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Marcos Leal Brioschi, MD, PhD

General Surgery, Forensic Sciences

Dr. Brioschi is the president of the Brazilian Thermology Soci-
ety. He is also the Editor in Chief of The Journal of Pan Ameri-
can Medical Thermology.

Dr. Brioschi is a graduate in Surgery from Universidade Federal
do Paraná in 1996 and received his master’s in Medicine from
Faculdade Evangélica do Paraná in 2000. He earned his PhD in
Surgery from the Universidade Federal do Paranáin 2003. Dr.
Brioschi is a Post-doctoral Faculty of Medicine at the Hospital
and Clinics of the Universidade of Sao Paulo within the Depart-
ment of Neurology. He has experience in Surgery, Forensic
Medicine and Clinical Thermology (infrared imaging, thermo-
graphy). He has special interest in the following subjects: pain
management, breast cancer, angiology and surgery.

Kamayni Agarwal-Kozlowski, MD
Anesthesiology
Dr Agarwal-Kozlowski is Medical Director at the Center for Pal-
liative Care and Pain Management, Hanseatic Care, in Hamburg,
Germany. She has sub specialization in Pain Medicine, Emer-
gency Medicine, Palliative Medicine, Traditional Chinese Medi-
cine, Ayurveda, Neural Therapy and Psychosomatic Care. Dr.
Agarwal-Kozlowski is a member of the German Association for
Anesthesiology and intensive Care, the German Association for
Palliative Medicine, the German chapter of the International As-
sociation for the Study of Pain (IASP) and the German Associa-
tion for Acupuncture. She has utilized Medical Thermology for
the past 16 years and has special interest in interventional pain
management of neuropathic, sympathetically maintained and ma-
lignancy associated pain.

Robert G. Schwartz, MD

Physical Medicine & Rehabilitation

Dr. Schwartz owns and operates Piedmont Physical Medicine &
Rehabilitation, PA, in Greenville, SC. Within his practice he spe-
cializes in pain diagnosis and treatment, physical medicine & re-
habilitation, and peripheral vascular medicine.

Dr. Schwartz completed his undergraduate studies at the Univer-
sity of Michigan in Ann Arbor, Michigan, attended medical
school at Wayne State University in Detroit, Michigan and com-
pleted his residency in Physical Medicine & Rehabilitation at the
University of Texas Health Science Center in San Antonio,
Texas. He is Board Certified Physical Medicine & Rehabilitation,
Pain Management, Electro diagnosticMedicine, Orthopedic Medi-
cine and Thermology. Dr. Schwartz is also a Fellow of the Society
for Vascular Medicine and Biology. Dr. Schwartz is the President
of the American Academy of Thermology, theExecutive Direc-

tor for the South Carolina Society for Physical Medicine & Reha-
bilitation, and the Medical Director for Physical Medicine & Re-
habilitation at Bon Secours St. Francis Hospital in Greenville,
South Carolina.

Hisashi Usuki, MD, PhD.

Surgical Oncology

Dr. Usuki is the Director and Chief of the Japanese Association
of Thermology. Dr. Usuki is a Clinical professor and the Director
of the Surgical Center at Kagawa University Hospital in Kagawa,
Japan. Dr. Usuki is a member of the International Society of Sur-
gery, the Society of Medical Innovation and Technology, and on
the Editorial Board for the journal Thermology International.
His published areas of research include Thermographic exami-
nation of breast disease, surgical therapy for digestive cancer and
postoperative quality of life, efficiency improvement of surgical
care centers and thermal management of patients in operative
rooms.

Ho-Yeol Zhang, MD, PhD
Neurosurgery

Dr. Zhang is a Clinical Professor of Neurosurgery at Yonsel Uni-
versity College of Medicine in Seoul, S.Korea and a Clinical Fel-
low in Neurosurgery at Yongdong Severence Hospital, Yonsei
University College of Medicine .

Dr. Zhang completed his postdoctoral research in the Neurosur-
gery Spine Lab at Stanford University, California. He Chairs the
Scientific Committee for the Korean Society of Thermology. Dr.
Zhang also owns patents for the Cervical Artificial Disc,and Cer-
vical Intervertebral Cage. Dr. Zhang has several Thermography
related publications on topics including carpal tunnel syndrome,
radiculopathy, lumbar degenerative disc disease, lumbar sym-
pathectomy, discography in multiple HLD, whiplash, gastro-
esophogeal reflux, and airport security for travelers likely to com-
mit crimes or be involved in narcotic abuse.

Srini Govindan, M.D.
Neurology, Sleep Medicine & Pain Management

Dr. Govindan is the Executive Director of the American Acad-
emy of Thermology. Dr. Govindan practices at Neuro-di agnos-
tics/IDM in Wheeling, West Virginia His residency training in
Neuropathology was from the in Neurology at the University of
Maryland Medical Center in Baltimore,MD and completed his
residency in Neurology at the West Virginia University Medical
Center, Morgantown, WV.

He is Board Certified by the American Academy of Pain Man-
agement, The American Board of Forensic Medicine and the
American Academy of Experts in Traumatic Stress. He is a Fel-

61



62

Thermology international 21/2 (2011)

low of the American College of Angiology, The American Acad-
emy of Disability Evaluating Physicians, The American College
of Forensic Examiners and The Fellow American Academy of
Thermology.

Kurt F. Heitman, M.D.
Opthamology

Dr. Heitman is a graduate of the Univ. of Texas Southwestern
Medical School in Dallas and completed his residency in Oph-
thalmology at the University of Texas Health Science Center at
San Antonio, Texas. He is a Fellow of the American Academy of
Ophthalmology. Dr. Heitman has been Chief of Surgery- 92nd
Strategic Hosp. Fairchild AFB, WA, Chief of Dept. Ophthalmol-
ogy- Greenville Hosp. System and President, South Carolina So-
ciety of Ophthalmology.

