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Author’s Note

This paper belongs to a larger body of work. It began in a zoo.

The human enclosure thesis — developed at length in The Zookeeper and The Applebee Report —
applies the same welfare criteria used for elephants, wolves, and great apes to the environments
where most humans spend their lives. Offices. Schools. Commutes. Housing estates with no
climbing frame within a kilometre. The result: humans score 3.4 out of 10. The average zoo scores
6.4.

Goal 11 of the OMXUS project reads: Monkey bars at every bus stop. Climbing walls on all
statrwells. The principle underneath is simple. Human bodies are designed to climb, grip, hang,
balance, sprint, and feel. Public spaces should be designed for human bodies, not just transit.

This paper is about the last part. Feel.

A shoe is an enclosure for a foot. The human foot sole contains one of the densest concentrations
of sensory receptors on the body — four classes of mechanoreceptor, distributed across the plantar
surface, feeding real-time data into balance, gait, posture, and spatial awareness. The foot sole is
comparable in nerve density to the fingertips and the lips. It is, in the plainest possible sense, a
Sensory organ.

A modern cushioned shoe eliminates that input. Not reduces it. Eliminates it. In the same way
that a thick glove eliminates the ability to read Braille. In the same way that noise-cancelling
headphones eliminate birdsong.



And then the floor completes the job. Flat concrete. Smooth tile. Uniform carpet. Even barefoot,
walking across a modern interior is sensory monotony. The ancestral environment that shaped the
human foot included rocks, roots, sand, soil, wet grass, dry leaves, mud, bark, and gravel. Each
surface engaged a different combination of receptors. Each step was a different signal. We replaced
all of that with a blank screen and called it flooring.

Shoes are enclosures for feet. Flat floors are the barren exhibit. Together, they silence approx-
imately 200,000 nerve endings — a figure widely cited in podiatry literature, though its exact
provenance is debated (see Chapter 2). Whether the number is 200,000 or 100,000 or somewhere
between, the functional reality is not in dispute. We took one of the richest sensory surfaces on the
human body and put it in solitary confinement.

Goal 11 says monkey bars and climbing walls. This paper says textured ground, varied surfaces,
spaces designed to be felt underfoot. The foot is not a passive platform. It is an interface with the
world. Right now, we are building our world with the equivalent of sensory deprivation.

A zookeeper would not accept this for a chimpanzee. We accept it for ourselves.

— A. Applebee & L. N. Combe

Abstract

The human foot sole is one of the most densely innervated cutaneous surfaces on the body, contain-
ing four classes of mechanoreceptor (Meissner corpuscles, Merkel cell complexes, Pacinian corpus-
cles, Ruffini endings) distributed across the plantar surface in densities comparable to the fingertips
(Kennedy & Inglis, 2002). For approximately 99.97% of Homo sapiens evolutionary history, this
sensory surface was in direct or near-direct contact with the ground. The modern cushioned shoe
— an invention of the early 1970s — functionally eliminates this sensory input by interposing
20-40mm of foam between the plantar surface and the terrain.

This paper reviews the evidence across five domains: (1) the neurosensory architecture of the plan-
tar surface; (2) the biomechanical consequences of habitual shoe-wearing, including intrinsic muscle
atrophy, altered gait patterns, and structural deformation; (3) comparative data from habitually
unshod populations across four continents, consistently showing wider feet, stronger arches, fewer
deformities, and different strike patterns; (4) the implications for falls prevention in elderly popula-
tions, where proprioceptive loss from thick-soled footwear compounds age-related declines in vision
and vestibular function; and (5) the transition risks and rehabilitation protocols for atrophied feet
returning to ground contact.

The findings converge on a single conclusion: the modern shoe is a sensory deprivation device,
and the modern floor is its accomplice. Public space design that restores textural variation and
invites ground contact is not an aesthetic preference. It is a health intervention with evolutionary,
biomechanical, and neurosensory support spanning three decades of peer-reviewed research.

Keywords: proprioception, barefoot biomechanics, plantar mechanoreceptors, foot core system,
evolutionary mismatch, falls prevention, sensory deprivation, public space design
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Chapter 1: Introduction — The Foot You Have Never Met

There is a version of your foot that you have never met. It is wider, stronger, more flexible, and
more sensitive than the one currently inside your shoe. It has muscles you have never used. It can
feel textures, slopes, temperatures, and vibrations that your shoe sole absorbs before they reach
you. For roughly 99.97% of human evolutionary history, that foot was the only foot there was. The
modern cushioned shoe is an invention of the 1970s. Everything your foot lost, it lost in the last
fifty years.

The foot inside your shoe right now is an atrophied version of the organ you were born with. Its
intrinsic muscles have weakened from decades of arch support doing their job for them (Holowka
et al., 2018). Its toes have been compressed into a pointed toe box until they overlap and deform
(Robbins & Hanna, 1987). Its sensory surface — one of the most richly innervated on the body —
has been functionally blindfolded by 20 to 40 millimetres of foam (Kennedy & Inglis, 2002). Its
gait pattern has been altered from a forefoot strike to a heel strike by a raised heel that permits a
landing the body did not evolve to sustain (Lieberman et al., 2010).

None of this is ancient. None of this is inevitable. The cushioned running shoe is younger than the
pocket calculator.

