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ABSTRACT
NURSE-DELIVERED SHOE-LACING INTERVENTION:
EFFECT ON COMFORT AND TOE PRESSURES FOR ACTIVE

COMMUNITY-DWELLING ADULTS (AGE 65+)
MAY 2021

MARY C. CLAYTON-JONES,

B.A., GEOLOGY UNIVERSITY OF COLORADO BOULDER
B.S. in Nursing UNIVERSITY OF MASSACHUSETTS AMHERST
MBA., UNIVERSITY OF MASSACHUSETTS AMHERST
M.S., NURSING, UNIVERSITY OF MASSACHUSETTS AMHERST

Ph.D., UNIVERSITY OF MASSACHUSETTS AMHERST
Directed by: Professor Rachel Walker

Significance: Problems with shoe fit are endemic, affect gait and balance and lead to

falls. Falls are physically, emotionally, and economically costly. Low-cost, easily

implemented interventions, that reduce pain and improve balance meet the “triple aim” of

the Institute for Healthcare Improvement.

Purpose: Evaluate the impact on community-dwelling adults (65+) of two nursing

interventions involving foot repositioning and shoe relacing.

Outcome measures: Toe pressures, experiences of pain and comfort.

Method: Repeated-measures, mixed-methods lab-based study. Walk #1 Control.

Intervention #1, participant’s heel secured to back of shoe, the participant’s chosen lacing

pattern snugged. Intervention #2, heel secured to back of shoe, specific lacing pattern

viii



Results: 19 participants, aged 65-91(Av 74.7), 14 women, 5 men. When the participant’s
heel was secured to back of shoe, and their chosen lacing was snugged (Intervention #1),
there were 129/190 (68%) decreases in average peak toe pressures and 57% (11/19)
stated there was an improvement in comfort. When the heel was secured to back of shoe,
and a specific lacing pattern snugged. (Intervention #2) there were 148/190 (78%)
decreases in average toe pressures and 133/190 (70%) decreases of Intervention #2 over
Intervention #1. 63% (12/19) experienced greater comfort over Intervention #1. Orders
of magnitude of the changes varied. ANOVA and two sample t-tests resulted in
statistical significance on the 2™ and 4" left toes. These results were consistent with the
hypothesis that average toe pressures would decrease with heel securement and
adjustments to the lacing pattern, and participant comfort in the shoe would improve.

This study was fueled by observations of nurses operating in the field doing foot
care, who are trying to enhance mobility and quality of life for older people desiring to
remain in their communities. The strength of this study is the simplicity of the
intervention and the focus on older adults and the combination of qualitative and
quantitative data that offset many of the weaknesses of each method. Limitations of this
study were the sample was small, not diverse and the lab based nature of this study
excluded those less able who are make up a large segment of the older adult population.
Conclusion: Results of this small pilot supported our initial hypotheses that changing the
foot position in a shoe and the lacing pattern can positively impact experiences of

comfort/pain and reduce toe pressures.
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Implications for Nursing:

Shoe lacing is a method of attaching a shoe to a foot that is well within the
purview of nursing. Preliminary research suggests the practice of securing the heel into
the back of the shoe and adjusting the shoe laces might be helpful in reducing toe
pressures and improving the comfort of a shoe and that the intervention does not appear
to have any detrimental effects. Larger and more longitudinal studies are necessary to

establish this within a larger and more representative sample of older adults.
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CHAPTER 1

INTRODUCTION

Statement of the Problem

Bipedal walking and running are normal human gaits that depend on foot
function. With 26 bones interwoven in an array of ligaments, tendons, muscles, and
connective tissue, feet are one of the most complex and compact parts of the human
body. Feet are designed to carry the weight of the body, and they play a very important
role in balancing the body’s weight. If the force of the feet connecting to the ground is
not well aligned, or the balance is off, then not only can pain and imbalance happen but
the foot can maladjust (think bunion), and other body parts like hips, knees, and backs

will be negatively affected over time (Gross et al., 2011).

Figure 1Anatomy of the foot is complex

Feet are protected by footwear. The fit of the footwear governs the function of the
foot (Burns, Leese, & McMurdo, 2002; Goonetilleke, Luximon, & Tsui, 2012), but
getting manufactured shoes to fit the three-dimensional morphology of all feet is almost

impossible (Buldt & Menz, 2018).



1I-Fitting Shoes for Older Adults

It is quite common for older adults to have ill-fitting shoes—occurring in 62—
72% of them (Burns et al., 2002; Menz et al., 2013; Menz, Morris, & Lord, 2006. One
out of every four older adults in the United States (US suffers from foot pain (Menz et
al., 2013, and for older adults, there is a strong association between improper shoe-fit,
foot pain, foot wounds, foot deformity, altered gaits, postural changes, and imbalance
(Burns et al., 2002; Menz et al., 2013. Foot pain, foot deformities, pain associated with
ill-fitting footwear, and imbalance related to poorly fitting footwear are all avoidable with
footwear that fits a foot properly (Delbaere et al., 2010; Goonetilleke et al., 2012; Menz
et al., 2006. While it may seem simple enough to suggest a new pair of shoes that fit
well, if it were as simple as that then the number of elders wearing well-fitting shoes
would be much higher than the 62—72 % who are not. Many barriers to procuring shoes
that fit and function have been identified. Farndon, Robinson, Nicholls and Vernon
(2009 broke the barriers into four domains: practicalities (e.g., cost, personal (e.g.,

habit, purpose (e.g., occupation, and pressure (e.g., social norms.

Role of Nursing

Nursing is a caring profession that is found at the crossroads between medicine
and people. Nursing plays a very important role in educating and supporting the health
and wellness of patients through the provision of nursing care and also by supporting the
medical profession in the field by performing assessments, carrying out tasks and
reporting findings back to medical providers. Nurses are often holistic in their approach
to care by talking a whole person, rather than a disease process view, and the sharing of

2



nursing knowledge to support patient’s health by encompassing both theory and practice
experience. Addressing all four domains are well within the purview of nursing to
address in the provision of care.

For older patients, nursing is often responsible for initiating, recommending, and
implementing strategies and suggestions that reduce pain, improve health, improve
comfort, enhance balance, and prevent adverse health outcomes; for example, wounds
and falls. This is no small task and thwarting an incident that affects health has both fiscal
and emotional impact. For example, the medical cost of a fall with injury and hospital
admission in 2015 was about $30,000 per incident, ($50 billion in Medicare spending
2015). That estimated cost does not consider the psychological consequences, that linger
long after the event or injury, such as reduced mobility, fear and worry (Haddad, Bergen,
& Florence, 2019).

One suggested way to reduce the risk of a fall, or a foot wound, is to wear shoes
that are appropriate and fit well (Borland, Martin, & Locke, 2013) but often foot wear
knowledge is limited. Improper shoe fit is common among older adults, and improper fit
is known to contribute to adverse effects such as pain, foot deformation, balance
problems and falls (Awale et al., 2017; Menz, 2016).

In order for nurses to be more knowledgeable and effective in prevention
education and to increase the impact and efficacy of their footwear recommendations, for
all populations, especially older adults whose health is greatly impacted by inappropriate
shoe fit, the need is great and immediate for low-cost, easy-to-initiate interventions that

improve the fit of shoes for older adults. An Intervention of this type and focus would
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meet all three aims of the Institute for Healthcare Improvement: - Improvement in patient
experience and care, improvement in the health of populations (older adults) and would
positively impact the cost per capita of health care by reducing the incidents of falls and

wounds related to shoes that fit poorly.

Population of Interest

In the US in 2015, the population of adults over age 65 was 47.8 million (US
Census Bureau, 2017). Chronic foot pain for older adults is highly persistent, affecting
one in four (Menz, 2016). Foot pain, foot deformities, and other impairments to gait put
elders at higher risk for falls (Dionyssiotis, 2012). By 2050, people over the age of 65
living in the US will increase to approximately 83.7 million (Ortman, Velkoff, & Hogan,
2014). Among this population, 80% will be living with multiple medical diagnoses that
are chronic (Buttorff, Ruder, & Bauman, 2017). These chronic conditions (e.g., obesity,
diabetes, arthritis, and cognitive decline) affect physical abilities including gait changes.
Add gait changes, associated with chronic conditions, to the number of people with foot
pain to the number of people wearing ill-fitting shoes, and it is easy to see that the
emotional, physical, and economic costs associated with feet not functioning well will

also increase.

