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ABSTRACT

Skin surface temperature may change in
response to external and internal envi-
ronmental stimuli. The skin is connected
to internal organs, tissues, and glands
via the autonomic nervous system. Inter-
nal physiologic abnormalities affect the
regulation of skin surface temperature.
External environmental —temperatures
may be controlled, and localized skin temperature may be moni-
tored carefully according to known mappings (dermatomes and
enterotomes). This enables the evaluation of visceral disorders.
Regulation thermometry is a dynamic tool that enables the anal-
ysis of skin temperature before and after a fixed cooling period.
Regulation thermometry may provide a monitor of visceral and
glandular physiology and provides data about dysfunction that
may precede or be caused by pathologic conditions.

Thermoregulation is a function of human skin. Each skin func-
tion is mediated by specific cells or structures.’” Keratinocytes
provide durability, cohesion, and mechanical protection, and
epidermal intercellular substances form an impermeable barrier.
Melanocytes protect against damage from ultraviolet light, and
Langerhans cells are important for the immune response. Mer-
kel cells provide sensory function with nerve endings. Ther-
moregulation is provided by the extensive vascular supply, hair
follicles, sweat glands, and adipose tissue of the skin. Vasocon-
striction and vasodilation in the skin, controlled by the auto-
nomic nervous system, contains functional physiologic infor-
mation that is useful in medical assessment.

The skin is among the largest organs of the human body and is
important in the regulation of the body’s core temperature. The
skin may dissipate heat and becomes warm when the body must
preserve body heat.”’ Skin temperature also is affected by the
environment. In a cold environment, skin may lose heat and
promote compensatory increased metabolism to maintain core
temperature and prevent dermal tissue damage.m In a warm
environment, heat dissipation may occur from vasodilation of
blood vessels in the skin and evaporation of excreted sweat.®?
Environmental temperature is sensed by skin thermosensors,
which function to regulate core temperature. The relative contri-
butions of core and skin temperature may vary to control body
heat production and dissipation.” Heat dissipation by the skin is
an important element of a feedback system that regulates core
temperature.

Under moderate environmental conditions, skin temperature
may depend primarily on the blood flow below the surface of
the skin. In 1851, the French physiologist Claude Bernard sug-
gested that the skin functions in the homeostasis of body tem-
perature by controlling blood flow through cutaneous arterioles.
Skin blood flow is affected by core, mean skin, and local skin
temperature, mediated by reflex vasodilation and temperature-
sensitive adenosine Al receptors that cause vasoconstriction.””
Capillary blood flow and arteriovenous shunting may be con-
trolled by local temperature. In contrast with the voluntarily
controlled muscles of the hands or feet, the muscles that control
the cross-sectional area of arteries and arterioles are regulated
by the autonomic nervous system, which responds involuntarily
to nervous stimuli.””
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The autonomic nervous system is responsible for many vital
functions and is not absolutely involuntary, because people can
train themselves to control the effects of this system such as
changes in hand temperature.”’” Until recently, it was impossi-
ble clinically to assess most autonomic nervous system func-
tions reliably. Most autonomic nervous system functions in-
volve the viscera, but objective quantifiable information about
the normal and abnormal functions of the autonomic nervous
system may be obtained from the dynamic behavior of skin tem-
perature.

Models were developed to describe the interface between skin
thermosensors and the central mervous system. Circulating
blood is the main heat exchange agent in mammalian systems,
and skin perfusion is the major route of heat dissipation. 12 Sen-
sory information is integrated in the preoptic area of the anterior
hypothalamus, and output signals affect core and skin tempera-
ture by cutaneous vasoconstriction, vasodilation, or arterio-
venous shunting.

Thermoregulation of different areas of the body such as the
forehead, back, abdomen, and breast, with and without stress,
may show abnormalities before the development of more severe
symptoms. These aberrations of thermoregulation may increase
with disease progression.”?

In summary, 1) capillary blood flow and arteriovenous shunting
may be affected by local temperature, and 2) skin temperature
regulation may be affected by reflex vasodilation. It is feasible
to map information about local visceral status and visceral ef-
fects on shunting and reflex mechanisms to show value in dy-
namic studies of skin temperature changes in health and disease.

Reflexes

The architecture of the human body is dominated by the princi-
ple of segmentation, and all vertebrates are related to each other
by similar neural connections. Viscerogenic reflexes can be
understood and used from knowledge of the anatomy of seg-
mentation and local neural networks.™?

Anatomic segments include dermatomes (integument), myo-
tomes (muscles), sclerotomes (skeletal system), angiotomes
(vascular system), enterotomes (viscera), or neurotomes
(autonomic nervous system). A reflex occurs when a stimulus
acts on a segment; a wave of excitation is conducted along an
afferent pathway to the nerve center in the same segment, and a
signal is sent back to the stimulated area along an efferent path-
way (Figure 1).

