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Women and heels have fostered a close relationship with one another for thousands of years. From hunting in woven grass and animal skin footwear in the wilderness to strutting in Yves Saint Laurent’s 5 ½ inch heels in cosmopolitan cities, women have struggled to maintain a balance between fashion and function (Payne, 2007). Many seem to favor fashion over comfort with 37 percent of women continuing to wear heels despite the burning discomfort in their feet (Scholl, n.d.; “Women’s Center,” n.d.). The impact of choosing to wear fashionable high and low heels has beneficial and detrimental results that are irreversible.  
Although humans have been walking upright far longer than stilettos have been in existence, high heels appeared over 5,000 years ago and have reinvented themselves throughout history (“Dangerous Elegance,” n.d.). Found on Egyptian murals dating back to 3500 B.C., heels were worn by the upper class and were made by lacing together leather pieces, which were arranged to represent the symbol for life. The ancient civilians of Greece, Rome, and the Renaissance wore kothorni or buskins, shoes with wood or cork soles. These shoes implied social status and importance on the stage of a theater and on the streets of a civilization. Roman women were easily identified as prostitutes by their high heels. The Middle Ages saw the appearance of patterns, or wooden soles, which kept both genders’ costly shoes from being dirtied by street rubbish (“Dangerous Elegance,” n.d.). In the 1400s, chopines were immensely popular among European women (“Dangerous Elegance,” n.d.; Scholl, n.d.). Venetian women, in particular, made these 7 or even 30 inch high heels prominent on the hazardous Italian streets. Because promenading required canes or servants for support, escape from the harem was impossible. Chopines were eventually banned for being too dangerous (“Dangerous Elegance,” n.d.).

Fashion dominated function upon the formal invention of high heels by the petite future Queen of France, Catherine de Medici (“Dangerous Elegance,” n.d.; Scholl, n.d.). In order to appear more dazzling and bewitching than her fiancé’s mistress, Diana de Poitiers, Catherine slipped on a pair of 2 inch heels for her wedding to the Duke of Orleans. She succeeded with monarch after monarch following her high heel trend. High heels became so well-liked that the word well-heeled identified a person of authority or wealth (“Dangerous Elegance,” n.d.). 
After Catherine de Medici donned her heels, high heels began their arduous journey through history.  In the 1700s, the Sun King Louis XIV wore heels named after him and declared several heel laws: red heels (les talons rouges) were reserved for nobility, heels had to be lower than the 5 inch “Louis heels,” and anyone who defied these decrees received the death penalty (“Dangerous Elegance,” n.d.; Scholl, n.d.). The Massachusetts Bay Colony also had a similar restrictive law; women were banned from wearing seductive high heels to entice men or were tried as witches. Napoleon and the French Revolution sought to remove the symbol of inequality by banishing high heels; however, Marie Antoinette still wore them to her execution. Heels decreased in height until the Victorian age when sewing machines created a larger selection. More symbolism emerged during this time period. Large feet represented a spinster’s pains, and the instep arch represented a woman’s curve and aristocracy. Heels were associated with sexual aggressiveness for unsuspecting men who were captured by the poison. The dangers of foot fetishism and foot compression were taught in the classic fairytale Cinderella. (“Dangerous Elegance,” n.d.). 
As high heels entered the twentieth century, flat-soled shoes gave way to Louis heels due to the roaring twenties’ high hemlines. Heels became lower and wider during the Great Depression but were higher and thicker due to the luxurious item shortage of World War II. On September 10, 1953, the Daily Telegram introduced London readers to a shoe with a narrow heel and toe imbued with phallic-erectile symbolism (“Dangerous Elegance,” n.d.). Named for the Italian word for a small dagger with a receding blade, the stiletto was a collaboration between French designer Christian Dior and Roger Vivier (“Dangerous Elegance,” n.d.; Scholl, n.d.). Bare legs were enhanced once stilettos were attached to boots. Feminists, on the other hand, did not embrace these heels suggestive of weakness and sexual stereotyping. Although the stiletto decreased in heel height and thickness, this did not stop the return of chopines during the 1970s. Different from their predecessor, platform shoes brought attention to themselves with their height and colorful, swirly designs (“Dangerous Elegance,” n.d.). 
