a difference in blood flow in placebo versus Holofiber in either the
hand or the foot. The significant changes observed are very compelling for this type of
product. An 8-12% improvement in skin oxygenation could improve marginal circulation

enough to improve wound healing or eliminate ischemic pain of the legs.

All 10 Minute Interval Data (Paired)

Paired T-Test and Cl: TCOM HAND-Placebo, TCOM HAND-Holofiber

Paired T for TCOM HAND-Placebo - TCOM HAND-Holofiber

N Mean St Dev SE Mean
TCOM HAND-P1 120 15.284 7.613 0.695
TCOM HAND-ho 120 17.323 10.505 0.959
Difference 120 -2.039 7.718 0.705

95% CI for mean difference: (-3.434, -0.644)
T-Test of mean difference = 0 (vs not = 0): T-Value = -2.89 P-Value = 0.005

Histogram of Differences

(with Ho ard 95% tconfidence intenal for the mean)
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All 10 Minute Interval Data (Paired)

Paired T-Test and Cl: TCOM FOOT-Placebo, TCOM FOOT-Holofiber

Paired T for TCOM FOOT-Placebo - TCOM FOOT-Holofiber

N Mean St Dev SE Mean
TCOM FOOT-pl 120 52.22 20.39 1.86
TCOM FOOT-ho 120 56.35 20.01 1.83
Difference 120 -4.13 11.25 1.03
95% CI for mean difference: (-6.16, -2.10)
T-Test of mean difference = 0 (vs not = 0): T-Value = -4.02 P-Value = 0.000
Histogram of Differences

(wath Ho ard 95% tcorfidence intenal for the mean)
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All 10 Minute Interval Data (Paired)

Paired T-Test and Cl: LASER HAND-Placebo, LASER HAND-Holofiber

Paired T for LASER HAND-Placebo - LASER HAND-Holofiber

N Mean St Dev SE Mean
LASER HAND-p 120 35.00 28.84 2.63
LASER HAND-h 120 33.91 25.62 2.34
Difference 120 1.09 15.67 1.43
95% CI for mean difference: (-1.74, 3.92)
T-Test of mean difference = 0 (vs. not = 0): T-Value = 0.76 P-Value = 0.447

Histogram of Differences
(wsth Ho ard 95% tcorfidence intenal for the mean)
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All 10 Minute Interval Data (Paired)

Paired T-Test and Cl: LASER FOOT-Placebo, LASER FOOT-Holofiber

Paired T for LASER FOOT-Placebo - LASER FOOT-Holofiber

N Mean St Dev SE Mean
LASER FOOT-p 120 49.68 21.12 1.93
LASER FOOT-h 120 49.064 19.55 1.78
Difference 120 0.04 15.79 1.44

95% CI for mean difference:

(-2.81, 2.90)
T-Test of mean difference = 0 (

vs. not = 0): T-Value = 0.03 P-Value = 0.976

Histogram of Differences
(wsth Ho and 95% tcorfidence intenal for the mean)
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Last Three Points of 10 Minute Interval Data (Paired)

Paired T-Test and Cl: TCOM HAND-Placebo, TCOM HAND-Holofiber

Paired T for TCOM HAND-Placebo - TCOM HAND-Holofiber

N Mean St Dev SE Mean
TCOM HAND-P1 60 14.62 7.08 0.91
TCOM HAND-ho 60 17.19 9.75 1.26
Difference 60 -2.572 6.784 0.876

95% CI for mean difference:

(-4.325, -0.819)
T-Test of mean difference = 0 (

vs. not = 0): T-Value = -2.94 P-Value = 0.005

Histogram of Differences
(with Ho and 95% tcorfidence intenal for the mean)
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Last Three Points of 10 Minute Interval Data (Paired)

Paired T-Test and Cl: TCOM FOOT-Placebo, TCOM FOOT-Holofiber

Paired T for TCOM FOOT-Placebo - TCOM FOOT-Holofiber

N Mean St Dev St Dev SE Mean
TCOM FOOT-pl 60 54.19 19.90 2.57
TCOM FOOT-ho 60 58.57 21.29 2.75
Difference 60 -4.38 12.27 1.58
95% CI for mean difference: (-7.55, -1.21)
T-Test of mean difference = 0 (vs. not = 0): T-Value = -2.76 P-Value = 0.008
Histogram of Differences

(with Ho and 95% tcorfidence intenal for the mean)
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Last Three Points of 10 Minute Interval Data (Paired)

Paired T-Test and Cl: LASER HAND-Placebo, LASER HAND-Holofiber

Paired T for LASER HAND-Placebo - LASER HAND-Holofiber

N Mean St Dev SE Mean
LASER HAND-p 60 33.52 28.32 3.66
LASER HAND-h 60 33.48 25.89 3.34
Difference 60 0.05 15.24 1.97
95% CI for mean difference: (-3.89, 3.98)
T-Test of mean difference = 0 (vs. not = 0): T-Value =

0.02

P-Value

Paired T-Test and Cl: LASER FOOT-Placebo, LASER FOOT-Holofiber

Paired T for LASER FOOT-Placebo - LASER FOOT-Holofiber

N Mean St Dev SE Mean
LASER FOOT-p 60 49.90 19.48 2.51
LASER FOOT-h 60 51.56 21.49 2.77
Difference 60 -1.65 14.80 1.91
95% CI for mean difference: (-5.48, 2.17)
T-Test of mean difference = 0 (vs. not = 0): T-Value =

-0.86

P-Value

0.981

0.391



Last Point of 10 Minute Interval Data (Paired)

Paired T-Test and Cl: TCOM HAND-Placebo, TCOM HAND-Holofiber

Paired T for TCOM HAND-Placebo - TCOM HAND-Holofiber

N Mean St Dev SE Mean
TCOM HAND-P1 20 15.15 8.08 1.81
TCOM HAND-ho 20 17.17 10.17 2.28
Difference 20 -2.02 6.60 1.48
95% CI for mean difference: (-5.11, 1.07)
T-Test of mean difference = 0 (vs. not = 0): T-Value = -1.37 P-Value = 0.187
Histogram of Differences

(with Ho and 95% tcorfidence intenal for the mean)
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Last Point of 10 Minute Interval Data (Paired)

Paired T-Test and Cl: TCOM FOOT-Placebo, TCOM FOOT-Holofiber

Paired T for TCOM FOOT-Placebo - TCOM FOOT-Holofiber

N Mean S Dev SE Mean
TCOM FOOT-pl 20 55.42 20.54 4.59
TCOM FOOT-ho 20 59.48 21.65 4.84
Difference 20 -4.05 11.61 2.60
95% CI for mean difference: (-9.49, 1.38)
T-Test of mean difference = 0 (vs. not = 0): T-Value = -1.56 P-Value = 0.135

Paired T-Test and Cl: LASER HAND-Placebo, LASER HAND-Holofiber

Paired T for LASER HAND-Placebo - LASER HAND-Holofiber

N Mean St Dev SE Mean
LASER HAND-p 20 33.87 26.02 5.82
LASER HAND-h 20 33.69 27.39 6.13
Difference 20 0.18 15.89 3.55

95% CI for mean difference:

(-7.26, 7.62)
T-Test of mean difference = 0 (

vs. not = 0): T-Value = 0.05 P-Value = 0.960

Paired T-Test and Cl: LASER FOOT-Placebo, LASER FOOT-Holofiber

Paired T for LASER FOOT-Placebo - LASER FOOT-Holofiber

N Mean St Dev SE Mean
LASER FOOT-p 20 52.52 22.57 5.05
LASER FOOT-h 20 54.97 27.41 6.13
Difference 20 -2.45 24 .05 5.38
95% CI for mean difference: (-13.70, 8.80)
T-Test of mean difference = 0 (vs. not = 0): T-Value = -0.46 P-Value = 0.654



1% Half to 2" Half of Test

Paired T-Test and CIl: 1 Holofiber-TCOM Hand, 2 Holofiber-TCOM Hand

Paired T for 1 Holofiber-TCOM Hand - 2 Holofiber-TCOM Hand

N Mean St Dev SE Mean
1 Holofiber-TCOM 60 17.45 11.29 1.46
2 Holofiber-TCOM 60 17.19 9.75 1.26
Difference 60 0.256 4.321 0.558

95% CI for mean difference:

(-0.860, 1.372)
T-Test of mean difference = 0 (

vs. not = 0): T-Value = 0.46 P-Value = 0.648

Histogram of Differences
(wsth Ho and 95% tcorfidence intenval for the mean)
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1% Half to 2" Half of Test

Paired T-Test and CI: 1 Holofiber-TCOM Foot, 2 Holofiber-TCOM Foot

Paired T for 1 Holofiber-TCOM Foot - 2 Holofiber-TCOM Foot

N Mean St Dev SE Mean
1 Holofiber-TCOM 60 54.14 18.55 2.39
2 Holofiber-TCOM 60 58.57 21.29 2.75
Difference 60 -4.43 9.14 1.18
95% CI for mean difference: (-6.79, -2.07)
T-Test of mean difference = 0 (vs. not = 0): T-Value = -3.76 P-Value =

Histogram of Differences

(with Ho ard 95% tconfidence intenal for the mean)
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1% Half to 2" Half of Test

Paired T-Test and CI: 1 Placebo-TCOM Hand, 2 Placebo-TCOM Hand

Paired T for 1 Placebo-TCOM Hand - 2 Placebo-TCOM Hand

N Mean St Dev SE Mean
1 Placebo -TC 60 15.94 8.12 1.05
2 Placebo -TC 60 14.62 7.08 0.91
Difference 60 1.322 5.102 0.659

95% CI for mean difference: (0.004, 2.640)
T-Test of mean difference = 0 (vs. not = 0): T-Value = 2.01 P-Value =

Histogram of Differences
(with Ho and 95% tcorfidence intenal for the mean)
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1% Half to 2" Half of Test

Paired T-Test and CI: 1 Placebo-TCOM Foot, 2 Placebo-TCOM Foot

Paired T for 1 Placebo-TCOM Foot - 2 Placebo-TCOM Foot

N Mean St Dev SE Mean
1 Placebo-TC 60 50.26 20.85 2.69
2 Placebo-TC 60 54.19 19.90 2.57
Difference 60 -3.930 6.726 0.868
95% CI for mean difference: (-5.668, -2.192)
T-Test of mean difference = 0 (vs. not = 0): T-Value = -4.53 P-Value = 0.000
Histogram of Differences

(wath Ho ard 95% tcorfidence intenal for the mean)
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Last Two Points 10 Minute Interval Data (Paired)

Paired T-Test and CI: Placebo-TCOM Hand, Holofiber-TCOM Hand

Paired T for Placebo-TCOM Hand - Holofiber-TCOM Hand

N Mean St Dev SE Mean
Placebo-TCOM 40 14.068 7.32 1.16
Holofiber-TCOM Ha 40 17.49 9.91 1.57
Difference 40 -2.82 6.67 1.05
95% CI for mean difference: (-4.95, -0.68)
T-Test of mean difference = 0 (vs. not = 0): T-Value = -2.67 P-Value = 0.011
Histogram of Differences

(wath Ho ard 95% tcorfidence intenal for the mean)
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Last Two Points 10 Minute Interval Data (Paired)

Paired T-Test and CI: Placebo-TCOM Foot, Holofiber-TCOM Foot

Paired T for Placebo-TCOM Foot - Holofiber-TCOM Foot

N Mean St Dev SE Mean
Placebo-TCOM 40 54.76 19.92 3.15
Holofiber-TCOM 40 59.10 21.02 3.32
Difference 40 -4.33 12.85 2.03

95% CI for mean difference:

(-8.44, -0.22)
T-Test of mean difference = 0 ( = 0)

vs. not T-Value = -2.13 P-Value = 0.039

Histogram of Differences
(wsth Ho ard 95% tcorfidence intenal for the mean)
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Average of All

Limitations: This preliminary study provides some insight into the potential for
Holofiber. This project should be considered as a pilot project to build on. Prior to
beginning the project we had little scientific information about the effect that Holofiber
might have on perfusion to the extremities. There is obviously a lot that we still do not

understand about Holofiber and the best way to optimize its use.

Patient selection: We enrolled diabetic males with an abnormal clinical vascular
examination. Our results may have been better if we included patients with more severe
vascular impairment. The subjects that may benefit the most may be diabetics with very

severe disease, patients with Raynaud’s disease, or peripheral arterial occlusive disease.

< Placebo-TCOM Hard

& Placebo-TCOM Foot
Holo-TCOM Hand

+ Holo-TCOM Foat



For instance, in the future we may want to include patients with baseline transcutaneous

oxygen values less than 20 or 30 mm Hg.

Duration of the evaluation: The study period for this project was one hour. This may
not have been a long enough period to observe the greatest impact of the product. Several
of the patients that have voiced strong subjective improvement related their symptoms

did not change until they wore the garment for more than an hour.

Wash out period: It is unclear if a “wash out” period was needed for subjects that were
treated with the Holofiber and subsequently were treated with the placebo garments. This
would suggest that there was a lasting effect of the Holofiber material. The current

analysis did not indicate there was a trend to support this theory.

Light Exposure: Since one of the theories regarding the mechanism of action of
Holofiber involves infrared light, Holofiber may be more effective when the patient is
exposed to natural light during the evaluation period. The current study was conducted in

a room without any exposure to natural light.

Recommendations: The pilot data is compelling. I am very optimistic that we could
pursue additional funding through the National Institute of Health. Probably the best bet
would be to apply for a Technology Transfer Grant or through an award from the

Alternative Medicine Institute of the NIH.

Future research should focus on the target markets for this product. In addition, we
should identify the mechanism of action of Holofiber, if that is possible. Initially, I would
build on the data from the current project and focus on vascular improvement and
subjective improvement in persons with diabetes mellitus. My recommendations would
be to expand the scope of the pilot study. We should expand the study population and
evaluate specific “risk groups’ within the diabetic population that would benefit form the
product such as dialysis patients. We need to evaluate patients after they wear Holofiber

over the course of hours days or weeks. We should measure vascular parameters as well



as subjective improvement in functional status, sleep habits, and perhaps even glucose
control. A long term, multi-million dollar project would evaluate if Holofiber helps to
prevent lower extremity complications such as ulceration, gangrene, and amputation in
high-risk persons with diabetes. This type of outcome would be better than discovering

penicillin.

The athletic market probably has the most potential. There are a number of sports
activities and levels of competition that we could evaluate. In general, we should focus on
measuring improvement in performance in athletes that use Holofiber. I would
additionally evaluate subject responses from athletes after using the product, but every
shoe company has a celebrity spokesman that loves the product. I know it is a cliché from
the 60’s, but if we can show that Holofiber helps you run faster and jump higher (like PF
Flyers) you will not be able to keep it on the shelf.

Performance outcomes are easy to measure. We can measure changes in speed, jumping,
weight lifting, rowing, cycling or a number of other athletic endeavors. The easiest
approach would be to conduct a classic randomized clinical trial and evaluate two groups
of athletes that use Holofiber or placebo garments. We could evaluate military recruits,
high school, college or professional athletes. Another approach would be to use subjects
as their own control and measure pre versus post Holofiber athletic performance. We
could relatively easily evaluate if exposure to the product in the course of a few hours,

improves a specific athletic event like weight lifting or the time to run 2 miles.

Funding for these types of projects will be harder to obtain. The NIH’s focus is on
disease states. We would also need pilot data that supports the hypothesis of our athletic

performance research in order to obtain advanced funding.

Is there any evidence that Holofiber improves sleep patterns? This could be measured
from subjective patient feedback using a pre — post evaluation of Holofiber pajamas and
sheets. A more expensive approach would be to measure sleep patterns in a sleep lab. The

laboratory approach will be more objective and more expensive. Objective data of



enhanced REM sleep and other sleep parameters would attract significant attention to the

product.

There are a number of areas and questions that we could pursue.

1. Does Holofiber improve in persons with diabetes?

Does Holofiber improve blood flow in diabetics?

Does Holofiber improve pain-free walking in diabetic with intermittent claudication?
Does Holofiber improve wound healing in venous stasis ulcers, diabetic neuropathic

ulcers, and ischemic ulcers?



id no.

121

119

118

116

113

112

102

104

105

109

106

107

108

101

110

111

114

115

117

120

Transcutaneous
measurement of
the foot

Order of treatment
placebo -
Holofiber
placebo -
Holofiber
placebo -
Holofiber
placebo -
Holofiber
placebo -
Holofiber
placebo -
Holofiber
placebo -
Holofiber
placebo -
Holofiber
placebo -
Holofiber
placebo -
Holofiber
placebo -
Holofiber

Holofiber -
placebo
Holofiber -
placebo
Holofiber -
placebo
Holofiber -
placebo
Holofiber -
placebo
Holofiber -
placebo
Holofiber -
placebo
Holofiber -
placebo
Holofiber -
placebo

mean

values

14.48

78.74

20.3

82.35

45.76

57.88

54.65

65.5

68.51

91.73

35.79

53.42

55.63

54.34

92.91

57.53

60.69

55.1

44.28

51.06

mean

values

27.39

70.92

43.9

92.58

52.44

60.65

50.82

57.96

106.61

85.74

23.17

37.5

53.63

55.82

81.88

48

62.37

57.75

40.93

51.92

Percentage change
89.07
-9.93
116.3
12.42
14.61
4.79

-7
-11.52
55.61
-6.53
-35.25
29.8
3.59
-2.72
11.86
16.58
-2.77
-4.81
7.56

-1.69

Change with
Holofiber

increase
decrease
increase
increase
increase
increase
decrease
decrease
increase
decrease
decrease
increase
no change
no change
increase
increase
no change
decrease
increase

no change



id no.

121

119

118

116

113

112

102

104

105

109

106

107

108

101

110

111

114

115

117

120

Transcutaneous
measurment of
the hand

Order of
treatment
placebo -
Holofiber
placebo -
Holofiber
placebo -
Holofiber
placebo -
Holofiber
placebo -
Holofiber
placebo -
Holofiber
placebo -
Holofiber
placebo -
Holofiber
placebo -
Holofiber
placebo -
Holofiber
placebo -
Holofiber
Holofiber -
placebo
Holofiber -
placebo
Holofiber -
placebo
Holofiber -
placebo
Holofiber -
placebo
Holofiber -
placebo
Holofiber -
placebo
Holofiber -
placebo
Holofiber -
placebo

mean

values

14.82

21.19

325

5.91

13.63

14.72

9.51

11.19

7.28

11.64

5.57

5.64

16.18

19.91

9.56

32.73

22.13

14.58

25.59

25.81

mean

values

12.63

31.45

42.77

5.98

14.35

15.04

13.33

9.95

9.31

11.95

7.86

4.36

14.6

14.46

9.64

17.34

28.45

29.75

12.93

27.42

Percentage
change

-14.81
48.4
31.61
1.23
5.34
2.18
40.22
-11.08
27.91
2.69
41.18
22.69
9.73
27.36
-0.89
47.02
-28.53
-104.02
49.47

-6.27

Change with
Holofiber

decrease
increase
increase
no change
decrease
no change
increase
decrease
increase
no change
increase
increase
increase
increase
no change
increase
decrease
decrease
increase

decrease



id no.