This thesis assembles the evidence from neuroscience, biomechanics, evolutionary biology, epidemi-
ology, and anthropology. The evidence does not equivocate. The modern shoe is a sensory depri-
vation device. The modern floor is a barren exhibit. Together, they have silenced an organ and
created a population that cannot feel the ground it walks on.

The question this paper ultimately addresses is not whether shoes are bad. It is what we intend to
do about floors.




Chapter 2: The Foot as a Sensory Surface

The Nerve Ending Question

The claim that the human foot sole contains approximately 200,000 nerve endings is widespread.
It appears in podiatry textbooks, barefoot advocacy literature, popular science writing, and health
journalism. It is repeated so often that it has acquired the feeling of settled fact. It is not.

Verification note: The 200,000 figure does not trace cleanly to a single peer-reviewed primary
source. It appears to originate from clinical podiatry literature and has been amplified through
repetition. The number that does have solid peer-reviewed backing is the mechanoreceptor density
work by Kennedy and Inglis (2002), who mapped the distribution of the four classes of cutaneous
mechanoreceptor across the foot sole in human subjects. Their work documented populations of
Meissner corpuscles (fast-adapting, light touch), Merkel cell complexes (slow-adapting, sustained
pressure), Pacinian corpuscles (vibration), and Ruffini endings (skin stretch). The densities varied
by region, with the toes and forefoot carrying the highest concentrations, particularly of fast-
adapting receptors.

What is not in dispute: the plantar surface of the foot is one of the most densely innervated skin
surfaces on the human body. It is comparable to the fingertips and the lips. The foot sole is not
a passive platform. It is an active sensory organ, and its input feeds directly into balance, gait,
posture, and spatial awareness. Whether the total receptor count across the entire plantar surface
reaches 200,000, 100,000, or some other number, the functional reality is the same. Your feet are
built to feel the ground. Shoes prevent that.

Four Classes of Touch
The four mechanoreceptor types in the foot sole each serve a distinct sensory role:

e Meissner corpuscles respond to light touch and low-frequency vibration. They are concen-
trated in the toes and the ball of the foot. They detect the texture and contour of the surface
underfoot. They are why a barefoot person can feel the difference between wood and stone,
between dry concrete and wet tile. They are what the shoe sole is specifically designed to
override.

e Merkel cell complexes respond to sustained pressure and fine spatial detail. They tell your
nervous system where the edges are, where the weight is landing, how the surface is shaped
beneath you. They are the foot’s equivalent of reading Braille. A thick midsole does not dim
this signal. It erases it.

e Pacinian corpuscles detect high-frequency vibration. They are the deepest of the four and
respond to impacts transmitted through the ground. They are how your feet feel a truck
passing two blocks away, a person walking behind you, a subway train beneath the pavement.
They are a threat-detection system that operates below conscious awareness.

e Ruffini endings respond to skin stretch. They fire when the foot deforms under load,
contributing to the sense of joint position and the perception of shearing forces. They are
how the foot knows it is on a slope before the eyes confirm it. They are the early warning
system for a slip.

Together, these four receptor populations create a detailed, real-time map of the ground surface.
This map is destroyed by a thick shoe sole. It is not reduced. It is not dimmed. It is functionally



eliminated, in the same way that wearing thick gloves eliminates the ability to read Braille.

The Fingertip Analogy

Consider what would happen if you encased your fingertips in 25mm of foam from birth. You
would lose fine motor control. You would lose the ability to distinguish textures. You would lose
the feedback that tells you how hard you are gripping, whether the object is slipping, whether the
surface is rough or smooth. Your hand muscles would atrophy from disuse. You would develop
compensatory movement patterns. And after forty years of this, if someone removed the foam,
your fingers would be weak, hypersensitive, and functionally impaired — not because anything was
wrong with them, but because they had never been allowed to do what they were designed to do.

This is what we have done to our feet. The only difference is that nobody notices, because everyone
else’s feet are in foam too.

Chapter 3: The Shoe Is New — A Very Short History

300,000 Years of Barefoot, 50 Years of Foam

For roughly 300,000 years of Homo sapiens existence, feet were either bare or minimally covered.
The earliest known footwear — sandals woven from plant fibres — dates to around 10,000 years
ago in the archaeological record. For most of history, shoes were thin-soled, flexible, and served
primarily as protection from sharp objects and extreme temperatures. They did not cushion. They
did not elevate the heel. They did not restrict toe splay.

The Roman caliga was a hobnailed sandal. The medieval turnshoe was a single piece of leather,
turned inside out, with no heel and no arch support. The Japanese waraji was woven straw. The
Indian paduka was a wooden sole with a toe post. The Mexican huarache was rawhide laced around
the foot. Every traditional shoe design on every continent shared the same characteristics: thin,
flat, flexible, wide at the toes. None of them had arch support. None of them had cushioning. None
of them elevated the heel.

The modern cushioned running shoe was invented in the early 1970s. Bill Bowerman, co-founder
of Nike, created the Waffle Trainer in 1974 by pouring urethane rubber into his wife’s waffle iron.
The Nike Cortez, released in 1972, was among the first mass-market shoes with significant midsole
cushioning and a raised heel. Before this, running shoes were thin, flat, and flexible. The running
boom of the 1970s and the marketing muscle of Nike, Adidas, and others transformed the cushioned
shoe from a novelty into the default. Within a single generation, the human foot went from feeling
the ground to being encased in foam.