A decade later, some feminists soften their viewpoint of stilettos with ideas of wearing heels for pleasure, power and authority. Hollywood and fashion designers, such as Manolo and Jimmy Choo, popularized high-heeled shoes in society. Despite these revivals, high heels declined in popularity by the late 1990s (“Dangerous Elegance,” n.d.). Although knowing which heel height is currently in vogue is debatable, high heels have become a permanent fixture in women’s lives. Women today can choose from a large variety of heels, and they have proven so by buying six new pairs a year (Scholl, n.d.). Those pairs are indeed being worn since one in ten women wear high heels three days a week (Gammell, 2008). With major hit films such as Sex in the City and The Devil Wears Prada, women are willing to bear the pain and even go under the knife to slip their feet into a pair of heels. History has seen heels rise and fall both in height and popularity; but so far, these shoes are here to stay (“Dangerous Elegance,” n.d.; Scholl, n.d.).
Heels have been credited with visual and physical benefits both in the past and present. Their ability to transform the body’s appearance for the better is the reason they have been timeless pieces of fashion (Scholl, n.d.). Women appear taller and slimmer. Shapely calves, longer legs, smaller feet, and gracefully arched curves are the illusions high heels can cast. The female form is embellished with the bottom pushed backward and the chest forward (Scholl, n.d.). 
High heels have been known to have an effect on male libido (Wise, 2008). Men find the wavering walk and sway of women’s hip particularly appealing, needing to be protective of the vulnerable women in heels (Scholl, n.d.). Since the Victorian age, high heels were claimed by marketers to have certain health benefits such as relieving backaches and stooping and decreasing exhausting (“Dangerous Elegance, n.d.”). Wise (2008) reported a different kind of physical benefit. Dr. Maria Angela Cerruto’s research suggested that the abdomen and pelvic floor of a woman can be toned by high heel posture, improving sex life. Studying a total of 66 women under the age of 50, Dr. Cerruto learned that muscles were more relaxed in higher heels. By standing at a 15-degree angle or in a pair of 3 inch heels, there is less electrical activity in the pelvic muscles. Relaxed muscles result in improved strength and contraction ability. Pelvic floor muscles can be weaken by factors such as weight gain, pregnancy, and age. Wearing heels exercises those muscles and can be helpful to those wanting to improve sexual indulgence (Wise, 2008).  There is a gym, called Crunch, which offers these exercises. “Stiletto Strength” is a class for strengthening legs and calves (“Dangerous Elegance, n.d.). Now there’s a reason to wear heels to the gym.
When wearing heels, women expect accidents to happen, but some incidents may even lead to their death. Most women know that they risk the chance of falling in heels. According to one study, more than a third of women who wear them have fallen (Gammell, 2008). Older women are at a greater risk of falling, leading to broken ankles, fractured wrists, or even worse conditions (DannyElle, 2006). Other incidents involve modes of transportation and wearing inappropriate footwear. One study claimed that over 11.5 million women wear the wrong pair of driving shoes and endanger themselves and others on the road (Irvine, 2008). In Japan, traffic safety institutions strongly suggested that hazards were possible with irregularly shaped shoes (Thomson, 2007). Heels do not allow time for recovering, and they tamper with pedal operation. The brake and accelerator are operated by the heel, which acts as lever to the forefoot. High heels hinder this operation by elevating the heel. Several appropriate driving footwear rules are broken by wearing shoes with insufficient grip and the wrong sole thickness (Thomson, 2007). Shoes can slip off the foot and get stuck between or under the pedals. Seventy-five of 750 women admitted to this happening in a survey conducted by Sheilas’ Wheels (Irvine, 2008). Women should not wear any heels when driving and should carry an appropriate pair of shoes (Thomson, 2007). 
Unfortunate accidents can happen when women choose not to take the safety precautions. In California, two women were killed in a train accident because their high heel shoes kept them from escaping the oncoming train (“Train Accident,” 2007). Police reported that the high heels prevented their escape on the gravelly surface, resulting in the train pushing and crushing the vehicle on the two women. Irvine (2008) quoted Jacky Brown as saying, “It’s astonishing so many women are putting themselves, passengers and other drivers at risk.”