Reflexes may be categorized as:

= Proprioceptive: from 1 myotome to another,
Multisynaptic: from dermatome to myotome,
Miscerogenic: from enterolome to myotome, or
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Viscerocutaneous: along afferent neurons through the sym-
pathetic trunk to the posterior horn, through the lateral
horn to the anterior horn, and sympathetic efferents to the
integument and vasculature of the same segment. A Vis-
cerocutaneous reflex may elicit signs of pathology as an
autonomic reflex in a large area of skin, even on an entire
d h (13)
quadrant of the body.

A cutivisceral reflex is initiated by stimulation of a dermatome
or myotome and affects the enterotome belonging to the same
segment. A viscerovisceral reflex originates in a diseased vis-
ceral organ and is conducted to another visceral organ. These
reflexes cause nervous excitation of all parts of the segment,
including the neurotome, which is the corresponding section of
the spinal cord (Figure 1).

|
1
|
!
|
|




"90BLIMS Y} U0 d5ueyd dais e 03 ssuodser ur saSueyd aunerad
-wey juassisiad alowr aAey Aeuwl IS Jo sioke[ Jodasp pue ‘pald
-pISU0D a8 $101da0aIOULIY] SNOSUEINIQNS USYM IS[[BLIS WD
-aq Aew Asuedaiosip sy 1oy (7 2IMBL]) samuiw o] saxnb
-21 9sU0dsal dIWOUOINE Y] PUB SPUOIIS ()t 0 OF UIYHM SISBID
asuodsal 10ydaoal aovyIns JuSIsURn Yl {C/6] JDUDGD)) 13410
083 WOL Pajeroossip ate sasuodsa orwouoine pue 101daoal oy
‘parjdde st aimeradway unys jo aSueyo dajs e usym SBNUOD UL

‘uononpoad Jeay Uo $39a1Jo JIWRUAD LI0XS 0} POAISsSqO eﬁue(xwallﬁ
UM ST YoM ‘D00 SB MO[ Se 9Sueyd armjeradwe) Jo sajel
0} PaAlRsqo uaaq aAey sasuodsal srwreuAp 2NUL( "9Furyd 1M
-e1adws) Jo 9e1 Suisearoul yum A[eaurjuou sasealour Aousnb
-25 Yeaq "afuryo amjeroduia) Jo 2jel oyl Aq padayje st asuods
-a1 o1seyd 2yl Jo 9zIs oy (gp) WUNWIXBUI D1IEIS dY1 J8dU 18351E]
Sureq AJ[ensn ‘Ao asuodsal o1elS Ay} 0} UONE[AI Ul ‘paduryd
st aameladwal 3yl yarym uryim Suel oy uo spuadap 35UOAsad
Siseqd oy jo spmiuew 2yj ‘siojdeserowtoy; upis oyl Jo
amyes) Jueutwold e st ameradwa) unys SUTSURYD 07 ANATISUSS

JUIUISSISSY [BIIISIA UL
Ajowowiay | uone[nsay] Jo WSIueyodA|

; ‘(paJ) (sawojou9)0s ‘saluojohi)
| sawojewlap pajosye ay Jo sjulod wnwixew ayj 0 Buipuodsal
'-100 ‘uled pauiayal Jo uoibal ay} ul suoz pesH ‘BunT 3ybry
ay3 jo uonosfoid xayey dlwouoiny pue aably g ainbiq

(-0
snsdL pue Aduppy _
(-''0)
ppeig —
("1
aunsa abiey — — 3
(Y]
US| [jewg = —
(="
5ppegIeD pue saan T
4 T4 |

i
er )
puety) |
PEERTY]

. fsserr

juswBog pzugdé - bed

a8

(v0) wbeiydeig “ T

euoz apeby 1youoig/Bun

(€ 2am31g) ¢ 1 01 7] sluawSas ay} ur yuny
Uo punoj are sugis ouad[e pue ‘¢] 01 7] sluswsSas pioo [eurds
a1 Jo wioy J0112350d 23 JO S[[39 A} 01 PUAXA [YoUOIq pue sFun|
A Woy suoinau jusiaye snayiedwig  *Apoq oy ul swsjqoxd
JO sIsouSelp pue UeSIO P2J0dE A} JO UONONPIP Yl S[qEUD
suoneisajiuell Jo uonedo[ pue Aienb ay) pue ‘sspnr aspaid
smo[[oj Uondslod, Aq aoeyns Apoq oyl uo pajiole saSueyo
a[qisia pue a]qedied jo souaumdo0 2y *(swoidwAs drwouoine)
UoIsud) Je[nasnwi pue (susis onofie) ured Suisnes quawifes awes
oyl 01 UO[aq JBY} SIWOI0IAIS PUE ‘SIWOI0AW ‘SIWOIBULISP
3} 0] SISPIOSIP INOQE UONBULIOJUI JISuen) 0} siemyjed [einau
9S3Y] AN BIAOSIA Y (7 2InB1q) paALap are suedio jo suon
-eatauul onayredwiAsered pue ouayredwAs yorym woy syuswsas
P02 [eulds 2y 01 SIOPIOSIP INOQE UOHBULIOJUI JILUSURY SUESIO
[e120SIA ‘a10ja19y ], ‘1oonu opayedwAsered pue onoyedwis
G3 SIOPIOSIP JO 2ANBOIPUL dIe Jey) s[eusis 103(01d sueSio [e1a0sIp