121

119

118

116

113

112

102

104

105

109

106

107

108

101

110

111

114

115

117

120

Laser doppler of
the hand

Order of
treatment
placebo -
Holofiber
placebo -
Holofiber
placebo -
Holofiber
placebo -
Holofiber
placebo -
Holofiber
placebo -
Holofiber
placebo -
Holofiber
placebo -
Holofiber
placebo -
Holofiber
placebo -
Holofiber
placebo -
Holofiber
Holofiber -
placebo
Holofiber -
placebo
Holofiber -
placebo
Holofiber -
placebo
Holofiber -
placebo
Holofiber -
placebo
Holofiber -
placebo
Holofiber -
placebo
Holofiber -
placebo

mean

values

33.81

84.94

46.02

51.9

20.18

26.66

34.82

27.83

18.17

15.75

6.6

12.64

12.96

15.52

11.47

24.55

105.44

93.59

62.58

33.81

mean

values

43.19

69.28

46.49

30.88

14.83

29.35

46.63

29.44

13.44

15.22

5.5

19.07

18.07

22.87

17.05

22.46

104.88

23.89

75.88

43.19

percentage change
27.74
-18.44
1.03
-40.51
-26.5
10.08
33.93
5.8
-26.03
-3.33
-16.6
-50.93
-39.48
474
-48.7
8.52
0.53
74.47
-21.25

-27.74

Change with
Holofiber

increase
decrease
no change
decrease
decrease
increase
increase
increase
decrease
no change
increase
decrease
decrease
decrease
decrease
increase
no change
increase
decrease

decrease



Id no.

121

119

118

116

113

112

102

104

105

109

106

107

108

101

110

111

114

115

117

120

Laser doppler of the
foot

Order of treatment
placebo - Holofiber
placebo - Holofiber
placebo - Holofiber
placebo - Holofiber
placebo - Holofiber
placebo - Holofiber
placebo - Holofiber
placebo - Holofiber
placebo - Holofiber
placebo - Holofiber
placebo - Holofiber
Holofiber - placebo
Holofiber - placebo
Holofiber - placebo
Holofiber - placebo
Holofiber - placebo
Holofiber - placebo
Holofiber - placebo
Holofiber - placebo

Holofiber - placebo

mean

values

47.9

84.28

53.29

2.71

63.47

63.47

50.23

65.84

56.78

49.26

61.37

59.35

57.21

49.06

40.44

31.69

59.05

58

4.31

46.13

mean

values

60.84

75.54

62.79

5.57

64.87

64.87

140.23

63.16

61.78

50.22

57.53

63.08

79.87

45.84

43.57

32.89

62.31

59.67

23

52.08

Percentage change
27.01
-10.37
17.84
105.29

2.2
2.2
179.18
-4.08
8.79
1.96
-6.25
-6.27
-39.61
6.55
-7.73
-3.81
-5.52
-2.87
46.72

-12.89

Change with
Holofiber

increase
decrease
increase
increase
no change
no change
increase
no change
increase
increase
decrease
decrease
decrease
increase
decrease
no change
decrease
no change
increase

decrease
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Patient ID: 101

BASELINE

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

10 MINUTES HOLOFIBER
Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

20M MINUTES
HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

30 MINUTES HOLOFIBER
Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

40 MINUTYES HOLOFIBER
Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

50 MINUTES HOLOFIBER
Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

60 MINUTES HOLOFIBER
Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

10 MINUTES PLACEBO
Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

20 MINUTES PLACEBO
Mean value (Unit)

Holofiber -
placebo

TCOM HAND
24.52
3.57
0.13

1228.34

19.89
3.24
0.11

994.9

17.93
7.33
0.26

899.19

16.01
3.63
0.13

794.3

20.84
4.55
0.16

1032.44

23.19
3.51
0.12

1157.26

TCOM HAND
18.76
4.06
0.14

948.83

17.96

0.22

876.49

16.23

LASER
HAND

16.82
6.9
0.24
842.67

13.29
3.48
0.12

664.9

12.42
1.97
0.07

622.89

13.11
3.99
0.14

650.01

12.41
1.68
0.06

615.01

15.32

13.77

0.48
764.74

LASER
HAND

12.15
1.84
0.06

614.15

16.39

4.72

0.17
800.13

14.01

TCOM FOOT
55.6
0.48
0.02

2785.16

54.6

1.36

0.05
2731.59

53.86
1.22
0.04

2701.65

55.61
1.86
0.07

2758.62

50.05
1.05
0.04

2479.3

51.7

0.98

0.03
2580.38

TCOM FOOT
54.42
1.52
0.05
2752.92

48.23
1.01
0.04

2353.08

50.2

LASER FOOT
49.82
0.29
0.01

2495.65

44.08
0.34
0.01

2205.26

44.25
0.87
0.03

2219.58

48.34
0.32
0.01

2397.88

46.7

0.21

0.01
2313.27

49.39
0.5
0.02
2464.88

LASER FOOT
46.87
0.48
0.02

2371.13

48.87
0.43
0.02

2384.35

43.88



Standard Deviation (Unit)
Standard Error (Unit)
Area under curve (Unit*sec.)

30 MINUTES PLACEBO
Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

40 MINUTES PLACEBO
Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

50 MINUTES PLACEBO
Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

60 MINUTES PLACEBO
Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

2.58
0.09
821.9

17.15
2.84
0.1
859.03

16.14
3.1
0.11

809.73

15.44

4.63

0.17
775.33

16.08
7.18
0.26

803.07

1.66
0.06
709.8

14.56
243
0.09

729.36

13.25
2.62
0.09

664.6

14.36
2.19
0.08

721.12

22.06
15.94
0.57
1100.69

1.43
0.05
2542.56

56.02
2.03
0.07

2805.87

52.87
0.59
0.02

2651.61

60.51
0.95
0.03

3038.74

55.53
1.14
0.04

2771.29

0.55
0.02
2222.42

46.79
0.52
0.02

2343.65

45.3

0.69

0.02
2272.11

58.32
1.29
0.05

2928.89

48.87
2.56
0.09

2439.26



Patient ID: 102

BASELINE
Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

10 MINUTE PLACEBO
Mean value (Unit)
Standard Deviation (Unit)
Standard Error (Unit)

20 MINUTE PLACEBO
Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

30 MINUTE PLACEBO
Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

40 MINUTE PLACEBO
Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

50 MINUTE PLACEBO
Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

60 MINUTE PLACEBO
Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

10 MINUTE HOLOFIBER
Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

placebo-
Holofiber

TCOM
HAND

8.66
2.72
0.1

438.71

10.27
3.28
0.08

10.15
2.82
0.1

501.22

10.13
3.92
0.14

514.53

11.57
2.78
0.1

593.38

9.58
1.97
0.07

484.85

8.99
2.1
0.07

455.18

TCOM
HAND

8.93
1.85
0.07

444.79

LASER
HAND

45.65
4.5
0.16

2312.2

401
6.94
0.17

36.71
6.14
0.22

1813.7

36.2
3.14
0.11

1837.85

34.57
3.53
0.12

1772.94

35.59
3.18
0.11

1800.54

33.82
6.96
0.24

1712.98

LASER
HAND

43.3
3.14
0.11

2155.53

TCOM
FOOT

55.22
0.86
0.03

2797.32

5.75
0.96
0.02

22.45
0.62
0.02

1109.29

30.28
0.83
0.03

1537.66

33.95
0.35
0.01

1740.97

52.67
0.1
0

2664.69

55.02
0.4
0.01

2787.02

TCOM
FOOT

37.54
0.27
0.01

1869.08

LASER
FOOT

40.67
0.38
0.01

2059.9

37.56
0.44
0.01

40.96
0.26
0.01

2023.98

41.9
0.75
0.03

2127.42

47.01
0.2
0.01

2410.22

47.78
0.16
0.01

2417.03

50.6
0.45
0.02

2563.31

LASER
FOOT

59.37
0.3
0.01

2955.84



20 MINUTE HOLOFIBER
Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

30 MINUTE HOLOFIBER
Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

40 MINUTES HOLOFIBER
Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

50 MINUTRE HOLOFIBER
Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

60 MINUTES HOLOFIBER
Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

9.53
1.77
0.06

477.24

9.67
1.86
0.07

474.01

12.06
2.54
0.09

607.67

13.04
2.62
0.09

637.89

13.61
3.61
0.11

978.71

41.92
2.95
0.1

2099.87

40.85
3.69
0.13

2003.64

41.65
3.65
0.13

2099.4

43.7
3.7
0.13

2137.86

46.5
5.91
0.17

3343.47

38.65
0.13
0

1936.15

4017
0.34
0.01

1969.91

40.43
0.28
0.01

2037.75

39.8
0.4
0.01

1946.79

50.5
1.13
0.03

3630.78

57.8
0.16
0.01

2895.57

59.47
0.96
0.03

2915.9

57.87
0.64
0.02

2916.84

59.2
0.15
0.01

2895.96

140.59
2.51
0.07

10108.81



Patient ID:104

BASELINE

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

10 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

20 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

30 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

40 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

50 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

60 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

10 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

20 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

placebo -
Holofiber

TCOM HAND
9.59
4.17
0.15

467.46

22.31
10.72
0.39
1057.09

19.91

11.08

0.28
1876.28

13.19
5.24
0.14

1147.35

11.83

2.87

0.07
1200.52

12.13

6.49

0.16
1231.21

11.52
3.33
0.12

563.45

13.06

6.26

0.23
619.53

13.21

4.51

0.16
661.85

LASER HAND
27.27
5.27
0.19

1330.34

43.44
6.89
0.25

2057.66

26.3

7.04

0.18
2478.22

28.63
5.72
0.15

2489.99

29.71
17.62
0.44
3015.51

28.64
5.6
0.14
2907.27

27.4

4.68

0.17
1339.87

29.95
5.17
0.19

1420.55

28.82
4.23
0.15

1444.08

TCOM FOOT
58.95
0.52
0.02
2876.43

65.31
0.5
0.02
3093.45

63.01
0.65
0.02

5938.24

67.04
1.51
0.04

5831.53

64.06
1.09
0.03

6502.62

66.07
1.09
0.03

6706.28

63.88
0.7
0.02
3124.95

59.11
0.51
0.02

2803.78

55.27
0.52
0.02

2768.75

LASER FOOT
74.86
0.61
0.02

3652.55

68.88
0.16
0.01

3262.85

64.9

0.24

0.01
6116.34

65
0.98
0.03

5654.23

63.89
0.84
0.02

6485.27

66.32
0.86
0.02

6731.59

63.7

1.02

0.04
3116.03

64.74
242
0.09

3070.87

59.2

0.59

0.02
2965.68



30 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

40 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

50 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

60 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

13.79
9.57
0.33

699.18

9.03
2.84
0.1
448.06

14.5
26.64
0.94
717.52

8.52
2.5
0.09
427.27

26.41
6.77
0.24

1338.76

33.09
8.03
0.28

1642.01

31.61
5.31
0.19

1563.87

31.54
5.65
0.2
1581.51

55.19
1.25
0.04

2798.95

63.95
0.37
0.01

3172.03

61.32
0.79
0.03

3034.01

56.9

1.04

0.04
2853.88

61.7

0.46

0.02
3129.3

68.85
0.38
0.01

3414.72

67.89
0.52
0.02

3359.13

64.22
0.69
0.02

3221.07



Patient ID:105

BASELINE

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

10 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

20 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)
Slope (Unit/sec.)

30 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

40 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

50 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

60 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)
Maximum value (Unit)

Area under curve (Unit*sec.)

10 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

20 MIN HOLO
Mean value (Unit)
Standard Deviation (Unit)

placebo - Holofiber

TCOM HAND
6.83
0.58
0.02

349.89

8.72

244

0.08
447.72

7.63
0.99
0.03
386.29
0.01

7.22

0.61

0.02
369.02

7.32
0.78
0.03
374 .1

7.28

0.39

0.01
372.44

7.33
0.4
0.01
8.24
360.89

TCOM HAND
8.39
0.96
0.03

427.72

8.21
0.59

LASER HAND
12.06
1.88
0.07

617.69

17.24
1.29
0.04

884.73

12.91
8.66
0.3
654.39
-0.11

9.8
1.66
0.06

500.96

9.89

1.41

0.05
505.5

11.94
1.7
0.06
610.92

12.98
1.86
0.07

18.49

638.56

LASER HAND
12.97
1.22
0.04

660.83

15.47
2.04

TCOM FOOT
76.89
0.27
0.01

3937.57

67.06
0.17
0.01

3442.6

69.95
0.27
0.01

3543.14

-0.01

74.77
0.18
0.01

3824.49

72.97
0.43
0.01

3727.86

68.44
0.35
0.01

3500.89

68.36
0.21
0.01
68.79
3364.02

TCOM FOOT
67.4
0.33
0.01

3434.87

68.53
0.09

LASER FOOT
57.94
0.18
0.01

2967.1

52.94
0.13
0
2717.89

53.39
0.42
0.01

2704.38
0

62.03
0.43
0.01

3172.94

60.38
0.4
0.01
3084.74

57.22
0.62
0.02

2926.78

57.73
0.34
0.01

58.47

2840.72

LASER FOOT
64.54
0.25
0.01

3289.18

63.36
0.09



Standard Error (Unit)
Area under curve (Unit*sec.)

30 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

40 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)
Minimum value (Unit)

Area under curve (Unit*sec.)

50 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

60 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

0.02
414.41

8.09

0.86

0.03
412.29

7.94
0.53
0.02
6.68
406.62

12.99
10.5
0.36

667.91

8.95
24
0.08
456.04

0.07
780.64

13
1.28
0.04

662.46

10.71
1.04
0.04
8.36

548.54

14.31
3.56
0.12

735.84

10.29
1.61
0.06

524.2

0
3458.52

69.57
0.09
0
3545.72

100.73
0.11
0
100.53
5158.38

105.67
0.46
0.02

5431.38

107.61
0.11
0
5484.28

0
3197.45

61.65
0.24
0.01

3141.67

63.74
0.29
0.01

63.05

3264.19

62.23
0.27
0.01

3198.7

60.69
0.18
0.01

3092.83



Patient ID: 106

BASELINE

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

10 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

20 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

30 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

40 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

50 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

60 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

10 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

20 MIN HOLOFIBER
Mean value (Unit)
Standard Deviation (Unit)
Standard Error (Unit)
Minimum value (Unit)

placebo - Holofiber

TCOM HAND
4.97
25
0.09
250.45

6.72

5.08

0.18
339.01

6.56

3.1

0.11
333.41

6.58
25
0.09
334.68

5.61

1.19

0.04
286.31

5.56

2.1

0.07
281.46

5.74
2.03
0.07
324.7

6.72
2.81
0.1
342.8

8.77
2.97
0.1
3.97

LASER HAND
12.13
7.93
0.28

610.53

11.8
13.08
0.46
595.11

18.81

17.69

0.62
955.97

15.75

17.71
0.62
801

9.79

6.29

0.22
499.27

11.51
3.21
0.11

581.88

11.77

12.41

0.41
665.94

16.89
11.83
0.41
862.07

16.54
7.36
0.26
6.84

TCOM FOOT
44.65
0.5
0.02
2248

33.25
1.14
0.04

1675.82

33.39
0.58
0.02

1695.63

31.28
0.51
0.02

1590.1

40.6

1.02

0.04
2071.89

37.27
0.74
0.03

1885.38

35.16
0.46
0.02

1988.04

22.6
0.06
0
1153.21

24.39
0.22
0.01

2411

LASER FOOT
55.53
0.17
0.01
2795.7

55.67
0.46
0.02

2806.24

56.16
0.5
0.02
2851.61

55.92
0.57
0.02

2843.11

57.55
0.32
0.01

2936.59

60.23
0.5
0.02
3047.07

61.53
0.57
0.02

3478.76

59.07
0.32
0.01

3014.17

60.86
0.21
0.01

60.55



Area under curve (Unit*sec.)

30 MIN HOLOFIBER

ltem

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

40 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

50 MIN HOLOFIBER

ltem

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

60 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

444.86

1PU#1
3.38
1.68
0.06

167.23

5.66
5.75
0.2
283.09

1PU#1
5.75
3.19
0.11

286.12

5.89
2.92
0.1
284.39

839.7

2PU#2
12.52
5.84
0.21
618.67

20.19
11.57
0.41
1011.32

2PU#2
14.06
9.45
0.33
700.39

7.45

2.55

0.09
359.42

1238.67

3 p0O2 #3
23.67
0.06

0

1169.58

2411
0.1
0
1209.52

3 p0O2 #3
23.58
0.19
0.01
1174.03

23.33
0.15
0.01

1125.44

3090.46

4 pO2 #4
60.29
0.42
0.01

2979.33

61.86
0.58
0.02

3102.92

4 pO2 #4
58.75
0.43
0.02

2925.03

57.99
0.13
0
2797.23



Patient ID:107

BASELINE

ltem

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

10 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

20 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

30 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

40 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

50 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)
Minimum value (Unit)

Area under curve (Unit*sec.)

60 MIN HOLOFIBER
Mean value (Unit)
Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

10 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

20 MIN PLACEBO
Mean value (Unit)

Holofiber - placebo

TCOM HAND
3.52
0.37
0.01

170.78

4.04
0.06

190.98

4.31

0.19

0.01
216.08

4.51

0.15

0.01
227.14

4.54

0.27

0.01
227.57

4.41
0.15
0.01
4.27
221.8

4.59
0.37
0.01

228.04

4.55

0.31

0.01
227.99

4.53

LASER HAND
6.05
0.32
0.01
293.47

6.07

0.46

0.02
286.62

6.69

1.03

0.04
335.6

5.9
0.8
0.03
297.47

5.84

1.35

0.05
292.61

4.82
0.23
0.01
4.52
242.44

6.18
0.87
0.03

306.87

6.92

4.71

0.17
347.09

5.56

TCOM FOOT
80.02
0.35
0.01

3879.61

60.06
0.1
0
2837.57

61.73
0.18
0.01

3096.23

57.26
0.1

2886.1

58.9
0.11
0
2950.67

56.98
0.15
0.01

56.58

2864.96

48.35
0.36
0.01

2401.39

37.97
0.23
0.01

1904.27

36.89

LASER FOOT
63.82
24
0.09
3094.13

52.45
0.16
0.01

2477.93

57.14
0.17
0.01

2865.82

55.5

0.22

0.01
2797.45

55.27
0.09
0
2768.95

54.73
0.2
0.01
54.32
2752.06

60.3
0.31
0.01

2994.84

62.03
2.04
0.07

3111.28

65.09



Standard Deviation (Unit)
Standard Error (Unit)
Area under curve (Unit*sec.)

30 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

40 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

50 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

60 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

0.52
0.02
226.19

5.01

1.49

0.05
250.25

4.54
0.5
0.02
228.01

4.57

0.32

0.01
226.17

4.51

0.34

0.01
226.15

0.2
0.01
277.55

4.89

0.32

0.01
24458

5.83

0.93

0.03
292.78

7.16
2.74
0.1
354.81

5.44

0.28

0.01
272.75

0.45
0.02
1841.35

38.65
0.4
0.01
1931.42

37.83
0.04
0
1899.64

37.71
0.07
0
1868.13

37.1

0.15

0.01
1860.74

1.24
0.04
3248.56

64.81
1.65
0.06

3238.84

62.23
0.36
0.01

3125.22

62.6

1.08

0.04
3100.91

63.37
0.77
0.03

3178.5



Patient ID:108

BASELINE

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)
Duration (sec.)

10 min HOLOFIBER
Mean value (Unit)
Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

20 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

30 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

40 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

50 MIN HOLOFIBER 6
Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

60 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

10 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

20 MIN PLACEBO

Mean value (Unit)
Standard Deviation (Unit)
Standard Error (Unit)

Holofiber - placebo

TCOM HAND
10.99
1.58
0.06

557.28
50.78

19.38
2.02
0.07

976.89

17.08
1.6
0.06
860.7

16.32
1.83
0.06

829.66

17.07
1.82
0.05

1212.43

16.77
2.71
0.09

854.54

15.99
1.62
0.06

809.26

12.9
1.9
0.07
644.7

13.6

0.14

LASER HAND
12.62
8.11
0.28

640.06
50.78

14.83
6.5
0.23

747.25

11.45
1.84
0.06

5771

12.18

4.92

0.17
618.74

12.71
7.25
0.21

902.93

19.04

10.84

0.38
970.53

12.58
1.9
0.07
636.3

141

3.18

0.11
704.93

16.22
7.43
0.26

TCOM FOOT
64.67
0.54
0.02
3279.66
50.78

51.17
0.93
0.03

2579.49

49.79
0.26
0.01

2509.51

49.5

0.18

0.01
2516.66

53.03
0.75
0.02

3767.74

52.31
0.35
0.01

2665.87

55.56
0.33
0.01

2810.94

52.2

0.28

0.01
2608.34

51.1
0.36
0.01

LASER FOOT
65.36
0.33
0.01

3315.06
50.78

51.83
1.97
0.07

2612.72

50.6

0.28

0.01
2550.36

48.66
0.29
0.01

2473.87

50.48
0.65
0.02

3586.89

51.16
0.5
0.02
2607.19

57.65
0.22
0.01

2916.88

164
7.88
0.28

8197.44

43.19
0.47
0.02



Area under curve (Unit*sec.)