Background

The author is a master’s-prepared registered nurse who is board certified in
footcare. In 2014, adopting an evidence-based, person-centered, prevention philosophy,
she started a footcare business in order to take care of the feet of older, community-

dwelling adults who were struggling to take care of their own feet due to physical or
4



cognitive decline. The business has grown, and currently 14 board-certified nurses see
over 800 older adults a month in their homes, in several area senior centers, and in a few
long-term care facilities. Documentation is done in an electronic medical record and, with
permission, photographs are taken of people’s feet. A full foot assessment, including shoe
fit is performed on every visit. Foot function is optimized by caring for nails and skin and
then using certain massage techniques to release tension, improve circulation and range
of motion. During the encounter, education about shoes, socks, skin care, and strategies
that enhance overall foot function, balance, gait, and health and wellness is shared with
the patient.

Over the last few years, the author has noted that many patients who were
complaining of foot, knee, hip, or back pain were also wearing shoes that were

incorrectly sized.

Figure 2 Toe-prints at the front of Figure 3 Shoe much !arger than a
the shoe foot, commonly seen in the field

She also noticed that people were leaving toe-prints at the front of the inserts that



came with the shoes as well as on the orthotics that had been customized to their feet.

At first, she assumed that it was a shoe-size issue, so she began to carry and
utilize a Brannock, which is a standard foot-measuring device. She took note of both the
arch length and the overall foot length and width, and then made shoe-size
recommendations based on those measurements. She did a lot of patient teaching, sharing
articles with patients, and also referred our patients to several reputable shoe stores with
trained shoe fitters, and to experienced pedorthists in the area. Many patients came back
wearing new shoes, but continued to leave toe-prints in the front of the shoes and to have
foot and body pains. Some patients also continued to develop painful calluses that were
bordering on wounds. These findings are in keeping with the literature findings that most
foot pain is found in the forefoot and the digits and is commonly associated with ill-

fitting shoes (Hurst, Branthwaite, Greenhalgh, & Chockalingam, 2017).

Figure 4 The one-finger test

In practice, she and her colleagues started doing what they have named the “one-

finger test.”



For anyone complaining of foot, knee, hip, or back pain, an attempt to put a finger
between the counter (heel) of the shoe and the person’s heel would be made. If a finger
fit, then more often than not, toe-prints would be seen in the front of the inserts. During
care, tension in the person’s toes and feet would also be felt. Many failed the one-finger
test.

Many of the older adults, taken care of in this practice, struggle financially. They
also struggle to get out to go shopping. In an effort to release tension on the foot, and get
a better fit, and following the directions from an article by Janisse (1992), even in shoes
were too big, the foot care nurses in this practice began using different lacing strategies to
try to secure people’s feet into the back of their shoes. The nurses were surprised by how
much patients liked and appreciated the different feeling of the new fit of the shoes on
their foot and the differences it made to their aches and pains, despite the shoe oftentimes
being several sizes too long. Change in posture, balance, and gait, and a reduction in
corns and calluses were also noticed. It is to be noted that the nurses also supported the
changes with a lot of patient teaching about shoe fit and foot mechanics. Patients would
come back 8—10 weeks later with the new lacing pattern still in place, with flexible feet
and without callusing. They would also ask us to re-lace other shoes.

Observations from the field are the inspiration behind the desire to seek an
explanation and understanding of the biomechanics that are happening inside the shoe

and the wearer’s experience.

The Foot

“The human foot is a masterpiece of engineering and a work of art.”

— Leonardo da Vinci



Figure 5 The foot in a shoe

The foot is a three-dimensional dynamic structure that is a complex system of
bones, ligaments, tendons, muscles, and connective tissue that tensions and releases and
bends, flexes, and pivots in a number of directions (see Figure 5). Its primary purpose is
to balance and transmit the weight of the body to the ground and assist in ambulation. It
also contains 100,000-300,000 nerves that gather information from the outside world
(exteroceptors). The foot also contains interocepters (internal sensing nerves sensitive to
pressure or distention) and proprioceptors (nerves that sense vibration, movement,
position, and equilibrium and are used to keep track of body position in space), according
to Webb (2017).

The foot’s shape can be adjusted by the person and the environment, including a
shoe. This can happen consciously; e.g., spreading and wiggling toes, or picking out a
shoe. It can also happen subconsciously; e.g., the fluid and flexible foot mechanics that
enable balance and locomotion during normal walking. How a person places their weight
and uses their foot, and how the shoe fits onto a person’s foot and the choices that they

consciously make can thus positively or negatively influence the way a foot flexes,



bends, and operates. For a person who has a flexible foot, it is easy enough to pull in the
toes to increase the height of the arch or grip with the toes, which is a way to hold a shoe
onto a foot.

Many people we see in our footcare practice are not fully aware of their feet or
how their feet are working in their shoes. Nor are they aware of the impact their choices
of footwear are having on their foot function, gait, and balance. The people we see also
struggle to get out to go shopping, to use the Internet, and getting to a professional
appointment tends to be a medical appointment that is covered by insurance not a
personal shopping excursion. In our area, which is Western Massachusetts, access to a
gait specialist or specialized footwear and foot professionals is limited at best. For many,
their footwear choice is what someone brings them off the shelf from a local box store.
In an era of a pandemic, access to care struggles are even greater, and the work of our
nurses going into homes to prevent problems from happening is even more crucial.
Shoes

A shoe is defined as an outer covering for the human foot that typically has a
thick or stiff sole and an upper part made out of a lighter material such as leather
(Merriam-Webster, 2019). While a shoe may also be an orthotic or a prosthetic, its
primary purpose is to protect the foot. Footwear, in the form of wrappings, dates back
40,000 years to 15,000 BC. The form that the foot wrapping took was strongly
influenced by conditions such as weather and by purpose for example, walking vs. riding
protection, and boots vs. sandals (Maes, 2015). Wrappings and shoes are also a fashion

statement. Ornamentation and differing styles of footwear are seen in the earliest of



paintings. Lacing was the primary means of securing the wrappings to the foot (Hall,
1917).

The form of footwear that people choose to put on their feet has a direct impact
on their balance, gait, and mobility (Arnadottir & Mercer, 2000). Feet that hurt or don’t
function well impact directly and negatively our balance, gait, mobility, and quality of
life (Menz et al., 2013; Menz & Lord, 2001; Mickle, Munro, Lord, Menz, & Steele,
2011). Declining physical mobility and balance impairment are major contributors to
fears, fears about falling, and actual falls (Ambrose, Paul, & Hausdorff, 2013), which
makes mobility and balance a major concern for many aging adults.

Shoes are primarily manufactured. In creating the shoe, the shoe manufacturer
combines both fashion and function into the build of the shoe. The manufacturer also
considers materials and costs and the price and the audience that they can sell the shoe to.
When a shoe manufacturer makes a shoe, they make it from a three-dimensional (3D) last
(foot mold). The manufacturer rarely meets the person who is going to purchase the shoe.

The last and the shoe that is created are the shoe manufacturer’s “guess” at the 3D
shape of the person who is likely to like the shoe, who finds the shoe comfortable, feels
that it meets their needs, and has the means and desire to purchase it.

Shoe Size

The last is the actual shape of the shoe. It encompasses both the pattern and a 3D
volume. Shoe sizing is an attempt to translate the shape of the last into a foot
measurement so that consumers of footwear can find shoes that fit them. While a

Brannock device comes close to providing sizing information, the reality is that it is very
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challenging to match a foot size to a shoe size. In a perfect world, each shoe would come
with its own sizing chart, or Brannock device, and each foot would be measured in
multiple dimensions. However, this is currently impractical.

