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Cold weather is not usua lly a barrier to athletic activity, but team 

and individual sports played in the late fall, winter and early spr ing 

place a large number of athletes at risk for cold injury. Environmen- 

tal changes as simple as sunset, a rainstorm or an increase in wind 

speed can sh ift the body's thermal balance sudde nly. As part or all of 

the body cools, there can be diminished exercise performance,frost- 

bite, hypothermia and even death. Frostbite and hypothermia rep- 

resent 20 percent of all injuries in Nordi c skiers. 

 
Physiological  Response to  Cold 

Cold exposure produces peripheral vasoconstriction, decreasing 

peripheral blood flow, and decreasing convective heat loss from the 

body's core to its shell. Cold exposure also elicits increased heat pro- 

duction through skeletal muscle act ivity. This occurs through invol- 

untary shivering (which can increase heat production six-fold) and 

through voluntary increased activity. 

Athletes exposed to cold repeatedly can exhib it cold acclimat iza- 

tion, in which both cold-induced vasoconst rict ion and shivering are 

blunted. Compared to heat acclimatizatio n, cold acclimatization is 

less pronounced, slower to develop and less effective in defending 

normal body temperatu re and preventing thermal injury. 

 
Cold Injury 

Frostbite occurs when tissue freezes. Frost bite can be in exposed 

skin, e.g. nose, ears, cheeks, but also occurs in hands and feet. be- 

cause vasoconstr iction lowers peripheral t issue temperatu re signifi- 

cantly. Numbness or a "wooden" feelingis usually the first symptom 

of frostbite in the hands and feet. With frost bite to exposed facial 

skin, however, there can be a burning feeling. Freezing of the t issue 

is often relat ively painless. Re-warming is accompanied by sharp, 

aching pain and persist ent  loss of light touch sensati on. 

The risk of frostbite increasesas te mperature decreases. With ap- 

propriate precautions, the risk of frostbite can be less tha n five per- 

cent when ambient temperature is above 5 degrees F. But increased 

surve illance of athletes is appropriate when the wind chill falls below 

minus 18 degrees F, sinceexposed facial skin then freezes in 30 min- 

utes or less.At these temperatures, consideration should be given to 

postponing or shortening athletic events. Predetermined school poli- 

18 cies bring neutrality to that decision and help the public to antic ipate 

 
it. Several apps are availa ble for cal culation of wind chill. 

Hypothermia is core temperature below 35C (95F). In mild hy- 

pothermia, an at hlete feels cold, shivers, is apa thetic and wit hdrawn, 

and demonstrates impaired athletic and mental performance. 

Coaches and ath letes must recognize and respond to these early 

symptoms so as to avoid more severe hypothermia. The symptoms 

can be confused wit h concussion, hypoglycemia or drug use. As core 

temperature continues to fall, there is confusion, sleepiness, slurred 

speech and irrati onal thinking and behavior. Severe hypothermia 

causes cardiac arrh ythmia and arrest. Efforts to resuscitate must per- 

sist until re-warming has been achieved. 

 
Risk factors for  Frostbite and Hypothermia 

1) Exerc ising in wate r, rain and wind. Evaporation from wet 

clothing in a cold environment increases heat loss four-fold. 

2) Lean ath letes lack the insulation providedby fat and muscle 

mass and have more difficulty maintainingcore temperature . 

3) Fatigue, energy depletion, sleep deprivation and many en- 

docrine disorders produce hypoglycemia. Hypoglycemia impairs 

muscular activity and shivering, decreasing heat production. 

4) Physica l fitness and str ength training allow longer exercise at 

high intensity with prolonged heat production and mainte- 

nance of core temperature. Poor fitness thereby predisposes 

to cold injury. 

5) Altitude greater than 8,000 feet decreases shivering and 

vasoconstr iction response to cold. 

6) Cessation of Exercise. Ex ercising, athletes produce heat by 

muscular act ivity and are at less risk for cold exposure in jury. 

At the end of an event, or when exercise stops due to injury, 

heat is no longer being generated by exercise, but heat loss 

continues, and rapid cooling may result. Training alone, in re- 

mote places and at unusual hours, increasesthe length of ex- 

posure likely to occur before an injured athlete can be 

remove d from the cold. 

 
Preventing  Cold Injury 

1) Risk and Event Management 

a. Assess environmental heat loss risk: temperat ure, wind, 

rain, solar load, immersion, alt itude. Be alert to changes 
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in these factors. Ath letes can then be advised to modify 

clothing or seek shelter. And event managers can con- 

sider shortening, moving or cancelling an event. Wind 

chill temperature index (WCT) integrate s t empera ture 

and wind to est imate cooling power. The WCT predicts 

the risk of frostbite to exposed facial skin in a person 

moving at walking speed. The wind effect of the ath lete 

moving at higher speed (run, ski, bike, skate) is not con- 

sidered in calcu lat ing WCT . The risk of frost bite in the 

extrem it ies is not predicted by WCT. 

b. Assess ath let es' risk factors: exercise demands, fitness, fa- 

tigue, health, body fat, hydration and nutritional status. 

c. Prepare appropriately: adequate training, clothing, water 

and food; scheduled cloth ing changes; prov isionof shel- 

ter and re-wa rming; planned monitoring of weather 

conditions and of ath lete tolerance of the cold; and ac- 

tion plans to care for athletes, staff and spectators who 

are having difficulty stay ing warm. 