30 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

40 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

50 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

60 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

674.31

13.69
2.96
0.1
684.38

12.48
1.86
0.07

622.25

13.56
3.79
0.13

681.12

13.9
2.87
0.1
692.65

804.35

14.34

4.03

0.14
716.98

15.28
5.77
0.2
761.74

16.21
5.05
0.18

814.34

15.36
5.2
0.18
765.29

2534.63

51.85
0.12

2591.1

51.48
0.36
0.01

2565.95

52.09
0.15
0.01

2615.75

54.05
0.23
0.01

2692.18

2142.27

44.83
0.22
0.01

2240.1

4411
0.51
0.02

2198.53

41.92
0.26
0.01

2105.18

107.15
8.2
0.29
5337.14



Patient ID:109

BASELINE

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

10 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)
Slope (Unit/sec.)

20 MIN PLACEBO 3

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

30 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

40 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

50 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

60 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

10 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

20 MIN HOLOFIBER
Mean value (Unit)
Standard Deviation (Unit)
Standard Error (Unit)

placebo -
Holofiber

TCOM HAND
12.37
1.33
0.05

627.48

10.94
1.31
0.05

542.22
0.02

11.01
1.2
0.04
543.17

11.41
1.05
0.04

559.43

11.25
1.01
0.03

980.23

11.31
1.19
0.03

923.86

12.13
1.21
0.04

613.82

11.92
1.42
0.05

599.46

11.88
0.95
0.03

LASER HAND
17.97
3.93
0.14

910.86

16.36
4.65
0.16
810.41
0.01

18.53
243
0.09

914.79

20.12
2.77
0.1
986.78

18.91
3.88
0.1
1648.17

16.76
2.06
0.06

1369.05

20.15
2.28
0.08

1019.33

14.63
1.9
0.07
735.61

13.37
2.01
0.07

TCOM FOOT
69.93
0.33
0.01
3546.44

80.45
0.42
0.02

3985.22

-0.01

78.56
0.51
0.02

3877.33

78.08
0.56
0.02

3829.11

86.07
0.46
0.01

7501.65

90.1

1.21

0.03
7361.88

90.4

0.63

0.02
4573.49

80.47
2.72
0.1
4046.39

72.12
0.58
0.02

LASER FOOT
22.66
1.09
0.04
1149.41

39.43
0.43
0.02

1953.28
0.02

39.61
0.74
0.03

1954.83

39.34
0.67
0.02

1929.46

45.31
0.39
0.01

3949.1

48.17
0.53
0.01

3935.63

48.59
0.44
0.02

2458.45

40.44
1.24
0.04

2033.34

38.02
0.57
0.02



Area under curve (Unit*sec.)

30 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

40 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

50 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

60 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

602.5

11.77
1.27
0.04

592.39

12.15

0.04
609.21

12.43
1.38
0.05

614.44

11.87
1.91
0.07

592.94

677.87

16.7

2.06

0.07
841.03

11.44
0.92
0.03

573.86

18.18
1.67
0.06

898.5

13.32
1.82
0.06

665.79

3657.6

76.19
0.99
0.03

3835.59

83.75
0.68
0.02

4200.81

76.08
0.36
0.01

3759.35

88.75
1.58
0.06

4435.1

1928.26

4217
1.12
0.04

2122.75

4717
0.64
0.02

2365.71

44.63
0.25
0.01

2205.23

53.17
0.67
0.02

2657.24



Patient ID:110

BASELINE

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)
Maximum value (Unit)
Minimum value (Unit)

Area under curve (Unit*sec.)
Slope (Unit/sec.)

10 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

20 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

30 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

40 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

50 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

60 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

10 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

20 MIN PLACEBO

Holofiber -
placebo

TCOM HAND
6.29
0.57
0.02
7.48
5.13
321.5

0

8.38
0.7
0.02
428.97

8.69

0.98

0.03
440.17

9.12

0.59

0.02
466.04

9.36

0.71

0.02
471.94

9.33

0.72

0.02
475.87

9.45

0.53

0.02
455.86

8.16

0.72

0.03
414.14

LASER
HAND

12.12
1.56
0.05

15.66
8.06

619.35
0.03

14.3

2.06

0.07
732.38

14.92
2.13
0.07

755.67

15.77
217
0.08

805.7

15.97
2.96
0.1
805.31

15.41
2.58
0.09

786.19

14.8

242

0.09
713.73

15.96
24
0.08
810.73

TCOM FOOT
64.93
0.77
0.03
66.35
63.78
3317.14
-0.05

90.03
0.25
0.01

4610.73

100.01
0.31
0.01

5065.99

84.96
0.6
0.02
4340.29

89.88
0.81
0.03

4530.55

89.14
0.83
0.03

4548.24

92.8

0.26

0.01
4476.48

78.26
1.72
0.06

3974.03

LASER FOOT
52.82
0.24
0.01
53.28
52.55

2698.66
-0.02

43.66
0.12
0
2235.98

43.02
0.12
0
2178.95

41.59
0.13
0
2124.97

40.61
0.12
0
2047.06

40.4

0.17

0.01
2061.61

40.26
0.03
0
1942.11

48.44
0.74
0.03

2459.69



Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

30 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

40 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

50 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

60 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

8.49

0.85

0.03
430.46

8.56

0.97

0.03
431.51

8.96

0.95

0.03
456.31

9.16

1.04

0.04
465.88

9.99

1.57

0.04
897.12

17.29
2.65
0.09

877.06

18.64
3.92
0.14

939.79

17.94
2.99
0.1
913.03

20.65
4.5
0.16
1050.09

22.16
6.96
0.18

1989.09

83.83
2.09
0.07

4251.55

83.54
0.28
0.01

4211.12

79.84
0.65
0.02

4064.21

83.29
0.5
0.02
4234.54

91.47
1.86
0.05

8211.3

47.58
0.88
0.03

2412.81

46.22
0.14
0.01

2329.88

42.63
0.28
0.01

2169.69

44.54
0.08
0
2264.57

48.61
1.09
0.03

4363.73



Patient ID:111

BASELINE

Mean value (Unit)
Standard Deviation (Unit)
Standard Error (Unit)
Maximum value (Unit)

Minimum value (Unit)
Area under curve
(Unit*sec.)

Slope (Unit/sec.)

10 MIN HOLOFIBER
Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

20 MIN HOLOFIBER
Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

30 MIN HOLOFIBER
Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

40 MIN HOLOFIBER
Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

50 MIN HOLOFIBER
Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

60 MIN HOLOFIBER
Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

10 MIN PLACEBO
Mean value (Unit)
Standard Deviation (Unit)

Holofiber - placebo

TCOM HAND
33.49
6.41
0.09
71.81
17.27

10328.53
0.01

25.68
3.14
0.06

4869.38

30.11
4.43
0.09

5050.32

28.25
4.34
0.08

4738.63

26.16
2.94
0.06

4195.76

31.71
2.81
0.06

4855.39

32.53
3.1
0.07

4271.81

13.34
2.72

LASER HAND
8.71
2.61
0.04
42.51
5.07

2684.65
0.01

10.68
2.6
0.05

2025.36

10.61
2.14
0.04

1780.16

9.94
1.65
0.03

1666.57

11.55
2.21
0.04

1853.45

12.47
2.27
0.05

1909.35

12.07
2.27
0.05

1585.26

22
4.44

TCOM
FOOT

57.58
1.93
0.03

61.22

54.87

17756.92
0.02

61.46
1.09
0.02

11652.76

59.18
2.06
0.04

9925.2

58.3
2.66
0.05

9777.08

61.93
2.88
0.06

9934.88

60.23
0.92
0.02

9221.95

57.38
0.52
0.01

7534.79

50.03
0.91

LASER FOOT
68.57
3.38
0.05
77.76
63.23

21146.53
0.03

28.98
0.41
0.01

5495.14

28.57
1.44
0.03

4791.03

29.19
2.33
0.04

4895.74

33.59
244
0.05

5389.17

32.63
0.75
0.02

4997.09

31.65
0.71
0.02

4155.52

31.34
0.78



Standard Error (Unit)
Area under curve
(Unit*sec.)

20 MIN PLACEBO
Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

30 MIN PLACEBO
Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

40 MIN PLACEBO
Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

50 MIN PLACEBO
Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

60 MIN PLACEBO
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

0.05

2629.01

15.35
4.78
0.09

2689.27

14.99
1.89
0.03

2954.92

17.76
5.01
0.09

3241.05

16.83
1.75
0.03

3808.88

17.34
1.34
0.02

3545.38

0.08

4337.03

18.41
3
0.06

3225.25

15.01
2.93
0.05

2958.87

11.82
2.05
0.04

2157.53

16.81
4.54
0.08

3805.03

16.89
2.78
0.05

3452.11

0.02

9861.82

50.46
0.62
0.01

8840.61

51.53
0.71
0.01

10157.22

51.37
0.69
0.01

9375.34

51.45
1.03
0.02

11644.76

47.43
0.91
0.02

9695.11

0.01

6176.8

31.39
0.64
0.01

5499.54

32.62
0.7
0.01

6430.27

32.11
0.68
0.01

5860.34

33.53
0.7
0.01

7589.4

32.54
0.58
0.01

6652.54



Patient ID: 112

BASELINE

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)
Slope (Unit/sec.)

10 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)
Slope (Unit/sec.)

20 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

30 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

40 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

50 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

60 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

10 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

20 MIN HOLOFIBER
Mean value (Unit)
Standard Deviation (Unit)

placebo - Holofiber

TCOM HAND
16.01
2.99
0.11

795.15
0.08

19.81
6.77
0.24

992.65

14.44
3.32
0.12

712.62

11.53
0.75
0.03

577.31

14.72
3.19
0.11

744.55

13.29
2.7
0.1
670.14

14.82

4.36

0.15
750.88

13.27
212
0.07

658.29

15.16
3.71

LASER HAND
40.53
13.56
0.48

2012.84
0.76

65.83
7.89
0.28

3298.75

-0.03

49.46
18.21
0.65
244115

39.22
6.95
0.24

1964.84

36.98
4.27
0.15

1871.41

16.18
9.12
0.32

815.61

24.93
2.89
0.1
1262.79

37.71
5.25
0.19

1870.75

29.61
7.88

TCOM FOOT
57.54
0.35
0.01

2857.73
0.02

54.54
0.6
0.02
2732.23
-0.04

55.21
0.07
0
2724.49

57.25
0
0
2868.05

56.43
0.08
0
2854.91

56.11
0.15
0.01

2828.5

57.97
0.61
0.02

2936.45

63
0.26
0.01

3125.01

59.56
0.04

LASER FOOT
61.8
0.51
0.02
3069
0.03

62.38
0.68
0.02

3125.17

-0.05

63.29
0.09
0
3123.51

64.08
0.04
0
3210.11

62.96
0.07
0
3185.09

62.44
0.2
0.01
3147.15

62.27
0.14
0
3154.07

67.08
0.27
0.01

3327.29

64.89
0.13



Standard Error (Unit)
Area under curve (Unit*sec.)

30 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

40 MIN HOLOFIBER
Mean value (Unit)
Standard Deviation (Unit)
Standard Error (Unit)

50 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

60 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

0.13
759.79

15.61
2.6
0.09
781.98

13.91

0.11

17.37
6.72
0.24

871.64

14.3
25
0.09
718.24

0.28
1484.62

24.5

4.56

0.16
1227.67

28.46
5.51
0.19

27.45
4.78
0.17

1377.42

28.04
5.69
0.2
1408.51

0
2983.51

60.51
0.75
0.03

3031.34

60.96
0.19
0.01

63.52
1.02
0.04

3186.25

60.31
0.08
0
3029.02

0
3250.59

65
0.51
0.02

3256.38

65.65
0.19
0.01

67.55
0.72
0.03

3388.11

64.34
0.11
0
3231.07



Patient ID: 113

BASELINE
Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

10 MIN PLACEBO

Mean value (Unit)
Standard Deviation (Unit)
Standard Error (Unit)

20M MIN PLACEBO
Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

30 MIN PLACEBO
Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

40 MIN PLACEBO
Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

50 MIN PLACEBO
Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

60 MIN PLACEBO
Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

10 MIN HOLOFIBER
Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

20 MIN HOLOFIBER

placebo - Holofiber

TCOM HAND
11.73
0.6
0.02

443.53

13.38
0.98
0.04

12.79
0.76
0.03

464.56

13.68
1.25
0.05

522.46

13.56
0.94
0.04

514.29

13.11
0.66
0.03

502.26

13.22
1.47
0.06

502.46

15.03
1.05
0.04

559.9

LASER HAND
37.11
14.89

0.6

1405.21

11.77
3.31
0.13

31.57
30.34
1.25

1147.38

10.83
4.02
0.16

413.97

23.89
32.39
1.31

907.18

11.39
8.92
0.36

436.37

26.59
17.24
0.7

1011.3

15.44
5.91
0.24

575.51

TCOM FOOT
4418
0.26
0.01

1670.88

37.79
0.62
0.03

36.21
0.29
0.01

1315.59

42.7
0.09
0

1630.78

41.05
0.4
0.02

1557.78

44.02
0.34
0.01

1686.68

45.05
0.15
0.01

1712.09

42.68
0.19
0.01

1590.17

LASER FOOT
53.16
0.23
0.01

2010.66

49.16
0.86
0.03

47.2
0.1

1714.9

49.34
0.16
0.01

1884.25

46.79
0.5
0.02

1775.61

47.54
0.22
0.01

1821.62

49.64
0.21
0.01

1886.64

44.94
0.59
0.02

1674.57



Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

30 MIN HOLOFIBER
Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

40 MIN HOLOFIBER
Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

50 MIN HOLOFIBER
Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

60 MIN HOLOFIBER
Mean value (Unit)
Standard Deviation (Unit)

Standard Error (Unit)
Area under curve
(Unit*sec.)

14.3
3.32
0.13

539.98

14.98
1.81
0.07

565.73

14.24
1.67
0.07

536.5

15.09
2.35
0.1

570.79

14.49
1.29
0.05

551.5

26.8
44.74
1.81

1010.99

17.83
7.41
0.3

673.1

13.77
13.84
0.56

519.01

19.44
14.84
0.6

735.48

12.54
3.37
0.14

476.94

46.36
0.09
0

1750.52

49.69
1
0.04

1876.23

53.91
0.14
0.01

2032.21

55.61
0.29
0.01

2103.19

52.19
0.44
0.02

1986.72

49.38
0.59
0.02

1864.47

60.29
0.66
0.03

2276.41

59.06
2.54
0.1

2226.07

61.52
0.18
0.01

2326.66

52.64
0.6
0.02

2003.69



Patient ID: 114

BASELINE

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

10 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

20 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

30 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

40 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

50 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

60 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

10 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

20 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

Holofiber -
placebo

TCOM HAND
16.16
1.21
0.05

569.29

28.72
1.08
0.04

1066.78

23.56
1.88
0.08

885.25

24.46
5.94
0.28

684.21

22.82
1.23
0.06

697.48

23.18
1.78
0.07

865.23

23.22
1.79
0.07

865.21

25.53

0.08
925.79

23.72
1.47
0.06

776.45

LASER HAND
29.8
52
0.22
1049.13

47.2
30.98
1.26
1753.81

211

8.68

0.35
792.98

23.72
3.84
0.18

663.36

25.35
4.94
0.22

774.94

22.17
2.96
0.12

827.2

34.93
36.16
1.47
1302.78

18.31
2.59
0.11

664.25

23.8

3.55

0.15
778.68

TCOM FOOT
53.82
0.88
0.04
1895.28

49.62
0.23
0.01

1842.96

53.96
0.38
0.02

2027.29

53.66
0.21
0.01

1500.47

55.94
0.12
0.01

1709.74

58.83
1.58
0.06

2195.65

61.01
0.4
0.02
2273.16

57.44
0.56
0.02

2083.34

58.36
0.06
0
1910.64

LASER FOOT
26.28
0.25
0.01

925.65

48.58
0.3
0.01
1804.27

49.08
0.23
0.01

1844.15

51.29
0.12
0.01

1434.21

52.34
0.12
0.01

1599.74

55.01
0.46
0.02

2053.21

59.54
0.19
0.01

2218.5

61.32
0.69
0.03

2223.99

63.01
0.13
0.01

2062.73



Slope (Unit/sec.)

30M MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

40 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

50 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

60 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

0.04

23.61
1.49
0.06

834.35

27.04
2.05
0.08

1009.22

26.4

1.85

0.08
959.01

28
1.61
0.07

973.76

0.04

22.49
4.2
0.18
794.72

22.16
3.85
0.16

826.95

25.38
6.67
0.28

922.03

22.28
2.87
0.12

775.08

59.07
0.41
0.02

2087.6

64.38
0.67
0.03

2402.88

61.35
0.14
0.01

2228.99

62.41
0.58
0.02

2170.64

0.01

61.56
0.16
0.01

2175.4

65.88
0.18
0.01

2459.07

62.59
0.09
0
2273.99

60.32
0.11
0
2098.21



Patient ID:115

BASELINE

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

10 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

20 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

30 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

40 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

50 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

60 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

10 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

20 MIN PLACEBO

Mean value (Unit)
Standard Deviation (Unit)
Standard Error (Unit)

Holofiber -
placebo

TCOM HAND
8.01
1.56
0.07
273.12

8.98

1.26

0.04
457.48

9.42

1.21

0.05
402.27

13.03
12.79
0.41
774.99

12.19

2.28

0.07
797.03

13.19
22
0.07
836.74

14.97
3.1
0.09
1010.21

21.3

4.84

0.15
1308.59

21.82
4.03
0.13

LASER HAND
74
7.98
0.34
2523.81

97.65
7.4
0.26
4976.38

96.64
6.74
0.26

4128.6

103.33
7.62
0.25

6143.45

104.22
10.22
0.31
6816.43

108.65
10.52
0.33
6891.66

107.18
10.43
0.32
7234.09

100.68
33.08
1.05
6185.51

110.34
22.22
0.69

TCOM
FOOT

59.65
0.33
0.01

2034.05

50.25
0.17
0.01

2560.96

49.54
0.05
0
2116.07

49.93
0.19
0.01

2968.93

52.59
0.45
0.01

3439.7

53.26
0.29
0.01

3378.19

55.44
0.32
0.01

3742.32

58.51
0.29
0.01

3595.11

57.2
0.3
0.01

LASER FOOT
61.72
0.52
0.02

2104.71

52.22
0.13
0
2661.17

51.55
0.1
0
2202.22

51.77
0.16
0.01

3078.16

54.61
0.51
0.02

3571.91

55.23
0.29
0.01

3503.05

58.77
0.22
0.01

3967.38

62
0.51
0.02

3809.65

59.93
0.3
0.01



Area under curve (Unit*sec.)