Dr. Heitman has been a pioneer in Somato Visceral involvement,
especially involving diseases of the eye, in patients with RSD and
Barre Lieou Syndromes. He has given several lectures on Ocular
Manifestations of Reflex Sympathetic Dystrophy and is a Medi-
cal Advisor to the South Carolina Reflex Sympathetic Dystrophy
Association.

Ashish G. Shanbhag, M.D.
Neuromusculoskeletal Medicine, Interventional Spine & Pain Manage-
ment

Dr. Shanbhag is Board Certified in Physical Medicine & Rehabili-
tation. He went to medical school at the Medical University of
South Carolina and completed his Residency training at the Uni-
versity of Minnesota and the University of Alabama.

Dr. Shanbhag is President of the Spartanburg County Medical
Society and The South Carolina Society of Physical Medicine &
Rehabilitation. He is the Executive Director South Carolina Soci-
ety of Interventional Pain Physicians and is a Board Member
South Carolina Medical Disciplinary Commission. He has been a
Clinical Instructor in Physical Medicine & Rehabilitation at the
Medical University of South Carolina, Department of Neurol-
ogy – Division of Physical Medicine & Rehabilitation and at the
University of Minnesota, Department of Physical Medicine &
Rehabilitation, in Minneapolis, Minnesota.
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GUIDELINES FOR NEURO MUSCULOSKELETAL
THERMOGRAPHY
(SYMPATHETIC SKIN RESPONSE STUDIES)

General Statement:

This guideline was prepared by members of the American Acad-
emy Of Thermology (AAT) as a guide to aid the neuro-muscular
thermologist and other interested parties. It implies a consensus
of those substantially concerned with its scope and provisions.
The AAT guideline may be revised or withdrawn at any time.
The procedures of the AAT require that action be taken to reaf-
firm, revise or withdraw this guideline no later than three years
from the date of publication. Suggestions for improvement of
this guideline are welcome and should be sent to the executive di-
rector of the American Academy of Thermology. No part of
this guideline may be reproduced in any form, in an electronic re-
trieval system or otherwise, without the prior written permission
of the publisher.

Members of the committee: Robert G. Schwartz M.D. Chairman,
Robert Elliott, M.D., Ph D., Gerald S. Goldberg, M .D., Srini
Govindan, M.D., Timothy Conwell, D.C., Philip P. Hoekstra,
III, Ph.D., David Pascoe, Ph D., Ram Purohit, D.V.M, Ph.D.,
Jim Waldsmith DVM, Richard T. Herrick, M.D.

Updated 2009

Extremity and Spine Infrared Sympathetic Skin Response
(SSR) Evaluation

Purpose:

Infrared SSR studies of the extremities and spine are performed
to provide an overview of the location, extent and severity of
sympathetic skin response abnormalities. When abnormalities
due to vasomotor/sudomotor dysfunction occur there are asso-
ciated changes in skin galvanic impedance and skin temperature.
Skin galvanic impedance changes map closely with skin tempera-
ture. In physics this is explained by the fractal nature of infrared
waves and their relationship to resistance and conductivity. The
SSR evaluation can be performed from the cranium to the base
of the spine (inclusive of all segments) and torso to the extremi-
ties, extended to the fingers and toes.

Common Indications:

Some of the common indications for performance of extremity
and spine infrared SSR imaging include (1-11):

• Evaluation or follow-up of patients with known or suspected
vasomotor instability.

• Assessment of patients with known Reflex Sympathetic Dy-
strophy (RSD), Chronic Regional Pain Syndrome (CRPS) ty-
pes I and II, Thoracic Outlet Syndrome, Vaso-motor
Headache and Barre'-Leiou Syndrome.

• Pre-procedure assessment for planning of intervention.

• Follow-up to determine technical adequacy of surgical inter-
vention, i.e., sympathetic block, sympathectomy and/or spinal
cord stimulator placement.

• Follow-up to detect improvement, progression or spread of
disease, which may reflect change in condition.

• Evaluation of vasospastic disorders, rheumatic inflammation
and unexpected post operative or post fracture pain.

• Evaluation of trauma, shoulder hand syndrome or other dis-
orders associated with autonomic dysfunction.

• Mapping of the extent of vasomotor instability to guide sym-
pathetic response generator identification.

• Mapping of the location of vasomotor instability for impair-
ment rating purposes.

• Confirmation of diagnostic inclusion criteria for clinical
diagnostic purposes.

• Confirmation of diagnostic inclusion criteria for research pur-
poses.

Contraindications and Limitations:

Contraindications for extremity and spinal infrared SSR imaging
include the following:

• Presence of casts, bandages or other technical factors that
preclude the ability to expose skin to a temperature equili-
bration environment.

• An uncooperative patient.



Guideline 1: Patient Communication and Preparation:

1.1 The examining physician explains why the extremity and
spinal Infrared SSR examination is being performed to the pa-
tient, taking care to ensure that the patient understands the ne-
cessity for each aspect of he evaluation.

1.2 Responds to questions and concerns about any aspect of
the examination.

1.3 Advises the patient about risk factors and symptoms of
vasomotor instability or C Fiber (sympathetic) pain, and the ben-
efits of movement in the presence of sympathetic pain or vaso-
motor instability.

1.4 Refers specific diagnostic, treatment or prognosis ques-
tions to the patient's physician.

1.5 Patient should not have contact with any object if that
body part is being imaged. Cotton garments may be worn to
cover breast or genital areas when they are not under study.

1.6 Shower or bathe the morning of the test to ensure that the
skin is as clean as possible; however, avoid hot water exposure to
the skin for at least two hours prior to the test.

1.7 Avoid placing any material of any kind on the skin, such as
any skin lotions, deodorants, preparations, moisturizers, lini-
ments, topical analgesics, etc. Avoid make-up if the face is to be
examined

1.8 Wear loose clothing to the test; avoid anything binding
against the skin; avoid support undergarments or pantyhose. Do
not wear jewelry, including rings if the hands are to be examined.