This is not ancient history. This is something that happened within the lifetime of people currently
alive. The entire paradigm of thick-soled, heel-elevated, motion-controlled footwear is younger than
the pocket calculator.

The Marketing of Cushioning

The cushioned shoe was not adopted because the evidence showed it was better. It was adopted
because it was marketed. Nike spent $2.4 million on advertising in 1978. By 1985, that number
was $200 million. The message was consistent: your foot is fragile, the ground is dangerous, and



only our technology can protect you. Pronation control. Motion stability. Impact absorption.
Gel inserts. Air pockets. Each generation of shoe promised more protection, more support, more
cushioning.

At no point during this escalation did anyone produce controlled evidence that more cushioning
reduced injuries. The assumption was intuitive: softer landing equals less impact equals fewer
injuries. The assumption was wrong, as Lieberman and others would eventually demonstrate. But
by the time the evidence arrived, the paradigm was entrenched. The shoe companies had won. Not
the argument — the market.

Chapter 4: What Shoes Do to Feet

Intrinsic Muscle Atrophy

The human foot contains over 20 muscles, many of them small intrinsic muscles that stabilise the
arch, control toe position, and absorb impact during locomotion. These muscles, like all muscles,
require loading to maintain their size and function.

Holowka et al. (2018) used ultrasound imaging to compare intrinsic foot muscle size between ha-
bitually shod and minimally shod populations. They found that habitually shod individuals had
significantly smaller intrinsic foot muscles. The arch support built into modern shoes effectively
does the work that these muscles are supposed to do. When you outsource the job, the workers
atrophy.

Ridge et al. (2019) demonstrated the reverse: an eight-week programme of foot strengthening
exercises increased intrinsic foot muscle size and improved arch stiffness in previously shod adults.
The muscles came back when they were asked to work again. The atrophy was not permanent. It
was disuse.

McKeon et al. (2015) proposed the concept of the “foot core system” — analogous to the trunk core

— in which intrinsic foot muscles serve as local stabilizers of the arch. Their argument, published in
the British Journal of Sports Medicine, was that foot core weakness is an overlooked contributor to
lower extremity injuries, and that foot strengthening should be part of rehabilitation and prevention,
not just shoe prescription.

The implication is straightforward. We have a population walking on atrophied feet. The feet are
weak not because of disease or age or genetics. They are weak because the shoe did their job for
them, and the muscles responded the way muscles always respond to disuse: they disappeared.

The Heel Strike Problem

In 2010, Daniel Lieberman and colleagues published a landmark paper in Nature titled “Foot strike
patterns and collision forces in habitually barefoot versus shod runners.” The study compared
runners from the United States (habitually shod) and Kenya (a mix of habitually barefoot and
recently shod). The key findings:

e Habitually barefoot runners predominantly land on the forefoot or midfoot.

e Habitually shod runners predominantly heel-strike.

o Heel-striking generates a sharp impact transient — a spike of force at initial contact — that
is largely absent in forefoot and midfoot strikes.



e The cushioned heel of a modern running shoe allows heel-striking without immediate pain,
but the impact transient is still transmitted through the body.

Lieberman’s paper did not claim that heel-striking causes injury. What it showed was that the
heel-strike pattern is not ancestral. It is an artefact of shoe design. The cushioned heel permits a
landing pattern that barefoot runners naturally avoid because it hurts. The shoe removes the pain
signal without removing the force.

This finding reframed the entire debate about running shoes. For decades, the running shoe industry
had operated on the assumption that more cushioning equals more protection. Lieberman’s work
suggested that cushioning might be enabling a gait pattern that the human body did not evolve to
sustain.

The analogy is precise: the shoe is a painkiller that masks the symptom while the underlying stress
continues. The foot is sending a signal — do not land on your heel from height — and the shoe
intercepts that signal. The force is still there. The impact transient is still transmitted through the
tibia, the knee, the hip, the spine. The only thing that changed is that you cannot feel it anymore.

Structural Deformation

Robbins and Hanna (1987) compared foot morphology across shod and unshod populations and
found that shoe-wearing was associated with higher rates of hallux valgus (bunions), lesser toe
deformities, and corns. Populations that went barefoot had wider forefeet, better-aligned toes, and
fewer structural deformities.

D’Aout et al. (2009) studied foot morphology and pressure distribution in habitually barefoot versus
habitually shod adults in India. Barefoot individuals had wider feet, more evenly distributed plantar
pressures, and lower peak pressures under the heel. Shod individuals concentrated pressure under
the heel and the medial forefoot — exactly the pattern associated with common foot pathologies.

The shoe does not protect the foot from deformation. The shoe causes the deformation. The pointed
toe box compresses the toes inward. The raised heel shifts weight forward onto the metatarsal heads.
The rigid sole prevents the foot from spreading and gripping. Over decades, the bones remodel.
The soft tissue adapts. The foot becomes the shape of the shoe.

Hallux valgus — the bunion — is so common in shod populations that it is treated as a normal
part of ageing. It is not normal. It is an artefact. Populations that never wear narrow-toed shoes
do not develop bunions. The deformity is manufactured by the enclosure.