30 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

40 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

50 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

60 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

1383.84

24.02
4.86
0.16

1427.97

26.29
5.46
0.17

1719.79

24.5

5.63

0.18
1506.26

254

5.18

0.15
1816.98

6998.02

119.21
29.74
0.96
7087.93

102.83
17.63
0.54
6726.44

112.79
38.24
1.21
6934.67

94.83
23.13
0.68
6780.63

3627.8

57.44
0.22
0.01

3415.21

57.06
0.23
0.01

3732.44

56.39
0.25
0.01

3466.66

58.13
0.48
0.01

4158.57

3801.03

59.5

0.28

0.01
3537.56

59.07
0.25
0.01

3863.84

58.63
0.41
0.01

3604.71

60.06
0.6
0.02
4296.31



Patient ID:116

BASELINE

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

GENERAL CALCULATIONS :

AREA 2

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

GENERAL CALCULATIONS :

AREA 3

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

GENERAL CALCULATIONS :

AREA 4

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

GENERAL CALCULATIONS :

AREA 5

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

GENERAL CALCULATIONS :

AREA 6

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

GENERAL CALCULATIONS :

AREA 7

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

GENERAL CALCULATIONS :

AREA 9
Mean value (Unit)

placebo - Holofiber

TCOM HAND
7.41
6.55
0.16
764.23

6.4
7.08
0.25

323.81

10.5

17.81

0.63
515.83

5.47
0.7
0.02
279.74

6.3
0.48
0.02

321.65

6.13

0.96

0.03
291.96

6.2
3.4
0.12
296.25

5.65

0.47

0.02
172.76

5.84

LASER HAND
8.01
0.79
0.02
825.69

27.82
13.25
0.46
1406.45

35.26
5.49
0.19

1731.63

28.88
12.07
0.42
1476.97

21.09

13.81

0.48
1077.17

29.34
10.12
0.36
1397.47

40.39
32.59
1.17
1927.41

36.77
16.61
0.75
1123.05

55.19

TCOM FOOT
87.64
0.44
0.01

9036.03

83
1.09
0.04

4193.85

80.84
0.4
0.01
3969.49

78.47
0.27
0.01

4013.99

85.28
1.99
0.07

4356.58

77.64
0.35
0.01

3696.87

85.05
1.12
0.04

4060.2

77.14
0.93
0.04

2358.01

80.92

LASER FOOT
3.96
0.19
0
408.23

7.83

0.21

0.01
395.74

8.39

0.38

0.01
412.08

6.85

1.34

0.05
350.46

3.87

0.57

0.02
197.95

6.47

0.71

0.03
308.07

2.62
0.11

124.92
4.02
0.12

0.01
122.96

4.04



Standard Deviation (Unit)
Standard Error (Unit)
Area under curve (Unit*sec.)

GENERAL CALCULATIONS :

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

GENERAL CALCULATIONS :

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

GENERAL CALCULATIONS :

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

GENERAL CALCULATIONS :

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

GENERAL CALCULATIONS :

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

AREA 10

AREA 11

AREA 12

AREA 13

AREA 14

0.85
0.02
695.29

6.23

2.01

0.07
318.79

6.05

0.79

0.03
297.11

6.1
1.02
0.04

311.99

5.98

0.95

0.03
305.18

6.11

0.67

0.02
312.45

19.91
0.45
6574.94

65.39
50.18
1.75
3345.68

40.51
17.22
0.61
1989.82

25.81
22.14
0.77
1321.22

30.97
20.91
0.73
1580.65

33.9
11.63
0.4
1733.61

0.55
0.01
9637.78

90.3

0.41

0.01
4618.86

93.24
0.16
0.01

4578.62

98.14
0.25
0.01

5019.89

94.84
0.48
0.02

4839.29

92.84
1.54
0.05

4748.48

0.73
0.02
481.01

4.12

0.45

0.02
210.69

3.9
0.33
0.01

191.71

6.4
0.48
0.02

327.57

6.38

0.24

0.01
325.37

4.68

0.35

0.01
239.43



Patient ID:117

BASELINE

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

10 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

20 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

30 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

40 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

50 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

60 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

10 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

20 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

Holofiber - placebo

TCOM HAND
16.44
2.73
0.13

449.51

28.09
23
0.1

879.4

32.55
2.98
0.12

1168.61

31.87
2.61
0.12

983.99

31.84
2.28
0.1
1026.69

24.35
1.3
0.06
795.71

28.58
3.1
0.14

934.08

26.63
1.2
0.06
726.47

29.83
1.74
0.07

1083.71

LASER HAND
56.95
5.94
0.28

1557.22

57.14
5.74
0.26

1789.04

62.1

10.82

0.45
2229.22

63.74
6.48
0.29

1968.15

59.1
6.92
0.3
1905.51

68.6
4.9
0.21
2241.93

77.73
4.23
0.18

2539.68

67.56
90.84
4.33
1845.6

26.3
2.51
0.1
955.64

TCOM FOOT
52.26
0.32
0.02

1428.92

45.32
0.1
0
1418.89

45.13
0.13
0.01

1620.09

441

0.14

0.01
1361.57

42.44
0.06
0
1368.12

43.17
0.44
0.02

1410.59

43.03
0.32
0.01

1405.82

39.01
0.39
0.02

1064.31

39.28
0.12
0
142711

LASER FOOT
11.02
0.08

0
301.3

8.1
0.12
0.01

253.64

6.71
0.01

241.01

7.75

239.33

5.46

0.16

0.01
176.01

3.88

0.12

0.01
126.72

4.14

0.14

0.01
135.37

5.79

0.12

0.01
157.92

5.85

0.19

0.01
212.48



30 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

40 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

50 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

60 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

23.12
2.09
0.09

789.82

12.47
2.26
0.1
368.78

11.83

5.63

0.23
440.22

10.76
1.46
0.06

380.94

34.13
7.75
0.33

1165.97

22.62
2.81
0.13

668.97

22.53
2.79
0.11

838.4

25.18
1.86
0.08

891.19

41.55
0.5
0.02
1419.51

42.59
0.32
0.01

1259.43

44.05
0.7
0.03
1638.59

42.46
0.22
0.01

1503.29

1.77
0.11

60.42

2.24

0.1

66.17

2.84

0.12

105.76



Patient ID:118
RECORDING INFORMATION

BASELINE

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

10 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

20 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

30 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

40 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

50 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

60 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

10 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

20 MIN HOLOFIBER
Mean value (Unit)
Standard Deviation (Unit)
Standard Error (Unit)

placebo -
Holofiber

TCOM HAND
15.59
1.53
0.03

1918.73

17.21
1.45
0.03

2596.41

16.38
1.49
0.03

2991.91

24.19
29.59
0.55
4418.24

21.59
17.23
0.32
3941.82

22.26
9.22
0.17

3887.79

32.42
41.87
0.73
6693.43

64.13
64.22
1.18
11726.08

40.82
3.67
0.07

LASER HAND
41.17
6.23
0.14
5067.54

52.38
4.66
0.09

7900.42

48.01
10.4
0.19

8767.94

49.18
9.07
0.17

8979.26

50.58
8.07
0.15

9234.92

48.09
11.02
0.21
8400.42

45.58
11.34
0.2
9409.93

32.45
19.46
0.36
5933.78

37.76
9.1
0.17

TCOM FOOT
31.08
1.44
0.03
3825.09

14.69
0.96
0.02

2216.16

11.81
0.77
0.01

2155.54

13.06
0.79
0.01

2384.3

14.66
1.27
0.02

2677.09

14.69
1.23
0.02

2564.92

20.07
0.85
0.01

4142.42

33.81
1.25
0.02

6182.08

29.93
1.88
0.03

LASER FOOT
49.12
1.37
0.03
6045.28

45.45
0.47
0.01

6855.66

47.41
0.74
0.01

8657.17

48.14
0.3
0.01
8789.47

50.69
0.38
0.01

9255.53

51.32
0.77
0.01

8963.13

53.5

0.67

0.01
11043.63

56.45
1.88
0.03

10322.27

54.97
0.75
0.01



Area under curve (Unit*sec.)

30 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

40 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

50 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

60 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

7464.39

37.24
3.53
0.06

7400.81

38.26
7.69
0.13

7908.95

42.18
4.38
0.08

8383.18

41.98
4.23
0.09

6006.76

6904.57

40.67
9.68
0.17

8084.58

40.09
7.08
0.12

8286.38

47.87
4.97
0.09

9514.03

47.64
4.51
0.09

6815.94

5473.22

30.64
1.01
0.02

6090.49

31.63
1.44
0.02

6537.93

47.79
3.93
0.07

9498.73

44.73
1.47
0.03

6400.53

10050.86

57.15
0.45
0.01

11358.87

55.42
0.69
0.01

11454.59

60.48
2.58
0.05

12020.27

63.55
1.12
0.02

9092.94



Patient ID:119

BASELINE

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

10 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

20 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

30 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

40 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

50 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

60 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

10 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

20 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

placebo - Holofiber

TCOM HAND
23.52
2.67
0.21

243.36

35.19
12.13
0.39
2162.32

33.85
15.21
0.47
2180.64

28.81
9.77
0.31

1740.39

23.71
6.25
0.2
1457.23

24.28
7.34
0.23

1467.4

22.5

4.97

0.14
1784.94

33.48
11.29
0.29
3185.63

30.18
5.45
0.14

2872.32

LASER HAND
50.95
21.02

1.62
528.2

76.8
29.13
0.92
4714.42

126.84
114.56
3.55
8174.5

108.01
54.75
1.75
6528.88

81.12
22.46
0.71
4984.26

95.78
15.73
0.5
5790.62

94.75
24.66
0.69
7516.97

61.25
18.59
0.47
5829.21

62.35
30.2
0.77

5934.04

TCOM FOOT
54.36
1.12
0.09
562.72

57.98
0.29
0.01

3562.3

62.51
1.14
0.04

4026.65

64.33
0.52
0.02

3889.06

66.85
0.93
0.03

4107.54

69.06
0.26
0.01

4174.97

71.84
0.72
0.02

5699.41

67.14
0.64
0.02

6389.25

67.26
0.91
0.02

6400.84

LASER FOOT
50.72
0.64
0.05

525.14

67.63
0.29
0.01

4155.21

71.14
1.61
0.05

4582.78

71.53
0.81
0.03

4323.97

72.59
0.97
0.03

4460.26

74.7

0.24

0.01
45154

77
0.72
0.02

6108.26

71.64
0.5
0.01
6817.88

70.47
1.13
0.03

6706.8



30 MIN HOLOFIBER

Mean value (Unit) 29.91 57.79 68.55 69.18
Standard Deviation (Unit) 6.75 33.9 1.78 1.21
Standard Error (Unit) 0.17 0.85 0.04 0.03
Area under curve (Unit*sec.) 2965.03 5729.62 6796.24 6858.19

40 MIN HOLOFIBER

Mean value (Unit) 28.85 53.47 68.73 71.72
Standard Deviation (Unit) 5.15 18.13 0.69 0.66
Standard Error (Unit) 0.13 0.46 0.02 0.02
Area under curve (Unit*sec.) 2746.16 5088.82 6541.54 6825.3

50 MIN HOLOFIBER

Mean value (Unit) 31.32 53.98 71.36 75.16
Standard Deviation (Unit) 6.79 16.96 1.66 1.59
Standard Error (Unit) 0.15 0.37 0.04 0.04
Area under curve (Unit*sec.) 3974.71 6850.74 9056.87 9539.52

60 MIN HOLOFIBER

Mean value (Unit) 31.51 68.69 70.75 75.65
Standard Deviation (Unit) 5.98 50.86 1.25 14
Standard Error (Unit) 0.16 1.36 0.03 0.04

Area under curve (Unit*sec.) 2748.83 5993.38 6171.57 6599.18



Patient ID:120

BASELINE

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

10 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

20 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

30 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

40 MIN HOLOFIBER

ltem

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

50 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

60 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

10 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

20 MIN PLACEBO

Mean value (Unit)
Standard Deviation (Unit)
Standard Error (Unit)

Holofiber -
placebo

TCOM HAND
14.62
7.77
0.16

2102.7

28.53
9.34
0.3
1724.87

28.54
9.1
0.28
1815.85

27.55
9.97
0.18

5284.65

1PU#1
2713
2.22
0.07
1801.68

27.7
2
0.06
1729.84

24.58
2.96
0.09

1510.02

24.48
6.45
0.13

3501.99

37.31
6.23
0.16

LASER HAND
40.18
7.89
0.16
5779.24

83.34
68.95
2.21
5038.3

82.1
67.49
2.1
5224.97

83.06
19.27
0.35
15934.12

2 PU#2
84.15
36.99
1.13

5589.37

65.54
15.21
0.48
4092.9

60.17
13.07
0.42
3697.49

64.62
15.49
0.32
9244.51

70.95
12.9
0.33

TCOM FOOT
48.51
0.77
0.02
6977.14

39.28
2.18
0.07

2374.32

39.04
2.08
0.06

2483.45

38.51
0.95
0.02

7388.58

3p02 #3
34.32
3.67
0.11
22785

42.87
0.86
0.03

2676.46

47.49
1.14
0.04

2918.27

50.15
1.36
0.03

7174.09

47.86
0.58
0.01

LASER FOOT
40.05
1.08
0.02
5760.26

36.6

0.93

0.03
2212.52

36.32
1.13
0.04

2310.99

36.63
0.75
0.01

7027.39

4 pO2 #4
36.2
1.08
0.03

2403.35

40.44
0.5
0.02
2524.83

41.93
0.57
0.02

2576.28

51.08
0.54
0.01

7308.01

48.42
0.71
0.02



Area under curve (Unit*sec.)

30 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

40 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

50 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

60 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

3557.69

28.94
3.82
0.12

1720.64

21.87
3.35
0.09

2085.7

22.24
16.45
0.39
2475.36

27.65
3.82
0.09

2850.9

6764.93

71.24
13.74
0.44
4236.42

90.2
38.99
0.99
8600.74

106.75
56.96
1.34
11878.13

79.06
26.67
0.65
8150.63

4564.05

50.17
0.96
0.03

2983.25

48.61
1.45
0.04

4635.14

45.99
1.19
0.03

5116.7

52.92
1.56
0.04

5456.89

4617.4

51.49
0.6
0.02
3061.49

50.33
0.69
0.02

4799.81

49.16
0.87
0.02

5469.06

53.02
1.19
0.03

5466.49



Patient ID:121

BASELINE

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

10 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

20 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

30 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

40 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

50 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

60 MIN PLACEBO

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

10 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

20 MIN HOLOFIBER
Mean value (Unit)
Standard Deviation (Unit)
Standard Error (Unit)

placebo -
Holofiber

TCOM HAND
1.2
0.62
0.02

575.41

14.15
1.06
0.04

729.86

15.19
0.88
0.03

776.75

16.14
1.5
0.05
828.42

15.29
1.08
0.04

782.91

14.57
0.97
0.03

746.08

14.54
0.89
0.03

745.38

16.17
5.23
0.18

825.03

13.3
2.09
0.07

LASER
HAND

23.97
6.12
0.21

1231.86

43.08
10.11
0.35
2222.08

43.84
11.52
0.4
224217

43.41
12.34
0.43
2228.4

30.9

8.39

0.29
1582.83

36.58
8.63
0.3
1873.17

35.88
7.21
0.25

1840.17

40.79
9.34
0.33

2080.56

39.1
8.46
0.29

TCOM FOOT
25.16
0.46
0.02
1293.08

8.53

0.52

0.02
439.98

10.26
0.37
0.01

524.63

8.78

0.32

0.01
450.51

12.72
0.45
0.02

651.3

13.13
0.41
0.01

672.37

14.19
0.44
0.02

727.38

21.14
0.19
0.01

1078.75

25.39
0.25
0.01

LASER FOOT
45.37
0.6
0.02
2331.88

43.96
0.19
0.01

2267.62

43.44
0.2
0.01

2221.79

44.06
0.48
0.02

2261.66

46.69
0.27
0.01

2390.91

45.82
0.25
0.01

2346.38

47.4

0.24

0.01
2430.56

50.58
0.38
0.01

2581.12

56.38
0.25
0.01



Area under curve (Unit*sec.)

30 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

40 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

50 MIN HOL

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

60 MIN HOLOFIBER

Mean value (Unit)

Standard Deviation (Unit)
Standard Error (Unit)

Area under curve (Unit*sec.)

680.17

13.04
1.34
0.05

663.75

11.87
0.99
0.03

604.74

11.76
0.77
0.03

604.95

13.53

2.45

0.09
631.06

2001.13

39.02
9.15
0.32

1986.12

43.98
7.03
0.24

2241.77

471
6.1
0.21
2423.57

36.17

10.83

0.39
1685.51

1298.74

21.29
0.46
0.02

1083.94

24.71
0.29
0.01

1259.2

26.25
0.5
0.02
1350.99

26.13
0.24
0.01

1218.38

2884

55.7

0.37

0.01
2835.31

56.22
0.43
0.01

2865.29

58.05
0.51
0.02

2987.11

60.84
0.94
0.03

2836.52
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Abstract: The infrared optical properties of textiles are of great importance in numerous
applications, including infrared therapy and body thermoregulation. Tuning the spectral
response of fabrics by engineering of composite textile materials can produce fabrics targeted
for use in these applications. We present spectroscopic data for engineered polyester fabric
containing varying amounts of ceramic microparticles within the fiber core and report a
spectrally-dependent shift in infrared reflectance, transmittance and absorptance. A thermal
transport model is subsequently implemented to study the effect of these modified properties
on the spectral distribution of infrared radiation incident upon the wearer of a garment
constructed of this fabric.
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1. Introduction

The engineering of textiles to exhibit desired optical properties has long been explored, with
success demonstrated in various methods including: co-spinning of different materials,



introduction of gradients in fiber cross-sectional shape, inclusion of inorganic content, or use
of dyes and other additives [1,2]. Recently, increased attention has been paid to the
interactions between textile products and infrared radiation, due to the potential impact in
applications ranging from body cooling to industrial drying processes to infrared therapy [3—
6]. Mid-infrared optical properties are of particular importance when considering interactions
with the human body, as at nominal skin temperature much of the body’s emissive radiative
power is centered in the mid-infrared between 7 and 14 pm, and infrared heat losses account
for approximately 50% of body cooling in typical indoor conditions [7,8].

In the work presented herein, we utilized Fourier transform infrared (FTIR) spectroscopy
to assess the spectral optical properties — namely the near-normal reflectance, transmittance,
and emittance — of textile fabrics knitted with varying percentages of ceramic-bearing
polymeric fibers. The biological effects of garments manufactured from these fabrics are
presently under investigation [6]. The fabrics, which we also studied in our previous work [3],
were nominally identical in thickness, basis weight, knit structure, and color. All fabrics
consisted of 8% elastane fibers and 92% polyethylene terephthalate (PET, i.e., polyester)
based fibers; the only difference between the samples was the fraction of these fibers that
contained a core of polyester blended with ceramic particles (e.g., titanium dioxide) for
optical property modification.

The measured optical properties were subsequently utilized in a first-principle-based heat
transfer model, accounting for emitted, reflected and transmitted radiant energy as well as
thermal transport via conduction and convection, to determine the magnitude and spectral
distribution of infrared energy received by a wearer of each fabric in the 0.8 — 16.7 um
spectral region. It is demonstrated that with increasing added ceramic content, the modified
textile fabrics reflect and transmit less infrared energy and thus absorb more. This is
particularly evident at wavelengths shorter than 6 pm. As a result, the modified fabrics with
added ceramic content can absorb incoming radiation from the sun in the near-IR region, and
emit increased levels of infrared energy at longer wavelengths, as compared to the same
fabric without ceramic content. Thermal modeling indicates that this effect persists over a
broad range of environmental and fit factors; such a fabric could be utilized when the physical
properties of a polyester blend warrant its selection over alternative fabric materials, yet
modified near- and mid-infrared optical properties are desired.