1.9 Avoid skeletal manipulation, acupuncture, physical ther-
apy, the use of TNS units, or electrodiagnostic testing for 12
hours prior to the test. Exceptions should be noted in the record.

1.10 Whenever possible steroids, sympathetic blockers, vaso-
active medications, opiates and transdermal patches should be
avoided for 24 hours prior to testing (8-16 hours minimum). Ex-
ceptions should always be recorded in the record.

1.11 When Stress examinations are being performed, medica-
tions that are not medically necessary and that alter sympathetic
function should be avoided for at least 24 hours prior to testing.

1.12 In the absence of extenuating circumstances, for original
diagnostic studies sympathetic and neurolytic blocks should be
avoided for 3 days prior to testing (5,12,13,14).

Guideline 2: Patient Assessment

Patient assessment should be performed before infrared SSR im-
aging. This includes assessment of the patient's ability to tolerate
the procedure and an evaluation of any contra-indications to the
procedure (4,15).

2.1 Obtain a complete, pertinent history by interview and/or
review of the patient's medical record. A pertinent history in-
cludes:

a. Current medical status, especially regarding pain
and vasomotor instability.

b. Presence of any signs or symptoms of allodynia
or hyperalgesia in association with sudomotor, vasomotor
or other autonomic dysfunction.

c. Relevant risk factors for vasomotor instability:
prior history of RSD or CRPS, trauma, fracture, repetitive
use, vibration syndrome, peripheral neuropathy, spinal pa-
thology, radiculopathy, vasomotor headache, rheumatic ill-
ness, cardiovascular disease, hypertension, diabetes,
peripheral vascular disease, coagulopathy, birth control pill
use, hypothyroidism or infection.

d. Pathology/Laboratory investigation values.

e. Current medication or therapies

f. Results of other SSR, thermographic or vascular
studies

g. Results of prior autonomic, sympathetic or vascu-
lar interventions

2.2 Complete a limited, focused, detailed or extensive physical
examination, which includes assessment of all structures under
study. Trophic changes, vasomotor or sudomotor changes and
possible pain generators should be documented.

Guideline 3: Examination Guidelines

3.1 Infrared thermography both measures and maps the de-
gree and distribution of skin temperature changes. Skin temper-
ature is largely under the control of the autonomic nervous
system and bilateral symmetry is expected through out the body.
Asymmetric patterns of 1 degree centigrade or greater (that are
not due to local traumatic, inflammatory or vascular disease) oc-
cur when sympathetic pathology exists.

Thermography is not a test of structure, but rather physiology
and therefore when structural injury is suspected other radio-
graphic imaging or diagnostic studies should be performed. This
is important as treating other previously undiagnosed conditions
can often result in resolution of symptoms.

Due to the complex nature and etiology of painful conditions as-
sociated with skin temperature asymmetry patterns, only those
doctors trained in the proper techniques required to perform and
interpret SSR should do so. When present, the pattern of asym-
metry discovered by infrared SSR examination should guide the
treating physician in determining the source or generator of the
abnormality. Both response to treatment and additional testing
may still be required to complete this task (16-21).

3.2 All studies should utilize infrared technology with sensitiv-
ity of at least 0.1 degree centigrade (100 units nominal expansion
thermal drift; NETD) and a minimum of 100 micro- radians spa-
tial resolution.

3.3 All studies should be performed in a laboratory where am-
bient temperature is controlled, free from drafts and where there
is no exposure to ultraviolet rays that may result in heating. The
imaging room should be comfortably cool to allow for pull-off
of superficial heat from the skin (20-25 degrees centigrade is
commonly used). Unless a stress exam is intentionally being
done no extraneous thermal stresses should exist.

3.4 Ventilation systems should be designed to avoid direct air-
flow onto the patient. Carpeted flooring is preferred. Exposing
the patient's feet may assist with equilibration, even with upper
extremity examinations. Standard fluorescent lights are appro-
priate.

3.5 While a single set of images can be adequate in cases where
obvious thermal asymmetry exists, repetition at specified time
intervals (usually fifteen minutes, but not to exceed twenty min-
utes) allows for assessment of reproducibility and progressive
change with increased exposure to the ambient temperature. No
equilibration period is required for post block or stress test exam-
inations.

3.6 A standard exam protocol for each segment evaluated
should be used. This will frequently require multiple infrared
SSR windows with different points of focus (arm, forearm,
wrist, hand, thigh, leg, foot, cervical, thoracic and lumbosacral
spine). Each point of focus should include anterior, posterior,
medial, lateral or oblique views. Contralateral and AP views
should be equidistant and fill the image screen.

3.7 The patient's physical and mental status is assessed and
monitored during the examination, with modifications made to
the procedure plan according to changes in the patient's clinical
status during the procedure. Also, findings are analyzed through-
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out the course of the examination to assure that sufficient data is
provided to the physician to direct patient management and ren-
der a final diagnosis.

3.8 Appropriate infrared SSR instrumentation, which in-
cludes real time display, electronic static image capture, storage,
post capture annotation or hard copy documentation capabili-
ties.

3.9 Evaluate the patient's physical and mental status prior to
discharge (22-27).

Guideline 4:
Review of The Infrared Thermography Examination

4.1 The data acquired during the extremity and spinal infrared
SSR examination should be reviewed to ensure that a complete
and comprehensive evaluation has been performed and docu-
mented. Any exceptions to the routine examination protocol
(i.e., study omissions or revisions) should be noted and reasons
given.

4.2 Record all technical findings required to complete the final
interpretation so that the measurements can be classified accord-
ing to the laboratory diagnostic criteria (these criteria may be
based on either published or internally generated data, but must
be internally validated regardless of the source). (see Appendix)

4.3 Complete required laboratory documentation of the study.

4.4 Alert medical director or other responsible physician
when immediate medical attention is indicated, based on the in-
frared SSR examination findings.

Guideline 5: Presentation of Exam Findings

5.1 Provide preliminary results as provided for by internal pol-
icy based on examination findings.

5.2 Present the record of diagnostic images and when applica-
ble, explanations for sub-optimal examination findings to the in-
terpreting physician for use in diagnosis and archival purposes.

