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Augmentation of Wound Healing
Using Monochromatic Infrared Energy
Exploration of a New Technology for Wound Management
Lon R. Horwitz, DPM, CWS; Thomas J. Burke, PhD; and Dale Carnegie, DPM

Abstract
The results presented in this paper document healing of different types
of extremity wounds with 890 nanometer (nm) monochromatic infrared
energy. Recalcitrant dermal lesions, including venous ulcers, diabetic
ulcers, and a wound related to scleroderma, were treated with a Food
and Drug Administration-cleared infrared device. The infrared protocol
was instituted after conventional management protocols were shown to
be ineffective. The rate and quality of healing of these previously refractory wounds, following use of monochromatic infrared energy, may be
related to local increases in nitric oxide concentration. Increases in nitric
oxide previously have been demonstrated to correlate with vasodilatory
and anabolic responses. Further research is needed to confirm the
results found in these patients.
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postamputation wounds are difficult to
manage and often do not heal, even with
aggressive medical management and conscientious patient compliance. The lack of
consistent and favorable outcomes is a
costly problem for the health care industry, patients, and physicians. With an
aging American population, the opportunity to explore novel and cost-effective
treatment strategies will likely increase
during the next several decades.
It has recently been demonstrated that a
commercially available, Food and Drug
Administration-cleared monochromatic

infrared energy (MIRE) modality increases nitric oxide (NO) in the blood and plasmas of normal adult subjects (authors’ unpublished research). An elevation in NO
has been suggested to be the basis of
improved rates and quality of healing during L-arginine or nitroglycerin therapy in patients with wounds.1-3 Dietary
L-arginine, a source of NO via the constitutive isoform of the enzyme nitric oxide
synthase (cNOS), increases the rate of wound
healing following traumatic, thermal, and fracture injuries.4-6
It has been proposed that through this
NO-mediated process, MIRE might prove
beneficial in patients with venous and diabetic ulcers and in patients who exhibit
slow rates of postamputation wound closure. The authors have evaluated the efficacy of wound healing during use of a
commercially available MIRE device. The
5 patients discussed in this paper had
wounds that were deteriorating or stagnant.