In our practice, when asked about shoe size, most of our patients can tell us their
overall foot length and width. To us, this means that they have only been measured in
two dimensions: overall length (from the heel through the longest toe) and width (at the
widest point). Given that the foot and the shoe are actually 3D objects and the length of a
foot and length of toes vary greatly in size and shape, finding shoes that fit a foot well
can be a real challenge.

When a foot does not fit well into a shoe, a price is often paid by the foot and the
person. Calluses on toe tips, calluses on metatarsals, chafing on the heel, wounds, falls,
foot pain, knee, hip, and back pain, toe and foot deformities, and gait and balance

changes can all be linked to improper shoe fit.

Pain
The 2013 Framingham Foot Study (n = 1,544) on mobility, found that 24% of

people over the age of 45 have foot pain. It revealed that for both men and women, foot
pain was directly associated with increased odds of having mobility limitations and that
limitations in mobility impair the ability to perform activities of daily living (Menz et al.,
2013). Roddy, Muller, and Thomas (2011) in their prospective cohort study of adults age
50 and older (n = 2,718) found that over the 3-year study period, new onset of disabling
foot pain had developed, and this effect was greater in the older old adults. The authors

of both these studies suggested that prevention of disabling foot pain in elders should be
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a priority and that predisposing factors such as footwear should be looked upon as a
potential target for effective intervention. They also suggested that small improvements
in gait, balance, and mobility can contribute greatly to quality of life for an older adult

(Menz et al., 2013; Roddy et al., 2011).

State of the Science

A large body of research exists about the effect of strength training and exercise
on gait, balance, and mobility for aging adults (Muehlbauer, Gollhofer, Lesinski,
Hortoba, & Granacher, 2015; Shubert, 2011). Another large body of research covers
footwear choices for people with diabetic wounds and strategies and footwear for
changing foot pressures by taking the weight off of certain, or all parts of the foot by
using specially designed and orthosis and footwear (Armstrong & Harkless, 1998; Bus et

al., 2015).

There is far less research on the footwear choices of aging adults and the impact

those choices have on gait, balance, and mobility, even though footwear is identified as
an influencer on gait and body mechanics and as a risk factor for falls (Arnadottir &
Mercer, 2000; Menz et al., 2006). Menz et al. (2006) looked at the footwear
characteristics and risk of indoor and outdoor falls and found that in the home, older
people who were not wearing footwear were more likely to fall than those who were,

even though the structure of the footwear was not significantly associated with falls.
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Kelsey et al. (2010) found that 51.9% of the fallers they studied were wearing slippers,
socks, or were barefoot at the time of falling. Arnadottir and Mercer (2000) looked at
different shoe choices and at barefoot, and their influence on the functional reach test
(FRT), the timed get up and go test (TUG), and the measure of self-selected gait speed
(TMW). These are physical performance measurement tools that are often used to assess
balance and gait. Arnadottir and Mercer (2000) hypothesized that better awareness of
foot position might result in improved performance and that increased heel height would
decrease the overall base of support and would therefore decrease overall performance.
Walking shoes and barefoot showed improved performance over dress shoes in each of
the tests (Arnadottir & Mercer, 2000). The authors of a 2016 systematic review of the
literature on the effect of foot orthosis and shoe characteristics on the balance of healthy
older subjects suggest that older adults ought to be wearing thin, hard-soled footwear
with higher backs that secure the heel into the back of the shoe to reduce the risk of
falling (Aboutorabi, Bahramizadeh, Fadayevatan, Farahmand, & Hutchins, 2016). In
none of these numerous studies did the authors mention looking at shoe fit or the way the

shoes were secured to the feet.
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Knowledge Gap Requiring Further Study: Securing Shoes to the Foot

There is discussion in the common literature about different lacing strategies and
patterns and their effect on foot comfort and health, but there is very little in the scientific
literature that discusses the impact of heel securement on balance or gait or the different
effects that shoe securement strategies, like lacing, can have on balance and gait. Rahemi
et al. in their 2017 study (n = 15) found that shoe closure could have a profound effect on
plantar thermal stress response (a surrogate for shear stress and skin perfusion, a concern
with at-risk diabetic feet). Fiedler, Stuijfzsand, Harlaar, Dekker, and Beckerman (2011)
studied shoelace tightness and its influence on pressure time on the forefoot and midfoot
during a walking exercise. In their study (n = 20, 4 males, 16 females age 28—59, mean
46.3), using varieties of crisscross lacing, they found significant differences between the
completely loose (participant could slide their foot in and out) and the tighter
/comfortable lacing patterns (participant secured their own shoe to foot by comfortably
tightening the lacing) in the pressure time intervals and average peak pressures on the
hallux, toes 2-5, first metatarsal head and lateral midfoot regions. Pressure time intervals
(Kilo Pascals, KPa) were much higher (324KPa vs 279KPA) on the hallux and the toes
for the completely loose lacing over the tight lacing and decreased slightly for the
metatarsal, mid foot and heel regions.

The average peak pressures on the hallux were slightly higher for the completely
loose (173 KPa vs 164 KPa) and for the hallux, but the toes, metatarsals, midfoot and
heels remained about the same. Slippage in the heel was also measured, with very little

slippage occurring in the secured shoe (0) and quite a bit of slippage occurring in the
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completely loose shoe (7.5) which is understandable. The interesting and notable finding
was that looser lacing techniques resulted in smaller average plantar pressure changes and
pressure time intervals changed. They postulated that toe clawing, to prevent the shoe
from falling off, might be an explanation for the increased pressures in the hallux and toe
regions but did not measure the effects that toe clawing might have on participants,
especially over time.

Hagen and Hennig (2008) looked at the effects of different shoe lacing patterns on
the biomechanics of running shoes and found that tighter lacing patterns corresponded to
reduced loading rates and pronation velocities. In their study the lowest peak pressures
under the heel and mid foot were observed when all 7 laces of the running shoe were
tightened. However, the 7 eyelet lacing pattern was not considered to be the most
comfortable. In agreement with Fieldler et al, lower pressures occurred on the metatarsal
heads with looser lacing, which they thought was induced by the foot sliding around.

Hagen, Homme, Umlauf, and Hennig (2010) (N = 14, Male age 24+/-5) tested a
high lace pattern and its effect on running performance and found that a firm foot-to-shoe
coupling with a higher lacing lead was a more effective use of the running shoe features.

These studies, however, did not look at the effect of heel securement or how the
effect of shoe lacing on balance or forefoot side pressures is impacted by the choice of
the lacing pattern. They also did not look at the effect heel securement or lacing impacts
older adults. Each of these studies used the same crisscross pattern of shoe lacing that is
most popular even though there are 43,200 possible lacing patterns for 12 eyelets

(Polster, 2002).

15



Menant, Steele, Menz, Munro, and Lord (2008a) state that footwear is an easily
modifiable risk factor for falls and impaired balance. Schwartzkph, Perretta, Russell, and
Sheskier (2011) found that 34.9% of the population they assessed were wearing ill-fitting
shoes and 90% did not know their correct shoe size (n = 235). While access to purchase
proper fitting shoes may be limited for older adults due to expense or inability to access
resources, or lack of understanding about shoe fit, it is also important to recognize that
shoe fit is an art and also a science much in need of more information and that securing
the shoe to the foot in an appropriate manner is an important component of shoe fit

(Janisse, 1992).

Addressing Foot Problems

Not all foot, gait, and balance problems can be solved by matching up the pattern
and adjusting the volume of the shoe to match the volume of a foot. There are myriad
reasons, especially for older adults, why feet may not be flexible and dynamic or function
well. Some examples include structural changes, muscle weaknesses, weight, blood flow,
and injury. There are professionals whose main focus is diagnosing and providing
treatment that improve gait. These include physical therapists, nurse practitioners,
physician’s assistants, medical doctors, chiropractors, podiatrists, pedorthists, orthotists,
and specialty nurses. Teaching people about footwear choices and encouraging older
adults to seek professional help with footcare and foot wellness is well within the scope
of all nursing practice. Nursing can also play a role in checking a person’s foot pattern to
their shoes to assess match, adjusting the volume of a shoe with strapping or lacing,

educating patients about shoe fit and the importance of securing a shoe to the foot and
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also having discussions about gait and balance that may be of concern to their patient.

