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laser Doppler blood flow assessment

Microvascular Responses to Skin Heating: an Introduction Issue 1.

Basic Overview

When the skin is heated, skin blood vessels dilate, more blood flows and we can detect this
increase with laser Doppler. The increase in blood vessel diameter is not the only way in which
blood flow increases; under normal, moderate room temperatures (20 — 24°C, not all of the
smallest vessels (capillaries) have blood flowing through them. Blood flow also increases by
more of the capillaries allowing blood to flow through them (‘capillary recruitment’).

One reason for the increase in blood flow, during local skin heating, is that it protects the skin
from damage: higher blood flow conducts heat away from the surface so that a lower
temperature is maintained within the skin. When the whole body is heated, during exercise for
example, increased blood flow to the skin enables more efficient heat loss so that core body
temperature is regulated to healthy levels.

Although it is beyond the scope of this introduction, it is interesting to note the opposite
response when skin is cooled: blood flow reduces due to vasoconstriction (reduced vessel
diameter) and flow through fewer capillaries. (There is also a sympathetic effect when the whole
hand is cooled; blood flow in the other hand is reduced.)

Assessments that can be made with skin heating include measurements of the highest blood
flow reached (recorded by laser Doppler) and the area of flare (flow increase in the skin
surrounding the area actually heated).

Another reason to heat the skin is simply to standardize the temperature (e.g. 30 — 34°C) so that
it is constant for laser Doppler or other measurements on different patients.

It is relatively easy to heat the skin but the mechanisms that determine microvascular responses
are complex. In this Introduction we present a brief overview of ways in which heating has been

used for physiological and clinical investigations. Several papers are referenced and others are

added to form a useful bibliography.

Innervation

The skin is known to be innervated by two distinct branches of the sympathetic nervous system:
an adrenergic vasoconstrictor system that contributes to resting cutaneous vascular tone and a
cholinergic vasodilator system with an unknown neurotransmitter co-released with acetylcholine
(Kellogg et al, 1995). Release of adrenergic vasoconstrictor tone contributes minimally to the
overall rise in skin blood flow when the skin is directly heated (Pergola et al, 1993). The
sympathetic cholinergic nerves are the primary mechanism involved in thermoregulatory
vasodilation but evidence suggests that these nerves may not be involved in the vasodilation
during local heating.
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Local Skin Heating Response assessed by Laser Doppler Monitoring

Investigations of the cutaneous microvascular response to local heating have varied with
respect to site heated, the temperature used, the duration of heating and the rate at which skin
is heated. All of these factors may evoke different mechanisms and affect the cutaneous
vascular response. In general, local heating evokes an initial dilator response that peaks in a
few minutes, falls a little and is followed by a secondary dilation.

Minson et al (2001) describe the bi-modal skin blood flow response to skin heating and
associated the initial peak to axon reflex and the much wider peak to other vasodilation
mechanisms including local production of nitric oxide.

100 4
87%

75%

)
o

[ap]
o

56%

(% of maximum)
B
o

14%

D
o

Local heating at 42'C.

Laser Doppler Skin Blood Flow

-10 0 10 20 30 40 50 60 70 80

Time (minutes)

Figure 1: Skin Blood flow response to non-painful local heating (after Minson et al 2001).

Comment: The protocol for this response used a heat stimulus which evokes the axon reflex.
The SHO02 skin heater enables thermode temperatures to be changed in user-defined stages to
enable a wide choice of protocols.

Pain and Skin Damage

Magerl and Treede (1996) observed that pain was perceived at lower temperatures as the rate
of skin heating increased. To avoid pain and the additional factors that pain stimulus evokes
requires careful choice of maximum temperature and rate of increase: a rate of 6°C per minute
and a maximum heater temperature of 42°C (producing a skin temperature of 39.5 — 40 ° C) has
been used successfully by Minson et al (2001).

Skin damage is unlikely to occur in healthy skin with a thermode at or below 44°C for 1 hour
(this temperature/duration is commonly used to assess TcPO2 in neonates). However, in
subjects with ischaemia or impaired microvascular response, there may be insufficient blood
flow to dissipate the heat, leading to a burn. Extra care should also be exercised in subjects with
neuropathy, unable to sense noxious stimuli.
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Maximum Hyperaemia and Diabetes

Shore et al (1991) assessed the maximum hyperaemic response obtained with skin heating to
44°C in children with diabetes. They observed significant differences from normal before
microangiopathy was clinically detectable, even in prepubertal children.