Chapter 5: Populations That Never Wore Shoes

The Evidence from Unshod Communities

Several studies have examined foot health in populations that are habitually barefoot or minimally
shod, and the pattern is consistent across continents, climates, and cultures.

Rao and Joseph (1992) studied 2,300 children aged 4 to 13 in urban and rural India. Children
who had never worn shoes had a significantly lower incidence of flat feet compared to those who
wore closed-toe shoes. The unshod children had stronger, more developed arches. The authors
concluded that shoe-wearing in early childhood was associated with a higher prevalence of flat foot.



This finding alone should have rewritten paediatric footwear guidelines worldwide. It did not.
Children are still prescribed arch support for flat feet — the very condition that shoe-wearing
appears to create. The treatment is more of the cause.

Robbins and Hanna (1987) compared foot morphology across shod and unshod populations
and found that shoe-wearing was associated with higher rates of hallux valgus (bunions), lesser toe
deformities, and corns. Populations that went barefoot had wider forefeet, better-aligned toes, and
fewer structural deformities.

D’Aout et al. (2009) studied foot morphology and pressure distribution in habitually barefoot
versus habitually shod adults in India. Barefoot individuals had wider feet, more evenly distributed
plantar pressures, and lower peak pressures under the heel. Shod individuals concentrated pres-
sure under the heel and the medial forefoot — exactly the pattern associated with common foot
pathologies.

Zipfel and Berger (2007) examined skeletal remains of early Homo sapiens and compared them
to modern shod populations. The ancestral feet showed wider toe splay, lower rates of hallux valgus,
and fewer signs of degenerative joint disease in the forefoot. The bones told the same story as the
living tissue: shoes narrow the foot, compress the toes, and change the loading pattern.

The Living Evidence
Beyond these formal studies, the broader anthropological evidence is consistent.

The Tarahumara (Raramuri) of Mexico’s Copper Canyon are famous for their ultra-distance
running in thin huarache sandals — strips of rawhide laced around the foot with no cushioning and
no heel. They run distances of 100 kilometres or more through rough mountain terrain. They show
remarkably low rates of running-related injury. Their footwear has no arch support, no motion
control, no impact absorption. Their feet have all of these things, because their feet were never
prevented from developing them.

The Hadza of Tanzania, who are habitually barefoot or minimally shod, show strong arches and
excellent foot health into old age. Their daily movement patterns — estimated at 9 to 15 kilometres
of walking and intermittent running across varied terrain — expose their feet to exactly the kind
of sensory and mechanical stimulation that modern environments eliminate.

Aboriginal Australians who grew up barefoot in remote communities show similar patterns.
Strong, wide feet. Functional arches. Minimal deformity. The pattern holds across climates, from
desert sand to tropical forest floor.

The consistent finding across continents, climates, and cultures is the same: unshod populations
have healthier feet. Not slightly healthier. Categorically healthier. The pathologies that fill podia-
try clinics in the developed world — bunions, hammertoes, plantar fasciitis, flat feet, metatarsalgia
— are diseases of the enclosure. They are cage effects.

Note on evidence quality: The Tarahumara, Hadza, and Aboriginal data are drawn from
anthropological observations and field studies rather than formal clinical trials. They are cited here
as consistent observational evidence, not controlled experiments. The formal clinical evidence (Rao
& Joseph, D’Aout, Zipfel & Berger) supports the same conclusions through different methods.




Chapter 6: Proprioception, Balance, and Falls

The Three Pillars of Balance

The nervous system integrates three main streams of information to maintain upright posture:
vision, the vestibular system (inner ear), and somatosensory input from the feet and lower limbs.
In a young, healthy person, all three systems operate well and compensate for each other. If you
close your eyes, your vestibular system and your feet take over. If you stand on an unstable surface,
your eyes and vestibular system compensate for the reduced foot input.

In older adults, vision and vestibular function both decline. The feet become proportionally more
important. And this is precisely when thick-soled shoes do the most damage.

The Sensory Blindfold

Thick-soled shoes reduce the fidelity of sensory input from the foot sole. They blur the map. For
a young person, the other systems compensate and the loss goes unnoticed. For an elderly person
with declining vision, reduced vestibular function, and possibly peripheral neuropathy, the loss of
ground feel can be the difference between catching a stumble and falling.

Falls are the leading cause of injury-related death in adults over 65 in most developed nations. In
Australia, falls account for 42% of injury deaths in people aged 65 and over. In the United States,
one in four adults over 65 falls each year, resulting in approximately 36,000 deaths annually. The
interventions that work — balance training, tai chi, strength exercise — all share a common feature:
they improve the body’s ability to detect and respond to postural perturbation. Restoring sensory
input from the feet is a logical extension of this approach.

The Mechanistic Argument
The argument is not complex. It follows directly from established neuroscience:

1. The foot sole is a primary source of balance-related sensory input (Kennedy & Inglis, 2002).

2. Thick shoe soles attenuate this input (demonstrated by reduced postural stability in platform
shoes and high heels across multiple studies).