These incidents occur because balance and gait are dramatically changed by heels. Heels shift body weight forward and focus 90 percent of it on the ball of the foot (Kofoid, n.d.). Because of these actions, walking in heels can be compared to walking on a balance beam. There is no support if one falls (Vanderheiden, 2008). The gait cycle is faster in heeled shoes than in flat shoes (Kofoid, n.d.). In order to walk, one must fall and catch oneself by stepping with the other. Heels shift a person’s center of gravity and decrease stability; therefore, a woman in high heels would need to take more steps. At Sungkyunkwan University’s School of Mechanical Engineering, research showed that the gait cycle is cut in half by high heels (Kofoid, n.d.). When both balance and gait are affected, there should be no surprise why falling happens.
Franklin, Chenier, Brauninger, Cook, and Harris (1995) defined posture as the arrangement of several body parts. High and low heels change posture dramatically by arching the back, thrusting the pelvis and chest forward, pushing the buttocks backwards, and tightening the calf muscles (Kofoid, n.d.; Scholl, n.d.). The head is also placed in a different position. In a study by lunes, Monte-Raso, Santos, Castro, and Salgado (2008), the head angle decreased when women wore heels, resulting in greater head protrusion.  In a normal stance, the body creates a 90 degree angle in relation to the floor (Kofoid, n.d.). In high or low heels, the body is in a stance that increases potential energy; therefore, stability decreases as heel height increases. The body must make adjustments to fix its center of gravity. Adjustments are made in the back, hips, ankles, muscles, feet, and knees (Vanderheiden, 2008). This compensation can take a toll on the body (Kofoid, n.d.). 
Normally, the back’s s-curve shape is a stress reducer on the vertebrate. In heels, the low-back spine flattens, and the head and mid-back spine are displaced backwards. This is in response to the body leaning forward, leading to overused muscles and back pain (Vanderheiden, 2008). Lee, Jeong, and Freivalds (2001) conducted a study observing the effects of three different heel heights on the lower extremities. The body’s vertical displacement of the center of body mass greatly increased as heel height increased. Walking with this displacement, they learned, resulted in an unstable posture with increased back pressure and spine muscle activity. In another postural study, Franklin et al. (1995) analyzed the posture of 15 female college students at 0 and 5 centimeter heel inclination. The results showed that the body reduced the normal lordosis of the spine which can cause stress on the muscles and bones in that area. Because girls are wearing heels more often and at a younger age, those suffering from back problems have increased tenfold in the last generation (Gammell, 2008).

Hips must work harder to maintain stability in heels; therefore, the muscles turn the hip and pelvic region more. This is called sashay or scientifically, torque. For all its appeal, the infamous strut is simply the reaction of the body trying not to fall (Kofoid, n.d.). In a study conducted by Opila, Wagner, Schiowitz, and Chen (1988), the pelvis and spine must compensate to maintain proper alignment; over time, the compensation can result in damaged tissues. There is hyperextension at the hip when walking, but increased tissue loading while standing in high heels (Opila et al., 1988). Wearing heels before the body is fully developed has dire consequences. Currently, teenagers are 50 times more likely to have hip trouble than their own mothers (Gammell, 2008).

Ankle joint motion and power is limited by heels. Because of heel height, gastrocnemius and soleus musles (calf musles) are shortened. These muscles are needed to get the foot off the ground (Vanderheiden, 2008). Joseph and Nightingale (1956) discovered in their study that there was continuous activity in the soleus muscle and suggested that the muscle was overcompensating in order for the body not to fall at the ankles. Ankles try to adapt to different heel heights to maintain rollover characteristics; however, heel height can hinder plantar flexion use and cause other body parts to compensate (Hansen & Childress, 2004). Orthopedists are correct in assuming that high heels contribute to sprained ankles (DannyElle, 2006).
Compared to men, women have four times as many foot problems partly due to heels (DannyElle, 2006). The foot’s function is altered by heels; therefore, the foot must compensate for what it lacks (Scholl, n.d.).  Heels increase the main arch of the foot, push the foot into a downward position, decrease pressure on the foot’s middle, and increase the pressure on the forefoot’s bottom (Scholl, n.d.; Vanderheiden, 2008). As heel height increases, the pressure on the forefoot increases. One study showed that seven times more pressure is applied to the forefoot in 3 inch heels versus 1 inch heels. The fat pads, which act as shock absorbers in the ball of the foot, are usually able to withstand normal pressure amounts. When excessive loading occurs, they become thinner and lose their protective ability (Scholl, n.d.). Triangular toe boxes compress the toes versus rectangular toe boxes which do not (Thompson & Coughlin, 1994). Snow, Williams, and Holmes, Jr. (1992) studied the effects of increased heel height on foot pressure by standardizing the toe box. Their results showed that peak pressure under the metatarsal heads increased with heel height; however, the pressure decreased between the two medial and three lateral metatarsal heads. They surmised that a wider toe box changed forefoot pressure by allowing the forefoot to splay instead of being constricted in a narrower toe box. The study concluded that the shape of the toe box has great influence on pressure distribution.