Skin Heating and Laser Doppler used in conjunction with lontophoresis

Heating can be used as an additional stimulus or simply to maintain a constant temperature to
reduce inter-subject variability (Grossman, 1995). For example, during iontophoresis of
vasoconstrictors it would be difficult to assess response under some resting, baseline
conditions; pre-heating will enable a larger effect to be observed.

Skin Heating and Laser Doppler used in conjunction with Micro-dialysis

Micro-dialysis has been used by Wong et al (2006) to assess the effect of various antagonists
on skin blood flow: a baseline was obtained with skin temperature held constant and micro-
dialysis was performed after raising the skin temperature to a stable plateau. This study pointed
to the magnitude of the nadir after the initial response peak as a significant outcome measure.
Gooding et al (2006) have assessed maximum skin hyperaemia in response to heating to over
42°C, and found that the hyperaemia was prolonged in the presence of sildenafil (prevents
breakdown of cGMP).

Hyperaemia and Wound Healing

Early studies on patients with lower limb wounds indicated the potential for laser Doppler
monitoring of heated skin to predict healing. Amputation level assessment by this technique was
investigated by Gebuhr et al (1989) who found that the increase in LD blood flow was directly
related to healing. The predictive value of LD for healing was found to be similar to TcPO2 by
Padberg et al (1992) but did not reach clinical significance for general application at that time.

Hyperaemia and Burn Assessment

Early laser Doppler assessments of burns frequently included local heating to improve the
accuracy of the technique (Micheels et al., 1984; Waxman et al., 1989; O'Reilly et al., 1989;
Atiles et al., 1995; Yeong et al., 1996). The main reasons for its use were associated with
microvascular heterogeneity; heat will also enable differentiation between deep dermal burn
wounds and normal, unburned skin: blood flow increases in the latter but not the burn after skin
heating. However, with the introduction of laser Doppler Imaging (Niazi et al, 1993), heating has
not been found to be necessary.

Assessment of shock was one of the earliest clinical applications suggested for laser Doppler

and skin heating (Micheels et al, 1984): the vasodilator response was absent in patients in
shock.

Flap Monitoring

Heden and Arnander (1992) investigated the potential of skin heating and cooling to increase
the accuracy of LD flap monitoring in an experimental model.
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Axon Reflex Flare: Clinical Application in Diabetes using moorLDI

Krishnan and Rayman (2004) have assessed the axon reflex flare response in type 2 Diabetics
with and without neuropathy. The flare area was assessed by moorLDI laser Doppler Imaging
following skin heating to 44°C for 20minutes with a 9mm diameter thermode. Significant
differences were found in flare area between diabetics with neuropathy (DN) and without
neuropathy (p<0.0001) and between normals and DN (p<0.0001).

Furthermore, the authors noted that the group without clinical neuropathy also had significantly
reduced flare response compared with normals (p<0.01) indicating that C-fibre dysfunction can
be detected relatively early in type 2 diabetes, by the moorLDI technique, before it is detected
by other currently available methods.

Flux I_mn_ge_:
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Figure 2 Flare response of forearm skin of a normal male following 20 minutes of heating to
44°C (1, left) and 42°C (2, right); positions of removed thermodes are indicated (diameter
10mm). Note the non-symmetrical flare and the greater flare area around 1 compared with 2.

Axon Reflex and Spinal Cord Injury

The initial axon reflex mediated peak was found to be impaired in patients with spinal cord injury
(SCI) when measure at the foot (Nicotra et al, 2004). It was suggested that the technique could
be useful to detect completeness of autonomic disruption after SCI.

Effects of Age

Weiss et al (1992) used a standard temperature of 32°C to investigate vasomotion and found
that amplitudes of these oscillations in young people where more than double that found in the
elderly. However vasomotion frequencies were similar. The flow differences were attributed to
differences in microvascular density.

Minson et al (2002) found age related changes in both axon reflex-mediated and NO-mediated
vasodilation and suggested that these contribute to attenuated cutaneous vasodilator responses
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Whole Body Heating

Whole body heating is beyond the scope of this Introduction but a few references are included
for interest: Minson et al (1998) observed that ‘during direct passive heating in young men, a
dramatic increase in skin blood flow is achieved by a rise in cardiac output and redistribution of
flow from the splanchnic and renal vascular beds’ and ‘the older men had a significantly lower
increase in total blood flow directed to the skin’.