Purpose
The authors propose that the net result of
increasing local amounts of circulating
NO may be neovascularization, enhanced
tissue perfusion, and successful wound
healing.
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Protocol
Approval for this protocol was obtained
from the Colorado Multiple Institutional
Review Board (COMIRB) prior to subject
recruitment at the Denver Veterans Affairs
Medical Center (DVAMC) and Denver
Health Medical Center (DHMC) in
Denver, CO. Subjects were recruited from
patients attending the weekly DVAMC podiatric medical clinic or the DHMC physical medicine clinic. All had undergone months or years of conventional
wound management (ie, alginate dressing
[SORBASAN], a collagen gel [Kollagen],
Unna’s paste boot, silver sulfadiazine
cream [Silvadene], wet-to-moist dressings, compression wraps), with little or no
improvement in signs and symptoms,
before initiation of the MIRE protocol.
Subjects with venous ulcers were recruited by one of the authors (L.R.H.)
from the DVAMC clinic. They were given
instructions on how to use the MIRE device at home. Subjects were to discontinue their previous conventional modalities,
use the MIRE device for 30 minutes each
day, redress the wound with a sterile saline wet-to-moist gauze dressing, apply a
compressive elastic wrap, and return to the
DVAMC podiatric clinic 1 week later.
Each clinic visit was marked by thorough
topical wound debridement and redressing with a wet-to-moist dressing, followed
by application of a compressive elastic
wrap around the wound and the lower
extremity involved. Subjects were then
seen twice a month or monthly for the next
several months, depending on wound severity and progress toward healing.
Wounds were photographed with a 35 mm
camera. The photographs were scanned
into a computer, and a commerically
available image measurement and statistical software program was used to calculate the wound surface in square centimeters.The software can calculate area, perimeter, radius, and other measurements
based on the ruler in the photograph.
Subjects with ulcerations related to dia-
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betes were recruited by one of
Figure 1
the authors (D.C.) from the
PROGRESS OF WOUND HEALING
DHMC clinic. Their wounds
IN SUBJECT 1
were more recent or postsurgical in nature. Each clinic visit
A
was marked by thorough topical wound debridement, a 30minute treatment with the
MIRE device, and redressing
with a wet-to-moist gauze
dressing. Patients were seen in
the DHMC clinic weekly, then
progressing to 2- to 3-week
intervals, depending on wound
severity and evidence of healing.
Wounds were photographed with a 35 mm camera.
B
As with the venous ulcers,
the photographs were scanned into
a computer and the wound surface area was calculated in
square centimeters.
The author at the University
of Colorado Medical School
(T.J.B.) recruited the subject
with a wound related to scleroderma.
This subject was
assessed and given a MIRE
device for home use, with
C
clinic visits scheduled every
other week to monitor progress.
The MIRE device was
cleared by the Food and Drug
Administration in 1994 for the
purpose of enhancing circulation and reducing pain.
It
delivers MIRE at 890 nanometers (nm) wave length (the only
wave length the MIRE device
emits) from each of 2 flexible Venous ulcer measures 8.29 cm 2 on April 2, 1997 (photo A).
pads containing 60 Gallium 1.21 cm 2on July 30, 1997 (photo B), and is resolved on
Aluminum Arsenide (GaA1As) October 29, 1997 (photo C).
diodes. The uniform average
power emitted over the pad surface each pad) was 43.2 Joules/centimeter squared
(22.5 cm 2 ) of the diode array was 9.0 (Jcm/cm 2 ). Of particular interest was
milliwatts/centimeter squared (mw/cm2 ), the flexible nature of these pads, which
as measured with a Centronic OSD60-5T allows placement on uneven body surphotodiode (Newberry, CA) Total energy faces and at more than a single site. The
density per 30-minute application (for design of the flexible pad allows the
HTTP://WWW.WOUNDCARENET.COM
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infrared energy to be delivered perpendicular to and in contact with the involved
site.
Subject 1
This 60-year-old, nondiabetic, Caucasian
male had a painful venous ulcer, which had
initally appeared in 1958, on his right
lower leg. The subject enrolled in the
study on March 12, 1997, after failed therapy with Unna’s paste boot, an alginate
dressing (SORBSAN), a collagen gel
(Kollagen), and compression sock therapy
over several weeks. On April 2, 1997, the
ulcer’s area measured 8.29 cm 2 . The
patient’s protocol was daily use of the
MIRE device at home for 30 minutes per
day, after showering and cleaning the
ulcer with a mild saline solution, and continued use of compression therapy. On July
30, 1997, the lateral ulcer measured
1.21 cm2 , and it resolved on October 29,
1997 (Figure 1). As of August 26, 1998,
there have been no signs of tissue deterioration. The subject continues to be employed full-time, and he remarried during
his study participation due to renewed
self-image.

Subject 2
A 64-year-old, nondiabetic, obese,
Caucasian male presented with a venous
ulcer that had existed for 13 years. The
wound was located at the lateral mid-calf
on his left leg and was neither deteriorating
nor progressing toward healing with conventional modalities (Unna’s paste boot, a
skin protectant spray [GRANULEX], a
hydrocolloid dressing [DuoDERM], and
silver sulfadiazine cream [Silvadene]).
This subject was provided with an MIRE
device for home use. Direct contact application was self-administered for 30 minutes every day prior to wet-to-moist dressing changes. A compression bandage was
used for its therapeutic value and its ability to hold the dressings in place. Progress
was monitored with weekly clinic visits
HTTP://WWW.WOUNDCARENET.COM
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Figure 2

PROGRESS OF WOUND HEALING IN SUBJECT 2
A

B

C

D

Venous ulcer measures 21.34 cm 2 on October 25, 1995 (photo A), 9.78 cm 2 on December 6, 1995
(photo B), 1.61 cm 2 and 3.41 cm 2 on April 10, 1996 (photo C), and is resolved with no breakdown
on May 28, 1998 (photo D).
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initally. As the ulcer healed,
progress was monitored with
monthly clinic visits. The wound
area was 21.34 cm2 at the initiation of the MIRE protocol on
October 25, 1995 (Figure 2).
Eleven
months
later
(September 11, 1996), use of the
MIRE was discontinued, with the
wound area measuring 1.3 cm2 .
Wet-to-moist dressings were
applied every day, along with
compression wrap therapy, and
clinical debridement was performed every 4 weeks. On
May 28, 1998, long-term followup revealed healthy pink, fullthickness, intact skin, absence of
hemosiderin deposition, and no
open lesion. Compression sock
therapy was instituted for longterm management of lower extremity venous disease. The subject is now employed full-time
and has achieved his goal of playing softball.

