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INTRODUCTION:
Plantar fasciitis is a common and often debilitating condition in the foot characterized by
medial and inferior heel pain. Occasionally this pain is near or at the instep or at the
lateral and inferior heel. Traditionally, this condition is treated with steroid injections,
alignment orthotics, special shoes, anti-inflammatory medications and even surgery;
however, there is not a significant amount of evidence to support any of these
treatments conclusively. Most of the usual treatments also have a large side-effect
profiles. There is a need for a cost-effective OTC device to treat this debilitating and
common condition.
Despite a lack of significant evidence to support the traditional treatments, third-party
payers cover many of these treatments. Nonetheless, each of these treatments
requires considerable utilization of the healthcare system and associated cost to the
patient. It is our hypothesis that this device (flip-flop for heel/foot pain) could provide a
consumer-medical device that will empower patients to manage this pain without
expensive and possible dangerous treatments.
This treatment device (The Healing Sole) is embodied in the form of a flip-flop. We
believe that such a consumer medical device could be a safe and effective form of
treatment for this common condition. Our initial clinical examination of this device was
as an augment to existing treatments or a stand-alone treatment in order to assess for
adverse events, patient satisfaction and effectiveness as a treatment.
A group of 22 patients with chronic moderate to severe heel/foot pain used this device
for 4-8 weeks. 7:22 were undergoing concurrent treatment, 15:22 were under no
treatment plan. We analyzed pre and post-use validated foot pain and function scores
as well as the numeric pain scale in order to determine if this was a good treatment
modality. We recorded adverse events and also asked about patient satisfaction.
Ultimately, we found that this device (flip-flop for foot pain) was in fact a safe and
effective treatment for patients.

The plantar fascia is a thick bundle of tissue that originates at the inferior calcaneus,
runs along the foot then interdigitates distally at the forefoot. The plantar fascia acts as
a tie-rod for the longitudinal arch of the foot and is integral to foot function and strength. 1

At the great toe, the fascia has a strong attachment and performs the function of a
windlass. The windlass supports and cushions the foot during gait.
There are many descriptors of the symptoms of plantar fasciitis available in the
literature. The majority of clinical descriptions for plantar fasciitis include pain at the
inferior (plantar) and medial heel. 2 This pain is intense with the first steps in the morning
and after sitting for a couple of hours. Usually, there is no inciting event for this pain and
condition. However, the pain is sometimes precipitated by a change in activity or
footwear and increases in weight bearing and/or periods of immobilization. The pain
usually improves with use of the foot as the fascia is stretched. The pain of plantar
fasciitis is often disabling and can last up to 24 months if left untreated. The peak
incidence is between ages 40 and 60. About 10% of the population will be affected by
this disorder.3-7
Common interventions for plantar fasciitis include night splints, stretching, taping,
manual therapy, passive therapy, activity limitations, immobilization, limiting weight
bearing, massage, steroid injections, anti-inflammatory medications, and surgery.
Often, orthotics are used to alter the native alignment of the foot and unload the plantar
fascia; this changes the biomechanics of gait to help symptoms. All treatments carry
side effects and risks. In addition, most treatments produce a considerable financial
burden.
It was our hypothesis that a medical device (flip-flop for heel pain) designed to improve
foot health, function and efficiency of gait could allow a patient to self-treat this condition
without expensive treatments that have a larger risk profile. This device was not meant
to replace a physician’s advice. We examined the efficacy of the device as an augment
and/or sole treatment modality. Of the 22 participants 7 were engaged in simultaneous
treatment and 15 were not. Therefore, the device (flip-flop for heel/foot pain) was the
only difference in 15:22 regimens for the study. The device was configured as a
common flip-flop to improve patient compliance and comfort.
Our hypothesis was that this device is an effective and safe adjunct to treatment for
plantar fasciitis. Treatment outcomes included pain and function improvements. This
was a preliminary study into patient’s perceptions of the efficacy of this device for the
treatment of heel pain and plantar fasciitis.