The effect of exercise has been investigated by Shibasaki et al (2005) who used mean arterial
pressure and LD to compute cutaneous vascular conductance (CVC = LD/MAP). CVC
decreases during isometric handgrip exercise in heat stressed individuals.

Green et al (2005) have observed impaired skin blood flow response to environmental heating in
patients with chronic heart failure.

Conclusion
Skin heating in conjunction with laser Doppler is a useful technique for clinical and physiological

assessments. It is easy to apply but the underlying mechanisms are complex; much has been
done over the past 20 years to better understand skin responses.

Moor Instruments Ltd Millwey Axminster Devon EX13 5HU UK
tel +44 (0)1297 35715 fax +44 (0)1297 35716 ia‘
email sales@moor.co.uk website www.moor.co.uk % u

Company Registered in England No. 2209367 VAT Registration No. GB490667906

=
>
w

z0
3|5 Qﬁ,
83




Moor Instruments Ltd Millwey Axminster Devon EX13 5HU UK
tel +44 (0)1297 35715 fax +44 (0)1297 35716 ia‘
email sales@moor.co.uk website www.moor.co.uk % u

Company Registered in England No. 2209367 VAT Registration No. GB490667906

References and Bibliography

Arora S, Smakowski P, Frykberg RG, Simeone LR, Free-man R, LoGerfo FW, and Veves
A. Differences in foot and forearm skin microcirculation in diabetic patients with and without
neuropathy.

Diabetes Care 21: 1339-1344, 1998.

Atiles L, Mileski W, Purdue G, Hunt J, Baxter C.
Laser Doppler Flowmetry in Burn Wounds.
Burn Care Rehab, 1995, 16 (4), 388-393.

Barcroft H and Edholm OG.
The effect of temperature on blood flow and deep temperature in the human forearm.
J Physiol (Lond) 102: 5-20, 1943.

Boignard A, Salvat-Melis M, Carpentier PH, Minson CT, Grange L,
Duc C, Sarrot-Reynauld F, and Cracowski JL. Local hyperhemia to
heating is impaired in secondary Raynaud’s phenomenon.

Arthritis Res Ther 7: R1103-R1112, 2005.

Brain SD, Hughes SR, Cambridge H, and O’Driscoll G.
The contribution of calcitonin gene-related peptide (CGRP) to neuro-genic vasodilator
responses. Agents Actions 38: C19-C21, 1993.

Brain SD, Tippins JR, Morris HR, Maclintyre |, and Williams TJ.
Potent vasodilator activity of calcitonin gene-related peptide in human skin.
J Invest Dermatol 1986, 87: 533-536.

Brain SD and Williams TJ.
Substance P regulates the vasodilator activity of calcitonin gene-related peptide.
Nature 335: 73-75, 1988.

Brienza DM, Geyer MJ, Jan YK.

A comparison of changes in rhythms of sacral skin blood flow in response to heating and
indentation.

Arch Phys Med Rehabil. 2005 Jun;86(6):1245-51.

Bull HA, Hothersall J, Chowdhury N, Cohen J, and Dowd PM.
Neuropeptides induce release of nitric oxide from human dermal microvascular
endothelial cells.

J Invest Dermatol 1996, 106: 655—660.

Carberry PA, Shepherd AMM, and Johnson JM.
Resting and maximal forearm skin blood flows are reduced in hypertension.
Hypertension 1992, 20: 349-355.

Charkoudian N, Stephens DP, Pirkle KC, Kosiba WA, and

Johnson JM. Influence of female reproductive hormones on local thermal control of skin blood
flow.

J Appl Physiol 1999, 87: 1719-1723.

<&

=
o 25>
w

% i
“am_SGS [t




Church MK, Suhad EL, and Caulfield JP.
Neuropeptide-induced secretion from human skin mast cells.
Int Arch Allergy Appl Immunol 1991, 94: 310-318.

Clough GF.
Role of nitric oxide in the regulation of microvascular perfusion in human skin in vivo.
J Physiol 1999, 516: 549-557.

Clough GF, Bennett AR, and Church MK.
Measurement of nitric oxide concentration in human skin in vivo using dermal microdialysis.
Exp Physiol 1998, 83: 431-434.