i n

W o u n d

Figure 3

PROGRESS OF DISTAL WOUND HEALING
IN SUBJECT 3
A

B

Results with Diabetic
Ulcers
2

Wound dehiscence measures 1.81 cm on November 25, 1996
Subject 3
(photo A) and is resolved on April 16, 1997 (photo B).
A 64-year-old African American
female with Type I diabetes presented with wound dehiscence 2 months
time in 2 years - and was fitted with an
after a left great toe amputation. She
orthotic. Monochromatic infrared energy
was assessed and instructed on the use of
usage was discontinued after 5 months of
the MIRE device at home. She began
management, and complete closure of the
therapy on November 25, 1996. The distal
distal and dorsal wounds was achieved.
pedal wound was 1.81 cm2 (Figure 3),
This subject also had a wound on her
and a 2-year-old dorsal wound (not
right heel that had been present for 7
shown) was 7 cm2 . The MIRE device was
months and was deteriorating with conadministered for 30 minutes every other
ventional management. After wound
day, followed by wet-to-moist dressings,
debridement, tendon exposure was noted.
and the subject was monitored with clinic
Outpatient therapy began on October 16,
visits at the DHMC every other week.
1996, when the heel ulcer measured 2.26
After the first 6 weeks, the interval
cm2 . She used the MIRE device at home,
between clinic visits was extended to 2 to
and she was followed with twice-a-month
3 weeks. This subject became weightclinic visits. By April 16, 1997, there was
bearing on February 12, 1997 - the first
no clinical evidence of an open wound.
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This subject was able to join her
husband on a fishing trip for the
first time in 2 years.
Subject 4
This 64-year-old African American
male with Type I diabetes
presented with a foreign body
embedded in his left great toe.
The foreign body was surgically excised, and this subject subsequently was discharged. One
month later, the subject was referred to the physical medicine
clinic at DHMC with a nonhealing ulcer, 2 cm in diameter,
penetrating down to bone at the
surgical site. The subject refused amputation of the left
great toe. Treatment involved
weekly topical debridement,
daily saline soaks with wet-tomoist dressings, and use of the
MIRE device for 30 minutes
once a week in the outpatient
clinic. A transparent dressing
(OpSite) was placed over the
wound to avoid contamination.
A visiting nurse applied a wetto-moist saline dressing each
day. After 3 weeks, sensation in
the left great toe returned,
edema greatly diminished in the
hallux, and there was noticeable improvement in granulation tissue within
the ulcer cavity. During the final 6
weeks, the subject was treated 3 times
with the MIRE device. Four months
after surgery, the ulcer had healed with neither scarring nor callus tissue
(Figure 4).

Results with a SclerodermaRelated Ulcer
A 45-year-old Caucasian female presented with a 13-year history of scleroderma. In November 1997, she developed a painful ulcer on the middle finger of her right hand. Conventional
HTTP://WWW.WOUNDCARENET.COM
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Discussion
Figure 4

PROGRESS OF WOUND HEALING
IN SUBJECT 4
A

B

C

Wound area of this diabetic ulcer measures 0.64
cm 2 on September 3, 1997 (photo A) and 0.18
cm 2 on October 29, 1997 (photo B). The ulcer
is resolved on December 3, 1997 (photo C).

therapy yielded no improvement over
the next 4 months. At-home MIRE
treatments of 30 minutes twice a day
began on March 14, 1998. Within 2
weeks, the lesion had completely
healed (Figure 5).
HTTP://WWW.WOUNDCARENET.COM