2. Experimental Methods

A Nicolet iS50 FTIR spectrometer (Thermo-Fisher Scientific) was used to measure the
spectral reflectance (p;) and transmittance (t,) of the fabric samples with differing
percentages of ceramic-bearing fibers. Because of the diffuse nature of reflection and
transmission from composite surfaces [9], a mid-IR IntegratiR™ integrating sphere (Pike
Technologies) with a reflective gold inner coating and a deuterated triglycine sulfate detector
was used to measure the reflected or transmitted infrared radiation from the fabric samples.
Mid-IR measurements were conducted across a wavenumber range of 4000 — 600 cm’
(corresponding to wavelengths, A, ranging from 2.5 — 16.7 um), using a potassium bromide
(KBr) beam splitter. Near-IR measurements, ranging from wavenumbers of 12000 — 4000 cm
' (0.8 <A < 2.5 um) were conducted using a near-IR Nicolet iS50 NIR integrating sphere
module (Thermo-Fisher Scientific) with an indium gallium arsenide detector.

A schematic of the FTIR setup, indicating the sample placement relative to the IR source
and detector for the various reflectance and transmittance measurements is shown in Fig. 1.
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Fig. 1. Schematic illustrating an FTIR setup for measurement of a) direct reflectance, b) direct
transmittance, and c) indirect transmittance via change in reflectance

Because the near-IR integrating sphere did not allow placement of the sample directly
between the IR source and the sphere inlet, the transmittance was instead assessed indirectly
by comparing the reflectance where transmitted IR was permitted to escape through the
sample (p;) to the reflectance with a reflective backing behind the sample (p,). The spectral
transmittance can be shown to be related to the p; and p’; reflective measurements illustrated
in Fig. 1(a) and Fig. 1(c), respectively, by:

PP, '
1+ 0;

1/2

()

ﬂ,:

Details of this relationship are included in the Appendix. The methodology of calculating
transmittance from the reflectance measurements with and without a 100% reflective backing
was validated through comparison of indirect to direct transmittance measurements with the
mid-IR integrating sphere setup where such direct measurement was possible.

To minimize the effect of absorption by water vapor and other trace gas compounds, the
integrating sphere was surrounded with desiccant and the interior was swept with 5 scth
(standard cubic feet per hour) of inert nitrogen gas during all measurements.

Four different fabric samples were examined, each containing 0, 0.82, 0.91 or 1.18 weight
percent inorganic content from modified ceramic-bearing fibers. For each fabric sample,
absorption and transmission spectra were calculated by averaging the respective spectra
measured for 5 unique specimens. For each specimen, the absorption and transmission spectra
were obtained from 256 scans at a resolution of 16 cm™.

3. Experimental Results

The results of the FTIR measurements are reported in this section. Although reflectance and
transmittance are often used interchangeably with reflectivity and transmissivity, respectively,
the terminology ending in ‘-ance’ is used in this paper to note that textiles are a mixture of
fibers and air, and not pure substances. Because radiation properties such as reflectance and
transmittance of non-conducting materials such as textiles do not vary for incidence angles
less than 70° from normal [10], the values measured according to the schematic shown in Fig.
1 are reported as near-normal properties.

While not directly measured, the spectral absorptance (o;) of each fabric can be
determined because the reflectance, transmittance and absorptance must sum to unity (p; + T,
+ o) = 1). Also, according to Kirchoff’s law, the spectral near-normal emittance (g;) must
equal the near-normal absorptance [10].



3.1 Mid-IR reflectance, transmittance and emittance

The spectral mid-IR properties of the textile samples are shown in Fig. 2. The most
significant difference between the various fabrics appears in wavenumbers greater than
approximately 1700 cm™ (wavelengths below 6 pm). Each of the fabric samples exhibit
similar overall spectral patterns, with a series of narrow absorption peaks between 3000 —
2000 cm’ wavenumbers. Increasing amounts of ceramic content, however, generally
decreases the reflectance and transmittance, and increases absorptance, in the 4000 — 2000
cm’! region. Similar behavior occurs at smaller wavenumbers; however, the effect is less
pronounced because the overall absorptance is already high at these longer wavelengths.
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Fig. 2. Spectral reflectance (p;), transmittance (1;), and absorptance (a;) in the mid-IR region
for knit textile fabrics consisting of varying wt. % of ceramic contained in the fiber cores. All
plots have a common y-scale ranging from 0-100%.

To better illustrate how the optical properties align with infrared radiation emitted by the
human body, Fig. 3 plots these properties as a function of wavelength, as opposed to
wavenumber, for the fabric with the maximum amount of added ceramic (1.18 wt. %) and
with no added ceramic. The figure also illustrates the spectral distribution of intensity of
radiation emitted by a blackbody at a nominal skin temperature of 35°C. This emission is
described by Planck’s distribution:

C
Eb(ﬂ’T):/’iS[ecz—/l’”—l] ()

where the first and second radiation constants are C; = 3.742 x 10° W- pm“/m2 and C, = 1.439
x 10* um*-K, respectively [10].

As can readily be seen in Fig. 3, the spectral region where the impact of added ceramic is
greatest (A < 6 um) corresponds to an area with less significant magnitude of radiation at
nominal body temperature; less than 5% of the total radiation of a blackbody at 35°C is
contained in this region [10]. To provide a representative value for an optical property, it must
be spectrally weighted by its source of radiation. For example, the average reflectance over a
wavelength range of A;-A; is:

5 ZJp,Eb(A,T)-dz
e JE(AT)-dA

3)
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Fig. 3. (Top) Spectral optical properties of the fabric samples containing the maximum (1.18

wt. %) and minimum (0 wt. %) added ceramic content. (Bottom) Normalized Planck’s
distribution for a blackbody at 35°C.

Similarly, the average spectral transmittance and absorptance/emittance are given by:

. _Jz,-E,(A4,T)-dA
R [E(A,T)-dA

_ _ :Ia,Eb(A,T)-d/l

(4)
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Ak TAA TR (AT -dA

)

In our prior study we used an IR camera, with spectral sensitivity between 7.5 — 14 um, to
investigate the same four fabrics considered herein, and found a statistically significant trend
of increasing emittance with increasing added ceramic content [3]. The FTIR emittance and
absorptance results in Fig. 2 and Fig. 3 can be weighted by the source power distribution for a
wider wavelength range. The emittance values measured via FTIR in the present work agree
well with the prior IR camera measurements (i.e., Pooley, et al.) for the 7.5 — 14 um spectral
range used in that study; the slope of the ceramic content vs. emittance linear best fit curve in
Fig. 4 matches between measurement techniques. Moreover, while the absolute values of

emittance are slightly lower when assessed by the FTIR, the differences are within the
experimental error bars.
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Fig. 4. Emittance of the fabric samples as a function of added ceramic material. Data points
for the present work represent the mean of spectrally averaged emittance values from five
independent samples. Two separate spectral ranges — 7.5-14 pm to match the detection range
of the IR camera and the entire 2.5-16.7 um measurement range — are utilized to calculate
average emittance values.

When the broader 2.5 — 16.7 um mid-IR spectral range is considered, the impact of added
ceramic content on emittance is even greater, as evidenced by the steeper gradient for this
wavelength range in Fig. 4, due to the more significant difference in properties where A < 6
pm. Table 1 summarizes the spectral average mid-IR properties of the four fabric samples
with varying wt. % added ceramic content. It should be noted that the wt. % values reported
in our prior study [3] did not account for the inorganic additive present in standard polyester;
hence the values reported in Table 1 vary slightly from what was previously reported for the

same samples. However, these slight variations do not affect the conclusions from that study,
which remain unchanged.

Table 1. Spectral average mid-IR optical properties at 35°C (2.5 — 16.7 pm)

Sample ~ Wt. % ceramic from Transmittance Reflectance Emittance
No. modified fibers® [%] [%] [%]

1 1.18 0.34 +/- 0.19 10.5 +/- 0.2 89.2 +/- 0.2

2 0.91 0.68 +/- 0.21 11.3 +/-0.3 88.0 +/- 0.4

3 0.82 0.53 +/- 0.10 11.6 +/- 0.3 87.9 +/- 0.3

4 0 0.92 +/- 0.15 13.3 +/- 0.8 85.8 +/- 0.7

? Calculated from the ratio of the ceramic mass contained in the modified fibers to the
overall mass of the fabric, using ash-content data collected using ASTM D5630. The

ceramic content in standard polyester was determined from the fabric sample that did
not contain added ceramics (Sample 4).

3.2 Near-IR reflectance, transmittance and emittance

At its relatively modest temperature, the human body does not emit significant radiation at
near-IR wavelengths; however, optical properties in this region are of interest due to



interactions with radiation from hotter sources (most notably, the sun). The reflectance and
transmittance of the fabric samples in the near-IR region are shown in Fig. 5.
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Fig. 5. Near-IR spectral reflectance (p,), transmittance (t,), and absorptance (a,) of the knit
textile fabrics. Spectral data down to 3000 cm™ are included; the data for wavenumbers from
3000 — 4000 cm™ were collected using the mid-IR integrating sphere, illustrating that the data
are continuous and consistent between setups and regardless of whether the direct or indirect
approach was utilized to measure transmittance.

The fabric with no added ceramic exhibits significantly higher reflectance and
transmittance, and therefore lower absorptance, than fabrics that do contain fibers
impregnated with ceramic particles. The magnitude of the impact on ceramic content in the
near-IR region is even more significant than the impact in the mid-IR region shown in Fig. 2;
this will have significant impact on the solar radiation absorbed by and transmitted through
the fabric, as approximately 50% of the solar spectrum falls in the near-IR region [11].

4. Impact of optical properties on infrared irradiation received by body

4.1 Heat transfer model

To understand the impact of the change in radiative optical properties on the wearer of a
fabric, an energy-conservation-based heat transfer model was developed. This model accounts
for all possible modes of radiative interaction — reflection, absorption, and transmission —
between the body, fabric and environment, as well as non-radiative heat transfer via
conduction and convection. The fabric is modeled as being in instantaneous thermal
equilibrium with its surroundings. The ambient surroundings are approximated as being
sufficiently large relative to the fabric surface such that radiation is exchanged with the fabric
as if the surroundings behave like a blackbody at 7., The fabric is assumed to be
sufficiently thin such that its temperature is uniform and cross-fabric thermal gradients can be
neglected. Evaporative cooling is neglected in the model, as the goal of the model is to
compare the relative radiative heat transfer rates for fabrics with different ceramic contents,
and evaporative cooling is expected to be relatively independent of this effect [12]. Under
these assumptions, the skin-fabric-environment system and pertinent mechanisms of heat
exchange are shown in Fig. 6.
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Fig. 6. Fabric geometry and relevant modes of heat transfer

Each radiative heat flux component, shown in red, includes reflected and transmitted
radiation in addition to emitted radiation (i.e., it represents a radiosity [10]). Radiative energy
is transferred from the skin to the fabric (Jy), the fabric to the skin (J;,), the fabric to the
ambient surroundings (J,), and from the ambient surroundings to the fabric (J,,). The
radiative heat flux from the surroundings can include both solar irradiation (Jy,) and
irradiation from the surroundings (J,,,) at ambient temperature (7). The non-radiative heat
fluxes due to convection and/or conduction (Q; and Q,) are shown in blue. The fabric of
thickness ¢ is located between the wearer (at temperature Ty;,) and the surroundings (at T,;)
and is separated from the wearer’s skin by a gap of b thickness.

At steady state, the energy conservation on the fabric can be represented, on a per unit
area basis [W/m?] by:

(Jsf +0, +Jaf')_(‘]fs +Jﬁz +0,)=0 (6)

The general form of the non-radiative heat fluxes is O = Aoy (Tsurace — Tsurroundings) Where
hey is the average convective heat transfer coefficient and is a function of the geometry and
flow characteristics. Conduction across the air gap for Q; is a special case of Ay = k/b,
where £, is the thermal conductivity of air, that occurs when the gap b is sufficiently small
such that viscous forces damp out buoyancy effects [10,11]. It is important to note that in the
case of T, > Ty, the direction of heat transfer will change; however, this is accounted for
appropriately in the model (i.e., O, and Q; will be negative, indicating heat flow in the
opposite direction of the arrow shown in Fig. 6). The total radiative fluxes (represented by
uppercase J’s in Fig. 6) are determined by integrating the spectral flux, or the radiative heat
flux leaving surface x in the direction of surface y is J,, = ) Jx(A)-dA. Similarly, the solar
irradiation is determined by integrating the spectral solar intensity normal to the fabric
surface, or Jyu, = | Jsolar (M) cos(6y)-dh. The spectral solar intensity, accounting for
atmospheric transmission losses, is taken from ASTM G-173 [13].

The spectral radiative heat flux leaving each surface has a component of emission,
reflection, and transmission and can be written as:

‘]“f (ﬁ) = Eb (ﬂ" T;mb) + jsolar (/1) : COS(HS) (7)
j/a (/1) = ‘9/1,ﬁzb ’ Eb (/L Tamb) + pﬁ.,fab ’ jaf (/1) + Tz,fab ’ jsf (/1) (®)
jsf (ﬂ) = 8skin ’ Eb (ﬂ” T;kin) + pskin ' jfs (/1) (9)

Js (A)= Eq b E, (4, Tfab) T Po s Sy D+ Than " Ja (A) (10)



Equations (8) - (10) are circularly defined with dependence upon one another. They are
made independent by substituting Eq. (10) into Eq. (9) and solving explicitly for j(A):

Egin B, (ﬂ'a Tskin) * Pgiin I:gﬂ,ﬁzb E, (ﬂ,, T/‘ab) T g jaf (/1)]
1 - pskin ’ pﬁ,,fab

An iterative solution procedure can be used to solve for the required fabric temperature to
satisfy the energy balance given in Eq. (6). The specific heat transfer correlations used to
determine the effective heat transfer coefficients in determining the non-radiative heat
transfer components Q; and Q,, as well as the procedure for adjusting the epidermis skin
temperature based on the external heat transfer rate, can be found in the Appendix.

Jy ()= (11)

4.2 Spectral shift in incident infrared radiation to the body

Of interest for therapeutic applications is the magnitude and spectral distribution of radiation
received by the body as a result of wearing a fabric, namely j; (A) given by Eq. (10). A
common set of baseline input parameters, provided in Table 2, are used in the thermal model.
The fabric gap, ambient temperature, air velocity and solar incidence angle can all be adjusted
in the model to evaluate sensitivity to these environmental and fit factors.

Table 2. Thermal model simulation parameters

Property Value Notes

dermis temp (Tyerm) 35°C regulated by vasoconstriction/vasodilation [12]
skin emittance (Egkin) 0.98 greybody, opaque (Pskin = 1 — Eskin) [10]
height (a) 0.3 m estimate of torso dimensions [12]

width (w) 0.3 m estimate of torso dimensions [12]

fabric gap (b) 5 mm adjustable parameter

ambient temp (Zymp) 23°C adjustable parameter

air velocity (v) 1 m/s adjustable parameter

solar angle (65) 45° adjustable parameter

Under the baseline conditions of Table 2, Fig. 7 shows the resulting spectral distribution
of infrared radiation incident on the skin jiz (A) for the fabrics with the maximum (1.18 wt. %)
and minimum (0 wt. %) added ceramic content.

E 250 40

“; — 118 wt. %

= 200 1 — no added e

S h ceramic 30T /

& 150 /-"

e 20 t /

S 100 /

= 10 /

T 1 T/

© 50 1 /

s Py /

c 0 i 2 1 J‘ﬂ ."‘/\,w\(_ ! 0 : ‘ ‘ . . . .
L4

n 1 2 25 4 6 8 10 12 14 16 18

wavelength [um]

Fig. 7. Comparison of spectral distribution of infrared radiation received by the skin in the
near-IR (left) and mid-IR (right) regions for the maximum (1.18 wt. %) and minimum (0 wt.
%) added ceramic content fabric.



In the near-IR spectrum, the body will receive more infrared when wearing a garment
composed of fabric with no added ceramic, due to the higher transmittance in this spectral
region relative to the fabric with added ceramic. In contrast, the fabric with 1.18 wt. % added
ceramic is able to absorb more of this solar near-IR radiation which is then re-emitted by the
fabric at longer wavelengths. This shift in spectral incident radiation can be seen in the mid-
IR portion of Fig. 7, where there is an increase in j; for wavelengths greater than 4 um.

To determine if the increase in incident mid-IR radiation persists over a variety of
environmental and fit factors, the model was run at different skin-fabric gap distances,
ambient temperatures, wind speeds, and incident solar angles. The results of these
simulations, used to calculate the total incident radiation in the mid-IR spectrum from 2.5 —
16.7 pm by integrating over this wavelength region for both the 0 wt. % and 1.18 wt. %
added ceramic fabrics, are reported in Table 3. For the baseline case, all model input
parameters match those listed in Table 2. For the other cases, only the parameter noted is
changed from the baseline; the other parameters are held at the baseline state.

Table 3. Infrared radiation (2.5 — 16.7 pm) received by skin under various environmental and fit conditions

Mid-IR Power [mW/cm?]

Parameter Value 0 wt. % 1.18 wt. % A
baseline 30.7 32.6 1.9
fabric gap (b) 10 mm 30.3 32.5 2.2
1.0 mm 31.8 32.8 1.0
[}

ambient temp (Tymy) 30 °C 324 34.4 2.1
10°C 27.7 294 1.8
. . 3.0 m/s 30.1 31.6 1.5

air velocity (v)
0.1 m/s 31.3 33.6 2.4
solar angle (8,) 70 304 31.3 0.9
20° 30.8 334 2.6

Table 3 illustrates that the spectral shift in incident radiation to the wearer of a ceramic-
embedded garment to the mid-IR region is present under a variety of scenarios. The incidence
angle of solar irradiation appears to have the most significant effect on the magnitude of the
shift; a similar effect to a less-normal incidence angle would be expected for cloudy days
where the intensity of solar irradiation is reduced.

Increased solar absorption and subsequent re-emission of energy at longer wavelengths
may be beneficial in numerous textile applications. The impacts of infrared radiation
consisting of wavelengths ranging from 3 — 12 um on tissue oxygenation and cell stimulation
are under investigation [6]. Additionally, performance thermal outerwear designed for cold-
weather applications could benefit from additional absorption from the solar spectrum to
warm the outer surface of the garment and provide this heat to the wearer of the garment.
Experimental studies of such ceramic-modified garments incorporating the use of thermal
manikins or similar techniques should be conducted to assess these potential applications.

In summary, this study employed spectrophotometric measurements of textile fabrics
modified with ceramic particles, finding favorable agreement with prior measurements using
a scientific grade infrared camera on such fabrics. The increase in absorptance and emittance
was mainly found to be focused in wavelengths below 6 um, below the typical wavelength of
human body radiation. However, in applications where the fabric receives radiation in this
near-IR spectral region (e.g., via sunlight), thermal modeling indicates that the wearer will
receive increased infrared radiation at wavelengths in the mid-IR (2.5 — 16.7 pm) portion of
the electromagnetic spectrum, encompassing the wavelengths of human body radiation.
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Appendix

A.1 Mathematical relationship to determine reflectance through the indirect method

Equation (1) shows the mathematical relationship between the spectral reflectivity with (p’;)
and without (p;) a reflective backing (cf. Fig. 1). This relationship can be derived by
considering the additional radiation reflected by the sample when a highly reflective backing
is present, as shown in Fig. A-1.
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Fig. A-1. Reflection from a semi-transparent sample with reflective backing.