Major foot afflictions include Achilles tendentious, bunions, hammertoe, metatarsalgia, neuromas, plantar fasciitis, and pump bump (“Women’s Center,” n.d.). Achilles tendentious is inflammation of the Achilles tendon; wearing high heels frequently can result in shortened tendons. Bunions, swollen and crooked big toe joints, can be hereditary; however, narrow shoes are also a factor. Like its name, the toe is deformed into a claw-like position in hammertoe. Metatarsalgia is simply pain in the ball of the foot (“Women’s Center,” n.d.). Ten times more common in women, Morton’s neuroma is caused by tissue thickening around a nerve between the third and fourth toe (DannyElle, 2006). Plantar fasciitis, inflammation of the tissue from the heel to ball of the foot, is caused by cramped shoes (“Women’s Center, n.d.). Pump bumps are enlargement of the bony area on the heel’s back (Payne, 2007). For Medicare patients in 1991, there were 84,000 hammertoe procedures, 12,650 neuroma excisions, and 17, 800 bunionette corrections. In 1994, estimating procedures at $3,000 resulted in over $1.5 billion spent on foot treatments (Thompson & Coughlin, 1994). This amount has increased to almost $3.5 billion being spent annually for foot surgeries, causing women to lose 15 million work days yearly (Payne, 2007). 

The combined impact of heels and knees may result in osteoarthritis, the wearing and tearing of joint cartilage and surrounding bone. Over 300,000 knee replacements are performed every year because of this irreversible condition (Godfrey, 2006). Any heel, whether stiletto or wide, puts abnormal stress on the front and back of the knee. Kerrigan, Lelas, and Karvosky (2001) compared the effects of wide-heeled shoes to narrow-heeled shoes on knee torque. After studying the data of 20 women walking in narrow (1.2 cm in width) and wide (4.5 cm in width) heels, the researchers learned that both types of shoes caused the same changes in knee torque or twisting. Heel height makes no difference either. Kerrigan et al. (2005) investigated the effects of 1.5 inch heels on knee joint torque in relation to knee osteoarthritis. Both young and elderly women showed similar results: knee torque increased though the elderly were more affected by the increase in peak knee flexor torque and peak knee flexion. Kerrigan, Todd, and Riley (1998) discovered increased force in the knee when walking in a variety of heels compared to walking barefoot. Shakoor and Block (2006) also conducted a study comparing barefoot walking versus heel walking and learned that loading decreased significantly during barefoot walking. Edwards, Dixon, Kent, Hodgson, and Whittaker (2008) studied the effect of heel height on the muscle around the knee joint and concluded that electromygraphic activity in vastus medialis and vastus lateralis increased, which are related to patellofemoral pain syndrome and osteoarthritis of the knees. 

There are other risk factors which include obesity, demanding knee bending, and age (Pascual, 2003). Dawson et al. (2003) conducted an investigation of other risk factors by interviewing over 111 women. They concluded three basic points: prolonged heel use wasn’t a risk factor, a BMI of over 25 before the age of 40 leads to a greater risk for osteoarthritis, and future research should focus on weight (age of gaining and sustained gaining). One of the most common joint diseases, osteoarthritis affects more than 80 percent of 42 million Americans suffering from arthritis. There is no cure for osteoarthritis (Godfrey, 2006). 
There are a wide range of treatments to reduce or to prevent the negative health effects of heels. They range from going barefoot to expensive corrective surgery. Some of the options only provide brief relief while others are life-long benefits. 
One option is to go barefoot. Footwear alters the function and performance ability of feet; therefore, the foot machinery works best when one goes barefoot (Scholl, n.d.). Payne (2005) concluded that barefooted humans did not experience as many foot deformities and pain, citing a 1994 essay in the Journal of the Southern Orthopaedic Association. One study in China compared a shoe-wearing group versus a barefoot group (Thompson & Coughlin, 1994).Thirty-three percent of shoe-wearing natives reported bunions compared to the barefoot group who reported a percentage of two. In another study involving the barefoot natives of West Africa, Belgian Congo, and New Guinea, bunions were nonexistence (Thompson & Coughlin, 1994). 