Opportunity for a Nursing Intervention

Heel securement and changing shoe lacing is a very inexpensive intervention that
has been suggested, but the effects of a lacing and shoe fitting intervention are rarely
measured, especially on elderly feet. Changing shoe lacing patterns can easily be applied
and taught to patients by nurses, but there is a need for research about the effect of heel
securement and the impact that lacing has on balance. Stolt et al. (2013) identified the
role of nurses in promoting foot health and the need for nurses to have more knowledge.
Given that foot pain is quite common in older adults (Menz, 2016), that balance and
mobility are of great concern, and that some falls are preventable with the use of proper,
well-fitting footwear and education about shoe fit, gait, and balance (Spink et al., 2011),
this study not only adds to the body of knowledge but also has the potential to positively
impact the health and quality of life of millions of individuals who are inadvertently

suffering the consequences of ill-fitting shoes and avoidable falls.

Purpose of the Study

The purpose of this quasi-experimental study, with two interventions for three
conditions: (a) Control 1% walk with the shoe laced by the participant, a 2" walk with
Intervention #1 where the foot is pulled back into the heel and the shoe and lacing pattern
chosen by the participant is snugged by the researcher, and (b) a 2" intervention, which
is the 3" walk, Intervention #2, where the heel is secured and the lacing pattern is
changed by the researcher to shoe-shop lacing (sometimes known as straight lacing) and

snugged, repeated-measures (many steps taken) study is to evaluate the changes in toe
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pressures and experiences of comfort and pain during a walking activity by active

community-dwelling adults (65+).

Hypothesis

Between conditions Control, Intervention #1 (heel secured, participants laces
snugged) and Intervention #2 (heel secured shoe-shop laces snugged) during a 20-pace
walking assessment, with participants being video and audio-recorded while wearing an
F-Scan insert in their shoes.

1. Altering the lacing pattern and lacing snugness will affect toe pressures.

2. Securing the heel into the back of the shoe will alter toe pressures.

3. Over the Control), Intervention #1 (heel secured, participant’s chosen lacing
pattern snug): Toe pressures will diminish, comfort will increase, pain will
decrease, and participant’s posture will change as the heel of the foot is secured
into the counter of the laced shoe.

4. Over Intervention #1 and Control, Intervention #2 (heel secured and shoe-shop
lacing): Toe pressures will diminish even more with heal securement and shoe-
shop lacing. Comfort will increase, and pain will decrease, and participant’s

posture will change.

Specific Aims

Aim #1
To evaluate the effect on toe pressures (TP) of moving the placement of the

foot in the shoe and securement using two different lacing patterns.
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Hypothesis #1. As compared to the Control when the heel is secured, and the
participants chosen lacing pattern is snugged Intervention #1 toe pressures (TP) will
diminish.

Hypothesis #2 When the heel is secured and the laces are changed to a shoe shop
lacing and then snugged, Intervention #2 Toe pressures (TP) will be less than the Control.

Hypothesis #3 When the heel is secured, and the laces are changed to a shoe shop
lacing and then snugged, Intervention #2 Toe pressures (TP) will be less than

Intervention #1 (the and heel securement and participants chosen lacing pattern snugged)

Aim #2.

To evaluate the effect on comfort of moving the placement of the foot in the shoe
and securement using two different lacing patterns.

Hypothesis #1: As compared to Control, the participant’s level of comfort as
measured on a comfort visual analogue scale (M-VAS) and though their own words
while walking 20 paces, both within their shoe and overall, will improve with the
securement of the heel to the counter and their own lacing pattern snugged Intervention
#1.

Hypothesis #2: As compared to Control, the participant’s level of comfort as
measured on a comfort visual analogue scale (M-VAS) and though their own words
while walking 20 paces, both within their shoe and overall, will improve when the heel is
secured and the laces are changed to a shoe shop lacing and then snugged -Intervention
#2

Hypothesis #3: As compared to Intervention #1 (heel secured and participant’s
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laces snugged) the participant’s level of comfort as measured on a comfort visual
analogue scale (M-VAS) and though their own words while walking 20 paces, both
within their shoe and overall, will improve when the heel is secured and the laces are

changed to a shoe shop lacing pattern and then snugged (Intervention #2).

Aim #3.

To evaluate the effect on body pain of moving the placement of the foot in the
shoe and securement using two different lacing patterns.

Hypothesis #1: In comparison to Control, the participant’s level of pain and
experience of pain both within their shoe and overall, as measured on the McGill Pain
Scale and reflected in the participant’s words while they walk 20 paces, will improve
with the securement of the heel to the counter and laces snugged (Intervention #1)

Hypothesis #2: In comparison to the Control, the participant’s level of pain and
experience of pain both within their shoe and overall, as measured on the McGill Pain
Scale and reflected in the participant’s words while they walk 20 paces, will improve
when the heel is secured and the laces are changed to a shoe shop lacing pattern and then
snugged, (Intervention #2)

Hypothesis #3: In comparison to Intervention #1 the participant’s level of pain
and experience of pain both within their shoe and overall, as measured on the McGill
Pain Scale and reflected in the participant’s words while they walk 20 paces, will
improve when the heel is secured and the laces are changed to a shoe shop lacing pattern

and then snugged, (Intervention #2).
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Aim #4.

To evaluate the change in posture that occurs of moving the placement of the foot
in the shoe and securement using two different lacing patterns.

Hypothesis #1: As compared to the Control the participant’s posture will be more
upright with the securement of the heel to the counter (Intervention #1) and improve even
more when the heel is secured to the counter AND forefoot lacing pressure is changed

(Intervention #2).

Sample Size

Each participant in each Intervention #1 being tested is a pragmatic sample of one
and, for descriptive purposes, becomes a case study. In the six studies that looked at the
effect of a lacing intervention, the number of participants ranged from 14—41. In the two
two-group studies, there were 2021 participants in each group (Hagen et al., 2011;
Sandrey, Zebas, & Bast, 1996). Fiedler et al. (2011) also had 20 participants. None of the
studies justified why they chose 20 participants.

Effect size allows the researcher to measure the magnitude of a given effect
(Sullivan & Feinn, 2012). Given that this study looked at how changes in TP as well as
changes in conditions match up to the hypotheses, having enough participants to be able
to assess the magnitude of the differences between conditions was an appropriate strategy
for choosing the number of people invited to participate in this study.

Cohen’s term d can be used to transform absolute differences into standard
deviation units, which can then be used to calculate the number of subjects needed to
avoid a Type II error. Cohen classified effect sizes into small (d = 0.2) Medium (d = 0.5)
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Figure D2 Average peak pressures
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L Hallux