5.3 Alert laboratory medical director or appropriate health
care provider when immediate medical attention is indicated.

Guideline 6: Exam Time Recommendations

High quality and accurate results are fundamental elements of
the infrared SSR examination. A combination of direct and indi-
rect exam components is the foundation for maximizing exam
quality and accuracy.

6.1 Indirect exam components include pre-exam procedures:

a)obtaining previous exam data, completing pre-exam
paperwork,

b)exam room and equipment preparation and

c)patient assessment, history, and positioning
(Guideline 1 & 2).

6.2 Post exam procedures include:

a)clean up consisting of compiling, processing, and revie-
wing data for preliminary and/or formal interpretation
(Guidelines 3 and 4),

B) patient communication (Guideline 2),

c)examination charge and billing activities where appropriate.

Recommended time: 30-40 minutes.

6.3 Direct exam components include equipment optimiza-
tion, patient positioning throughout the exam, and the actual
hands-on examination process. (Guideline 3)
Recommended time: 60 minutes.

Guideline 7: Continuing Professional Education

Certification is considered the standard of practice for infrared
SSR technology. It indicates an individual's competence to per-
form medical technology at the entry level. After achieving cer-

tification, all Registered Infrared SSR Technologists are expected
to keep current with:

7.1 Advances in diagnosis and treatment of sympathetic pain
syndromes with and without vasomotor instability.

7.2 Changes in infrared SSR examination protocols or pub-
lished laboratory diagnostic criteria.

7.3 Advances in SSR technology used for the extremity and
spine examinations.

7.4 Advances in other technology used for extremity and spi-
nal SSR examination.

Needs Assessment

Pre-existing vasomotor tone and vasomotor capacitance plays a
significant role in thermoregulation, clinical symptomatology
and manifestations of systemic illness.

Thermography is the only non-invasive technology available to
image and map microcirculatory arterial-venous shunting (vaso-
motor instability) associated with these disorders. It can play an
important role in clinical diagnosis and in distinguishing between
central and peripheral etiologies of thermal change. Medical
Thermography can also be used to document drug induced
symptoms and paradoxical responses to blocks (8,16,23,27,28).

Other technologies like PET scan, MRI, Spectroscopy, Electro-
diagnostics or EEG do not provide the same information of-
fered by Medical Thermal imaging (18). The clinical application
of Thermography can help physicians both understand the
patho-physiology associated with these changes and improve pa-
tient outcomes (6,26,29,30).

The mission and bylaws of the American Academy of Thermology
support the incorporation of thermal imaging into clinical medi-
cine. The AAT recognizes a current and ongoing need to pro-
mulgate CME in the science and methods of thermal imaging
and the clinical application of heat asymmetry patterns obtained
from thermal imaging among both physicians and thermal tech-
nologists.

Appendix

It is recommended that published or internally generated diag-
nostic criteria should be validated for each thermography system
used. When validating infrared SSR diagnostic criteria, it is im-
portant to realize that equipment, operator and interpretation
variability is inherent to this process.
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INFRARED THERMOGRAPHY VASOMOTOR
MAPPING FOR CRPS/RSD SYNDROMES

Robert G. Schwartz
Piedmont Physical Medicine & Rehabilitation, Greenville, SC

When performed with proper technique and under controlled
conditions, medical Infrared Thermography is the test of choice
for mapping of heat emission asymmetry patterns. The thermo-
graphically generated vasomotor map helps both with diagnosis
of the underlying condition and provides invaluable information
for therapeutic decision-making. The American Academy of
Thermology 2009 Guidelines for Neuromusculoskeletal Thermo-
graphy (Sympathetic Skin Response Studies) are attached to this
abstract and will be reviewed.

From a thermographic perspective what is important is whether
the resultant vasomotor response is great enough to create a
change in skin temperature of greater then 1 degree centigrade
compared to the contralateral side or with respect to the sur-
rounding dermatome, sclerotome or vasotome. While derma-
tomes represent the distribution of sensory nerve fibers upon
skin, a sclerotome reflects the distribution of skin galvanic im-
pedance influenced by a visceral or non-visceral soft tissue struc-
ture. Numerous sclerotomal patterns exist.

Diffuse vasomotor instability involving an entire limb, or limb
segment, not confined to a particular dermatome or sclerotome
is the hallmark of true RSD. Dural, neuro-immuno-infectious
interactions and multiple generators should be aggressively in-
vestigated. Sympathetic variants such as the Angry Back firing C
syndrome where backfiring of the C fiber produces a localized
increase heat asymmetry pattern (Ca+ dependant K+ channel
mediated) and the Triple C Syndrome which produces a localized
cold asymmetry pattern (fast K+ voltage gate driven) exist.

A combination of expertise in the basic physiology and anatomy
of those structures that can exert influence in the distribution of
the vasomotor abnormality found, the ability to objectify where
heat emission asymmetry is actually occurring, and an under-
standing of what kind of variant exists allows for a more rational
approach to intervention that is otherwise not possible.
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DIAGNOSIS AND MONITORING OF COMPLEX RE-
GIONAL PAIN SYNDROMES (CRPS) WITH INFRARED
THERMOGRAPHY. OVERVIEW OF CRPS/RSD DIAG-
NOSIS AND TREATMENT: THE AMERICAN ACADEMY
OF THERMOLOGY GUIDELINES FOR NMSK
THERMOLOGY

Kamayni Agarwal
Department of Anesthesiology, University Medical Hospital

Hamburg-Eppendorf; Germany

Complex Regional Pain Syndrome (CRPS) is a painful syndrome
usually affecting distal extremities manifesting with a wide vari-
ety of symptoms. The most outstanding feature is unbearable
pain including spontaneous pain, allodynia, hyperpathia, and
hyperalgesia. Usually, the affected extremity displays changes in
color and/or temperature (vasomotor disturbances), edema, al-
terations in transpiration, hair and nail growth (sudomotor dis-
turbances), and muscular atrophy and/or dysfunction (moto-
trophic disturbances). Temperature variations are commonly
considered as a major diagnostic criterion, hence infrared thermo-
graphy can be utilized as a diagnostic tool with extraordinary sen-
sitivity and repeatability. As with all physiologic studies this
method does not provide exact specificity so it is still up to the
physician to provide clinical correlation.