2) Clothing: Exerc ise intensity and am bient temperature deter- 

mine clothing (insulat ion) requirements during exercise. Hats 

are usefu l, as up to 50 percent of heat loss at rest is from the 

3) Food and Fluid Intake: Exercise in cold environments increases 

energy expenditure and fluid loss. Insufficient carbohydrate 

reserves to maintain core tempe ratu re risks cold inju ry. De- 

hydration affects neither shivering nor vasoconstriction, but 

significant loss in circula ting volume decreases perfusion. In 

cold as we ll as other temperatures, carbohydrate availability 

and dehydration are limiting factors in performance. Athletes 

can sust ain exercise in cold by ingesting 6-12 percent carbo- 

hydra te beverages. Carbohyd ra te-rich foods are appropriate 

for prolonged exercise in th e cold. 

Wind-Chill Chart 
ACTUAL THERMOMETER   READING  F 
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head. Layering is dressing with an inner layer that wicks per- 

spiration to the outer  layers for evaporat ion, a middle insu- 

LImt DANGER FOR 
PROPERLY CLOT!, ED PERSON 

 

 

IN( REASING DANGER 
 

DANGER FROM FREEZING OF EXPOSED FLESH 

lating layer that allows moisture transf er, and an outer layer,   Field Treatment of Cold Injury 

worn when necessary, to repel wi n d and rain but capable of          Frostbite: Seek  shelter and insulat ion to maintain core temper- 

transfer of persp iration to the air. Layering allows adJustment  atu re. Reverse vasoconstriction by re-warming. Re-warming is best 

in insulation to prevent overheating and swea ti ng, while re- accompl ished with 1) body heat - the victim's or someone else's body 

maining  dry in wet conditions. Glove liners provide wicking  heat (e.g., placing the cold hand into the axilla) or  2) warm water   

and insulation for the hands. Mitte ns provide significantly 104-109 degrees  F (40-43  degrees  C).  Warmer  water  produces  

more insulation than gloves. Clothing that const ricts fingers greater injury, sw ell ing and t issu e death. Once re-warm ing begins, 

or toes predisposes to peripheral co ld injury. Wet clot hing avo id ad ditional freezing. It is better to tolerate some additional time 

should be removed quickly and replaced, including socks and    with frozen tissue during extricat ion from the cold than to re-warm 

gloves. and then  suffer refreezing during  extrication.  Rubbing the injured 17 

CALM 50 40 30 20 10 0 ꞏ 10 ꞏ 20 -30 -40 -50 

   27 16 6 -5 -1 5 ꞏ 26 -36  
10   16 4 -9 -2 1 .33 -46  

1 5   9 -5 ꞏ 18 -36 -45   
20 32 18 4 -10 -25 . 39 . 53   
25 30 16 0 -15 ꞏ29 . 44 .59   
30 28 13 ꞏ2 -18 .33 -48 -63   
35 27 11 ꞏ4 -20 ꞏ35 -49 -67   
40 26 10 ꞏ6 -21 .37 . 53 ꞏ69   



part tends to add mechanical damage to thermal damage, and  is to to a combination of breathing dry air and reflex response   to facial 

be avoided. cooling. Impaired  air quality in indoor rinks is implicate d as an ad- 

Hypothermia: a) Conscious, hypothermic persons should have ditional factor.  

wet  clothing  removed  and  should  be  insulate d  wit h  whatever 

warming mater ial is available. If possible, evacuate to a warm build- 

ing/car/ shower. Encourage the drinking of large volumes of warm, 

sweet liquids to improve circulating volume and ava ilable energy for 

exercise. Encoura ge exercise to promote heat production by muscu- 

lar activity. Such ath letes usually respond to peripheral re-warmi ng, 

but transp ort to medical care as a prec autio n against deterioration. 

b) Co mato se, hypot hermic ath letes should be insulate d and trans- 

ported emergently. Field re-warm ing and fie ld CPR are usually inef - 

fective and only delay transport to a medical facility for rapid core 

re-warming and comprehe nsive care. 

 
Cold-induced   Bronchoconstriction 

Ex ercise-induced bronchoconstric t ion (EIB) is a transient nar- 

rowing of the airways t hat is provoked by exercise. Co ld weather 

athletes have an increased prevalence of EIB: Tw enty-three percent 

of Olympic winte r athletes and 33-50 percent of cross country skiers . 

High intensit y exercise. high ventilatio n rate and exercise in indoor 

rinks predisposes. The EIB with co ld exp osure is believed to  be due 

Cold Environment Modifies Trauma Protocols 

The assessment and management of the injured athlete in a cold 

environment follows Basic Trauma Life Support protocols. Depend- 

ing on the severity of the cold, the risk it represents to the injured ath- 

lete and to the rescuers, and the availability of warm shelter, 

evaluatio n and resuscitation may be delayed in order to extricate the 

athlete from thecold. Evacuation of the winter athlete from thescene 

of injury can be a cha llenge requiring sp ecial equipment. training and 

protocols, such as those developed by the National Ski Pat rol. 

As seasons change, extra beauty, exhilarat ion and challenge are 

bro ught to the excitementof athletic competition in the cold. Desp it e 

the serious ri sks of cold injury, thoug htful planning and pre parat ion 

can ensure that safe outcomes accompany ath letic success. 0 
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