R Hallux

L 3rd Toe

R 3rd Toe
1

® a9 w kW

10
11
12
13
14
15
16
17
18
19

Control _ Intervention #1__Intervention #2
1.01 0.88 0.86 L Hallux
0.20 0.21 0.21 Control _ ntervention f# intervention #2
043 0.45 039 Mean 0.38 037
0.24 0.17 0.20 Standard Err¢ 0.05 0.04 0.04
0.23 0.26 0.22 Median 0.40 0.35 0.34
0.44 0.47 0.46 Mode #N/A #N/A #N/A
0.43 0.47 0.39 Standard Dev 0.22 0.19 0.17
0.09 0.09 0.07 Sample Varic 0.05 0.03 0.03
0.16 0.30 0.29 Kurtosis 220 172 2.73
0.40 0.35 0.35 Skewness 1.16 1.07 1.14
044 0.44 0.42 Range 0.92 0.79 0.78
0.33 0.23 0.25 Minimum 0.09 0.09 0.07
0.34 0.33 0.31 Maximum 1.01 0.88 0.86
0.38 0.38 0.33 Sum 7.92 7.28 6.97
0.47 0.26 0.34 Count 19 19 19
0.73 0.71 0.55 Largest(1) 1.01 0.88 0.86
0.67 0.54 0.54 Smallest(1) 0.09 0.09 0.07
0.38 0.33 0.29 Confidence L 0.10 0.09 0.08
0.53 0.42 0.50
Control Intervention #1  Intervention #2
0.66 0.66 0.63 Control _ntervention #untervention #2
0.19 0.20 0.19 Mean 043 041 0.36
0.56 0.53 0.47 Standard Err¢ 0.04 0.04. 0.03
0.29 0.29 0.24 Median 0.39 0.37 0.32
0.32 0.31 0.26 Mode #N/A #N/A #N/A
0.55 0.41 0.50 Standard Dev 0.16 0.16 0.15
0.52 0.44 0.48 Sample Vari 0.03 0.02 0.02
0.32 0.29 0.28 Kurtosis -0.96 0.30 -0.91
0.27 025 0.21 Skewness 0.36 0.67 0.46
0.28 037 0.32 Range 0.56 0.61 0.49
0.50 0.54 0.57 Minimum 0.19 0.17 0.14
0.27 0.29 0.29 Maximum 0.75 0.78 0.63
0.62 0.48 0.63 Sum 8.09 7.70 6.93
0.39 0.49 0.41 Count 19 19 19
0.75 0.78 0.34 Largest(1) 0.75 0.78 0.63
0.42 0.35 0.29 Smallest(1) 0.19 0.17 0.14
0.21 0.17 0.14 Confidence L 0.08 0.08 0.07
0.58 0.51 0.44
0.39 0.36 0.24
Control_Intervention #1_Intervention #2
0.09 0.11 0.09
0.17 0.17 0.14 L 3rd Toe
0.06 0.05 0.05 Control _ntervention #ntervention #2
0.14 0.10 0.10 Mean
0.13 0.19 0.17 Standard Errc 0.05
0.15 0.16 0.15 Median 0.16
0.20 0.21 0.22 Mode #N/A
0.13 0.14 0.13 Standard Dey 0.22
1.07 0.17 0.18 Sample Varic 0.05
0.18 0.15 0.13 Kurtosis 1277
0.14 0.17 0.14 Skewness 343
0.15 0.14 0.16 Range 1.02
0.20 0.20 0.18 Minimum 0.06
0.15 0.23 0.18 Maximum 1.07
0.28 0.12 0.15 Sum 428
0.22 0.09 0.07 Count 19
0.18 0.14 0.12 Largest(1) 1.07 0.44
0.16 0.10 0.08 Smallest(1) 0.06 0.05
0.48 0.44 0.34 Confidence L 0.11 0.04
Control Intervention #1 ___Intervention #2 Control _ntervention #mtervention #2
0.08 0.08 0.08
0.15 0.17 0.15 Mean 0.21 0.15 0.14
0.05 0.05 0.04 Standard Err¢ 0.05 0.02 0.02
0.16 0.14 0.12 Median 0.15 0.14 0.13
0.13 0.15 0.13 Mode #N/A #N/A #N/A
0.14 0.14 0.16 Standard Dev 0.22 0.08 0.07
0.39 0.41 0.36 Sample Varic 0.05 0.01 0.01
0.16 0.14 0.14 Kurtosis 14.49 5.26 3.68
0.13 0.11 0.11 Skewness 3.66 1.86 1.69
0.25 0.21 0.19 Range 1.01 036 0.32
1.06 0.25 0.28 Minimum 0.05 0.05 0.04
0.12 0.08 0.11 Maximum 1.06 0.41 0.36
0.12 0.11 0.12 Sum 4.01 2.94 2.75
0.21 0.18 0.18 Count 19 19 19
0.17 0.15 0.15 Largest(1) 1.06 0.41 0.36
0.14 0.12 0.10 Smallest(1) 0.05 0.05 0.04
0.14 0.11 0.08 Confidence L 0.10 0.04 0.04
0.19 0.20 0.14
0.21 0.17 0.09
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Anova: Single Factor

SUMMARY
Groups Count Sum Average __Variance
Control 19 7.92 0.42 0.05
Intervention #1 19 728 0.38 0.03
Intervention #2 19 697 037 0.03
ANOVA
Source of Variation sS df MS F P-value Ferit
Between Groups 0.02 2.00 0.01 034 0.72 317
Within Groups 1.99 54 0.04
Total 2.01030645 56
Anova: Single Factor
SUMMARY
Groups Count Sum Average __Variance
Control 19 8.09 043 0.03
Intervention #1 19 7.70 041 0.02
Intervention #2 19 693 036 0.02
ANOVA
Source of Variation S df MS F Povalue Fcrit
Between Groups 0.04 2 0.02 0.74 048 317
Within Groups 133 54 0.02
Total 137 56
Anova: Single Factor
L 3rd Toe
SUMMARY
Groups Count Sum Average Variance
Control 19 428 023
Intervention 1 19 3.07 0.16 0.01
Intervention 7 19 2.78 0.15 0.00
ANOVA
Source of Variat SS df MS F P-value Ferit
Between Gro 0.07 2 0.03 1.64 0.20 3.17
Within Grouy 1.09 54 0.02
Total 116 56
Anova: Single Factor
SUMMARY
Groups Count Sum Average __Variance
Control 19 401 0.21 0.05
Intervention #1 19 294 0.15 0.01
Intervention #2 19 275 0.14 0.01
ANOVA
Source of Variation S df MS F P-value Ferit
Between Groups 0.05 2 0.02 125 029 317
Within Groups 1.06 54 0.02
Total Ll 56




L Forefoot __Control _ Intervention #1_Intervention #2

1 0.94 091 0.80
2 043 041 0.38 L Forefoot
3 0.64 0.67 0.60 Control _ntervention #ntervention #2
4 078 0.70 0.72 Mean 6 0.79
5 0.83 0.34 0.70 Standard Err¢ 0.07 0.08 0.07
6 049 0.66 0.56 Median 0.79 0.79 0.77
7 0.82 0.84 0.82 Mode #N/A #N/A #N/A
8 0.36 0.42 0.46. Standard Dey 0.30 0.34 0.29
9 0.20 101 1.02 Sample Variz 0.09 0.11 0.09
10 0.74 0.76 0.72 Kurtosis 075 L13 0.77
1 0.86 LI3 110 Skewness 0.40 0.58 0.84
12 132 119 148 Range 123 1.41 1.10
13 0.65 0.70 0.62 Minimum 0.20 0.26 038
14 0.89 1.05 0.88 Maximum 142 1.66 1.48
15 047 0.26 0.38 Sum 1438 1531 15.06
16 142 1.66 134 Count 19 19 19
17 0.79 0.79 0.79 Largest(1) 142 1.66 148
18 0.86 0.98 0.77 Smallest(1) 0.20 0.26 038
19 088 0.86 0.90 Confidence L 0.14 0.16 0.14

R Forefoot __ Control __Intervention #1 __Intervention #2 Control__ntervention #ntervention #2
1 0.90 0.89 0.77
2 0.37 0.32 0.36 Mean 0.79 0.80 0.76
3 0.67 0.57 0.59 Standard Err¢ 0.09 0.07 0.07
4 0.76 0.75 0.75 Median 0.70 0.76 0.68
5 0.70 0.69 0.61 Mode #N/A #N/A #N/A
6 0.46 0.46 0.46 Standard Dey 0.39 031 0.30
7 0.70 0.78 0.67 Sample Varic 0.15 0.10 0.09
8 0.58 0.57 0.59 Kurtosis 3.7 2.53 348
9 0.99 0.96. 0.91 Skewness 1.66 1.26 1.46
10 0.80 0.81 0.78 Range 1.74 1.36 1.29
11 0.22 1.01 0.97 Minimum 0.22 0.32 0.36
12 L1 L1s 1.10 Maximum 1.96 1.68 1.65
13 0.66 0.62 0.59 Sum 14.94 15.23 14.41
14 0.52 0.71 0.68 Count 19 19 19
15 0.59 0.54 038 Largest(1) 1.96 1.68 1.65
16 1.96 1.68 1.65 Smallest(1) 0.22 0.32 0.36
17 0.77 0.76. 0.99 Confidence L 0.19 0.15 0.14
18 0.74 0.76. 0.63
19 1.45 121 0.93

Table D12 Forefoot Anova
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Anova: Single Factor

L Forefoot
SUMMARY
Groups Count Sum Average _Variance

Control 19 1438 0.76 0.09
Intervention #1 19 1531 081 (o]
Intervention #2 19 15.06 0.79 0.09
ANOVA

Source of Variation S5 df MS F Povalue ___Ferit
Between Groups 0.02 2 0.01 0.3 0.88 307
Within Groups 5.16 54 0.10
Total 5.19 56

Anova: Single Factor

SUMMARY.