From Fig. A-1, it can readily be seen that:

0L =p,+T; [1+pl+pﬁ+...] (A1)

Because the reflectivity must be less than 1, each term inside the brackets moving
rightward becomes increasingly smaller, and Eq. (A.1) can be rewritten as:

Ph=py+7 1455, 0] ] (A2)

A.2 Heat transfer correlations for non-radiative thermal transport coefficients

The general form of the convection heat flux (units, W/m?) from a surface to its surrounding
medium is given by Newton’s law of cooling:

Q h ( surface Twrroundings) (A3)

where /1 is the average convective heat transfer coefficient, which is a function of the
geometry and external flow characteristics [10]. Dimensionless variables describing the flow
and geometry, such as the Reynolds number (Re;) and/or Grashof number (Gr,) are first
calculated to understand the characteristics of the heat and momentum transfer, and along
with the fluid’s Prandtl number (Pr) these values are used to calculate an average
dimensionless heat transfer coefficient (Nu = f'(Re;, Gr;, Pr)). The dimensional average heat



transfer coefficient 4 is then the Nusselt number multiplied by the characteristic length (L)
divided by the fluid thermal conductivity (h = Nu- L, /k ﬂm.d(j [10,11].

In certain geometries, such as the gap between two parallel plates at different
temperatures (i.e., between the skin and fabric), Eq. (A.3) can be employed regardless of
whether conduction or convection is the dominant mode of heat transfer. If dimensionless
analysis indicates that viscous dissipation forces outweigh the buoyancy forces generated by
local differences in fluid density, conduction will prevail over convection and the Nusselt

number will become unity (when Nu=1=/h-L_/k fuia » 1t follows that h=k uia | L., where

the characteristic length L. is the width of the gap between the plates). It can readily be seen
that in this scenario, Eq. (A.3) becomes Q =/ -AT =k i

law for steady-state one-dimensional conduction through a solid of uniform thermal
conductivity.

AT / L which is simply Fourier’s

A.2.1 Outer convection heat transfer coefficient

Convective heat transfer from the fabric to the ambient surroundings can occur by forced
convection (resulting from external flow, such as wind, with a “free stream” velocity u..), free
convection (driven by local buoyancy differences induced by a temperature gradient), or a
combination of both. To determine which of these (or both) is significant; the Reynolds and
Grashof numbers must be calculated [10,11].

L
Re L= & (A.4)
U
BT . —T
G}"L _ &g cﬁ arr;b fab (AS)
|4

where p is the fluid density, L. is the characteristic length (in this case, the width of the plate
w in Table 2), p is the dynamic viscosity of the fluid, g is acceleration due to gravity, § is the
coefficient of thermal expansion (reciprocal of absolute temperature for an ideal gas), and v is
the kinematic viscosity (v=w/p). All fluid properties are evaluated at the “film temperature,”
or the average of the fabric and ambient temperature. Three scenarios are possible and must
be considered in estimating the average convective heat transfer coefficient:

1. The wind velocity u,, is sufficiently high for forced convection to dominate natural
(free) convection. This is the case when GryRe;> & 1. If GryRe;* < 0.1, the average
Nusselt number should be calculated based on forced convection correlations. If the
Reynolds number is less than the critical Reynolds number of Re,,,= 5.5x10°, the
flow is laminar and Eq. (A.6) applies. If not, the flow is turbulent and Eq. (A.7) is

used [11].
. 4P 1/3R 1/2
Nu, = 0.6674Pr eL/ — (A.6)
[1+(0.0468/ Pr)" |
1/3 1/2
Nuy =— 20T R 0.037p7 (R —Re™S) (A7)
[1+(0.0468/ Pr)" |

2. In cases where the wind velocity is low, natural convection may dominate forced
convection (GrL/ReL2 > 1) If GryRe;> > 10, the dimensionless Rayleigh number
(Ray = Gr;Pr) must be calculated and used to determine the average Nusselt



number from natural convection correlations. The Rayleigh number is first used to
calculate both the laminar and turbulent Nusselt numbers [11].

Nu = 2.0 (A.8)
" m[1+2.0/(C,, Ra}*)] '
C 'Ral/3
unc turb = ””"b’Vg - (Ag)
" 1+(1.4x10°)- Pr/ Ra,
where Cy,,, and C,,,5, are dimensionless parameters given by:
0.671
Clam = 9/16 4/9 (A.IO)
[1+(0.492/ Pr)"" |
022
c o 013Pr A

urb,V. i
[1+0.61- P o

The average Nusselt number can then be determined by asymptotically averaging the
laminar and turbulent Nusselt numbers through the following empirical formula:

6 6 1/6
Nunc = |:(Nunc,lam ) + (Nunc,turb ) j| (Alz)

3. If the Grashof number is of the same order of magnitude as the square of the
Reynolds number (0.1< GryRe;* < 10), the average Nusselt number can be
determined by asymptotically averaging the natural and forced convection Nusselt
numbers from Egs. (A.6) — (A.12) through the following empirical formula [11]:

1/3
Nu = [(Nunc ) +(Nu,, )3} (A.13)

Once the average Nusselt number is determined, the outer convection heat transfer
coefficient can be determined [10,11].

h,=Nu-kg., /1w (A.14)

A.2.2 Convection heat transfer coefficient between skin and fabric

Similar dimensional analysis can be used to determine the inner convection heat transfer
coefficient. It is assumed that the fabric is impermeable and, as such, no bulk flow exists in
the space between the fabric and the skin. For the case of two vertically-oriented parallel
plates, the convection coefficient will again depend on the Rayleigh number. In this case, the
characteristic length is the gap between the parallel plates (b), as opposed to the plate width
[10,11]:

gh*p

Tskin - T fab
2

Ra, =Gr, - Pr=
b b v

. Pr (A.15)



The average Nusselt number and heat transfer coefficient will depend on the magnitude
of the Ra, compared to a critical Rayleigh number (Ra.,;;= 1708). If Ra, < Ra,,;, the viscous
dissipation forces of the fluid in the gap will outweigh buoyancy-driven forces. As a result,
convection cannot be established and conduction is the dominant heat transfer mode across
the gap (Nu=1). For Ra, > Ra.;, the Nusselt number will be greater than unity due to the
presence of convective flows, but the appropriate correlation depends on the magnitude of
Ra;. The overall relations for various levels of Ra; can be summarized as [11]:

Nu=1 Ra, <1708 (A.16)
Nu=042Ra*Pr"™ (a/b)""  1708<Ra, <10°  (A.17)
Nu =0.046Ra,” 10° < Ra, <10° (A.18)

Once the average Nusselt number is determined from Egs. (A.16) — (A.18), the average
inner convection coefficient between the skin and the fabric can be determined [10,11]:

h.=Nu-k,. /b (A.19)

fluid

A.2.3 Determination of skin temperature

The human skin consists of the inner dermis and the outer epidermis, which are roughly 2 mm
and 0.15 mm thick, respectively. The epidermis thermal conductivity (Kepidermis) 15 0.21 W/m-K
[14]. It is assumed that the dermis is maintained at the consistent temperature of 35°C due to
vasoconstriction and vasodilation. However, it is necessary to account for the temperature
drop across the epidermis where there is no blood vessel or capillary thermoregulation.
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Fig. A-2. Skin vascular system (adapted from Guyton and Hall, 2000) [14].

\ Artery

The epidermis is modeled as a solid material experiencing one-dimensional, steady-state
conduction. As such, the heat flow from the dermis must match the net heat leaving the skin
towards the fabric (Qjossner = Qi + Jyr — Ji). Fourier’s law of conduction then can be used to
determine the temperature drop across the epidermis:

I;kin = Tc'iermis - |:Qt + Jvf - J/‘v :' ’ tepidermix / kepidermis (AZO)
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Abstract: Composite textile materials, created from a blend of different
fibers, have long been used to engineer the properties and performance of
fabrics to combine comfort with functionality, such as to create materials
with differing optical properties. Some changes to the optical properties of
materials in the infrared are subtle and difficult to measure. We present a
measurement technique, experimental apparatus, and associated data
analysis procedure for detecting small changes in the emissivity of
fabrics in the mid-infrared wavelength range (7.5-14 pm). Using this
technique, we demonstrate that the emissivity of polyester fabric can be
engineered controllably via the inclusion of ceramic microparticles
within the fabric fibers.
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OCIS codes: (110.3175) Infrared imaging; (110.6820) Thermal imaging; (120.6810) Thermal
effects.

References and links

1. S. B. Warner, Fiber Science (Prentice Hall, 1995), pp. 213-229.

2. W. H. Hills, “Apparatus for making profiled multi-component yarns,” US Patent, No: 5344297 (1994).

3. X.Hu, M. Tian, L. Qu, S. Zhu, and G. Han, “Multifunctional cotton fabrics with graphene/polyurethane coatings
with far-infrared emission, electrical conductivity, and ultraviolet-blocking properties,” Carbon 95, 625-633
(2015).

4. IS0 20473:2007(E), Optics and Photonics — Spectral Bands, (International Organization for Standardization,
2007).

5. F.P. Incropera and D. P. Dewitt, Fundamentals of Heat and Mass Transfer, 5th ed (John Wiley & Sons, 2002),
pp. 713-717.

6. D.D. Horinek and M. E. Foumberg, “Lightweight x-ray and gamma radiation shielding fibers and
compositions,” US Patent Application Publication, No: 2013/0045382 A1 (2013).

7. ASTM D1777-96 (2015), Standard Test Method for Thickness of Textile Materials, (ASTM International, 2015).

8. ASTM D3776 / D3776M—09 (2013), Standard Test Methods for Mass Per Unit Area (Weight) of Fabric,
(ASTM International, 2013).

9. S. Schleimann-Jensen and K. Forsberg, New Test Method for Determination of Emissivity and Reflection
Properties of Protective Materials Exposed to Radiant Heat (ASTM International, 1986).

1. Introduction

Optical properties of textile fibers can be modified by incorporating a large variety of dyes
and other additives, varying the fiber cross-sectional shape, or co-spinning of multi-materials
[1,2]. The optical properties of the fabrics constructed from fibers are related to the fiber
optical properties. While this has been extensively studied for optical properties in the visible
region, less has been published on the optical properties of fabrics and other engineered
fibrous structures in the infrared regime. Optical properties of fabrics in the infrared regime
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are of current commercial interest. Manipulation of the infrared absorption and emission
characteristics of fabrics may find applications across a range of different fields, for example
in radiative heat management systems that require flexible surfaces or in thermal camouflage
coverings.

In the work presented in this article, the infrared optical effects resulting from
incorporation of ceramic particles within polyester fibers utilized in textile fabrics were
studied. In particular, changes in the mid-infrared (MIR) emissivity of fabrics that are knitted
with differing amounts of ceramic-bearing fibers were investigated. Specifically, we
developed a method to measure the emission of textile fabrics between 7.5 and 14 pm. While
this region is sometimes referred to as the far-infrared (FIR), especially in the textile field [3],
we are using the ISO definition of the divisions of the infrared spectrum [4], and therefore
will refer to this region as the MIR in this report. The method we present incorporates
spatially resolved radiance imaging and data analysis techniques to enable increased
sensitivity when measuring small differences in emissivity between samples.

The amount of radiation emitted from an object at a given temperature, 7 , is proportional
to the emissivity, €, of the surface. Ideal emitters, known as black bodies, have an emissivity
of 1 and emit a power spectrum as a function of wavelength, 4, described by Planck’s law

[5]
2hc?

ol

where /4, ¢, and k, are the Planck constant, the speed of light in a vacuum, and
Boltzmann’s constant, respectively. The radiance of a black body, W, , is given by the integral
of the power spectrum, W, = P(A,T) dA.

Non-ideal emitters, such as the fabric samples in this study, have an emissivity of
0 < e <1, which may vary with temperature and wavelength. If the ranges of wavelengths and
temperatures under investigation are narrow compared to the spectral variability of the object,
a useful approximation is to assume that the object is a grey body and exhibits a temperature-
dependent radiance given by

P(AT)=

M

W, (T)=ew,(T). 2

The radiance of an object is thus determined by both the object temperature and its
emissivity. Consequently, manipulation of an object’s emissivity enables the total radiated
power of an object at a given temperature to be varied.

In the present study, we approximate textile fabrics as grey body emitters and test this
assumption over temperature ranges of interest. We measure fabrics that were engineered to
have varying degrees of emissivity in the MIR and show that, by including ceramic particles
in the core of the fibers used in the fabric, the MIR emissivity can increase over 2%. We
observed a statistically significant positive correlation between the amount of ceramic-bearing
fibers added to the fabric and the increase in emissivity.

2. Sample information

Fabric samples, made from fibers produced by Hologenix, LLC (Santa Monica, CA),
contained varying amounts of ceramic-bearing polymeric fibers. These specialty fibers are
similar in construction to multimode optical fibers, except the core of the fiber is a blend of
polyethylene terephthalate (PET, i.e., polyester) and ceramic particles (e.g., titanium dioxide),
and the cladding of the fiber, which dictates visual appearance and shields the fiber core [6],
is PET. Fabrics were knitted using differing amounts of the ceramic-containing fibers to
produce fabrics with three different compositions, along with a control fabric that contained
no added specialty fibers. All the fabrics were reported to contain 8% elastane fibers, with the
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remaining 92% made from polyester or a blend of polyester and ceramic-containing polyester
fibers. The fabrics were nominally identical except for the percentage of ceramic-containing
polyester fibers.

The ceramic content of the fabrics was measured using an ash analysis technique.
Approximately 2 g of each fabric was heated in air at 850°C for 2.5 hours to burn off the
polyester and elastane fibers. The mass remaining was composed of the inorganic material
contained by the samples. The increased percentage mass remaining of the three ceramic-
bearing samples, compared with that of the control sample, gives the percentage mass of these
fabrics due to the additional ceramic particles. Table 1 shows the ceramic content, along with
the thickness, measured in general accordance with the American Society for Testing and
Materials (ASTM) standard ASTM D 1777 [7] under a mass delivering 0.045 g/mm® of
pressure, and the basis weight, measured in general accordance with ASTM D 3776 [8] for
each of the four sample fabrics.

Table 1. Physical Properties of Sample Fabrics *

Sample No. Thickness Basis weight Ceramic content
(mm)” (g/m?)° (% mass)
1 0.58 152 1.22 £ 0.04
2 0.58 152 1.03 +0.06
3 0.59 156 0.53 £0.03
4 0.58 150 0

*Sample 4 is the control and contains no ceramic material; samples 3 to 1 contain increasing
amounts of ceramic material as indicated. Errors bars are derived from the standard deviation
of multiple measurements.

"Thickness was measured under a compression of 0.045 g/mm?; standard deviations are <
0.01 mm.

‘Standard deviations are < 3 g/m”.

Optical microscopy was used to confirm that all the fabric samples exhibited the same
color, knit structure, and texture, as shown in Fig. 1.

102Em

Fig. 1. Color optical microscope images of the fabric samples confirm that all samples have the
same color and knit structure. Sample identifier numbers are overlaid in white.
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3. Experimental details

Briefly, we used an MIR-sensitive camera to measure the infrared emission from a set of
fabric samples as they were all held at the same temperature, as shown in Fig. 2. To obtain
statistically significant results, we used temporal averaging over 50 images to reduce the
effects of pixel noise and spatial averaging to reduce effects due to variations across fabric
surfaces. Finally, the spatially and temporally averaged infrared emission values were used, in
conjunction with measured values for blackbody and background ambient reflected radiation,
to calculate the emissivity of each fabric sample.

3.1. Experimental apparatus

As shown in Fig. 2(a), four fabric samples, nominally 32-mm-square swatches, were placed
on a 152.4-mm-diameter copper disk, with all samples being placed at the same radial
distance from the disk center and each sample positioned within its own 72° segment. A plate
of polished brass (emissivity of 0.03 [9]) was placed in the remaining segment to act as a
surface with approximately 100% reflectivity. To provide good thermal contact between the
copper disk and the samples, the fabric and brass were adhered to the copper disk using
thermal paste with a conductivity of 0.92 W/meK. A uniform and consistent thickness of the
thermal paste was ensured by first placing a thin template with a square cutout matching the
dimensions of the fabric sample on the copper disk, then using a blade extended across the
template to pull the paste down the application area. Upon removal of the template, a square
section of paste with a thickness matching that of the template was left behind. To ensure that
each fabric sample was placed on the thermal paste with uniform contact pressure, a 19-mm-
thick copper square with dimensions matching that of the fabric sample was briefly placed on
top of each fabric sample once it was situated on top of the thermal paste. To aid with the
automatic image analysis described below, the brass plate was framed with high emissivity
tape.

A circular resistive heating pad (Omega P/N SRMU0206D-P) with a diameter equal to
that of the copper disk was placed under the copper disk and connected to a variable voltage
supply (Payne Controls, McMaster-Carr P/N 3641K43). The cylindrical symmetry of the
apparatus helped ensure that each sample position was exposed to nominally identical thermal
conditions during the experiment. To confirm a uniform, and minimum in magnitude, radial
temperature gradient, six high-aspect-ratio holes (3.18-mm diameter by 19-mm deep) were
drilled into the 25.4-mm-thick copper disk: one in the disk center and five near the edge of the
disk in the angular centers of each of the 72° segments. These holes acted as blackbody
resonant cavities, with an effective emissivity of 1, and enabled accurate measurement of the
local temperature and maximum possible (i.e., blackbody) emissive power of the heated
copper disk. Using the measured cavity temperature of each hole, the maximum deviation in
temperature from center to edge of the disk was measured to be less than 0.2°C for a nominal
disk temperature of 35°C. The deviation in temperature between the outer holes in different
segments was measured to be less than 0.1°C, confirming uniform thermal conditions for all
sample positions.
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Fig. 2. Experimental apparatus: a) samples mounted to copper disk, four fabric samples
containing different amounts of ceramic additive and one highly reflective brass plate are
positioned around the disk at a constant radial distance; b) the copper disk within the
measurement rig, an infrared camera is positioned above the disk, melamine foam reduces the
radial temperature gradient of the copper and a clear acrylic tube limits convection.

Figure 2(b) shows the experimental apparatus configuration used for measurements. The
copper disk was surrounded in melamine foam to reduce the radial temperature gradient, and
a clear poly(methyl methacrylate) (PMMA) cylindrical tube was mounted around the copper
disk to limit the effects of convective heat transfer in the vicinity of the samples. A scientific
grade thermal imaging camera (FLIR Systems, Inc., Model T650sc, Wilsonville, OR) was
mounted directly over the samples to acquire images at an angle normal to the surface of the
copper disk. The camera was set to detect the radiance in the MIR wavelength range between
7.5 — 14.0 um using a 640 x 480 array of microbolometer sensors with a pitch of 25 pm, and
the vertical distance between the camera and the samples was 430 mm.

3.2. Measurement methodology and image processing

With the samples mounted, the copper disk was heated to a nominal temperature of 35°C by
adjusting the voltage controller. For these thin fabrics with a ~0.6-mm measured thickness, it
was assumed that the temperature gradient across the thickness of the fabric could be
neglected. At thermal equilibrium, the temperature of the fabric surface was taken to be equal
to that of the copper disk, and differences in radiance measured were due solely to emissivity
differences of the materials.