Davison JL, Short DS, Wilson TE.
Effect of local heating and vasodilation on the cutaneous venoarteriolar response.
Clin Auton Res. 2004;14(6):385-90.

Doll C, Durand R, Grulkey W, Sayer S, and Olivotto I.
Functional assessment of cutaneous microvasculature after ra-diation.
Radiother Oncol 51: 67—70, 1998.

Evans E, Rendell M, Bartek J, Connor S, Bamisedun O, Dovgan D, and Giitter M.
Thermally-induced cutaneous vaso-dilation in aging.
J Gerontol 48: M53-M57, 1993.

Gebuhr P, Jorgensen J P, Volimer-Larsen B, Nielsen S L, Alsbjorn B
Estimation of Amputation Level with a Laser Doppler Flowmeter
J Bone & Joint Surgery 1989, 71-B, 514-517

Golay S, Haeberli C, Delachaux A, Liaudet L, Kucera P, Waeber B,

and Francois F.

Local heating of human skin causes hyperemia without mediation by muscarinic cholinergic
receptors or prostanoids.

J Appl Physiol 2004, 97: 1781-1786.

Goldsmith PC, Leslie TA, Hayes NA, Levell NJ, Dowd PM, and
Foreman JC. Inhibitors of nitric oxide synthase in human skin.
J Invest Dermatol 1996, 106: 113—-118.

Gooding KM, Hannemann MM, Tooke JE, Clough GF, Shore AC.
Maximum Skin Hyperaemia Induced by Local Heating: Possible Mechanisms.
J Vasc Res. 2006 Feb 22;43(3):270-277.

Green DJ, Maiorana AJ, Siong JH, Burke V, Erickson M, Minson CT, Bilsborough W,
O'driscoll G.

Impaired skin blood flow response to environmental heating in chronic heart

failure.

Eur Heart J. 2005 Nov 18.

Grossman M, Jamieson MJ, and Kirch W.
Histamine response and local cooling in the human skin: involvement of H1- and H2-receptors.
Br J Clin Pharmacol, 1999, 48: 216-222.

Moor Instruments Ltd Millwey Axminster Devon EX13 5HU UK

tel +44 (0)1297 35715 fax +44 (0)1297 35716 fa‘
email sales@moor.co.uk website www.moor.co.uk %, u

% i
“am_SGS [t

<&

=
o 25>
w

Company Registered in England No. 2209367 VAT Registration No. GB490667906




Grossmann M, Jamieson M J, Kellogg D L, Kosiba W A, Pergola P E, Crandall CG,
Shepherd AM M.

The effect of iontophoresis on the cutaneous vasculature: evidence for current-induced
hyperaemia.

Microvascular Research, 1995, 50, 444-452.

Hassan AAK and Tooke JE.
Mechanism of the postural vasoconstrictor response in the human foot.
Clin Sci (Lond). 1988;75(4):379-87

Heden P and Arnander C
Temperature Load Test to Increase the Accuracy of Laser Doppler Monitoring of Flaps
Scand J Plast Roconstr Surg 1992, 26, 29 — 32.

Johnson JM, O’Leary DS, Taylor WF, and Kosiba W.
Effect of local warming on forearm reactive hyperemia.
Clin Physiol 6: 337-346, 1986.

Kellogg DL Jr, Pergola PE, Piest KL, Kosiba WA, Crandall CG, Grossmann M, and
Johnson JM.

Cutaneous active vasodilation in humans is mediated by cholinergic nerve cotrans-mission.
Circ Res 77: 1222-1228, 1995.

Kellogg DL Jr, Liu Y, Kosiba IF, and O’Donnell D.
Role of nitric oxide in the vascular effects of local warming of the skin in humans.
J Appl Physiol 86: 1185-1190, 1999.

Kenney WL, Morgan AL, Farquhar WB, Brooks EM, Pierzga JM, and Derr JA.
Decreased active vasodilator sensitivity in aged skin.
Am J Physiol Heart Circ Physiol 272: H1609-H1614, 1997.

Khan F, Greene SA, Elhadd TA, and Belch JJF.

Impaired skin microvascular function in children, adolescents, and young adults with type 1
diabetes.

Diabetes Care 23: 215-220, 2000.

Klede M, Clough G, Lishetzki G, and Schmelz M.

The effect of the nitric oxide synthase inhibitor N-nitro-L-arginine-methyl ester on neu-ropeptide-
induced vasodilation and protein extravasation in human skin.