Pain in CRPS may not be initiated nor maintained by the somatic
nervous system alone, which is normally involved in conveying
information on damage to the organism, the autonomous ner-
vous system is also involved. Skin temperature is a superior pre-
dictor of sympathetic activity as a good correlation is found
between skin temperature and skin sympathetic nerve activity.
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Surface temperature of an extremity reflects the result of a com-
plex combination of central and local regulatory systems. Unfor-
tunately, infrared thermography is rarely applied as a diagnostic
tool although it may depict physiologic changes that cannot be
demonstrated by ultrasound, CT or MR imaging. It is a non-inva-
sive imaging technique that allows visualization of minor cutane-
ous temperature alterations. It is inevitable to establish stan-
dardized room conditions in order to produce repeatable as well
as comparable thermograms, as inter- and intraindividual tem-
perature may vary extremely.

SYMPATHOLYTIC TREATMENT IN ANESTHESIOL-
OGY FOR COMPLEX REGIONAL PAIN SYNDROMES
(CRPS): PATIENT AND TRAINEE EDUCATION. Anes-
thesia Approaches And The Importance Of Outcome Mea-
surement In CRPS/RSD And Other Sympathetic Pain
Syndromes

Kamayni Agarwal
Department of Anesthesiology, University Medical Hospital

Hamburg-Eppendorf; Germany

Determining pain intensity is a key intention in pain manage-
ment. Unfortunately, no tool has been developed to date, that
sufficiently fulfils this task, hence, it is extremely complex to con-
clude, if treatment offered to a patient is helpful or not. In
neuropathic and sympathetically maintained pain, blocks to the
sympathetic nervous system are performed in order to diminish
pain intensity. They often result in dramatic relief, though, there
is no way of proving, if improvement results from blocking
other structures than the sympathetic nervous system, e.g. spinal
nerves. As sympathetic fibers influence blood flow by varying
size of vessels, a rise in the skin temperature is expected when
performing sympathetic blocks, because variation of skin perfu-
sion correlates with surface temperature. The configuration of
changes in skin temperature provides us with precious informa-
tion on the success of the intervention besides the patient's sub-
jective impression.

Multiple methods have been described in treating patients with
complex regional pain syndromes. The traditional therapeutic
approach is a conservative one. Local anesthetic blockade of the
stellate ganglion or the lumbar sympathetic chain are a widely ac-
cepted practice in the management of a variety of pain condi-
tions. Due to anatomic hazards blocks of the thoracic sym-
pathetic trunk are performed rarely. Effects of sympathicolysis
in the management of CRPS are often distrusted as the role of
the autonomous nervous system in producing and sustaining this
syndrome are not clear yet.

To achieve a pain reduction of 50%, continuous block via a
percutaneous catheter to the thoracic sympathetic chain had to
be performed in average for 68.8 ± 80.2 hours (median 216
hours, range one to 400 hours) and for 104.0 ± 111.4 hours (me-
dian 246, range two to 599) to attain a score that would be ap-
praised as "sufficient pain reduction" from the patients' point of
view. Patients and physicians may become impatient and distrust
the procedure, if clinical effects do not appear immediately. As a
result, therapy is often discontinued. Here, infrared thermo-
grams are essential to distinguish between ineffective sympathico-
lysis and improper technique. Latter is very important in training
of medical students and residents. Also, posture and motor func-
tion may be monitored with this valuable tool.

THE ROLE OF INFRARED THERMOGRAPHIC
IMAGING IN IDENTIFYING CRPS/RSD GENERATORS,
RSD LOOK ALIKES, AND FORMULATING
A RATIONAL TREATMENT APPROACH

Robert G. Schwartz
Piedmont Physical Medicine & Rehabilitation, Greenville, SC

Infrared thermographic vasomotor mapping defines the distri-
bution of heat asymmetry and addresses the question of which

body parts are involved in sympathetic pain syndromes. Dia- gnos-
tic examples include RSD & its variants, Thoracic Outlet Syn-
drome (TOS), Cervical-Brachial Syndrome, Vasomotor head-
ache, atypical facial pain, Barre-Leiou and Failed Back Syndrome.

While a sympathetic component should be considered in each of
the aforementioned conditions, TOS deserves special attention.
Patients who suffer from this malady often undergo extensive
work ups only to find the results to be negative. X-ray examina-
tion for a cervical rib is only found in a minority of cases and
when present an even smaller number of cases show positive ar-
teriograms. Infrared imaging is uniquely suited to objectify the
diagnosis of TOS.

There are several chronic regional pain syndromes that look like
RSD but behave quite differently then true RSD. RSD Look
Alikes and RSD variants will be reviewed. Points of differentia-
tion will be discussed. A through knowledge of peripheral vascu-
lar and neuro-musculoskeltal disorders and how they can overlap
in comorbid disease is fundamental to identifying RSD Look
Alikes.

It is important to understand that treating any structure capable
of generating a sympathetic response may actually correct the
abnormality. Blocking above the vasomotor asymmetry fol-
lowed by treatment below can be very effective. This may mean a
local injection of medicine into a torn ligament that stops inflam-
mation or repairs the underlying injury, or injection of a neuro-
lytic agent that alleviates a persistent non-physiologic contrac-
tion of muscle. Naturally other examples exist, such as hyaluro-
nidase injection into a knee, and oral or topical medications that
restore blood flow and modulate sympathetic tone.

Through identification of the vasomotor map and variant pre-
sentation of the underlying condition, medical infrared imaging
provides a unique diagnostic tool that is immensely instrumental
in both diagnosis and treatment of associated painful conditions.
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HUMAN BEING SYMPATHETIC-STRESS LEVEL
MONITORED BY IR REMOTE SENSING.