3. Older adults rely more heavily on somatosensory input as other balance systems decline.

4. Therefore, thick-soled shoes are disproportionately dangerous for the population most vulner-
able to falls.

Research on barefoot balance training in elderly populations is still relatively sparse, but several
small studies have shown improvements in balance and postural stability with barefoot training or
minimalist footwear interventions in older adults. The mechanistic case is strong. The clinical trial
evidence is developing. Large-scale randomized trials are needed.

What is not debatable is this: we are putting the most fall-vulnerable population in the thickest-
soled shoes, and we are doing it on the assumption that more cushioning equals more safety. The
same assumption Lieberman disproved for running. The same assumption the shoe industry has
been marketing since 1972 without ever producing the controlled evidence to support it.

The Floor Problem

Even if every elderly person switched to minimalist shoes tomorrow, the floor would still be a
problem. Modern indoor floors — smooth tile, polished concrete, uniform carpet — provide almost



zero proprioceptive challenge. The foot gets no information because there is no information to get.
The surface is a flat, featureless plane.

In the ancestral environment, every step was different. Rock, root, sand, slope, wet leaf, dry
bark. Each surface engaged a different combination of mechanoreceptors. Each step was a training
stimulus for the balance system. The modern floor is the equivalent of never lifting a weight and
then being surprised when your muscles disappear.

The design implication is clear: floors for elderly populations — nursing homes, hospitals, assisted
living facilities — should include varied textures, gentle contours, and surfaces that challenge the
proprioceptive system rather than eliminating it. This is not a radical proposal. It is what every zoo
does for its primates. Varied substrate. Multiple textures. Surfaces that require grip, adjustment,
and attention. We do it for chimpanzees because we know barren floors cause stereotypic behaviour
and poor balance. We do not do it for humans because we have not yet noticed that we are in the
same enclosure.

Chapter 7: The Evolutionary Foot — 300,000 Years of Design

The Persistence Hunting Hypothesis

The human foot did not evolve for walking on flat surfaces. It evolved for endurance locomotion
across varied terrain in the context of persistence hunting — the uniquely human strategy of
running prey to exhaustion over long distances in the midday heat. Lieberman and Bramble (2004)
outlined the suite of anatomical features that make humans uniquely adapted for distance running:
the nuchal ligament, the Achilles tendon, the enlarged gluteus maximus, the long legs, the plantar
arch, and — critically — the spring mechanics of the foot.

The plantar arch functions as a biological spring. It stores elastic energy during the stance phase
of running and returns it during push-off. This spring mechanism depends on the intrinsic foot
muscles and the plantar fascia working together under load. A cushioned shoe with built-in arch
support bypasses this mechanism entirely. The arch does not spring because the shoe springs for
it. Over time, the arch weakens. The spring loses its tension.

The Toe Splay Question

The natural human foot, as seen in unshod populations and in the skeletal record of ancestral
Homo sapiens, has a wide forefoot with splayed toes. The big toe (hallux) is aligned with the
first metatarsal, not deviated laterally. The toes are separated, mobile, and capable of gripping.
They function as stabilizers during locomotion and as sensory surfaces in their own right, with
particularly high concentrations of Meissner corpuscles.

The modern shoe narrows the forefoot. The pointed or tapered toe box compresses the toes together,
pushing the hallux toward the lesser toes. Over decades, this compression produces hallux valgus.
It reduces toe grip strength. It collapses the transverse arch. It eliminates the stabilising function
that the toes evolved to provide. The toes become vestigial — not through evolution, but through
footwear.

10



What the Bones Say

Zipfel and Berger (2007) examined this question from the deep evolutionary record. Comparing
skeletal remains of early Homo sapiens with modern shod populations, they documented the shift:
narrower forefeet, deviated halluces, arthritic forefoot joints. The pattern is consistent and un-
mistakable. The ancestors had feet that worked. We have feet that have been reshaped by their
containers.

This is not an argument for returning to the Pleistocene. It is an observation that the foot you were
born with was designed by 300,000 years of natural selection for a specific set of tasks — walking
on varied terrain, running long distances, gripping surfaces, feeling the ground — and that the shoe
you put on this morning actively prevents every single one of those tasks.

Chapter 8: The Shoe Industry and the Manufacture of Dysfunction

A $365 Billion Solution to a Problem It Created

The global footwear market was valued at approximately $365 billion in 2022. The athletic footwear
segment — running shoes, trainers, cross-trainers — accounts for roughly $140 billion of that total.
This is an industry built on the premise that the human foot needs technological intervention to
function.

The premise is false. The evidence reviewed in this paper shows that the human foot functions
better without technological intervention. Habitually unshod populations have stronger feet, better
arches, fewer deformities, different gait patterns, and better pressure distribution. The shoe does
not improve the foot. The shoe atrophies the foot and then sells you orthotics for the atrophy.

The business model is self-perpetuating:

Cushioned shoes cause intrinsic muscle atrophy (Holowka et al., 2018).

Atrophied muscles cannot support the arch (McKeon et al., 2015).

Unsupported arches lead to flat feet, plantar fasciitis, and overpronation.

The industry prescribes more support: orthotics, motion control shoes, stability fea-
tures.

More support causes more atrophy.