Groups Count. Sum. Average __Variance

Control 19 14.94 0.79 0.15

Intervention #1 19 15.23 0.80 0.10

Intervention #2 19 14.41 0.76 0.09

ANOVA

Source of Variation SS° df MS F Povalue Ferit

Between Groups 0.02 2 0.01 0.08 0.92 317

Within Groups 6.08 54 0.11

Total 6.10 56




LHeel Av __ Control _ Intervention #1__Intervention #2
1 0.84. 0.77 0.78
2 0.49 0.53 0.50
3 0.65 0.65 0.63
4 0.68 0.60° 0.55
5 0.33 0.78 0.36
6 0.99 0.59 0.72
7 0.47 0.44 0.45
8 0.51 045 041
9 0.11 0.66 0.57
10 0.57 0.53 0.49
11 L13 0.74 0.70
12 0.88 0.93 0.78
13 0.52 0.49 0.46
14 0.55 047 0.56.
15 0.50 0.33 0.46
16 0.48 0.29 0.27
17 0.96 0.89 0.79
18 0.52 0.46 0.48
19 0.51974478 055326302 0.475478616

L Heel

Mean
Standard Errc
Median
Mode
Standard Dey
Sample Varic
Kurtosis
Skewness
Range
Minimum
Maximum
Sum

Count
Largest(1)
Smallest(1)
Confidence L

Control _ ntervention #ntervention #2
0.59 0.55
0.06 0.04 0.03
0.52 0.55 0.50

#N/A #N/A #N/A

0.25 0.18 0.15
0.06 0.03 0.02
0.26 -0.39 -0.66
0.38 0.36 0.25
1.02 0.64 0.51
0.11 0.29 0.27
1.13 0.93 0.79
11.68 1115 10.42
19

1
1.12611889 0.92738994  0.7874053
0.10996792  0.2861933 0.27252853
0.11893167 0.08474588 0.07128057

Intervention #1

Intervention #2

Control _ntervention #ntervention #2

Right heel Av __Control
1 0.93
2 0.40
3 0.56
4 0.68
s 0.33
6 0.86
7 0.60
8 091
9 0.67
10 0.61
11 027
12 0.78
13 0.57
14 0.90
15 0.43
16 0.59
17 0.97
18 0.53
19 0.65

0.73
0.35

0.54
0.60
0.76
0.62
0.74
0.40
0.56
0.90
049
0.69

0.76.
034
0.55
0.59
032
0.68
0.56
1.08
0.67
050
0.52
0.77
057
0.68
046
0.52
0.68
047
0.67

Mean
Standard Errc
Median
Mode
Standard Dex
Sample Varic
Kurtosis
Skewness
Range
Minimum
Maximum
Sum

Count
Largest(1)
Smallest(1)
Confidence L

0.64 0.64 0.60

0.05 0.04 0.04

0.61 0.65 0.57
EN/A ENIA HN/A

021 0.19 0.17

0.04 0.03

1.05 2.62

044 0.99

0.82 076

0.30 032

L12 1.08

1217 11.39

19 19

112 1.08

030 032

0.09 0.08

Table D13 Heel Anova
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Anova: Single Factor

Heel
SUMMARY
Groups Count Sum Average__Variance
Control 1168 0.61 0.06
Intervention #1 19 1115 059 003
Intervention #2 19 1042 055 002
ANOVA
Source of Variatic___SS. df MS | P-value Ferit
Between Group 0.04 2 0.02 0.56 0.58 317
Within Groups 205 54 0.04
Total 2.09 56
Anova: Single Factor
SUMMARY
Groups Count Sum Average __Variance
Control 19 1223 0.64
Intervention #1 19 1217 0.64 0.04
Intervention #2 19 1139 0.60 0.03
ANOVA
Source of Variation 55 df MS F Povalue___Ferit
Between Groups 0.02 2 0.01 032 0.73 307
Within Groups 1.96 54 0.04
Total 198 56
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IL
2L
3L
4L
SL
6L
7L
8L
9L
0L
1L
2L
3L
4L
SL
6L
7L
8L
9L
1L
2L
3L
4L
SL
6L
7L
8L
9L
0L
IL
2L
3L
4L
SL
6L
7L
8L
9L
1L
2L
3L
4L
SL
6L
7L
8L
9L
0L
1L
2L
3L
4L
SL
6L
TL
8L
9L

Percentage change average pressures Control to Intervention #1
Percentage change average pressures Control to Intervention #1
Percentage change average pressures Control to Intervention #1
Percentage change average pressures Control to Intervention #1
Percentage change average pressures Control to Intervention #1
Percentage change average pressures Control to Intervention #1
Percentage change average pressures Control to Intervention #1
Percentage change average pressures Control to Intervention #1
Percentage change average pressures Control to Intervention #1
Percentage change average pressures Control to Intervention #1

Percentage change average pressures Control to Intervention #1

Percentage change average pressures Control to Intervention #1

Percentage change average pressures Control to Intervention #1

Percentage change average pressures Control to Intervention #1

Percentage change average pressures Control to Intervention #1

Percentage change average pressures Control to Intervention #1

Percentage change average pressures Control to Intervention #1

Percentage change average pressures Control to Intervention #1

Percentage change average pressures Control to Intervention #1

Percentage change average pressures from Control to Intervention #2
Percentage change average pressures from Control to Intervention #2
Percentage change average pressures from Control to Intervention #2
Percentage change average pressures from Control to Intervention #2
Percentage change average pressures from Control to Intervention #2
Percentage change average pressures from Control to Intervention #2
Percentage change average pressures from Control to Intervention #2
Percentage change average pressures from Control to Intervention #2
Percentage change average pressures from Control to Intervention #2
Percentage change average pressures from Control to Intervention #2
Percentage change average pressures from Control to Intervention #2
Percentage change average pressures from Control to Intervention #2
Percentage change average pressures from Control to Intervention #2
Percentage change average pressures from Control to Intervention #2
Percentage change average pressures from Control to Intervention #2
Percentage change average pressures from Control to Intervention #2
Percentage change average pressures from Control to Intervention #2
Percentage change average pressures from Control to Intervention #2
Percentage change average pressures from Control to Intervention #2
Percentage change average pressures from Intervention #1 to Intervention #
Percentage change average pressures from Intervention #1 to Intervention #
Percentage change average pressures from Intervention #1 to Intervention #
Percentage change average pressures from Intervention #1 to Intervention #
Percentage change average pressures from Intervention #1 to Intervention #
Percentage change average pressures from Intervention #1 to Intervention #
Percentage change average pressures from Intervention #1 to Intervention #
Percentage change average pressures from Intervention #1 to Intervention #
Percentage change average pressures from Intervention #1 to Intervention #
Percentage change average pressures from Intervention #1 to Intervention #
Percentage change average pressures from Intervention #1 to Intervention #
Percentage change average pressures from Intervention #1 to Intervention #
Percentage change average pressures from Intervention #1 to Intervention #
Percentage change average pressures from Intervention #1 to Intervention #
Percentage change average pressures from Intervention #1 to Intervention #
Percentage change average pressures from Intervention #1 to Intervention #
Percentage change average pressures from Intervention #1 to Intervention #
Percentage change average pressures from Intervention #1 to Intervention #
Percentage change average pressures from Intervention #1 to Intervention #

Left Hallux

-13.30%
521%
4.19%
-29.39%
8.72%
6.18%
10.55%
-1.41%
86.79%
-11.77%
0.27%
-30.03%
-4.49%
0.87%
-46.11%
-3.24%
-19.82%
-12.91%
-19.76%
-1547%
4.74%
-8.50%
-16.50%
-4.12%
5.46%
-8.86%
22.17%
75.38%
-11.68%
-5.32%
25.03%
9.25%
-12.34%
-28.67%
-25.26%
-19.09%
25.02%
-5.64%
2.50%
-0.45%
-12.18%
18.26%
-11.80%
0.67%
-17.56%
21.05%
6.11%
0.11%
-5.06%
7.15%
-4.98%
-11.57%
3236%
22.76%
0.91%
-13.91%
17.59%