Brioschi ML, Matias EF, Colman D, Adratt E, Vargas JV,
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This paper described the use of non invasive remote passive IR
imaging for measurement of human vital signs to detect altered
autonomic physiological status, defined as physiological stress.
By means of statistical signal processing, an automated system
can detect levels of physiological stress, analyzing different hu-
man being sympathetic and parasympathetic functional variables
such as breathing, supra-orbital artery pulse, cold nose, ears and
hands, dry mouth, flushing and moving of the face. Breathing
causes noticeable changes in temperature at the nasal area, which
appear as periodic changes in the face IR image. The supra-or-
bital arteries of the face produce time-varying heat patterns
which yield information about the cardiac cycle, called pulse.
Ears, nose, hands vasoconstrictions and dry mouth diminish the
IR radiation proportionally to the elevation of the stress level,
contrary the hyper-radiation occasioned by the vasodilatation of
the face. Results on human normal subjects and exposed during a
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television reality show were provided and validated against stan-
dard approaches for physiological parameters measuring. The
proposed method has medical, traffic accident and public secu-
rity applications as non-contact vital signs monitoring, driver's
stress detection and intent identification at a distance. So it is
ready to be used at airports, and health screening for monitor
sympathetic-stress treatments, police departments, elder care,
workplace preventive care, and vehicles dashboards.
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AUTOMATED COMPUTER MEDICAL
THERMOGRAPHIC DIAGNOSIS.

Brioschi ML, Matias JEF, Colman D, Adratt E, Vargas JV,
Yeng LT, Teixeira MJ.
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In order to improve infrared (IR) imaging diagnosis, application
of computer software to the quantitative analysis of IR images
has been studied by some investigators for years. The utilization
of merely temperature alarms is not satisfactory for accurate di-
agnosis, it's is necessary to work with thermal patterns tools, as
example algorithms and fractals, to identify physiological abnor-
malities like fever and some diseases, adjusted with ambient and
inner eye reference temperatures. The authors have developed an
on-line IR image processing system with specialized algorithms
to identify different diseases. Using a system of IR pattern recog-
nition, digital geometry and signal processing was possible to
create a diagnostic tool to increase the accuracy of risk analysis
of breast cancer, diabetic foot ulcer, sympathetic mediated pain
syndromes, fibromyalgia thermoregulatory disturbance, knee
osteoarthritis, hand/wrist rheumatoid arthritis, sleep disturbance,
fever, and physiologic stress parameters. All the results were
achieved from a data bank of FLIR images from the authors
along 10 years of practice. From the results obtained, the quanti-
tative diagnosis method by a computer was found to be a signifi-
cant method. The overall accuracy of a computer diagnosis may
vary more or less by different diseases assignments. The present
processing system is being improved by the data bank.
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INFRARED 4IMAGING MONITORING (IRIM) OF
NEUROVASCULAR REACTIVITY TO ASSESS THE
CARDIOVASCULAR RISK.

Brioschi ML, Colman D, Adratt E, Matias JEF, Vargas JV,
Yeng LT, Teixeira MJ.
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An impressive amount of evidence has suggested that vascular
endothelium plays an important role in the control of vascular
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function and structure by the production of nitric oxide. Skin
vascular response is believed to be primarily due to micro-vascu-
lar reactivity; however, it is also mediated by sympathetic neuro-
vascular interactions. This autonomic neurovascular response is
involved with endothelial- and sympathetic neuronal-nitric oxide
synthase (eNOS and nNOS) activity. A dysfunctional endothe-
lium is an early marker of the development of atherosclerotic
changes and can also contribute to cardiovascular events. Infra-
red Imaging Monitoring (IRIM) of vascular reactivity is a non-in-
vasive, operator-independent test based on changes in fingertip
temperature during and after arm cuff occlusion. IRIM has been
shown to correlate with the burden of subclinical coronary ath-
erosclerosis in asymptomatic patients, measured by coronary ar-
tery calcium (CAC) and nuclear perfusion imaging. Tarján et al.
(2005) which reported that in patients with chest pain, low fin-
gertip temperature rebound was strongly associated with myo-
cardial infarction. Vascular reactivity is a vital component of
vascular function that enables the circulatory system to respond
to physiologic and pharmacologic stimuli that require adjust-
ments of blood flow and alterations of vessel tone and diameter.
Vascular reactivity can be exhibited at both the macro-vascular
and micro-vascular levels. "Macro-vascular" pertains to large,
conduit arteries, and "micro-vascular" refers to small, resistance
vessels. Micro-vascular reactivity causes reactive hyperemia,
whereas macro-vascular reactivity (flow-mediated dilatation or
FMD) results from reactive hyperemia. Both macro- and micro-
vascular reactivity are governed by multiple physiologic (endo-
thelium-dependent and -independent) regulatory mechanisms
and are mediated by a number of biochemical agents, such as
nitric oxide (NO), endothelium-derived hyperpolarizing factor
(EDHF), prostaglandins, adenosine, bradykinin, histamine, and
other vasoactive substances. It is believed that macro-vascular re-
activity is predominantly mediated by endothelium-derived NO,
whereas micro-vascular reactivity is only partially mediated by
NO. Previous studies have demonstrated the relationship be-
tween impaired micro- and macro-vascular reactivity and athero-
sclerotic cardiovascular disease. Similarly, several studies have
demonstrated strong correlations between endothelial-depend-
ent and independent vascular dysfunction and cardiovascular
risk factors. In this regard, vascular dysfunction may be seen as an
important "integrative factor" of the inherent atherosclerotic
risk of an individual, taking into account the cumulative effect of
various risk and protective factors. In addition to risk assessment
for prediction of outcomes, another important aspect of using
vascular function is to evaluate response to therapies. Jzerman et
al. (2003) have found that individuals at high risk of CAD exhibit
impaired micro-vascular function in skin. Moreover, recent stud-
ies have shown that skin vascular reactivity was significantly im-
proved after statin therapy. Neurovascular dysfunction measured
by IRIM is associated with the extent of myocardial perfusion
imaging (MPI) and strongly correlates with Framingham risk
score and CAC independent of age, sex, and traditional cardiac
risk factors and is superior to Framingham risk score for the pre-
diction of significant CAC.
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STATISTICAL RELIABILITY AND VASOMOTOR
CONSIDERATIONS IN DEGENERATIVE SPINAL
DISEASES

