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So0cKSby boug Ritchie)

For the serious athlete, socks have become reaxjagz an essential component of footwear that can
determine the difference between success or failnrthe playing field. Unfortunately, for the sport
medicine professional, the role of socks in prewgninjury and in enhancing performance is
misunderstood and often neglected in treatmenbpods.

Recreational and competitive athletes can receate-9f-the-art information on sock fiber techngl@mnd
construction techniques from premium sporting gogafgdors and technical publications peculiar tarthe
sport. On the other hand, health care professioratsive no formal training on the topics of fooawver
hosiery, yet, they are called upon regularly teegiformation to patients and the lay public insine
unfamiliar subject areas. No wonder that physicemd podiatrists are often quoted in consumer magaz
giving erroneous information about socks and foatwe

It is refreshing to see the subject of "socks"udeld in this comprehensive program of topics nedetid the
field of podiatric sports medicine.

Historical Review:

There were virtually no original scientific artisl@ertaining to hosiery published in the medidalt&ture
until 1989. Then, almost overnight, clinical resers recognized that major advances had been made
during the 1980s in the fields of fiber technol@yd sock construction techniques. Hosiery now agpea
like high-tech sports equipment with possible maldapplications. A large number of studies wereiedr
out on various patient populations, including atseto determine the role of hosiery in prevenpadal
pathologies.

A series of articles published by Andrew Boulto #risites Veves at the Manchester Royal Infirmary
documented the protective effect of hosiery onfélet of diabetic and arthritic patients. At the saiime,
Herring and Richie published their studies dematisiy the superiority of acrylic fibers over cottfimers
in preventing the frequency and severity of frintldisters in running athletes.

A significant amount of published research thetofeéd, documenting attempts to utilize hosiery picid
to treat various clinical conditions. Ufer and corkers studied the effect of hosiery to warm thed td
patients with spastic quadriplegia. Wolfe and Rftla conducted a study to determine the effeciosidry
on friction blisters and racquetball players. THea of over-the-calf sports socks to reduce sweglin the
feet and legs was reported by Brown and Brown.

The United States military, plagued with ever-imsiag blister frequency in military recruits, cadiout
their own research documenting the ability of vasisock systems to reduce friction blisters. These
prospective studies demonstrated the highest thsaientific investigation attempting to determihe
effect of various sock fiber combinations on thet fef a large number of human subjects engaged in
marching and running.
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The principles proven and validated by these studi¢he foundation of this presentation. The stitgeeas
covered are those of most interest to the sportsaime health care professional: fiber technoldggtion
blisters, sports specific challenges and shoexdjtéipplications.

Socks and Foot Pathologies
The following foot pathologies can be directly atfed by the type of hosiery worn by the athlete:
Toenails: subungual hematoma, onychomycosis, onychogryphosis
Integument: friction blisters, hyperkeratoses, heloma dura/eoll
Infections: dermatophyte, yeast, bacteria, viral (verruca)

Mechanical or Shear Induced Injury of Subcutaneougissue:capsulitis, bursitis, calcaneal fat pad
atrophy

Mechanical or Shear Injury Against Bone Prominenceretrocalcaneal exostosis, sesamoiditis, hallux
valgus, tailor’s bunion, accessory navicular, lilbi@st periostitis, medial and lateral malleolanttision

Causes:

The forces involved in generating the above-meeetidissue injuries include ground reaction forces,
tangential shearing forces, and a combination essure and shear induced by athletic footwear.

Numerous researchers have demonstrated that greaation forces can approach or exceed three times
body weight in a running athlete. In addition, et plantar pressures against the calcaneus and
metatarsals are significantly increased in the ingathlete as well as special patient populatieitis foot
deformities, i.e., rheumatoid arthritis and diabeteellitus with neuropathy.

Shearing forces result from forward or sideways rotum of the athlete whether walking, jumping,
running, or lunging. Spence and Shields identifad types of dynamic forces that can be associattd
running gait: vertical forces, fore and aft shéateral shear, and torque. Shearing force on timesskface
of the foot is exacerbated by the type of playiagace, type of footwear, type of insole, and tgpsock
material. Shearing forces are thought to be moneagigng to the feet than ground reactions forces. Th
combination of abnormal pressure and shear resulbe formation of friction blisters in athleteisca
ulcerations on the feet of patients with diabetedlitus.

In addition to the abnormal forces generated bysgiexific movements of the sport, the type of faaw
worn by the athlete can generate uniqgue damagegspre and shear in specific areas of the feeger |
The following unique forms of athletic footwear ath@ various locations of potential skin or desgue
damage are illustrated in the following tables.

The Fiber Story

The ability of a sock to dissipate damaging foraeshe surface of the foot rests partly on therfibe
composition and more significantly on the consinrctechnique of the manufacturer. It is the latk o
understanding of fiber technology that leads mesith care professionals to make erroneous
recommendations to their patients regarding seledtr sporting activities.