J Vasc Res 2003, 40: 105-114.

Krishnan STM and Rayman G
A novel test of C-fiber function demonstrates early neuropathy in type 2 diabetes
Diabetes Care, 2004, 27(12), 2930 — 2935.

Magerl W and Treede RD.

Heat-evoked vasodilation in human hairy skin: axon reflexes due to low-level activity of
nociceptive afferents.

J Physiol 497: 837-848, 1996.

Moor Instruments Ltd Millwey Axminster Devon EX13 5HU UK

tel +44 (0)1297 35715 fax +44 (0)1297 35716 fa‘
email sales@moor.co.uk website www.moor.co.uk %, u

% i
“am_SGS [t

<&

=
o 25>
w

Company Registered in England No. 2209367 VAT Registration No. GB490667906




Martin HL, Loomis JL, and Kenney WL.
Maximal skin vascular conductance in subjects aged 5-85 yr.
J Appl Physiol 79: 297-301, 1995.

McCord GR, Minson CT.

Cutaneous vascular responses to isometric handgrip exercise during local heating
and hyperthermia.

J Appl Physiol. 2005, 98(6):2011-8.

Micheels J., Alsbjorn B., Sorensen B.
Clinical Use of Laser Doppler Flowmetry in a Burns Unit.
Scand J Plast Reconstr Surg, 1984, 18, 65-73.

Micheels J, Alsbjorn B, Sorensen B.

Laser Doppler flowmetry. A new non-invasive measurement of microcirculation in intensive
care?

Resuscitation. 1984, 1:31-39.

Minson CT, Wiladkowski SL, Cardell AF, Pawelczyk JA, Kenney WL.
Age alters the cardiovascular response to direct passive heating.
J Appl Physiol. 1998 Apr;84(4):1323-32.

Minson CT, Berry LT, Joyner MJ
Nitric Oxide and Neurally Mediated Regulation of Skin Blood Flow during Local Heating.
J Appl Physiol. 2001: 91: 1619 - 1626.

Minson CT, Holowatz LA, Wong BJ, Kenney WL, Wilkins BW.

Decreased nitric oxide- and axon reflex-mediated cutaneous vasodilation with age
during local heating.

J Appl Physiol. 2002;93(5):1644-9.

Niazi Z. B M, Essex T J H, Papini R, Scott D, McLean N R, Black M J M.
New Laser Doppler Scanner, a Valuable Adjunct in Burn Depth Assessment.
Burns, 1993, 19 (6), 485-489.

Nicotra A, Asahina M, Mathias CJ.
Skin vasodilator response to local heating in human chronic spinal cord injury.
Eur J Neurol. 2004;11(12):835-7.

O'Reilly T. J., Spence R. J., Taylor R. M., Scheulen J. J.
Laser Doppler Flowmetry Evaluation of Burn Wound Depth.
J Burn Care Rehab, 1989, 10 (1), 1-5.

Padberg FT Jr, Back TL, Hart LC, Franco CD.

Comparison of heated-probe laser Doppler and transcutaneous oxygen measurements
for predicting outcome of ischemic wounds.

J Cardiovasc Surg (Torino). 1992; 33(6):715-22.

Pergola PE, Kellogg DL, Johnson JM, Kosiba WA, and Solomon DE.
Role of sympathetic nerves in the vascular effects of local temperature in human forearm skin.
Am J Physiol Heart Circ Physiol 265: H785-H792, 1993.

Moor Instruments Ltd Millwey Axminster Devon EX13 5HU UK

tel +44 (0)1297 35715 fax +44 (0)1297 35716 fa‘ %
email sales@moor.co.uk website www.moor.co.uk % UKAS
o_SGS | wiittin

Company Registered in England No. 2209367 VAT Registration No. GB490667906




Moor Instruments Ltd Millwey Axminster Devon EX13 5HU UK
tel +44 (0)1297 35715 fax +44 (0)1297 35716 fa‘ %
email sales@moor.co.uk website www.moor.co.uk % UKAS

Company Registered in England No. 2209367 VAT Registration No. GB490667906

Sandeman DD, Pym CA, Green EM, Seamark C, Shore AC, and Tooke JE.
Microvascular vasodilation in feet of newly diagnosed non-insulin dependent diabetic patients.
Br Med J 302: 1122-1123, 1991.

Shibasaki M, Secher NH, Johnson JM, Crandall CG.