Ho-Yeol Zhang,
Department of Neurosurgery, National Health Insurance Corporation Ilsan
Hospital, Yonsei University College of Medicine, South Korea

Diseases of spinal neurosurgery are degenerative spinal diseases,
spinal cord tumors, spinal injuries. I am discussing about the sta-
tistical reliability and vasomotor considerations in various spinal
diseases.

Firstly, in the degenerative spinal diseases, thermography can be
used to detect the radiculopathy. Meticulous division with 110
sectors was done at the neck, upper trunk and arm. Normal ref-
erence values in each sector were collected from 50 healthy con-
trols. In the basis of this normal reference data, normal dis-
tribution curves of each thermal difference between the each op-
posite site sectors. After this, abnormal thermal difference be-
tween both opposite sector was calculated by the 99% con-
fidence interval (i.e., p<0.01). Comparison with this thermal dif-
ference distribution curve and the temperature data of 110 sec-
tors from each HCD (herniated cervical disc) patient's collection
with unilateral protrusion was done. Cervical thermatomes of
C4, C5, C6, C7 and C8 were calculated by these serial statistical
analyses. Same procedure on the back and lower extremities were
done and made the results of minimal abnormal thermal differ-
ences in each opposite sectors in the lower extremities and L4, L5
and S1 thermatome were made.

In the herniated lumbar disc (HLD) disease, the thermal asym-
metry of the lower extremities means the amount of pain or the
severity of disc protrusion and the inverse proportion of the
symptom duration. And also thermography can be used to the
operative indicator of chemonucleolysis of HLD.

Secondly, in the spinal cord tumors, the roles of thermography
are the detections of many neurologically specific finding. Ipsi-
lateral hypothermia in the motor weakness side can be found in
the Brown-Sequard syndrome. Leveling of lesion in paraparetic
or quadriparetic patient is possible in many cases. Thermatomal
hypothermia in the nerve root tumor (schwannoma) can be
found. Differential diagnosis between the cauda equina tumor
and conus medullaris tumor can be done by thermography.

Thirdly, in the whiplash injuries, thermography can be used to
the immediate diagnosis, recovery evaluation and differential di-
agnosis between whiplash injury and HCD.

In conclusion, these results which was based on the meticulous
statistical analysis of the thermographic data with checking the
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temperature in the region of interest (ROI), can use in the clinics
for thediagnosis, therapeutic effect and thedecisionof prognosis.

THE FIBROMYALGIA SYNDROME:
THERMOGRAPHIC SCORE.

BrioschI ML, Yeng LT, Kaziyama HHS, Pastor EMH, Heupa
S, Silva FMRM, Teixeira MJ.
Sao Paulo University Hospital. Brazilian Thermology Society.

www.infraredmed.org

Fibromyalgia syndrome (FMS) diagnosis, characterized by chronic
widespread musculoskeletal pain, disturbed sleep, fatigue, de-
pressive mood, anxiety, is eminently clinical and depends cau-
tious evaluation. Two hundred and twenty and six patients with
FMS and a group of 34 normal volunteers proceeding from the
Clinic of Pain of the Division of Neurological Clinic of the
Clinics Hospital of the College of Medicine of Sao Paolo Uni-
versity (HC-FMUSP) and of the particular doctor's offices ex-
aminers, had been selected according to American College of
Rheumatology (ACR) criteria and evaluated later by infrared (IR)
thermography. It was possible to create by the thermal distribu-
tion an agreement classification on the basis of cutaneous char-
acteristics with visual inspection of the thermograms of 7
different regions: postero-inferior (G), antero-superior (A), lum-
bar (L), antero-inferior (P), face (F), postero-superior (C) and
palmar (M). The test of multiple linear regression demonstrated
that all the regions had correlated in the evaluation of the ther-
mal alterations. Each region of interest (ROI) presented 2-4 typi-
cal characteristics, as the disposal and extension of the thermal
alterations, that had been structuralized in the form of one prop
up by means of multiple regression to predict the FMS presence
(R2=0,94). The hyper-radiating image in complete or not "man-
tle form" and paravertebral associated with hypo-radiation of
extremities resulted in a FMS thermographic impression. It had
significant difference of the standard of cutaneous thermal dis-
tribution between all patients with FM and normal controls. Be-
ing that it was possible to classify them by means of IR imaging
and to establish quantification criteria of the presence or not of
the illness. Being overcome for base the clinical criteria of the
ACR for fibromyalgia syndrome the clinical correlation with in-
frared imaging was possible and demonstration of one prop up
thermographic diagnosis.
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THE ROLE OF THERMAL IMAGING IN BREAST
ONCOLOGY AND OTHER SURGICAL PATIENTS.

Hisashi Usuki, Norikatsu Maeda, Hironobu Sutou, Minoru
Ohshima, Hirotaka Kashiwagi, Naoki Yamamoto, Shintarou
Akamoto, Masao Fujiwara, Keitarou Kakinoki, Takehiro
Takama, Masanobu Hagiike, Keiichi Okano, Yasuyuki Suzuki

The Department of Gastroenterological Surgery, Kagawa University, Japan

(A) Introduction. Thermography is a functional examination
method. It has many different characteristics from other mor-
phological examination methods. Researchers of thermal imag-
ing were interested in such characteristics, which other examina
tion methods did not have. In the results many important facts
were detected for thermographic science. But, the all important
discoveries for the thermological studies were not necessarily es-
sential for the studies of each disease. They might not be useful
for diagnosing or treatment of diseases. A diagnostic result,
which was recognized by thermography, might be detected more
accurately by other examination methods. Moreover, the medical
science is developing continuously, and the requests for the treat-

ment of each disease are changing all the time. In this presenta-
tion I will enumerate the characteristics of thermographic ex-
amination and discuss about which characteristics are important
for the treatment of breast diseases and for the patients undergo-
ing surgical treatment.