2nd toe

-1.82%
0.17%

-21.05%
-31.95%

39.59%
4.48%

-15.71%

0.93%

-1991%
-20.15%

9.34%

-11.02%

2.82%

-14.36%
-52.85%
-52.02%
-25.08%
-19.19%
-10.65%
-18.74%

-2.36%

-21.57%
-28.74%

10.19%
-1.60%

-18.95%

-5.78%

-19.18%
-44.29%

-2.83%
10.33%
537%

-28.96%
-50.66%
-62.86%
-30.48%
-30.16%
-20.06%
-11.85%

-2.52%
0.66%
4.72%

-21.06%

-5.82%
-3.85%
-0.65%

3.66%

-30.23%
-11.13%

23.99%
247%

-17.05%

4.64%

-22.58%

-121%

-13.57%
-10.53%

3rd toe

17.60%
-2.80%
-15.03%
-31.78%
52.06%
8.27%
8.38%
436%
-84.49%
-18.26%
23.82%
-9.96%
-1.28%
54.37%
-55.53%
-56.97%
-22.74%
-36.78%
-8.90%
-6.09%
-18.95%
-10.41%
-28.89%
31.33%
4.50%
11.97%
-1.26%
-83.58%
-21.29%
5.67%
4.64%
-9.86%
19.99%
45.82%
-66.33%
-31.05%
-52.65%
-29.94%
-20.15%
-16.62%
5.44%
423%
-13.63%
348%
331%
-5.38%
5.80%
-11.04%
-14.66%
16.21%
-8.69%
-22.21%
21.83%
21.74%
-10.76%
-25.10%
-23.09%

4th toe

-0.52%

27.18%

2.84%

-29.89%

27.26%
48.88%

-60.49%
-13.96%
21.81%
-23.15%

11.57%

21.48%

-1.79%

-47.70%
-49.79%
-54.85%
-30.80%
-31.24%
-16.44%

-3.76%

-35.62%

-6.07%

-38.68%

0.22%
11.28%

-13.63%
-13.33%
-19.33%
-28.33%

-3.61%
-6.04%
3.15%

-61.73%
-24.84%
-69.78%
-36.72%
-54.29%
-54.49%

2.95%

-11.58%

-8.67%

-12.54%
21.59%
-25.25%
-33.28%

0.74%
3.18%
-0.74%

-13.61%

19.67%
-1.38%

-26.82%

49.69%

-33.08%

-8.55%

-33.53%
-45.54%

5th toe

24.50%
22.77%
48.57%
-34.54%
-39.37%
34.80%
-27.98%
-16.11%
-18.39%
-15.65%
13.41%
-6.59%
-27.04%
-36.41%
-48.40%
-36.63%
-23.48%
-27.60%
-3.93%
4.69%
2521%
4.18%
-33.70%
-49.85%
4.32%
9.21%
-1.92%
-14.01%
-18.54%
1.67%
-11.95%
-15.57%
-58.27%
-19.44%
-58.08%
-20.92%
-32.16%
-16.17%
-15.91%
3.17%
-29.88%
1.30%
-17.30%
-22.61%
26.07%
16.90%
5.37%
-3.42%
-10.35%
-5.74%
15.73%
-34.37%
56.14%
-33.84%
335%
-6.30%
-12.75%
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Forefoot
-3.15%
-5.15%

3.73%
-10.14%
-59.15%

32.82%
2.30%
14.98%
411.26%
1.62%
31.72%
-10.20%
6.76%
18.17%
-44.94%
16.99%
0.16%
13.93%
2.35%
-14.24%
-10.72%
-5.85%
-7.09%
-15.46%
12.71%
0.23%
25.64%
416.07%
-2.74%
28.30%
12.40%

-4.94%

-1.03%
-19.38%

-5.57%

0.62%
-10.43%

2.60%
-11.45%

-5.87%

9.23%

3.39%
106.96%
-15.14%

2.03%

9.27%

0.94%

-4.29%

2.60%

25.17%
-10.96%
-16.24%
46.44%
-19.28%

-0.78%
21.38%

5.07%

fant

Heel

-8.32%
7.65%
027%

-11.85%
139.28%
40.31%
-5.22%
-11.30%
501.96%
-6.22%
-34.01%
5.20%
-5.86%
-14.52%
-34.02%
-39.81%
-1.09%
-12.74%
6.45%

-1.25%
2.63%

-2.96%

-18.49%
9.53%
-2697%
34%
-20.01%
415.55%
-14.34%
-37.89%
-11.58%
-10.47%
0.29%
-8.13%
-42.68%
-18.03%

