THE INFLUENCE OF SOCK CONSTRUCTION ON FOOT CLIMATE IN RUNNING SHOES
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INTRODUCTION

For highly trained athletes sweat rates can easily be more than 1 liter per hour. As it has been pointed
out by Bar-Or (1998) it is not only the density of the sweat glands which has an influence on the sweat
evaporation rate. Bar-Or summarizes work from other authors and concludes that the sweat rate in
children and elderly is lower than in young adults. High temperatures and the accumulation of sweat
leads to foot discomfort during running. Most runners have made the observation that the type of shoe
can influence foot climate considerably. Using innovative fiber technologies manufacturers claim that
their socks will keep feet cooler and enhance the transportation of sweat away from the skin. The
purpose of this study was to investigate whether sock construction features can influence foot climate.

METHODS

5 differentsockmodelsweretestedwith 19 subjectsunningin their own shoesa distanceof 6000 m on
a 400 m track. All sock constructionswere commercially available products, differing in material
compositionweavingtechnologyandweight. Eachsubjectranin dl 5 sock models(randomizedrder)
on 5 differentdays.While the 5 differentsockswereworn on therightfoot, areferencesockwas always
usedfor the left foot. Foot temperaturemeasurementseretakenon both feetimmediatelybeforethe
run, at 400 m, 800 m, 1600 m, 4400 m, and at the end of the run (6000 m). Temperaturesensors
(HygrotecNTC50) wereattachedo the skin underthe centerof the heeland forefoot (3 metatarsal
head).Theresistivethermotransducerarenormallyusedin electronicfeverthermometerandthus have
a good resolution (0.01 degreesC) and accuracy.Using a precision scale (Lutron Inc. GM-300P,
resolution0.01 gram), sweataccumulationn the sockswas measuredby determiningthe weightof the
socksbeforeandafterthe 6000 m run. The testswerecarriedout on hot summerdaysat a temperature
of 26.5degree<C (SD5.8) andarelativehumidity of 41.5% (SD 15.3).Subjectiveperceptionratingsfor
temperatureandmoistureweregivenby the subjectdor all sock conditionson a sevenpoint perception
scaleafter the 6000 m run. Perceptionratingswere performedin comparisorto the left foot with the
referencesock.

RESULTS AND DISCUSSION

Acrossall sockconditionsthe averagancreasen foot temperatureof all subjectsduring the 6000 m run

wasapproximatelyd degreeLelsiusunderboth the heelandthe forefoot. The foot temperatureat the

startof the runwasapproximately28 degreesTemperatureunderthe heelremainedalways lower than

underthe forefoot. The temperaturalifferencebetweenthe two foot locationswas approximately0.6

degreest the startof therunandincreasedo 1.5 degreesafter 2800 m. Forefoottemperaturancreased
morerapidly ascomparedo heeltemperaturan the first half of the run (figure 1). Figure 2 showsthe

increasan foot temperaturen the 5 different sockmodels.At 4400 m andat the endof the run 2 sock

constructionsshowed significantly (p<0.05) increasedfoot temperaturesgainstthe other three sock

models.
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Figure 1. Skin temperatureincreaseunder heel and forefoot during a 6000 m run (19 subjects)
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Figure2: Temperaturencreasen 5 sockmodels Figure3: Sweataccumulatiorin 5 sockmodels

As shown in figure 3, sweat accumudtion in the sock modelsdiffered considerably(ANOVA, p
<0.001). WhencomparingmodelC againsimodelsA andD this differerce was morethan 100 %. No
specificmaterialcomponentwasidentifiedwhich couldexplainthe abovefindings. Often it is suspected
that cotton will retainwater morethan syntheticmaterialsSockmodel C with the highestamaunt of
sweataccumulatiorhada cotton fiber contentof 56 %. However,sockmodelA with the lowest sweat
contenthad an evenhigher cotton fiber percentageof 72 %. It appearsthat a complex interaction
betweenmaterialandweavingmodalitiesdetermineshe water retentionpropertiesof socks. Similarly,
the reasonfor the temperaturebehaviorof socksis difficult to analyzefrom the presentsample of
diversesock constructionsOur study demonstratedhat sock constructionfeatureshavea substantial
influence on foot temperaturedevelopmentand sweataccumulationin the sock during long distance
running.
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