(B) Surgical Patients:In my previous study it was reported that
the body temperature of the patients undergoing laparoscopic
surgery had the hypothermia in comparison with the open sur-
gery. The temperature of the patients with laparoscopic colec-
tomy at the middle point of surgical period was 35.8±0.5 degree
centigrade. This tended to be lower than the patients with open
surgery (36.4±0.5).

The temperature of abdominal wall was also decreased from the
beginning of pneumoperitoneum. In the typical case the lowest
point of the abdominal wall temperature was ten minutes later
than the tube temperature. In the next ten minutes, the body tem-
perature became lowest.

It was reported that the risk of surgical site infection was related
to the peri-surgical hypothermia. The body temperature can be
measured without using thermographic instrument. But, the
temperature of abdominal wall in a surgical period can be mea-
sured only by thermographic instrument which is non-touched
measuring instrument. Then, it is necessary for demonstrating
the usefulness of thermographic examination to certificate the
relationship between the intra-operative hypothermia of ab-
dominal wall and the post-operative infection of abdominal wall.

(C) Breast oncology. There are many unique characteristics of
thermography in the diagnosis and the treatment of breast dis-
eases. Thermography can detect non-palpable breast cancers. It
can detect the breast carcinomas, which is not detectable by other
morphological examination methods. It is able to forecast the
carcinogenesis. Then, it may be useful for the mass screening of
breast.

The thermographic findings relate to the prognosis of breast
cancer patients. They have close relationship with its progress
stage. They are also related to the proliferating ability of breast
cancers. Then, it may be useful for foreseeing the prognosis of
the patients.

Thermal abnormality of tumor covering skin is related to the di-
latation of the subcutaneous vessels. It seems to be influenced by
the producing ability of chemical mediator in the tumors. The
findings of nipple hyperthermia are related to the distance from
tumor to nipple. Then, it may be useful for determination of sur-
gical method for each breast cancer patient.

However, the diagnostic accuracy of thermography can not sur-
pass that of ultrasonography for breast diseases. There are many
non-palpable breast cancers with micro-calcifications which
were detected only by mammography. There are many reports
"magnetic resonance imaging (MR)" are used for determination
of the resecting line in breast preserving surgery. Then, the re-
searchers should decide which way of thermographic usage
could do what other examination methods could not do, and
they should concentrate their effort to such study fields.

A RANDOMIZED SINGLE-BLINDED PLACEBO-CON-
TROLLED CLINICAL TRIALFOR ASSESSING EFFECTS
OF ACUPUNCTURE AT HEGU (LI4) BY CONTACT
FREE INFRARED THERMOGRAPHY

Kamayni Agarwal
Department of Anesthesiology, University Medical Hospital

Hamburg- Eppendorf; Germany

Even though evidence of its effects is tentative, acupuncture has
long been used in the treatment of multiple maladies. So far, it
has not been possible to discriminate the effects of the venue
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from specific results of needling itself, thus physicians merely
depend on patients' statements. We investigated the efficacy of
infrared thermography in distinguishing response to "true" acu-
puncture as compared to non-acupoint cutaneous and muscular
needling ("sham" or "minimal" acupuncture) as well as without
manipulation.

Thermographic imaging was performed in 50 healthy volunteers
randomly assigned to four groups: acupuncture of hegu (LI 4),
needling of a cutaneous and a muscular point where no acupunc-
ture point has been described yet, and without manipulation. In a
cross-over-protocol each proband completed all four arms of
the protocol in a random order. Infrared thermograms were
gathered at defined points in each group. The study protocol was
approved by the ethics review board.

A significant increase in surface temperature occurred within 2
minutes after needling the acupuncture point hegu (from 30.1 ±
2.7°C to 31.2 ± 3.0°C and to 31.9 ± 2.5°C after 10 minutes, p <
0.001), whereas needling of the cutaneous, muscular as well as
without any manipulation resulted in a decrease of temperature
in the monitored area. Contact free infrared thermographic im-
aging is a reliable and easy to handle tool to distinguish between
needling at hegu and needling of a non-acupoint ("sham" acu-
puncture).

OCULAR MANIFESTATIONS
OF REFLEX SYMPATHETIC DYSTROPHY

Heitman, KF
Greenville, SC

Reflex sympathetic dystrophy (RSD), otherwise known as com-
plex regional pain syndrome, is characterized by a history of

trauma ordisease, presence of persistent pain described by burning,
throbbing or aching, presence of a vasomotor/ pseudo- motor dis-
turbance, trophic changes of skin, muscle or bone, sensitivity to
cold and/or edema, and relief with regional sympathetic block-
ade. Since the eye and its adnexa are richly innervated by the
sympathetic nervous system, it is reasonable to expect RSD
symptoms in these areas. Horner's syndrome and Barre Lieou
syndrome, both of which consist of sympathetic dysfunction
that involves the eye and ocular adnexa can help us understand
and anticipate eye findings with RSD. Asha (1999) describes a
patient with the optic-spinal phenotype of multiple sclerosis
who developed syringomyelia with resultant RSD. This patient
developed sympathetic dysfunction including Horner's syndrome
and RSD of the hand. Kapoor (2002) describes a patient with
RSD and associated visual sensorimotor findings. Morimoto
(1997) describes a patient with chronic ocular pain after retina
surgery that was diagnosed as RSD. Schwartz (2006) describes
sympathetic dysfunction found in Barre Lieou syndrome, one
subset of which involves ocular symptoms. There is plenty of
evidence to suggest that RSD can be accompanied by ocular
findings which will be described in this paper.
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