-8.86%
-8.52%
L17%
-4.66%
3.23%
-1.53%

-54.23%

2235%
1.91%
-9.82%

-14.35%

-8.66%

-5.88%
-15.94%

-4.90%

17.33%

39.26%
477%

-11.77%
4.44%
-14.06%



Left Hallux  2nd toe 3rd toe 4th toe 5th toe Forefoot ~ Heel

1 R Percentage change average pressures Control to Intervention #1 -0.37% -1.66% S1.16%  -21.57% 69.53% -L18%  -21.44%
2 R Percentage change average pressures Control to Intervention #1 533%  -38.87% 7.07% 11.51%  -21.05%  -12.80%  -11.45%
3 R Percentage change average pressures Control to Intervention #1 420%  -2441% 299%  -2857%  -34.60%  -13.96% 19.26%
4 R Percentage change average pressures Control to Intervention #1 0.13% 213%  -10.63%  -17.66% -2.26% -0.74% -4.69%
SR Percentage change average pressures Control to Intervention #1 482%  -31.54% 18.08% 7.85% 4.59% -161%  -10.72%
6 R Percentage change average pressures Control to Intervention #1 -24.87% 1.06% S5.04%  -17.80% -6.22% -0.34% -7.59%
7R Percentage change average pressures Control to Intervention #1 -1550%  -11.73% 3.99% 28.24% 5.51% 10.48% -741%
8 R Percentage change average pressures Control to Intervention #1 946%  -38.80%  -14.28% 55.36% -6.93% -1.24% 23.88%
9 R Percentage change average pressures Control to Intervention #1 9.04%  -10.72%  -15.38% 3.92% -0.35% -3.43% 6.92%
10 R Percentage change average pressures Control to Intervention #1 3294%  -13.10%  -17.12%  -18.53%  -14.38% 1.25%  -11.38%
11 R Percentage change average pressures Control to Intervention #1 8.28%  -63.97%  -76.19%  -28.99% 260%  366.19%  118.44%
12 R Percentage change average pressures Control to Intervention #1 533%  -13.16%  -3831%  -1848% 17.83% 4.14% -2.40%
13 R Percentage change average pressures Control to Intervention #1 2329%  -30.94%  -1226%  -13.05%  -25.43% -1.12% 8.97%
14 R Percentage change average pressures Control to Intervention #1 21.14%  2229%  -1776%  20.72% 1.24%  3465%  -1726%
1SR Percentage change average pressures Control to Intervention #1 3.09% S373%  -1278%  -17.33% 3.50% -1.711% -8.49%
16 R Percentage change average pressures Control to Intervention #1 -17.33% 10.05%  -11.79% 6.63%  -21.66%  -14.36% -5.36%
17R  Percentage change average pressures Control to Intervention #1 -1940%  -27.99%  -22.85% 10.83%  -41.97% -0.83% -6.77%
18 R Percentage change average pressures Control to Intervention #1 -12.77% 12.17% 5.23% 24.55% 15.93% 3.26% -8.13%
19 R Percentage change average pressures Control to Intervention #1 -6.05% 0.01%  -18.62% 5.70% -0.08%  -17.03% 6.40%
1 R Percentage change average pressures from Control to Intervention #2 4.03%  -27.19% -046%  -21.08% 52.76%  -13.94%  -18.44%
2 R Percentage change average pressures from Control to Intervention #2 0.33% 5.33% 035%  -1481%  -18.81% -1.89%  -13.71%
3R Percentage change average pressures from Control to Intervention #2 A15.07%  -2544%  -1759%  -45.89%  -41.09%  -11.10% -1.21%
4 R Percentage change average pressures from Control to Intervention #2 -15.31% 029%  -24.69%  -32.39% -0.32% -1.08%  -13.11%
SR Percentage change average pressures from Control to Intervention #2 -1894%  -38.93% 3.19% 0.69%  -1329%  -1321% -3.23%
6 R Percentage change average pressures from Control to Intervention #2 -8.78% 21.57% 12.77% -6.80%  -10.19% 1.09%  -21.41%
7R Percentage change average pressures from Control to Intervention #2 8.89%  -17.32% -1.62% -7.43% -1.21% -4.37% -6.75%
8 R Percentage change average pressures from Control to Intervention #2 -1427%  -44.93%  -1443%  S447%  24.84% 1.29% 19.62%
9 R Percentage change average pressures from Control to Intervention #2 2142%  -11.06%  -16.89% 035%  -13.11% -7.84% 0.17%
10 R Percentage change average pressures from Control to Intervention #2 1485%  -1246%  -23.76%  -23.84%  -32.10% 2.49%  -18.50%
11 R Percentage change average pressures from Control to Intervention #2 1384%  -6145%  -73.55%  -1831% 9.78%  344.93% 88.85%
12 R Percentage change average pressures from Control to Intervention #2 4.76% 3.07% -9.90% 1.72% 0.78% -1.13% -1.65%
13 R Percentage change average pressures from Control to Intervention #2 1.29% 8.63% 3.64%  -12.05% 453%  -11.56% 0.26%
14 R Percentage change average pressures from Control to Intervention #2 6.48% 1649%  -15.42% 13.46% 21.68% 29.84%  -24.85%
15 R Percentage change average pressures from Control to Intervention #2 -55.15% -5.06%  -1020%  -35.83% S175%  -35.33% 6.28%
16 R Percentage change average pressures from Control to Intervention #2 -30.83% 173%  -2281%  -2877%  -2521%  -15.87%  -11.18%
17 R Percentage change average pressures from Control to Intervention #2 32.66%  -5047%  -4542%  -1578%  -52.24%  2865%  -29.19%
18 R Percentage change average pressures from Control to Intervention #2 -23.67% 927%  -2871%  -2026%  -21.61%  -1428%  -11.08%
19 R Percentage change average pressures from Control to Intervention #2 38.76%  -45.04%  -57.02%  -47.08%  -35.88%  -35.89% 3.28%
1 R Percentage change average pressures from Intervention #1 to Intervention #2 -428%  -25.96% 1.22% 0.62% 9.89%  -1291% 3.82%
2 R Percentage change average pressures from Intervention #1 to Intervention #2 -4.75% 12.29% -6.28%  -23.60% 2.83% 12.50% -2.56%
3R Percentage change average pressures from Intervention #1 to Intervention #2 -11.34% -1.36%  -15.05%  -24.24% 9.92% 333%  -17.16%
4 R Percentage change average pressures from Intervention #1 to Intervention #2 -15.19% 231%  -1574%  -17.89% 1.99% -0.34% -8.84%
SR Percentage change average pressures from Intervention #1 to Intervention #2 -1483%  -10.79%  -12.62% 192%  -17.09%  -11.79% 8.38%
6 R Percentage change average pressures from Intervention #1 to Intervention #2 2142%  20.30% 18.75% 13.38% -4.23% 143%  -1495%
7R Percentage change average pressures from Intervention #1 to Intervention #2 7.83% 634%  -11.16%  -27.81%  -12.05%  -13.44% 0.72%
8 R Percentage change average pressures from Intervention #1 to Intervention #2 S532%  -10.01% -0.17% -0.58% 34.13% 2.57% -3.43%
9 R Percentage change average pressures from Intervention #1 to Intervention #2 -13.61% -0.38% -1.79% 4.10%  -12.80% -4.56% -6.32%
10 R Percentage change average pressures from Intervention #1 to Intervention #2 -13.61% 0.73% -8.02% -6.52%  -20.69% -3.70% -8.04%
11 R Percentage change average pressures from Intervention #1 to Intervention #2 5.13% 7.00% 11.10% 15.04% 7.00% -456%  -13.55%
12 R Percentage change average pressures from Intervention #1 to Intervention #2 -0.55% 18.68% 46.05% 32.14%  -1447% -5.06% 0.77%
13 R Percentage change average pressures from Intervention #1 to Intervention #2 32.04%  5731% 18.12% 1.27%  40.17% -4.719% -8.00%
14 R Percentage change average pressures from Intervention #1 to Intervention #2 -16.25% -4.74% 2.85% 6.01%  20.19% -3.57% -9.18%
ISR Percentage change average pressures from Intervention #1 to Intervention #2 -56.49% -1.38% 295%  -2238%  -10.87%  -29.92% 16.14%
16 R Percentage change average pressures from Intervention #1 to Intervention #2 -1634%  -16.16%  -12.49%  -33.20% -4.54% -1.76% -6.15%
17R  Percentage change average pressures from Intervention #1 to Intervention #2 -1645%  -3121%  -2926%  -24.01%  -17.69% 2973%  -24.04%
18 R Percentage change average pressures from Intervention #1 to Intervention #2 -12.50% 258%  -3231%  -35.97%  -3238%  -16.99% -3.22%
19 R Percentage change average pressures from Intervention #1 to Intervention #2 -3440%  -45.05%  -47.19% @ -49.93%  -35.83%  -22.73% -2.94%

Table D16 Percentage change in pressures between conditions right foot
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Frequency Change as a Frequency Change as a Frequency of = Change as a

of change  percentage of = ofchange percentage of change percentage of

Control to the total Control to the total Intervention #1 the total

Intervention number of  Intervention number of to Intervention number of

Change in toe pressures #1 changes #2 changes #2 changes
Increase Equal or more than 25% 13 7% 4 2% 11 6%
Increase Equal or more than 10% and less than 25% 16 8% 13 7% 17 9%
Increase Equal or more than 1% i and less than 10% 29 15% 22 12% 24 13%
Increase Equal or more than 0 and less than 1% 3 2% 3 2% 5 3%
Decrease Equal or more than 1% i and less than 10% 6 3% 6 3% 7 4%
Decrease Equal or more than 1% i and less than 10% 25 13% 31 16% 40 21%
Decrease Equal or more than 10% and less than 25% 56 29% 51 27% 61 32%
Decrease Equal or more than 25% 42 22% 60 32% 25 13%
190 100% 190 100% 190 100%
total number of increases 61 32% 42 22% 57 30%
total number of decreases 129 68% 148 78% 133 70%

Table D17 Frequency and percentage of changes (positive and negative) > 10%,
1% to 10% and negligible.

Frequency Changeasa Frequency Changeasa ofchange Changeasa

of change = percentage of ~of change percentage Intervention percentage

Control to the total Controlto  of the total #1to of the total
Intervention number of Intervention number of Intervention number of

Change in toe pressures #1 changes #2 changes #2 changes
Increase Equal or more than 25% 13 7% 4 2% 11 6%
Increase Equal or more than 10% and less than 25% 16 8% 13 7% 17 9%
Increase Equal or more than 1% i and less than 10% 29 15% 22 12% 24 13%
Increase Equal or more than 0 and less than 1% 3 2% 3 2% 5 3%
Decrease Equal or more than 1% i and less than 10% 6 3% 6 3% 7 4%
Decrease Equal or more than 1% i and less than 10% 25 13% 31 16% 40 21%
Decrease Equal or more than 10% and less than 25% 56 29% 51 27% 61 32%
Decrease Equal or more than 25% 42 22% 60 32% 25 13%
190 100% 190 100% 190 100%
Total number of increases 61 32% 42 22% 57 30%
Total number of decreases 129 68% 148 8% 133 70%

Table D18 Number of increases and decreases in average peak toe mask pressures per
intervention
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