Methods:
The device tested was designed to synergistically incorporate various clinical
methodologies that are used to treat this condition. The device consists of a rockerbottom sole, structural base, metatarsal bar, raised great toe, cushion-zone at the
medial 1/3 of the heel and specialized low-profile arch bar. There is no other device
available that combines these six treatment modalities for simultaneous use. This
innovative device is currently patent-pending with the USPO. FIGURE 1
Retrospective data were collected from October 2015 through December 2015 at
Warner Orthopedics and Wellness (Baton Rouge, Louisiana). The survey results were
from this subject pool and not intermingled with others; there were no medications or
procedures studied. The data and private health information was safeguarded
throughout; all possible identifiers were removed during the study and analysis.
Therefore, informed consent and institutional review were waived. There were no
sources of financial support provided for this study; the authors have no outside
conflicts to report. Statistical analysis involved the Student’s T-test for comparison of
two groups (pre-intervention and post-intervention). Statistical analysis occurred
through http://www.physics.csbsju.edu/cgi-bin/stats/t-test_paste.n.plot.
The duration of heel pain for the participants ranged from 1 year to 3 years of pain prior
to use of the device (average was 26 months). 33 surveys were included in the initial
study group. 22 participants responded. This yields a response rate of 66.6%. The
follow-up time period ranged from 19 days to 87 days. The subjects were asked to wear
the shoe part-time. Specifically, it was recommended that the device be used 4-6 hours
per day, typically after work; weekend use could be constant if desired. As well, the
device was used for the first few steps in the morning. The subjects completed surveys
at day 1 of use of the device and then again at the 30 to 60 day point. This study
allowed for the assessment of the short-term safety and efficacy of the device for the
treatment of heel pain and plantar fasciitis.
The patients were all adults and able to effectively answer the questions as presented.
All patients were asked about adverse events; none occurred. Therefore, there was a
0% complication or adverse event rate with the use of the flip-flop. In addition, there
were no device failures reported. Another long-term study is currently underway
including this cohort and at 9 months there are still no adverse events and/or device
failures reported.
The average age of the group testing the device (flip-flop for heel/foot pain) was 42
years old. The average BMI (body mass index) was 26 (range 17-57). The
respondents were predominantly female with 3 males in the group. TABLE 1

95% of participants stated that they would recommend this device to family and friends.
This demonstrates near-universal patient perception of effectiveness, comfort and utility.
The participants included 7 engaged in simultaneous treatment. At the study onset, the
subjects not currently in treatment (15:22) had failed prior treatment (at least 2 months
prior to study start). Therefore, the device (flip-flop for heel/foot pain) was the only
difference in their treatment regimens for the timeframe of the study (60 days). TABLE 2
Multiple scoring systems were utilized to assess effectiveness of the device as an
intervention. The numeric pain scale (NPS), the Foot and Ankle Outcome Score
(FAOS), the Foot and Ankle Disability Index (FADI) and the Lower Extremity Functional
Score (LEFS) were tested. Each subject was asked if they would recommend the
device to a family member or friend with foot pain. Any adverse events were recorded.
The student’s t-test was utilized to compare pre and post-intervention scores in the
group. The probability of obtaining a result equal to the findings or what was observed
when the null hypothesis is true was calculated (p-value). This was considered
significant if there was a 5% chance of that happening (0.05).
The numeric pain scale is a validated method of assessing the subjective symptom of
pain. This is an 11-point scale (0-10) that allows a patient to describe their pain at any
given moment in a manner that is later comparable and reproducible. This scale (and
others) is typically not utilized outside of a week due to the problems associated with
human memory. It has been validated for use in examinations of the lower extremity. 8
A change of 2 to 3 points is considered to be the minimally detectable change (MDC). A
change of 1 point is thought to be the minimally clinically important difference. There is
excellent internal consistency for this score within the age group of this study. 9,10 Our
results demonstrated a positive minimally clinically important difference and also an
acceptable minimally detectable change.

