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INTRODUCTION 

years, it is still capable of being responsible for 20% of all casualties even in well-hained wellquipped soldiers in 
relatively mild conditions’. Whilst some of these may be inevitable, the underlying pathophysiology of freezing and 
non-frwzing f o m  and their sequelae remain poorly uoderstw$’. Following the Falklands Conflict Golden 
(unpublished) established protocols at INM by which those who had suffered cold injury could be investigated, 
particularly with regard to the often severe late intolerance to cold seen in even mild cases. Since then, about 500 
investigations have been performed using his technique. In 1986, Oakley intmduced a simple neurophysiological 
test‘; this paper analyses the fust 100 consecutive attendances in which both techniques have been used, in the hope 
that the results may provide some insight into the mechanism of injury and its sequelae. 

METHODS 

were analysed, spanning the three years to 1990. Subjects qualified for inclusion if they were referred for the 
investigation of cold injury, any other peripheral vascular disorder (including sequelae of a a m  Raynaud’s 
Complex), or were taking part as volunteer subjects in the ongoing study of cold injury. Those who attended during 
the fmt six months, or had no clinical indications, gave informed consent in writing. patients referred with fresh 
cold injuries were not seen until at least two months after injury. 

Although cold injury was fust reported in about 400 BC, andhas been studied in detail over the last 300 

One hundred consecutive attendances by patients and others, consisting of a total of 75 different individuals, 

Subjects clad in indoor clothing entered a climatic chamber maintained at 30+ 1-12 and still mixed air, and 
rested recumbent on an examination couch. Sensory thresholds were measured using the Mlddlesex Hospital 
Thermal Testing System5 with the room quiet and minimal disaaction. Thresholds to cool then warm thermal 
stimuli were recorded from the volar surfaces of the distal phalanges of digits 2-4 in the left hand, and the whole of 
the volar surfaces of digits 1-3 in the left foot. Following this, infra-red thermography was carried out. The right 
hand or foot was exposed and allowed to equilibrate with ambient. A control picture of the volar surface was then 
taken using an Agaema 870 solid-state infra-red camera connected to an IBM FC which displayed and stored the 
images. The hand or foot was then placed in a plastic bag and plunged into a bath containing stirred water at 15 & 
O.YC, and kept there for 2 minutes. On removal, the plastic bag was discarded and a fuaher infra-red picture taken. 
Five minutes after removal, the final infra-red picture was taken. Patients with unilateral lesions were tested on 
their injured side, with thmography beiig performed on a limb only if there were indications of abnormality or 
injury in that limb (or the subject was uninjured). 

Subjects were then interviewed and examined clinically, and their test results graded by the same doctor, 
following which he made a recommendation as to their disposal. Results were graded subjectively: infra-red 
thermograms into normal, then mild to severe degrees of cold sensitisation, sensory thresholds into normal (e 3’C 
for fmgers, e CC for toes) and abnormal. 

RESULTS 

exposed individuals within the Royal Marimes, and civilians, and 9% from other UK Armed Forces. Average age 
was 28.7 years (range 14-56). Males formed 93% of the attendees. U i c a l  studies accounted for 86% of studies. 
A total of 20 of the 75 Werent individuals seen had sustained nm-freezing cold injury duing the Falklands 
Conflict, of whom several were presenting for the fust time (up to 8 years subsequent to their original injury). 
Non-freezing cold injury (h’FCI) of the feet was the primary diagnosis in 43 of the patients, 13 had other forms of 
mild cold injury, 16 were seen for other cliical causes, and 3 were found to be normal. None of those with NFCI 
had sustained my form of tissue loss, and onty three of thme who had suffered frostbite had any. 

Two-thirds of all attendances were from Royal Marines, 12% each from a group of very experienced and 

Infra-red thermography appeared to be abnormal in 31 of the 43 with NFCI of the feet in 7 of the 13 with 
other cold injury, in 12 of the 16 others, but in none of the three normals. All those with normal infra-red 
thermography results returned to full and unrestricted duties following their last tests. Of the 18 patients seen on 
more than one occasion, one was never abnormal and three others retumed to normal over the period of study. 