6. Return to step 1.

- =

o

This is not a conspiracy theory. It does not require intent. It requires only that no one in the
supply chain is incentivised to ask whether the product is causing the problem it claims to solve.
The podiatrist prescribes orthotics because the textbook says to. The textbook says to because
the research was conducted on shod populations. The research on shod populations finds weak feet.
Nobody asks what the feet would look like without the shoes, because everyone is wearing shoes.

The comparison to nutrition is instructive. For decades, the food industry manufactured processed
products that caused metabolic disease, then sold “diet” versions of those same products as the
solution. The shoe industry manufactures products that cause foot dysfunction, then sells “correc-
tive” versions of those same products as the solution. The pattern is identical. The profit motive
is the same. The population absorbs the cost.
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The Orthotic Industry

Custom orthotics in Australia cost between $400 and $800 per pair and are typically replaced every
12 to 18 months. The global orthotic insoles market was valued at approximately $4 billion in 2022.
This is a multi-billion dollar industry that exists almost exclusively because of shoes.

Orthotics do the same thing as arch support in shoes, but more precisely: they do the intrinsic
muscles’ job for them. They splint the arch. They redistribute pressure. They correct pronation.
They do everything except strengthen the foot. They are a brace prescribed to a limb that was
never injured — only neglected.

In populations that never wore shoes, orthotics do not exist. Not because those populations lack
access to them. Because those populations’ feet work.

Chapter 9: Transition Risks — Too Much, Too Fast

The Atrophied Foot Cannot Return Overnight
None of this means you should throw your shoes away tomorrow.

The foot that has spent decades in cushioned, supportive footwear is not the same foot that grew up
barefoot. Its intrinsic muscles are atrophied. Its connective tissue has adapted to a narrow toe box
and a raised heel. Its bones have remodeled under a loading pattern shaped by shoes. Transitioning
abruptly from conventional shoes to barefoot or minimalist footwear is a well-documented path to
injury.

Hollander et al. (2017) conducted a systematic review of injury rates in barefoot and minimalist shoe
running. They found that while habitual barefoot runners had comparable or lower injury rates
than shod runners, transitioning runners experienced elevated rates of metatarsal stress fractures,
Achilles tendinopathy, and plantar pain. The injuries were concentrated in the early transition
period and were associated with doing too much, too soon.

The Rehabilitation Protocol
The clinical consensus is clear: transition gradually.

o Increase barefoot or minimalist time by no more than 10% per week.

e Begin with walking, not running.

o Incorporate foot strengthening exercises: toe curls, short foot exercises, marble pickups, single-
leg balance.

o Walk on varied surfaces: grass, sand, gravel, wood — each provides different mechanical and
sensory stimulation.

e Expect the transition to take months, not days.

Ridge et al. (2019) showed measurable intrinsic foot muscle growth in eight weeks of targeted
exercise. A full transition from conventional shoes to functional barefoot capability typically takes
three to six months of graduated exposure.

12



This Is Not a Contradiction

This transition difficulty is not a contradiction of the evidence. It is a consequence of it. If shoes
cause atrophy, then the atrophied foot needs rehabilitation before it can function as nature intended.
The solution is not to ignore the damage. It is to reverse it carefully.

A person who has been bedridden for a year cannot run a marathon on day one of recovery. This
does not mean beds cause running ability. It means that disuse has consequences, and those
consequences must be addressed progressively. The same principle applies to feet.

Chapter 10: What This Means for Public Space

Goal 11: Monkey Bars, Climbing Walls, and the Ground Beneath Them

Goals 5 and 12 of the OMXUS project call for monkey bars at every bus stop and climbing walls
on every staircase. The underlying principle is that human bodies are built to move, and modern
environments prevent that movement at every turn.

The foot evidence adds a sensory dimension to this argument. It is not just that we need to move
more. It is that we need to feel more. The built environment — flat concrete, smooth tile, uniform
flooring — provides almost zero textural variation for the foot sole. Even barefoot, walking across
a modern interior is sensory monotony. The ancestral environment that shaped the human foot
included rocks, roots, sand, soil, wet grass, dry leaves, mud, bark, and gravel. Each surface engaged
a different combination of mechanoreceptors. Each step was a different signal.

Design Principles
Designing public spaces for movement means designing them for sensory richness:

1. Varied ground textures. Cobblestone paths. Pebble mosaics. Sand pits. Timber board-
walks. Rubber surfaces with raised patterns. Each surface type engages a different receptor
population and provides different balance challenges.

2. Surfaces that challenge balance. Gentle slopes. Uneven flagstones. Balance beams at
ground level. Surfaces that require the foot to grip, adjust, and attend — not just land flat
and push off.

3. Spaces that invite bare feet. Clean grass areas. Heated outdoor floors in cold climates.
Foot-washing stations. Social permission to remove shoes. The barriers to barefoot walking
in public are as much cultural as physical.

4. Textured surfaces in elderly care facilities. Nursing homes, hospitals, rehabilitation
centres. The populations most vulnerable to falls are currently housed on the surfaces least
likely to maintain their proprioceptive function. This is enclosure design at its worst.

5. Playgrounds redesigned for feet. Children’s play spaces with varied substrate — sand,
bark chip, rubber, stone — instead of uniform rubber matting. Let children’s feet develop
the way they were designed to develop: through exposure to complexity.