Figure 5
Monochrmatic infrared energy
PROGRESS OF WOUND HEALING
was effective in healing a variety of
IN SUBJECT 5
wounds that either had become
stagnant or had deteriorated with
A
conventional management. Because virtually all other interventions were discontinued, these
results suggest that MIRE, perhaps
the specific wave length of 890
nm, could have been responsible.
In addition, the design of the pads
that maintained the focused energy
density perpendicular to the wound
site and the large surface area of
the diode array may have contributed to the results achieved. In 3
B
cases (subjects 1, 2, and 3), the
healed wounds have not recurred
during 1 to 2 years of follow-up
evaluation, despite the cessation of
MIRE exposure. The ease of pad
placement, which does not involve
the stress of continuous hand positioning, is subject-friendly and contributed to the subject compliance
required in this study.
It recently has been demonstrated
Wound area of this ulcer related to scleroderma meathat application of this particular
sures 0.44 cm2 on March 13, 1998 (photo A). The ulcer
is resolved on March 27, 1998 (photo B).
MIRE device to the skin for 30
minutes increases plasma NO in
sion, by vasodilation, at a site of previous
nondiabetic subject volunteers, as meavascular compromise.9
sured with a Sievers Instrument, Model
NO is a powerful anabolic agent,10 and
280, Nitric Oxide Detector (authors’ unit is thought to be the molecule that
published data). NO is a potent endogenous
accounts for the wound healing efficacy of
vasodilator that can be liberated from tightoral supplementation with L-arginine1 or
ly bound hemoglobin on exposure to vari7
topical nitroglycerin2 , both of which are
ous wave lengths of energy. In the patients
sources of NO. In addition, the healing
described here, the use of MIRE on refracprocess may be accelerated by increasing
tory wounds may have involved elevations
circulatory NO-a potent vasodilator. 1 1
in local and systemic NO. Recently,
8
Shorter wave lengths in the ultraviolet
Schindl et al reported increased circulation
range also have been shown to promote
in the feet of diabetic patients with microvasodilation through release of NO.12 NO
angiopathy after using a visible red monolevels were not measured in the subjects
chomatic energy device with an energy
described in this paper. However, the
density of 30 J/cm2 . The circulatory effects
enhanced healing suggests that some subwere sustained even after the use of the
jects had the capacity to generate local indevice was discontinued. Bioavailable NO
creases of NO in response to MIRE expohas beeen shown to enhance arterial perfuADVANCES IN WOUND CARE
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sure. It is important to recognize that 2 of
the subjects in this DVAMC study had
venous ulcers for many years and that no
previous therapy had effected wound closure and/or healing. Thus, it is unlikely
that the ulcers would have healed without
external intervention.
NO is bound to the cysteine 93 of the
beta chain of hemoglobin during the passage of red blood cells through the
lungs.13 In addition to oxygen, hemoglobin also transports NO throughout the
body. NO is thought to aid in vascular perfusion by dilatation of arterioles, thus enhancing tissue oxygenation, nutrient delivery, and removal of waste products of
metabolism.
MIRE appears to accelerate healing at
local sites where the MIRE pad is
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placed. This may be accomplished by
liberating NO from hemoglobin or possibly from other nitrosylated compounds.13 Although NO has a short halflife, usually less than 3 seconds,14 the
body’s circulation provides a continuous
supply of red blood cells containing NO.
Thus, there is an uninterrupted delivery of
red blood cells containing NO to the site
where the MIRE pads are placed. Once
MIRE exposure is initiated, the local effect would be continuous release of NO
from hemoglobin, vasodilation, angiogenesis, enhanced tissue perfusion, and less
ischemia. There also may be an anabolic
effect that manifests itself as improved tissue remodeling. 1 0
Use of MIRE in the subjects described
in this paper appeared to have contributed
to improving their quality of life, as
described earlier. Enhanced dermal tissue
repair and fewer visits to wound care providers potentially allows an overall savings of health care dollars, wound supplies, and physician and patient time. The
MIRE device is a novel technology that
has been demonstrated to be a noninvasive, portable, drug-free method for potentially healing chronic wounds resistant to
conventional modalties.
Additional research is needed to show
whether MIRE is independently responsible for wound healing. Originally, the
research described in this paper was
designed as a COMIRB-approved, randomized, placebo-controlled, doubleblind study. However, it soon became
apparent to the participating medical professionals which patients were using
active versus placebo MIRE devices. For
ethical reasons, all patients using the
placebo devices were switched to active
MIRE devices. AWC
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