Once the copper disk and fabric samples reached a temperature of 35°C and stabilized for
a minimum of 1 minute, a series of 50 images were acquired by the camera at a frequency of
7.5 Hz. The images were processed to create a single composite image in which each pixel is
the mean radiance of the corresponding pixels in every image within the series. This process
was used to temporally average the images, thereby smoothing out random noise fluctuations
in the camera sensors to increase the signal-to-noise ratio.
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Fig. 3. Example composite radiance image and regions extracted for analysis: a) The fabric
samples, cavity holes, and the tape framing the brass plate show up as regions of high radiance.
The position of the cavity holes and the center of the copper disk, as detected by the automatic
image analysis are indicated with green crosses and a red circle, respectively; b) The regions
from which radiance data were extracted from each segment are indicated with fabric surface
regions shown in white and the brass region shown in pink.
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The spatial average of the radiance over the surface of each sample was extracted from the
composite image via an image processing analysis technique. An example composite image is
shown in Fig. 3(a), the location of the cavity holes and the disk center are indicated with
green crosses and a filled red circle, respectively. Using the disk center, the copper disk was
divided into equal-sized 72° segments that each contained one sample position. Thresholding
and image masking techniques were used to extract and average the values of the pixels from
each of the fabric samples and the brass plate. To avoid capturing any emission from the
thermal paste, which can extrude slightly beyond the edge of samples, values near the edge of
the sample regions were not included in the spatial averaging. Figure 3(b) shows the image
from Fig. 3(a) with the regions from which radiance values were extracted for each of the
fabric samples and the brass plate indicated. The spatial averaging, which reduces the
measurement variation over the surface of the samples due to fabric sample properties,
allowed an average value of detected radiance to be extracted from each fabric sample and the
brass plate. In addition, the radiance values from the six cavity holes were calculated.

The emissivity of the fabric samples was calculated from the average detected radiance
values. Other laboratory measurements have confirmed that the fabrics are opaque to this
region of infrared radiation, so it is a valid assumption that no radiation from the copper disk
penetrates the fabric. The detected radiance from a given fabric sample, IV, , was taken to be

comprised of two components: radiation directly emitted by the fabric sample and ambient
radiation that is reflected from the fabric sample. The radiance due to emission from the
fabric is the product of the radiance of a black body at the sample temperature, taken as the
average radiance from the cavity holes in the copper block, and the emissivity of each sample
surface. The radiance due to the reflected ambient radiation, W, , was calculated as the
average detected radiance from the polished brass plate with a reflectivity of ~1. Thus, the
emissivity of each fabric sample was obtained as

W, =W, +(1-€)W,
A ©)

=e= ,
W, =W,

where €W, is the component directly emitted by the fabric and (1—¢)W, is the component

reflected from the fabric sample due to ambient radiation from the surrounding environment.
Note that as the sample temperature approaches the ambient room temperature, W,
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approaches W, and W, , leading to a reduction in the signal-to-noise ratio for the measured

emissivity. Thus, Eq. (3) dictates that measurements using this experimental method must be
made at sample temperatures that are above or below the ambient room temperature.

The above experiment was repeated several times with different fabric samples in each
position of the copper block. Since the magnitude of the measured changes in emissivity were
small, the cumulative measured emissivity results were monitored, using the standard
deviation for each fabric type, to estimate the reliability of the measured emissivity values as
data were accumulated. After 12 experimental runs, it was determined that further repeated
measurements were yielding little change to the average calculated emissivity of each sample
and would therefore not increase the measurement reliability. For each experimental run, the
location of the different samples was varied to ensure that any measured changes in infrared
emissive power were not due to non-ideal cylindrical symmetry of the sample thermal
environment.

4. Results and discussion
Figure 4 shows the emissivity of the fabric samples as a function of the percentage mass of

ceramic material in the fabric, x, . The data points are the mean value of the 12 independent

measurements and the error bars have a length of one standard deviation above and below the
mean. A linear fit to the data yields a trend line described by € =0.0148x_ +0.9039 , and the

resulting line of best fit to these mean values, shown in black on the figure, has an R* value
of 0.976.

. 93Emissivity as a Function of Ceramic Content
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Fig. 4. Emissivity of the fabric samples as a function of the percentage mass of added ceramic
material. Data points are the mean of 12 independent measurements and the error bars a range
of one standard deviation above and below the data point values. The black line shows a linear
fit to the data with an R” value of 0.976.

The emissivity of the fabric is 0.904 + 0.003 when the fabric contains no added ceramic
particles, 0.913 + 0.006 when the fabric contains 0.53 + 0.03 wt% added ceramic particles,
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0.918 + 0.004 when the fabric contains 1.03 £+ 0.06 wt% added ceramic particles, and 0.923 +
0.006 when the fabric contains 1.22 + 0.04 wt% added ceramic particles. When ceramic
material is added to be 1.22% of the fabric mass, the emissivity is increased by 2.1% over the
case where no additional ceramic is added to the polyester/elastane blend.

The experimental methods described above were used to investigate the effects of
temperature on the fabric sample that contained 1.22% added ceramic material by mass,
achieved by mounting four samples of the 1.22% fabric on the copper disk, along with the
high reflectivity brass plate. Figure 5 shows that the resulting emissivity is independent of
temperature over the wavelength range of 7.5 — 14 pm; there is no statistically significant
correlation between the emissivity and temperature with a p-value for linear correlation of
0.216.

0.93 Emissivity as a Function of Temperature
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Fig. 5. Emissivity of the fabric containing 1.22% mass of added ceramic particles as a function
of temperature over the wavelength range of 7.5 — 14 um.

These experiments center on the range of temperatures that may be encountered by fabrics
in garments during typical wearing activities in temperate climates. The increase in emissivity
as more ceramic is incorporated into the fabric, combined with the temperature-independent
nature of the emissivity, offer encouragement that these results may be extrapolated to a
broader range of scenarios involving more extreme temperature ranges and larger ceramic
contents.

This methodology for measuring small variations in the emissivity of fabric surfaces, and
possibly other surfaces, may find applications across a variety of fields ranging from textile
technology to research into the properties and deposition of thin-film materials. An immediate
application of this work is to use the techniques detailed above to investigate the emissive
properties of other fabrics, such as cotton or man-made fibers. This could enable, for
example, effects on the thermal performance of garments due to modifications of fabric
structure, surface texture or coating, and fiber or additive content, to be assessed. In addition,
such investigations could be used to optimize fabric structure or composition for use in
specific thermal conditions.
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Far infrared radiation (FIR): Its biological effects

and medical applications

Ferne Infrarotstrahlung: Biologische Effekte und medizinische Anwendungen

Abstract

Far infrared (FIR) radiation (A=3-100 um) is a subdivision
of the electromagnetic spectrum that has been investi-
gated for biological effects. The goal of this review is to
cover the use of a further sub-division (3-12 um) of this
waveband, that has been observed in both in vitro and
in vivo studies, to stimulate cells and tissue, and is consid-
ered a promising treatment modality for certain medical
conditions. Technological advances have provided new
techniques for delivering FIR radiation to the human body.
Specialty lamps and saunas, delivering pure FIR radiation
(eliminating completely the near and mid infrared bands),
have became safe, effective, and widely used sources to
generate therapeutic effects. Fibers impregnated with FIR
emitting ceramic nanoparticles and woven into fabrics,
are being used as garments and wraps to generate FIR
radiation, and attain health benefits from its effects.

Keywords: far infrared radiation; radiant heat; black body
radiation; biogenetic rays; FIR emitting ceramics and
fibers; infrared sauna.

Zusammenfassung

Ferne Infrarotstrahlung (far infrared, FIR) (A=3-100 pm)
ist ein Unterbereich des elektromagnetischen Spektrums,
der hinsichtlich seiner biologischen Effekte von wissen-
schaftlichem Interesse ist. Das vorliegende Review kon-
zentriert sich auf den Spektralbereich von 3-12 pm, der
sowohl in In-vitro- als auch in In-vivo-Studien mit Blick auf
die Stimulation von Zellen und Gewebe untersucht wurde
und der eine vielversprechende Behandlungsmodalitat
fiir verschiedene medizinische Konditionen darstellt.
Dank des technischen Fortschrittes konnten verschie-
dene neue Techniken zur Applikation von FIR-Strahlung

am menschlichen Kérper entwickelt werden. Spezielle
Lampen und Saunas, die reine FIR-Strahlung (ohne
Anteile von Nahinfrarot- und Mittelinfrarotstrahlung)
liefern, sind immer sicherer und effektiver geworden und
werden verbreitet fiir therapeutische Zwecke genutzt.
Fasern, die mit FIR-emittierenden Keramik-Nanopartikeln
impragniert und zu Stoffen weiterverarbeitet werden,
finden Verwendung als Kleidung oder Verbandsstoffe, die
aufgrund der generierten FIR-Strahlung gesundheitliche
Vorteile bewirken konnen.

Schliisselworter: Ferne Infrarotstrahlung (FIR); Strah-
lungswarme; Schwarzkorperstrahlung; biogenetische
Strahlen; FIR-emittierende Keramiken und Fasern;
Infrarotsauna.
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1 Introduction

All living organisms are subjected to the natural electro-
magnetic radiation reaching the earth from the sun. Living
organisms experience the beneficial as well as adverse
effects of it at all levels, starting from sub-cellular orga-
nelles and ending with the whole body. Thermal radiation
(or infrared) is a band of energy in the complete electromag-
netic spectrum and it has been used effectively for millen-
nia to treat/ease certain maladies and discomforts. Heated
saunas are only one of the avenues (and perhaps the oldest)
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to deliver the radiation in a controlled environment and
within a convenient treatment time. With the development
of better technology to deliver pure far infrared radiation
(FIR), the benefits from its effects have widened. Nowadays,
specialty FIR emitting heat lamps and garments made up of
filaments (fibers) impregnated with FIR emitting nanopar-
ticles are becoming used to deliver these thermal radiation
effects. In this paper we explore the use of FIR as a promis-
ing treatment modality for certain medical conditions. We
cover both traditional applications and novel applications,
and survey the latest technological advancements and
most recent scientific studies in the field.

1.1 What is FIR radiation?

With respect to the complete electromagnetic radiation
spectrum, the infrared radiation (IR) band covers the
wavelength range of 750 nm-100 pum, frequency range of
400 THz-3 THz, and photon energy range of 12.4 meV-
1.7 eV. It lies between the long wavelength red edge of
the visible and the short edge of the terahertz (starting at
3 THz) spectral bands (Figure 1).

The classification of the International Commission on
Ilumination (CIE) has three sub-divisions for the IR radia-
tion as given in Table 1. An alternative classification pro-
vided in ISO 20473 standard for the sub-division of the IR
ranges is given in Table 2.

In the IR radiation bands, only FIR transfers energy
purely in the form of heat which can be perceived by the
thermoreceptors in human skin as radiant heat [1]. Not
only is FIR absorbed by the human body but it is also
emitted by the body in the form of black body radiation
(3-50 um with an output peak at 9.4 pm).
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Figure1 The spectrum of electromagnetic radiation and some
biological changes it may induce.
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Name/abbreviation Wavelength Photon
energy (THz)

Near infrared/IR-A  0.7-1.4 pm (700-1400 nm) 215-430

100-215
3-100

Mid infrared/IR-B
Far infrared/IR-C

1.4-3.0 pm (1400-3000 nm)
3.0-100 pm (3000 nm-0.1 mm)

Table1 CIE classification of IR radiation.

The term “black body” was first used by Gustav
Kirchoffin 1860. In essence, all matter absorbs electromag-
netic radiation to some degree and an object that absorbs
all radiation falling on it (at all wavelengths and frequen-
cies) is called a black body, i.e., a perfect absorber. When
a black body is at a uniform temperature state, it emits
back this absorbed energy, and it is termed as “black body
radiation”. This is a type of radiation and has continu-
ous frequency/intensity which depends only on the black
body’s temperature, and the type of spectrum it generates
is called the Planck spectrum. In this type of spectrum,
spectral peaks at characteristic frequencies are shifted to
higher values (shorter wavelengths) with increasing tem-
perature values. For instance, at room temperature most
of the emission of the black body is in the infrared region
of the electromagnetic spectrum. At a typical environmen-
tal background temperature, which is around 300 K, the
peak emission is at about 9.7 pum (and the curve covers
the FIR region as well); at around 1800 K (temperature of
molten steel), the peak is shifted to 1.6 pm; at around 6000
K (surface temperature of the sun), the peak is shifting
even further, 0.48 pm, which now is in the visible (blue)
region of the spectrum. Peak shifts of some representative
black body temperatures and the range of electromag-
netic radiation they fall into are given in Figure 2A, B. This
type of shift in the emission peaks of the black bodies (to
shorter wavelengths at higher temperatures) is governed
by Wien’s displacement law.

1.2 Biological effects of FIR

FIR application in medicine requires understanding
and knowledge of the interactions of electromagnetic

Name/abbreviation Wavelength (pm)
Near IR, NIR 0.78-3
Mid IR, MIR 3.0-50
Far IR, FIR 50-1000

Table 2 1S0 20473 standard for sub-division of the IR.
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radiation at FIR range with biological structures (includ-
ing cells, cell membranes, cell fluids — especially water,
DNA/proteins) and functioning of the living systems in
general. At the cellular level, the underlying biophysical
mechanisms of the interaction of electromagnetic radia-
tion with living cells can be framed in terms of altered cell
membrane potentials and altered mitochondrial metabo-
lism [2]. FIR energy (photons with quantum energy levels
of 12.4 meV-1.7 eV) is absorbed by vibrational levels of
bonds in molecules. There are six vibrational modes
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covering symmetric and antisymmetric stretching, scissor-
ing, rocking, wagging and twisting. Considering the high
concentration of water in biological systems, association
of water molecules with ions (solvation effect), the dielec-
tric properties of the water and the large dipole moment
that this effect generates, this will be a dominant factor in
biological solutions. It is known that at lower frequencies
water molecules are able to rotate freely in an oscillating
electric field with little or almost no energy loss. However,
if the frequency of the electric field reaches 108 Hz levels,
the rotational mode becomes hindered (due to “dielectric
friction” effect) and the absorbed energy starts dissipating
by collision or nearest neighbor interactions in the media
[2]. The dielectric relaxation of water at 310 K is around 25
GHz where the rotational response of the dipoles to the
electromagnetic field is spread over a broad frequency
range.

In living systems, in addition to the water molecules
association with the electromagnetic field and effects
of that, one has to consider the “meso-structure” effect
where proteins and charged groups (located at specific
sites on the proteins) are crucial for the overall biological
activity. These specifically located charged groups associ-
ate with the water molecules and by doing this influence
the dielectric behavior of the whole molecular-assembly,
which in turn effects its biologic functioning. Thus, the
dielectric properties of tissues (even at cellular level)
depend on and vary with the water content. In addition,
the relaxation of these molecular “meso-structures” can
show variations with frequency. For these reasons, water
content is a critical factor in the interaction between FIR
and living organisms.

In this regard, the dynamics of water-clusters has
attracted considerable interest since there is a notice-
able difference with respect to the dynamics of bulk-
liquid-water, and this may have significant implications
in biological environments. Local changes in the mole-
cular environment (caused by solvation or confinement)
are shown to affect substantially the translational and
vibrational modes in FIR frequency range. It is found that
water cluster size and temperature affect the FIR absorp-
tion spectrum significantly [3].

2 Medical applications of FIR

For FIR used as a therapeutic modality the alternative
terms “biogenetic radiation” and “biogenetic rays”
have been coined and widely used in the popular lit-
erature. FIR wavelength is too long to be perceived by
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the eyes, however, the body experiences its energy as a
gentle radiant heat which can penetrate up to 1.5 inches
(almost 4 cm) beneath the skin. FIR energy is sufficient
to exert rotational and vibrational modes of motion in
bonds forming the molecules (including the water mol-
ecules) as well as resonate with cellular frequencies.
Resulting epidermal temperature is higher when the
skin is irradiated with FIR than if similar thermal loads
from shorter wavelengths are used. The prolonged ery-
thermal response due to FIR exposure has been pro-
posed to be due to increased epidermal temperatures
associated with it, but levels of FIR that do not produce
any detectable skin heating can also have biological
effects.

2.1 Biomedical laboratory studies using
FIR sources

2.1.1 FIR heat lamps

There have been many attempts to use FIR as a therapeu-
tic intervention where devices known as “infrared heat
lamps” that emit more or less FIR are been used. Unfortu-
nately, “pure” FIR emitting lamps are expensive, and thus,
in some instances lamps that have “mixed” emission, i.e.,
emit in shorter (mid infrared, MIR; near infrared, NIR
and even visible light) wavelength ranges are been used.
A common type of specialized infrared heat lamp emits
2-25 pm radiation. IR saunas are often used and the most
effective types have ceramic FIR emitting panels that
remain cool to the touch. However, most IR saunas on the
market do not use the expensive FIR panels, which can be
touched since they remain always cold.

There have been a few laboratory studies that have
reported the biological effects of FIR. A recent impor-
tant paper describes the in vitro use of an FIR generator
(WS TY-301R®; M/s WS Far Infrared Medical Technol-
ogy Co., Ltd., Taipei, Taiwan; see Figure 3) as a radia-
tion source to irradiate human umbilical vein endothe-
lial cells (HUVECs) [4]. In the study, FIR exposure (a low
non-thermal irradiance) of 0.13 mW/cm? for 30 min inhib-
ited proliferation and the vascular endothelial growth
factor (VEGF)-induced phosphorylation of extracellular
signal-regulated kinases in HUVECs. Furthermore, FIR
exposure induced the phosphorylation of endothelial
nitric oxide synthase (eNOS) and nitric oxide (NO) gen-
eration in VEGF-treated HUVECs. Both VEGF-induced
NO and reactive oxygen species (ROS) generation was
involved in the inhibitory effect of FIR. Nitrotyrosine for-
mation increased significantly in HUVECs treated with
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Figure 3 Medical FIR sources. (A) WS TY-301R® and (B, C) WS
TY-101N® FIR lamps (both by WS Far Infrared Medical Technology Co.,
Ltd., Taipei, Taiwan).

VEGF and FIR together. Inhibition of phosphoinositide
3-kinase (PI3K) by wortmannin abolished both the FIR-
induced phosphorylation of eNOS and serine/threonine-
specific protein kinase in HUVECs. In addition to that,
FIR exposure upregulated the expression of PI3K p85 at
the transcriptional level. It was observed that FIR expo-
sure induced the nuclear translocation of promyelocytic
leukemia zinc finger protein in the cells. These data
provide information on how FIR exposure could affect
microcirculation, independent from thermal effects. The
same group had previously shown that non-thermal FIR
therapy increased skin blood flow in rats [5]. Toyokawa
et al. [6] used home-made ceramic FIR emitters to stimu-
late full thickness excisional skin wound healing in rats.
After constant exposure to FIR, wound healing was signifi-
cantly quickened and transforming growth factor (TGF)-
betal expressing myofibroblasts and collagen content
were increased.

Along the same lines, Akasaki et al. [7] studied in vivo
the effects of repeated FIR irradiation on angiogenesis in
a mouse model of hindlimb ischemia. Following reports
that FIR therapy upregulated the expression of arterial
eNOS in hamsters (and it is known that NO constitutively
produced by eNOS plays an important role in angiogen-
esis) they took a step further to investigate whether the
FIR therapy increases angiogenesis in mice with the
hindlimb ischemia. In their study, unilateral hindlimb
ischemia was induced in apolipoprotein E-deficient
mice and the group to receive the FIR irradiation was
placed in a FIR dry sauna at 41°C for 15 min and then
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at 34°C for 20 min once daily, with total duration of the
experiment of 5 weeks. Laser-Doppler perfusion imaging
demonstrated that at the ischemic limb, blood perfu-
sion ratio in the irradiated group increased significantly
in comparison with the control group (0.79+£0.04 vs.
0.54+0.08, p<0.001). Also, in the treated group, signifi-
cantly greater capillary density was observed (757123
per mm? vs. 416+20 per mm?, p<0.01). Western blotting
showed that thermal therapy has increased markedly the
hindlimb eNOS expression. Furthermore, to study pos-
sible involvement of eNOS in thermally induced angio-
genesis, the same FIR therapy was given to mice with
hindlimb ischemia with or without N(G)-nitro-L-arginine
methyl ester (L-NAME) administration for the dura-
tion of 5 weeks. It was observed that L-NAME treatment
eliminated angiogenesis induced using the FIR thermal
therapy and that the therapy did not increase angiogen-
esis in eNOS-deficient mice. The study led to the conclu-
sion that angiogenesis can be induced via eNOS using
FIR thermal therapy in mice with hindlimb ischemia.