Fibers that absorb moisture are termed hydrophitite fibers repelling moisture are hydrophobicttGn
fiber retains three times the moisture of acryhd #ourteen times the moisture of CoolMax®. When
exposed to ambient air, socks composed of cottamrenoisture ten times longer than acrylic. In
descending order of hydrophilic ranking, the follog/fibers are listed: cotton, wool, acrylic, Coak®,

polypropylene.

During initial activity, moisture absorption frorhe feet becomes a desirable feature. In athleticitgc
perspiration output on the feet can exceed onepanfoot. A large part of this moisture may adiual
accumulate in the feet as it is produced elsewberthe body surface and drips down the legs due to
gravity. Nonetheless, this volume of fluid far e&de the absorptive capacity of any sock product.
Therefore, to minimize moisture accumulation ongkie surface, the sock must set up a wicking gratdi
to the shoe.

Ideally, a wicking gradient occurs when the shopeups breathable (i.e., nylon mesh) so that antlaign
encourages evaporation of water vapor. More comynarghoe liner or upper will contain hydrophilic
fibers that draw moisture from the hydrophobic so@kerial. Socks that are extremely hydrophobec,(i.
polypropylene) are thought to repel water so eiffett that wicking cannot occur. Socks of internaddi
hydrophobic range, i.e., wool and acrylic, allowvament of water but will not absorb and retain wake
cotton fibers will. Degrees of hydrophobic quabt@&one, however, don’t determine overall wicking
capacity.

The mechanical structure of the fiber and compbaggiof the fiber will determine overall wicking
potential. CoolMax® fibers have four channels bito their cross-sectional geometry giving a 20%
higher perimeter area than traditional round fib&tee result is higher water/vapor transport thioug
enhanced surface exposure for capillary action.

Natural fibers (cotton-wool) when laden with morgiucompress more easily than synthetic fibers/ljacr
CoolMax®). Thus, cotton and wool socks have a higasistance to sweat transport of wicking. Whet we
acrylic fibers swell less than 5% while cotton d&/di5% and wool swells 35%. Swollen fibers that are
compressed reduce air spaces and thus reduce redistasport. Thus, cotton socks exhibit a 2.4 $ime
higher resistance to moisture transport.

When combining hydrophobic qualities and mecharfibak qualities, the fibers that wick moisture bes
are, from best to worst: CoolMax®, acrylic, polypytene, wool, cotton.

In studies conducted on runners wearing synthigter §ocks vs. cotton socks, other significanteddéhces
surfaced regarding preferability of fiber compamiti Cotton fiber socks, when wet, were observed to
stretch and lose their shape inside the shoe.l@thi® bunching and wrinkling of the socks compared
acrylic fiber socks. After multiple wash-wear cygleotton fiber socks were noted to become abrasive
leading to potential irritation on the skin surfaxdfehe athlete.

In some sport applications, the thermal-insulatjaality of the fiber composition becomes critiddéw
synthetic fibers composed of a hollow core matémewn as Thermax™ have been shown to effectively
insulate against heat loss. Natural wool fiber saale still preferable in the outdoor industry heseaof
their remarkable ability to maintain heat while wdbwever, the abrasive nature of 100% wool filweaks
has required the blending of wool into other higbkt synthetic fiber materials.

Blisters and Other Skin Injuries

Friction blisters are among the most common fopfries affecting the athlete. Blisters on the @&t even
more prevalent and debilitating in military recauif study performed on 357 marine recruits ati®arr




Island, South Carolina, revealed a 69% prevalehbéisters during a four-month period of training.
Blisters serious enough to warrant medical evabuadit sick call occurred in 24.4% of all traindésas
been estimated that over 5,000 Basic Traineesckdad Air Force Base were treated for frictiorstdrs
during one calendar year in 1990.

Factors necessary for friction blisters are shewanef pressure and moderate levels of moistureofAese
forces can be mitigated by a proper sock system.

Herring and Richie investigated the role of fibed&ock construction techniques in the prevention o
blisters on the feet of running athletes. Theidiitgs demonstrated that acrylic fiber socks wiltdéess
blisters and smaller blisters than cotton fibeiksotn addition, athletes were able to determideer foot
with acrylic socks compared to cotton.

These findings were significant only when socksenmnstructed with dense terry padding rather ihan
generic "cushion-sole" socks.

Plagued with ever-increasing frequency of blistdrs,United States Military conducted three rancaai
prospective studies on various sock systems. Emelatd military issue sock is a 50% cotton and 50%
wool cushion-sole sock. The three studies attemjotedmpare newer fiber construction techniques and
double-layer technology to reduce blister frequesici

In a study of 357 marine recruits on Parris Islémijth Carolina in 1992, the use of a CoolMax®rlwéh
a heavily padded terry design outer sock using @Ayolypropylene blend significantly reduced bliste
compared to a single layer sock (40% vs. 69%). Aglégi CoolMax® liner to the standard sock signiftban
reduced sick call visits (24.4% standard vs. 9.4%dard with liner).