J” 



S m s q  thresholds were abnodpredomioantly in the wammcddity, andmostly in tlle toes. Of those 
with NFCI of the fee& one had an abnomally high cwl threshold in the hgers, five had abnormal warm thresholds 
in the fbgers, 13 had a b n o d  cool thresholds in the roes, and 32 abnormal warm thresholds in the toes. Earns 
for the other groups were not dissimilar, although none of those considered as normal had abnarinal thresholds. All 
of those with n o d  tbresholds r e m e d  to full and UnresEicted duties following their last tests. AU of those with 
multiple attendances except far one were abnormal, and only one other r e m &  to normal d m g  the mdy. 

Outcomes were not good. Of the 56 with cold injury, only 26 (4.5%) r e m e d  to fdl duty. When the highly 
experienced group is excluded (as they came from and r e w e d  to full duties), only 17 of 48 r e m u d  to full duty, 
i.e. 65% remained in some employment restriction. Furthennore, 8 (17%) had to be ref& to a medical board to 
consider whether they should be invalided as a result of their sequelae. 

CONCLUSIONS 
The clinical picture of WCI in the feet has bee% well d e s m i ,  and cases may present during the 

hpraemic phase or subsequently, the latter being when these tests were carried out. This post-hyperaedc phase 
appears to be one in which those with either fom of cold injury cornonly d e r  cold ~ensi-on'~. This study 
reafsrms me frequency with which rhis disabling consequence occurs, even in those with very mild cold injuries. 
The evidence is that this period of cold SensiWon may last almost indffmitely, and can certainly be longer tban 
eight years. Furthemore, anecdotal stories of impaired warm sensation following cold injury have been con%'me& 
which again appears to be long-lasting if not perm;ment. These resalts re-emphasise the dramatic human and 
perfomaxe consequences of even very mild cold injury, and the importance of enforcing co3Lserva6ve limitations 
onpnmissible peripheral s a  ternpatines during human cold exposure studies, lest i n j q  OCCUT inadvertdy. 

Neither of the techniques used in this study bas been completely validated. =a-red Lkmography is 
notoriously difficult to use in corn01 popuMons, as many of those believed to be flee eom cold i n j q  appear to be 
a b n o d .  However, very few active young menbave notundergone the brief exposure necessary to SUsraiaNFCL 
and there is speculation that a not uncammon disease of childhood, pink's disease, or deprivation b d s  and feet, is 
identical with WCL More intense assessments of Subjects are MW being undertaken using laser doppler 
techniques, and a longitudinal cohort study of those undertakkig milimy uaining is also planned Although sensory 
thresholds measured at other sites have been extensively validated, a similar study using these sites in conrmls is 
srill in progress, although the criteria of abnormality used here are beIieved (after e-on of over 20 c r n l s )  
to be conservarive. 

Whilst the infra-red thermography test gives an indication of sympathetic (myelinated fibre) function, 
sensory thr&olds relate to both myetiuated (cool) and unmyelinated (warm) fibre function. b f o r e  these 
abnormalides are consistent with a partw of lasting damage to fine and unmyelinated fibres, and &re appear to be 
very few who s a e r  from lasting damage to larger and myelinat& newe fibres. They are also consistent with the 
hypothesis that cold sensitisation occurs as a r e d t  of denemdon supensitidty3. This is in contrast to the lxge 
number of animal studies, which suggesr that at least in the acute stages, nerve fibre damage from cold injury. occurs 
to all fibre types, or is even worse in myelinate3 axons4. It is suggested tbai the pattern reparted here occurs as a 
result of disuption to the axons of fine and unmyeliaated fibres at a high enough level to result in neuronal death or 
to prevenr effective reinnmafion. Whilst this could happen as a resuIt of spasm in. or blockage to, the vasa 
n e r v o w  it is suggested that this is most likely due to prolonged dismption of axonal uauspoa which could then 
propagate up the axon. 'I% may be the primary site of injmy, panicuIarly in NFCI, with its iqnisite @od of 
prolonged relatively mild cooling. The apparent similasities between mild cold injury and diabetic periphed 
neuropathy may also merit further investigation. 
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