Ishibashi et al. [8] did an in vitro study with
five human cancer cell lines (A431, vulva; HSC3,
tongue; Sa3, gingival; A549, lung; and MCF7, breast)
to assess the effects of FIR irradiation. For that
purpose, they used a tissue culture incubator with
an imbedded FIR lamp that could continuously irra-
diate cells with FIR (lamp operating wavelength
range being 4-20 pm with an emission peak height at
7-12 pum). The overall observation was that the FIR effect
varied in these five cancer cell line types, as can be
expected. The study results showed that basal expres-
sion level of heat shock protein (HSP) 70A mRNA was
higher in A431 and MCF7 cell lines in comparison with
the FIR-sensitive HSC3, Sa3, and A549 cell lines. The
study showed that the over expression of HSP70 inhib-
ited FIR-induced growth arrest in HSC3 cells, and that
HSP70 siRNA inhibited the proliferation of A431 cells
after FIR treatment. A summary of the results of this
study indicated that the proliferation-suppressing effect
of FIR, in some cancer cell lines, is controlled by the
basal expression level of the HSP70A. These findings
suggest that FIR irradiation may be used as an effective
medical treatment avenue for some cancer cells which
have low levels of HSP70.

2.1.2 FIR emitting ceramics and fabrics
FIR emitting ceramics have been known for some time

[9, 10]. All ceramics have the property of emitting IR
radiation depending on their temperature. In the age
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of gas lighting, ceramic mantles were heated by gas
flames to emit both IR and visible radiation depending
on the temperature attained. The exact chemical compo-
sition of the ceramic material governs the relationship
between the temperature and the amount of IR radia-
tion. The radiated energy follows the Stefan-Boltzmann
law which says that the total energy radiated per unit
of surface area per unit of time is directly proportional to
the fourth power of the black body’s absolute tempera-
ture. The wavelength range also depends strictly on the
temperature according to Wien’s displacement law [11].

The boron-silicate mineral, tourmaline (known as
a gemstone in its crystalline form) when milled into fine
powders also emits FIR [12] and the characteristics of the
FIR emission depend on the particle size. Preparations
containing tourmaline powder have been applied to the
skin with the aim of affecting the blood flow [13]. In a
similar manner discs of FIR emitting ceramics have been
attached to the skin with the intent of producing a benefi-
cial effect (see later).

Small particles (nanoparticles and microparticles)
of FIR-emitting ceramic material have been incorporated
into fibers that are then woven into fabrics. These fabrics
can be manufactured into various garments that can be
worn on different parts of the body.

When FIR emitting ceramics or fabrics are employed
as therapeutic devices, it is pertinent to analyze the ther-
modynamics of the process. The first law of thermodynam-
ics states that energy can neither be created nor destroyed.
Heat (molecular vibrational energy) is transferred from
one body to another in three forms: radiation, convec-
tion and conduction. Thus, it is clear that the principle
source of energy needed to power the FIR emission from
the garments comes from the human body, since it is at
a significantly higher temperature than the surrounding
air. So energy from the human body is transferred to these
ceramic particles, which are acting as “perfect absorb-
ers”, maintain their temperature at sufficiently high levels
and then emit FIR back to the body. It is plausible that FIR
emitted from the skin is absorbed by the ceramic parti-
cles, which then re-emit the same FIR back to the skin.
Although this may appear to be an energy neutral process
and to cancel itself out, this is not in fact the case because
the FIR emitting material will prevent the loss of FIR that
would otherwise have escaped through normal clothing.
However the same effect could have been achieved with
a FIR reflective foil suit or suchlike. Other sources of heat
that can transfer energy from the body to the ceramic par-
ticles with a net gain of FIR are either convection, conduc-
tion, or both. The balance between conduction and con-
vection will depend on how close the contact is between
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the garment and the skin. If the garment is skin tight, then
conduction may be important, while if it is loose fitting
then convection (heating up a layer of air between the skin
and the garment) may be important.

Ting-Kai Leung and colleagues have studied the
effect of FIR-emitting ceramic powders in a range of bio-
logical studies [14-19]. In one set of studies, they cul-
tured murine myoblast cells (C2C12) with bags of ceramic
powder under the culture plates and found that FIR
irradiation improved cell viability and prevented lactate
dehydrogenase release under hydrogen peroxide (H,0,)-
mediated oxidative stress, and also elevated the intracel-
lular levels of NO and calmodulin [14]. In the study, they
used electro-stimulation of amphibian skeletal muscle
and found that FIR emitting ceramics delayed the onset of
fatigue, induced by muscle contractions [14]. In another
set of studies, they showed that ceramic-emitted FIR
(cFIR) could increase the generation of intracellular NO
in breast cancer cells [15] and inhibit growth of murine
melanoma cells [16]. Similarly, they found that cFIR
increased calmodulin and NO production in RAW 264.7
macrophages [17]. cFIR also has been shown to increase
the viability of murine macrophages with different con-
centrations of H,0, [15]. In this study [15] it was shown
that cFIR significantly inhibited intracellular peroxide
levels and lipopolysaccharide (LPS)-induced peroxide
production by macrophages. In the same study, it was
also demonstrated that cFIR blocked ROS-mediated cyto-
toxicity (shown by measurements of cytochrome c and
the ratio of NADP+/NADPH) [15].

The same research group went on to study a rabbit
model of rheumatoid arthritis in which rabbits received
intra-articular injections of LPS to induce inflam-
mation that mimics the rheumatoid arthritis [18].
Fluorodeoxyglucose('*F) coupled with positron emission
tomography (FDG-PET) scans were used to monitor the
inflammation in 16 h and 7 days after the LPS injection.
Rabbits to be treated with cFIR were placed in a cage sur-
rounded by paper sheets impregnated with a thin layer
of the ceramic powder, while the control group was sur-
rounded by the same sheet without the material. Compari-
son of the final and initial uptakes of FDG isotopes in the
LPS-injected left knee-joints of the rabbits indicated larger
decreases in the cFIR exposed group than in the control
group indicating that FIR reduced inflammation.

In their most recent study the Leung group studied
the repair effect of cFIR in human breast epithelial cells
(MCF-10A) after H,0, and after ionizing radiation from an
X-ray source [19]. Their results show that in both, H,0, toxi-
city and radiation exposure models, the cFIR treated cells
demonstrated significantly higher cell survival rates than
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the control groups. In view of the experimental results
and taking into account the relationship between indirect
ionizing radiation and the oxidative stress-induced cell
damage, and accumulation of free radicals, they proposed
that the ionizing radiation protective ability of cFIR occurs
predominantly through an antioxidant mechanism. They
are suggesting that cFIR provides cells with a defensive
mechanism during the irradiation process and promotes
cell repair during post exposure period through hydrogen
peroxide scavenging and COX-2 inhibiting activities.

2.2 Means that are used to deliver the
FIR radiation

We analyzed the peer-reviewed applications of therapeu-
tic FIR delivery systems and realized that there are three
main techniques for FIR radiation delivery: i) FIR saunas,
ii) FIR ray devices and iii) FIR emitting ceramics and
fabrics.

2.2.1 FIR saunas

In these cabins, the heating elements are typically heated
to about 300-400°C and the emission is in the FIR range,
that is, the heat exchange between the body and the envi-
ronment is almost purely radiative (radiant heating) with
cabin air temperature being at around 40°C or less (Figure
4). Heating of the skin with FIR warming cabins is faster
(in comparison with the conventional saunas) but higher
irradiance of the skin must be applied in order to produce
noticeable sweating. These cabins are frequently used in
Japan where the practice is called “Waon therapy” [20,
21]. Waon therapy has been used extensively in Japan
[22] and Korea [23] for cardiovascular conditions and
diseases, particularly chronic heart failure [24, 25] and
peripheral arterial disease [26, 27]. FIR sauna therapy
has been used to improve cardiac and vascular func-
tion and reduce oxidative stress in patients with chronic
heart failure [28]. Beever [29] asked whether FIR saunas
could have a beneficial effect on quality of life in those
patients with type II diabetes. The study consisted of
20 min, three times weekly infrared sauna sessions, over
a period of 3 months. Physical health, general health,
social functioning indices, and visual analogue scales
(VAS) measurements for stress and fatigue all improved
in the treatment group. A study of patients with rheuma-
toid arthritis and ankylosing spondylitis showed a reduc-
tion in pain, stiffness, and fatigue during infrared sauna
therapy [30].
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FIR sauna
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Conventional sauna

Figure 4 FIR sauna. (A, B) Comparison of FIR sauna with conventional heated sauna. (C) Cabin incorporating FIR emitting “cold” unit(s)

(Anhui Hi-Tech Electronic Commerce Co., Ltd., Hefei, China).

2.2.2 FIR ray devices

Common devices are WS TY-10IN® and WS TY-301R®
(made by WS Far Infrared Medical Technology Co., Ltd.,
Taipei, Taiwan; see Figure 3). A report from Hu and Li
[31] describes the treatment of allergic rhinitis. A WS
TY-101N® FIR emitter was placed 30 cm from the patient’s
nasal region. The treatment was performed for 40 min
every morning for 7 days. Every day, patients recorded
their symptoms in a diary before and during treatment.
Each symptom of rhinitis was rated on a 4-point scale
(0-3) according to severity. During the period of FIR
therapy, the symptoms of eye itching, nasal itching,
nasal stuffiness, rhinorrhea, and sneezing were all sig-
nificantly improved. Smell impairment was improved
after the last treatment. Lin et al. [32] used a WS TY-101N®
FIR emitter to treat vascular access malfunction with
an inadequate access flow (Qa) in hemodialysis (HD)
patients. This randomized trial demonstrated that
FIR therapy could improve access flow and potency of
the native arteriovenous fistula (AVF) in a total of 145
HD patients (73 in the control group and 72 in the FIR-
treated group). FIR was used for 40 min, and hemody-
namic parameters were measured by the HDO2 monitor
(M/s Transonic System Inc.), during the hemodialysis. In
comparison with control subjects, patients who received
FIR therapy for 1 year had a lower incidence (12.5 vs.
30.1%; p<0.01) and relative incidence (one episode per
67.7 vs. one episode per 26.7 patient-months; p=0.03) of
AVF malfunction. Hausswirth et al. [33] showed that FIR

therapy reduced symptoms of exercise-induced muscle
damage in athletes after a simulated trail running race.

2.2.3 FIR emitting ceramics and fabrics

Discs and garments manufactured of FIR emitting ceramic
material have been applied to the human body (Figure 5).
For instance, a blanket containing discs has been reported
to improve quality of sleep [34] and single discs were
applied to the breasts of women who encountered diffi-
culty in producing sufficient breast milk during lactation
[35]. Gloves have been made out of FIR emitting fabrics and
there have been reports that these gloves can be used to
treat arthritis of the hands and Raynaud’s syndrome [36].

Belts made out of these fabrics have been used for
weight reduction. In one study, Conrado and Munin [37]
investigated whether the use of a garment made with
synthetic fibers embedded with powdered ceramic led
to a reduction in body measurements. The study popula-
tion comprised 42 women divided into two groups: active
and placebo. The volunteers used clothing either impreg-
nated or not impregnated with ceramic powder for at least
8 h/day for 30 days. The experimental data showed a
reduction in body measurements, which may be a conse-
quence of an increment in microcirculation and peripheral
blood flow, and these changes might promote improved
general health.

A belt containing FIR-emitting sericite mineral (a fine
grained mica) was used to study the relief of menstrual
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Figure 5 FIR emitting garments and fabrics manufactured from fibers impregnated with ceramic nanoparticles (Celliant®, Hologenix,
Santa Monica, CA, USA). (A) fibers, (B) yarns, (C) fabrics, (D) knee bandage brace, (E) socks, (F) gloves, (G) elbow bandage brace,
(H) multi-purpose bandage, (1) performance apparel, (J) mattress, and (K) puppy blanket.

pain [38]. In this study, 104 patients with primary dys-
menorrhea were randomized to wear a sericite or
placebo belt during sleep for three menstrual cycles, and
then followed up for two additional menstrual cycles
with no belt. Hot packs were used to heat the ceramics
and ensure slight pain relief in both groups. Although
the severity of dysmenorrhea decreased during the treat-
ment period in both groups, it was found that during
the follow-up period, the decreased VAS (pain) score
was maintained in the experimental group, whereas the
VAS score gradually returned to baseline in the control
group, which resulted in significant difference between
the groups (p=0.0017).

In their recent clinical study, Liau et al. [39] looked
into the benefits of using an FIR emitting belt for manag-
ing the discomfort of primary dysmenorrhea in female
patients. Taking into account several parameters, such
as body temperature, abdominal blood flow, pain assess-
ment, and heart rate variability, they showed that FIR
belts used increased the local surface body temperature
as well as the abdominal blood flow; in addition to reduc-
ing the pain and the discomfort from it. In this particular
study, a THERMEDIC FIR belt (LinkWin Technology Co.,

Ltd., Taiwan) with the capability to generate 11.34 mW/
cm? at 50°C was used.

Rao et al. [40] used garments made out of bioceramic-
coated neoprene in conjunction with a “topical cream” to
treat cellulite of the legs. Each subject was randomized
to receive occlusion by the garment on either the right or
left leg, with the contralateral side serving as a control
with no occlusion. Of the 17 subjects who completed the
study, 76% noticed an overall improvement in their cellu-
lite, with 54% reporting greater improvement in the thigh
that received garment occlusion. Further, the evaluators
found the occluded thighs to show greater improvement
than the non-occluded thighs in 65% of subjects. Biocer-
amic-coated neoprene garment occlusion potentiated the
effect of the topical agent in cellulite reduction. A follow
up two-center, double-blinded, randomized trial found
similar results [41].

Celliant® (Hologenix, Santa Monica, CA, USA) is a
polyethylene terephthalate (PET) fiber that incorporates
FIR emitting ceramic nanoparticles. York and Gordon
[42] studied socks manufactured from Celliant® fiber
material in patients with chronic foot pain resulting from
diabetic neuropathy or other disorders. A double-blind,
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randomized trial with 55 subjects (38 men, 17 women,
average age 59.7+11.9 years) enrolled 26 patients with
diabetic neuropathy and 29 with other pain etiologies.
Subjects twice completed the VAS, brief pain inventory
(BPI), McGill pain questionnaire (MPQ), and a multipur-
pose, short form health survey with 36 questions (SF-36)
a week apart [W(1+2)] before receiving either control or
Celliant® socks. The same questionnaires were answered
again 1 and 2 weeks later [W(3+4)]. The questionnaires
provided nine scores for analyzing pain reduction: one
VAS score, two BPI scores, five MPQ scores, and the
bodily pain score on the SF-36. Mean W(1+2) and W(3+4)
scores were compared to measure pain reduction. More
pain reduction was reported by Celliant® subjects for
eight of the nine pain questions employed, with a signifi-
cant (p=0.043) difference between controls and Celliant®
for McGill question III. In neuropathic subjects, Celliant®
caused greater pain reduction in six of the nine questions,
but not significantly. In non-neuropathic subjects eight of
nine questions showed better pain reduction with the
Celliant® socks.

3 Hypothesis for molecular
and cellular mechanisms of
FIR effects

Despite all these different uses of FIR in medical applica-
tions, the exact mechanisms of the hyperthermic effects
and biological activities of FIR irradiation are still poorly
understood. It is clear that two kinds of FIR therapy may
exist. The first type (FIR saunas and some FIR generators
powered by electricity) uses irradiances or power densi-
ties (tens of mW/cm?) that are sufficient to heat up the
tissue, while others such as ceramic discs, powders, and
fabrics (that use no external power but rely on energy
from the body) have such low irradiances that they do
not heat the tissue (0.1-5 mW/cm?). The question arises
to what extent are the fundamental mechanisms of these
two forms of FIR therapy the same, and to what extent are
they different? Furthermore, the question may be posed
as to what degree of similarity that FIR therapy has with
the reasonably well-established therapy called low level
laser (light) therapy (LLLT) also known as photobiomo-
dulation (PBM). Pertinent to this question is the fact that
many devices used to deliver therapeutic visible or NIR
light were approved by the US Food and Drug Adminis-
tration as being equivalent to an “infrared heat lamp”.
The cellular and molecular mechanisms of LLLT/PBM

F. Vatansever and M.R. Hamblin: FIR: Its biological effects and medical applications —— 263

are to some extent understood and involve absorption of
red or NIR light by mitochondrial chromophores such as
cytochrome c oxidase (CCO, unit IV of the mitochondrial
respiratory chain) [43]. This photon absorption activates
the enzyme possibly by photo-dissociating the inhibitory
molecule, NO, from the copper B (CuB) site [44]. This loss
of NO allows electron transport, oxygen consumption,
and adenosine triphosphate (ATP) to rapidly increase
and results in a marked rise in mitochondrial membrane
potential (MMP) that gives rise to a brief burst of ROS [45].
Signaling pathways are activated by ATP, NO, and ROS
and these lead to activation of transcription factors (such
as NF-kB) [46] that lead to the long-term effects on tissue
(healing, anti-inflammatory and pain relief [47]) seen after
relatively transient periods of illumination.

Since the principle chromophore at FIR wavelengths
is not CCO but rather water, we must ask ourselves how
can the biological effects of red and NIR absorption be
so similar to those seen with FIR? Perhaps some clue
can be obtained by considering the difference between
the two types of FIR therapy (heating and non-heating).
While heating FIR therapy is reported to increase blood
flow, this result may be the simple response of increased
thermoregulation that is known to occur when tissue
is warmed. However, it is possible that the increase in
blood flow, seen in non-heating FIR therapy, may be
similar in nature to that seen in LLLT, in other words, a
vasodilation due to NO release from stores in CCO [48]
as well as from NO bound to hemoglobin and myoglo-
bin [49]. How are we to explain cellular responses from
low fluences of FIR that are insufficient to produce
bulk heating of water in the tissue? Perhaps the answer
lies in the concept of nanostructured water layers [50].
These are thin (nanometers) layers of water that build
up on hydrophobic surfaces such as cellular mem-
branes, and they can be considered as “concentrated
water” [51]. If this description is correct, it is reasonable
to assume that relatively small amounts of vibrational
energy delivered by non-heating FIR could perturb the
structure of the membrane underlying the nanoscopic
water layer without bulk heating. Small perturbations
in membrane structure could have big effects at the
cell level if the membrane contains an ion channel. Ion
channels (many kinds for both cations and anions [52])
are present in all cell membranes, but are particularly
common in mitochondrial membranes (both inner and
outer [53]). If mitochondrial ion channels (particularly
calcium channels [54]) could be opened by non-heating
FIR, thus increasing mitochondrial respiration, it would
explain how the overall therapeutic outcomes of LLLT
and non-heating FIR therapy are so similar.
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It cannot be excluded that FIR could itself have effects
on CCO activity. A recent study has elucidated the exist-
ence of weakly H-bonded water molecules in bovine
CCO that might change during catalysis [55]. Fitting with
Gaussian components indicated the involvement of up
to eight waters in the photolysis transition. The fact that
Fourier transform infrared (FTIR) spectroscopy is exten-
sively employed to study the structure, function, and
dynamics of CCO [56, 57] suggests that it is possible that
the same wavelengths (FIR uses comparable wavelengths
to FTIR) could produce changes in conformation affecting
enzyme activity or binding of NO to the CuB site.

It must be emphasized that the above remains a hypo-
thetical explanation at present, but is clearly a testable
hypothesis. One could ask whether exposure of cells to non-
heating FIR can affect mitochondria by for instance increas-
ing ATP, increasing oxygen consumption, producing NO
and ROS, affecting MMP and calcium levels. One could also
ask whether cells that are rich in mitochondria respond well
to non-heating FIR, in the same way as they do to LLLT.
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