The evidence says the foot is a sensory organ. The design implication is that the ground is an
interface. Right now, we are building our world with the equivalent of a blank screen.
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The Enclosure Analogy

Every modern zoo designs primate exhibits with varied substrate. Chimpanzees walk on grass,
wood chip, packed earth, rock, and branch. The floors are not flat. The surfaces are not uniform.
The substrate is changed regularly to provide novelty. This is standard practice because barren
floors cause stereotypic behaviour, poor balance, and foot pathology in captive primates.

We know this. We apply it to every species except our own.

A human city is a primate enclosure with barren floors. The shoe is a restraint device applied
to the one part of the body most capable of interacting with the ground surface. Goal 11 is the
beginning of a redesign. Monkey bars address the upper body. Climbing walls address the whole
body. Textured ground addresses the feet. Together, they constitute what any zookeeper would
recognise as the minimum requirements for a species-appropriate exhibit.

We are not asking for luxury. We are asking for the baseline that a zoo provides to a chimpanzee.

Chapter 11: Conclusion — The Ground Is an Interface

The evidence assembled in this paper does not suggest that shoes are inconvenient. It demonstrates
that the modern cushioned shoe is a sensory deprivation device that atrophies the foot, alters
the gait, deforms the skeleton, silences the nerve endings, and increases fall risk in exactly the
population least able to afford a fall.

The evidence comes from Nature, the British Journal of Sports Medicine, the Journal of Physiology,
Scientific Reports, and Medicine & Science in Sports € Exercise. It spans three decades. It covers
four continents. It includes skeletal remains, living unshod populations, controlled interventions,
ultrasound imaging, microneurography, and systematic reviews. It is not fringe science. It is not
barefoot advocacy. It is the peer-reviewed record.

The foot is a sensory organ. The shoe is a blindfold. The floor is a blank wall.

The implications extend beyond individual footwear choices. They reach into urban planning,
public space design, elderly care, paediatric health, rehabilitation medicine, and the fundamental
question of what kind of environments we are willing to build for ourselves.

A zookeeper assessing a human city would note the following: uniform substrate, no sensory enrich-
ment at ground level, forced restraint devices on the primary ground-contact sensory organ, elevated
fall mortality in elderly cohort, widespread foot pathology across all age groups. The zookeeper
would not prescribe better restraint devices. The zookeeper would redesign the enclosure.

Goal 11 is the beginning of that redesign. Monkey bars at every bus stop. Climbing walls on all
stairwells. And underneath them: ground that the human foot was built to feel.
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Appendix A: Source Verification Notes

FLAG: “200,000 Nerve Endings” Claim

Status: UNVERIFIED — treat as approximate/popular figure, not peer-reviewed fact

The 200,000 figure does not trace to a clearly identifiable peer-reviewed primary source. It appears
to originate from clinical podiatry literature and has been amplified through repetition. The number
that does have solid peer-reviewed backing is the mechanoreceptor density work by Kennedy and
Inglis (2002). Their paper reports receptor densities by region but does not extrapolate a total
count for the entire plantar surface. Some sources cite Johansson & Vallbo (1979) — a study
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of hand mechanoreceptors — as a basis for foot estimates by analogy, which is methodologically

questionable.

Treatment in this thesis: The figure is used in the Author’s Note with an immediate caveat
directing the reader to Chapter 2 for the full discussion. Chapter 2 presents the verification status

transparently. The argument does not depend on the exact number.

Source Confidence Ratings

Source

Confidence

Notes

Lieberman et al. (2010)

Lieberman & Bramble
(2004)

Kennedy & Inglis (2002)

McKeon et al. (2015)

Holowka et al. (2018)

Ridge et al. (2019)

Hollander et al. (2017)

Rao & Joseph (1992)

D’Aout et al. (2009)

Robbins & Hanna (1987)

HIGH

HIGH

HIGH

HIGH

HIGH

HIGH

HIGH

MODERATE

MODERATE-HIGH

MODERATE
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Published in Nature.
Landmark study.
~3,000+ citations.
Published in Nature.
Endurance running
hypothesis.
Foundational.
Published in Journal of
Physiology. Primary
microneurography data.
Best available plantar
receptor mapping.
Published in BJSM.
“Foot core” concept now
standard in sports
medicine.

Published in Scientific
Reports (Nature group).
Lieberman is co-author.
Published in MSSE.
Randomized controlled
design.

Systematic review in
MSSE. Important for
transition risk data.
Published in JBJS.
Large sample (n=2,300).
Observational. Findings
replicated.

Published in Footwear
Science. Solid
methodology.

Early work.
Methodology predates
current standards.
Findings consistent with
later research.



Source Confidence Notes

Zipfel & Berger (2007) MODERATE Skeletal analysis is
inherently interpretive.
Findings consistent with
broader pattern.

Claims Requiring Qualification

1. Tarahumara/Raramuri injury rates — Based primarily on McDougall’s Born to Run
(2009) and field observations. Formal epidemiological data is limited. Treated as observational
evidence, not controlled data.

2. Hadza and Aboriginal Australian foot health — Anthropological observations. Not
formal clinical studies. Consistent with formal evidence but should be presented as observa-
tional.

3. Fall risk and thick-soled shoes in elderly — Mechanistic argument is strong. Direct
causal evidence from large-scale randomized trials is still developing.