Central command and the cutaneous vascular response to isometric exercise in
heated humans.

J Physiol. 2005; 565(2):667-73.

Shore AC, Price KJ, Sandeman DD, Green EM, Tripp JH, Tooke JE.
Impaired microvascular hyperaemic response in children with diabetes mellitus.
Diabet Med. 1991;8(7):619-23.

Stansberry KB, Hill MA, Shapiro SA, McNitt PM, Bhatt BA, and Vinik A.
Impairment of peripheral blood flow responses in diabetes resembles an enhanced aging effect.
Diabetes Care, 1997, 20: 1711-1716.

Stansberry KB, Popp G, Peppard HR, McNitt PM, Babyak LM, and Vinik Al.

Primary nociceptive afferents mediate the blood flow dysfunction in non-glabrous (hairy) skin of
type 2 diabetes.

Diabetes Care 22: 1549-1554, 1999.

Stewart J, Kohen A, Brouder D, Rahim F, Adler S, Garrick R, and

Goligorsky MS.

Noninvasive interrogation of microvasculature for signs of endothelial dysfunction in patients
with chronic renal failure.

Am J Physiol Heart Circ Physiol, 2004, 287: H2687—-H2696.

Taylor WF, Johnson JM, O’Leary D, and Park MK.
Effect of high local temperature on reflex cutaneous vasodilation.
J Appl Physiol 57: 191-196, 1984.

Veves A, Akbari CM, Primavera J, Donahue V, Zacharoulis D, Chrzan JS, DeGirolami U,
LoGerfo FW, and Freeman R. Endothelial dysfunction and the expression of endothelial nitric
oxide synthetase in diabetic neuropathy, vascular disease, and foot ulceration.

Diabetes 47: 457-463, 1998.

Wallengren J.
Vasoactive peptides in the skin.
J Investig Dermatol SympProc 2: 49-55, 1997.

Warner DO, Joyner MJ, Charkoudian N.
Nicotine increases initial blood flow responses to local heating of human non-glabrous skin.
J Physiol. 2004 Sep 15;559(Pt 3):975-84.

Waxman K., Lefcourt N., Achauer B.
Heated Laser Doppler Flow Measurements to Determine Depth of Burn Injury.
Am J Surg, 1989, 157, 541-543.

Weiss M, Milman B, Rosen B, Eisenstein Z, Zimlichman R.
Analysis of the diminished skin perfusion in elderly people by laser Doppler flowmetry.
Age Ageing. 1992 Jul;21(4):237-41.

% i
By SBS | wsiihoa
005




Wick DE, Roberts SK, Basu A, Sandroni P, Fealey RD, Sletten D, Charkoudian N.
Delayed threshold for active cutaneous vasodilation in patients with Type 2

diabetes mellitus.

J Appl Physiol. 2006;100(2):637-41.

Wilkins BW, Chung LH, Tublitz NJ, Wong BJ, and Minson CT.
Mechanisms of vasoactive intestinal peptide-mediated vasodilation in human skin.
J Appl Physiol 97: 1291-1298, 2004.

Wilson SB, Jennings PE, and Belch JF.
Detection of microvascular impairment in type | diabetics by laser-Doppler flowmetry. Clin
Physiol., 1992, 12: 195-208.

Wong BJ, Wilkins BW, and Minson CT.

H1 but not H2 receptor activation contributes to the rise in skin blood flow during whole body
heat stress in humans.

J Physiol, 2004, 560: 941-948.

Wong BJ, Williams SJ, and Minson CT

Minimal role for H1 and H2 histamine receptors in cutaneous thermal hyperemia to local heating
in humans.

Journal of Applied Physiology, 2006, 100:535-540.

Yeong E. K., Mann R., Goldberg M., Engrav L., Heimbach D.

Improved Accuracy of Burn Wound Assessment using Laser Doppler.
J Trauma: Inj Inf Crit Care, 1996, 40 (6), 956-962.

Acknowledgement:

This overview has relied heavily on papers by Minton et al and includes several parts that have
been abridged.

Moor Instruments Ltd Millwey Axminster Devon EX13 5HU UK
tel +44 (0)1297 35715 fax +44 (0)1297 35716 ia‘
email sales@moor.co.uk website www.moor.co.uk % u

Company Registered in England No. 2209367 VAT Registration No. GB490667906

=
>
w

z0
3|5 Qﬁ,
EES