Another study of 1,079 soldiers in 1993 tested §wek systems on blister frequency and acceptabyit
soldiers. Synthetic fiber socks significantly oufpemed the standard wool sock. Adding a CoolMax®
liner to the wool sock significantly reduced blisteWwhen comparing single, extra-thick acrylic pedid
socks to double layer sock-systems, the double-Eystem was superior owing to the shielding ofdpen
terry loops from the skin surface and the movenmgetface created by the double-layer system. Three
other military studies have demonstrated a bligtevention superiority of double sock systems wgyle
layer socks.

Fitting

Proper fitting of athletic footwear is critical foomfort, injury prevention, and performance. Ritof
shoes, particularly athletic shoes, is a lostrathe modern retail marketplace. The emergencebttech
sports hosiery products has made the shoe-fittiaggss even more difficult.

Shoe and foot measurement techniques are archi&iday’s modern athletic footwear industry. The
Brannock measuring device was developed in 192g, lieefore athletic shoes were developed and long
before high-sports specific hosiery products wevemnted. The majority of modern-day athletic focawe
are manufactured overseas in third world countrilesre sizing parameters vary significantly everhimit
the same single factory.

In 1995, the author conducted a shoe fit studwyfpremium sports hosiery company. The resultsisf th
study revealed the following:

1) Measuring feet barefoot with a Brannock devieecsssfully predicted accurate athletic shoe sie 0
30% of the time.




2) When subjects wore a standard cushion-sole @odkvere measured, accuracy for shoe size improved
10%.

3) When measuring a subject barefoot (as recomnaogléhe Brannock Company), and then fitting the
subject with athletic shoes and thick sports spesdcks, the Brannock measurement was accurage onl
15% of the time (an 85% failure rate!).

4) When measuring a subject with thick sports desnck standing on the Brannock device, the aour
for predicting proper shoe size improved by 10%.

5) When wearing properly fitted shoes with a ganspiorts sock, adding a thick heavily padded sock
demanded an increase in length of shoe 77% ofrttes t

Therefore, measuring an athlete with a Brannocksoméag device has minimal value when correlating
with shoe sizes of modern day athletic footweall, 8te skill of the fitter can allow translaticof the shoe
size to an "adjusted size" based on a knowledgevehtory and peculiarities of brand-size charasties.
The athlete should be measured and fitted weahimgpecific sock that will be ultimately worn witine
footwear. This is a reversal of the normal fittprgcess in most athletic shoe stores where soeks ar
purchased as a "add-on" after shoes have bea fitte

Sports Specific Applications

Sports-specific socks were pioneered by ThorLdvendarly 1980’s. Soon, all major sock manufacturers
followed with socks packaged and presumably desdidmespecific sports, i.e., tennis, golf, runniegs.
What began as functional differentiation for a fieay sports has led to a bevy of sock packagingigdes
and marketing hype with products designed for egzenceivable activity. In reality, there is verijlé
technical difference within any particular compamyhe design of their hosiery products for various
individual sports. In the end, however, the zedhef American public to purchase socks specifieiirh
sport has spawned a $250,000,000 industry.

Socks should be designed specific to the shoegrrttan the sport itself. The biomechanical moveraed
stresses of recreational and competitive sportitigies vary greatly. Designing a sock to mitigahose
stresses has resulted in very similar featuregitdethe varieties of foot stresses found in egarts What
carries more variation are the shoe designs andrieonmental challenges of the sport. Here, stadign
in the upper and fiber composition can be variezhtly to meet the demands peculiar to the sport.

The following table gives examples of sock desigd fiber variations as well as the sports applcatithat
are best suited.

Construction Techniques of Athletic Hosiery
Upper Design & Sport Activity
« Over-the-calf: Baseball, Basketball, Outdoor (including lineég&)j, Snowboard, Soccer
« Mid-calf: Skate
+ Slouch: Aerobics
« Crew: Running, Golf, Tennis, Racquetball, Hiking

Construction

« Thin or Thin Double Layer Outdoor(liners), Cycling, Running (racing), Skiing




Padded or Thick Double-LayerJogging, Skiing, Hiking, Tennis, Basketball
Fibers

Acrylic: Golf, Tennis, Hiking

Acrylic/Wool: Outdoor-Cold

Acrylic/Thermax®: Outdoor-Cool
Acrylic/CoolMax®: Outdoor-Warm

CoolMax®: Running, Cycling, Liners
MicroSafe®: Therapeutic Hosiery, i.e., Diabetes

Pick the right sock for the right sport.
Use synthetic material. Use proper shoes anddintivith the socks you plan to wear while playing
ball.