4. Nike Cortez as “first” cushioned shoe — The Cortez was among the first mass-market
cushioned running shoes, but earlier models had some cushioning features. Framed as “the
era began in the early 1970s” rather than attributing it to a single shoe.

5. 8365 billion footwear market figure — Based on industry reports (Statista, Grand View
Research). Approximate. The exact figure varies by source and year.

Appendix B: Cross-References to Related Papers

This thesis is part of a larger body of research examining the mismatch between human evolutionary
design and modern environmental conditions. The following papers in this series address related
topics.

Direct Dependencies

Paper Relationship to This Thesis
The Human The parent framework. Applies zoo welfare criteria to human environments.
Enclosure Scores humans 3.4/10 vs zoo average 6.4/10. This thesis extends the

(../human_enclosure¢nclosure analysis to the foot specifically: the shoe is a micro-enclosure; the
flat floor is a barren exhibit. The welfare scoring system (5 domains:
nutrition, environment, health, behaviour, mental state) applies directly —
shoe-wearing degrades the environment, health, and behavioural domains.
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Paper Relationship to This Thesis

Movement & Lieberman’s persistence hunting hypothesis provides the evolutionary

Endurance context for barefoot running. The same researcher, the same body of work.

(../movement_enduradde/gndurance running paper (Lieberman & Bramble, 2004) and the
barefoot running paper (Lieberman et al., 2010) are two halves of the same
argument: the human body evolved for distance running, and the foot
evolved to do it without shoes.

Indoor Living / Flat indoor surfaces provide zero textural variation for the foot sole.

Nature Deficit Sensory monotony indoors compounds the shoe problem. The nature deficit

(../indoor_living_natgmeedéfuxl th¢ barefoot argument converge: both identify sensory
deprivation as a consequence of built environments designed for efficiency
rather than for human bodies.

Convergent Evidence

Paper Connection
Sleep Science Proprioceptive feedback from feet affects balance; sleep
(../sleep_science/) quality affects balance in elderly populations. Poor sleep

and thick-soled shoes are convergent fall risk factors in the
same demographic. The circadian disruption thesis
(artificial light replacing natural light) parallels the foot
thesis (artificial sole replacing natural ground): both are
sensory inputs that modern environments systematically

eliminate.
Play Deprivation Children’s foot development depends on barefoot play on
(../play_deprivation/) varied surfaces. Rao & Joseph (1992) showed shoe-wearing

in childhood causes flat feet. Play deprivation removes the
very activity — barefoot exploration — that builds the
foot core. Goal 12 (every school is play, mastery, curiosity)
and Goal 11 (monkey bars, climbing walls) serve the same
population: children whose bodies are being constrained
by enclosures designed for adult convenience.

Health & Diet Both papers examine environmental health interventions

(../health_diet_book/) where the mismatch between modern conditions and
evolutionary design produces disease. The parallels are
structural: the food industry manufactures products that
cause metabolic disease, then sells “diet” versions as the
solution; the shoe industry manufactures products that
cause foot dysfunction, then sells “corrective” versions as
the solution.
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Paper

Connection

Loneliness Physiology
(../loneliness_physiology/)

Sanctuary Design Thesis

Falls in elderly populations are a loneliness-adjacent crisis.
Isolated elderly people fall more, recover less, and die
more frequently from falls. The foot evidence
(proprioceptive loss from thick shoes) and the loneliness
evidence (social isolation drives physiological decline)
converge on the same outcome: preventable death in a
population that the system has structurally abandoned.
Goal 13 ($29 ring, press it, your people come in 60
seconds) is the direct intervention.

The zoological framework for human systems. This thesis

(../sanctuary_design_thesis/) provides the theoretical foundation: if we are designing

enclosures for a large-brained, bipedal, social primate, the
substrate matters. The ground surface of the enclosure is
a design parameter. Every zoo knows this. Every city
ignores it.

Shared Goal Alignment

OMXUS Goal

How This Thesis Serves It

Goal 11: Monkey bars at
every bus stop. Climbing
walls on all stairwells.

Goal 12: Every school is
play, mastery, curiosity.

Goal 13: $29 ring. Press it,
your people come in 60
seconds.

Goal 14: Cancer is 90%
preventable. Here’s how.

This thesis adds the ground surface to Goal 11’s scope. Monkey
bars address grip. Climbing walls address whole-body movement.
Textured ground addresses the feet. Together: a
species-appropriate exhibit.

Barefoot play on varied surfaces is how the foot core develops.
Shoe mandates in schools and uniform rubber playground
surfaces prevent normal foot development.

Falls in elderly populations are the use case. Proprioceptive loss
from thick-soled shoes is a contributing factor. The ring is the
emergency response. The barefoot evidence is the prevention.
Physical inactivity is a cancer risk factor. Foot dysfunction
reduces mobility. The chain: shoes atrophy feet — atrophied feet
reduce movement — reduced movement increases disease risk.
Prevention starts at the ground.

This document was compiled from the barefoot shoes research directory of the OMXUS project. All
sources are peer-reviewed unless otherwise noted. All claims flagged for verification are identified

in Appendiz A.

For the full enclosure analysis, see The Human Enclosure. For the books that carry these arguments
in narrative form, see The Zookeeper and The Applebee Report.
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