vio¢

‘pJod [euids syy BuissedAq yuswnBejur suyy pue

suebio |ei@osIA usemlaq xayal |euoxe |esayduag ‘g aur

‘uloy Jousjsod au) o} sasdeuAs Jnoyum 1onp

-U02 Jey) sueblo [eJ30SIA Y} WOJ) SUCINBU JUBJIBYY  Bul

“elbueb |esganuanaid ayy ul sesdeuks aney Ing ‘yundy o1

-JayiedwAs ay u) sasdeuds aney jou op ey} suebio |eJaosin

3y} 0} wioy [esale| BU} WOl suoinau onayiedwAs g aur

“yuni ojayredwis ayy ul sesdeuds yym juswnBbajul

Sy} O] uloy [essie| 8y} woly suoinau onpyledwAis gz aur

"pJo |euids ay} Jo uloy Joudjsod ay) o} Juswnba)

-ul 8y} woy suonesuss ainjeiedwa) Jo UORONPUOYD °| aur]
"suebuo [eussul pue Aeyduad ussmiaq sexayyey ‘z ainbiy

YOBIYOS pUB USSUBH WL PBLIDOM .
"3WojoAW 0} BWOJ0IRIUS WOl Xa|al ouaboadsip |||
‘awojoAw 0} swojoAw wouj xaya1 o1uabosadsIA ||
"awojoAw 0} swoew.sp woy xayal opdeudsiynpy |

'L ‘SHed [gjuswbag usamiag suone|ay xa|jay ‘| aInbiy

swojousuz il em [e3a81A,
~
~

QWo0AW I

—— ';\;{) >

yunuy dnayledwis

\\\\\\\

1005 JOLIAIS0g




@i Autonomic Response
fu

a2

y 21 Receptor Response

2 -

r &

§ 6

g

mve () 30s. .. ... 10 min

Figure 4. Differentiation of Receptor and Autonomic
Response After Application of a Step Change in Skin
Temperature. The hypothalamic response delivers viscer-
al information to the arteriolar smooth muscle and mediates
muscle contraction or relaxation. Stabilization occurs after 10
minutes.

The autonomic response is used in regulation thermometry by
taking a second set of temperature values at 10 minutes to max-
imize sampling of the autonomic bell curve. This may avoid
elements of the central or peripheral nervous system that may
not be involved in the visceral information pathway or may be
mixed with other healthy responses to cool air exposure. By
letting the 10 minutes elapse (time filtration), we maximize the
information that originates from visceral and tissue signaling
capacity and behavior.
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Figure 5. Development of Referred Pain. Cumulative
impulses from the viscera and sensory afferent neurons of a
single segment may cause a field of irritation in the posterior
horn. The brain initiates an immediate response (within sev-
eral seconds) and the spinal cord initiates a slower but broad-
er response that may be measured by temperature change
of the skin in that segment.

In regulation thermometry, we use the glabella (prominence
between the eyebrows) to construct the baseline because
the vasomotor neurons in this region are minimally reactive to
cold stimuli and this is the most thermally stable region on the
human body."”
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Viscera

Control of blood flow in the viscera such as the liver, gut, and
muscles occurs by continuous, dynamic opening and closing of
blood vessels that may be affectec by numerous factors. This
vascular control is not caused by a fixed caliber of the arteri-
oles. Blood flow through each organ is affected by the partial
pressure of oxygen and carbon dioxide, glucose levels, and en-
docrine effects.”” The impulse and effects of cool air stress
may include clear effects on organ system metabolism and
functional balancing mechanisms. These effects in a stable test
environment (20°C to 22°C) may offset the normal responses to
cool air in the segmental region. Head zones are areas of skin
hyperalgesia that are associated with visceral disease.

Viscerocutaneous projection zones and the net effect can be
measured on the skin in successive measurements according to
the autonomic (primarily sympathetic and cholinergic) effects
and resulting modulations to normal response.
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