Cooling sprays, soothing footbaths, soaking, and whirlpool treatments provide some relief after a day of foot pain (Scholl, n.d.; Zong, n.d.). Warm-up exercises before wearing heels are also helpful (DannyElle, 2006). Warm-up and cool-down exercises, which involve running in one place and stretching, should be done on a regular basis before and after wearing heels. Inserts, which include pads and gel cushions, are an inexpensive method to try. Similar to the natural fat pads located in the ball of the foot, inserts cushion the foot and distribute the pressure more evenly (Scholl, n.d.). In a study by Lee and Hong (2005), the two researchers investigated the effects of five different Multiform inserts on pressure distribution, impact force, and comfort. The inserts significantly increased comfort, decreased impact force, and increased even pressure distribution. As heel height increases, the foot arch becomes higher, and pressure shifts from the heel and midfoot to the forefoot. The five inserts were effective at absorbing the shock and certain ones outperform others on decreasing pressure at specific foot locations (Lee & Hong, 2005). There is one problem with wearing inserts: they can be seen in certain heels and may not even be compatible in its unaesthetic appearance (Kofoid, n.d.; Scholl, n.d.).
For the rich and the famous, there is corrective foot surgery to allow feet to fit more comfortably in heels (“Dangerous Elegance,” n.d.; Scholl, n.d.; Zong, n.d.). Toe straightening is a common and effective practice which takes only 20 minutes and is insurance covered. In Doctor Zong’s opinion, foot deformities do not go away naturally, supporting this practice (Zong, n.d.). Collagen injection is another drastic surgery for treating the ball of the foot. Natural collagen, lost from increasing pressure on the fat pads, is substituted for a filler. However, women risk infection, allergic reactions, and frequent treatments. Injected collagen can still be destroyed through heel usage (Scholl, n.d.). 
The last resort for treatment or prevention is to wear different footwear that benefits one’s health instead of deteriorating it. Vanderheiden (2008) recommends wearing 1 ½ inch heels while DannyElle (2006) claims that the best shoes are wide heels that have a height of half or three-quarters of an inch. Despite these lower heel heights, flat shoes aren’t ideal for healthy feet and legs. Although flip-flops and ballet shoes are seen to be beneficial and recommended by some (“Women’s Center, n.d.), other podiatrists say otherwise. In a Washington Post article by Payne (2007), Stephen Pribut, a podiatrist, said that tension is created in the foot every time the heel is lifted away from the shoe surface, which leads to conditions such as plantar fasciitis. 

There are hybrid heels for those not willing to wear lower heels. In recent years, shoemakers have responded to the pain caused by heels by integrating fashionable heels and air bags found in athletic footwear. Unlike eroding inserts, air bags maintain their shape to cushion the foot, absorb footfall shock, and distribute weight more evenly (Kofoid, n.d.). Cole Hann, the designer of ‘air stilettos’ explained that the stilettos are effective because the air sole is hidden and works to balance body weight (Pedersen, 2006). Aerosole, Naturalizer, and Taryne Rose are some other “comfort brand shoe” designers who have combined fashion and function (Payne, 2007).  

Wearing shoes with the right footbed is another option. The footbed shape of a shoe is related to comfort, according to a study by Witana, Goonetilleke, Au, Xiong, and Lu (2009). In their study, they investigated the effect of seat length, wedge angle, and heel height on a wearer’s comfort. Thirty-two participants rated their comfort based on three heel heights, two heel seat lengths, and seven heel wedge angles. The results suggested that comfort and footbed shape are related; it was discovered that for every heel height, there is a comfortable shape to go with it (Witana et al., 2009).

Behind heels’ appealing façade, women should be aware of the positives and negatives of wearing footwear that has survived over 5,000 years of reinvention (“Dangerous Elegance,” n.d.). Heels do give women beauty, grace, and charm; however, these gifts are at a price. Once women continuously wear heels, they cannot turn reverse time to avoid disorders such as osteoarthritis. Women do not have to stop wearing heels; but they can choose to wear footwear that is both fashionable and functional. As high and low heels proceed into the future, perhaps innovators will improve these stylish heels for the better.
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