The FAOS was developed as an alternative to less reliable outcome scores for foot and
ankle problems. This questionnaire has been utilized for plantar fasciitis studies
previously and consists of 5 lichert subscales; the subscales tested are pain, other
symptoms, function in daily life, function in sports and also overall quality of life for the
foot and ankle. A normalized score is calculated for each subscale; this provides an
outcome profile.11,12 Each score is converted into a percentage of maximum function.

The FADI is formed of two separate scales; these are the FADI (26 items) and the FADI
Sport (8 items).13 There are 4 pain-related items and 22 activity–related items. This

scale was developed to assess athletes. We utilized it to ensure that subtle differences
in the athletic portion of the population were not missed. Each of the 34 items is scored
on a 5-point Likert scale from 0 (unable to do) to 4 (no difficulty at all). The 4 pain items
of the FADI are scored 0 (none) to 4 (unbearable). The FADI has a total point value of
104 points, whereas the FADI Sport has a total point value of 32 points. The FADI and
FADI Sport are scored separately as percentages, with 100% representing no
dysfunction. The FADI and FADI Sport are scored separately and then transformed into
percentages.

The LEFS analyzes an individual’s ability to perform daily tasks. 14 It is often used to
assess initial function and to monitor ongoing progress and improvement. It is also
used to analyze the effectiveness of a given intervention. The scale is scored as a
percentage of an individual’s maximum function. This scale demonstrates reliability
compared with the SF-36 for assessment of outcomes.
RESULTS
The results demonstrated that the mean NPS for the worst pain last week prior to the
study was 6.91 (±2.2) and after the study it was 4.32(±2.78). This 62% improvement
was statistically significant (p=.0014). The mean pre-study NPS score for average pain
last week was 6.14(±2.66) and post-study it was 3.05(±2.13). TABLE 3 This 49.6%
improvement was significant (p=.0001). FIGURE 2
FAOS
The FAOS results are summarized in Table 4. The trend was for overall improvement in
function; the sports subscale was not found to be significant.
The FAOS symptom-scale results improved from an average of 63% to that of 70%.
This represented an improvement in symptoms of about 11% overall.
The FAOS pain score improved from 64% to 75% or a 17% improvement in pain
perception (less pain interfered in daily life). The activities of daily living subset also
improved from 75 to 81%; this demonstrated an increase in basic functioning of 8%.
The sports subscale also showed improvement with use of THS; it moved from 62% to
73%. The sports functionality of the participants therefore improved by 18%. Finally,
the quality of life also improved by 33%. This was a large increase in overall wellbeing
and the score increased from 42% to 56%.

The FAOS illustrated remarkable improvement in sports function and quality of life and
excellent improvement in pain and symptoms. Only activities of daily living had simply a
moderate improvement. TABLE 4
FADI
The FADI percentile moved from 62.5 (±20.7) to 71.1(±16.5); the p-value was 0.13.
This was not significant. The FADI subscale for sports was not statistically significant.
This value moved from 29.2(±26.5) to 38.4(±28.1) and the p-value
was 0.28. This foot function scoring system is very athlete-oriented and many of the
participants answered N/A to the questions. Overall, there was a decrease in the
disability due to foot pain. The percentage of function moved from 63% to 68% in the
FADI module 1. For the sports module, the percentage moved 4 points from 31.7% to
35%. These scores represent a mild increase in function or decrease in disability. The
FADI was developed to detect mild changes in high functioning subjects. This group
was not an athlete specific group. Nonetheless, the FADI too showed that the
intervention of THS was favorable.
LEFS
The scores for the Lower Extremity Functional Scale improved overall as well. The
average pre-intervention score was 51.9. This improved to an average of 60. (When
converted to percent-of-maximum-function the numbers moved from 65% to 74%).
There was improvement in function of 12% per participant. Our results demonstrated a
change from 63.6(±24) to 78(±17.8). The p-value was found to be 0.031. This was
significant.

The combination of the NPS, FADI, FAOS and LEFS have allowed us to determine this
device is an effective adjunct for and treatment of plantar fasciitis/heel pain. This study
demonstrated clinical improvement in each validated scoring scale. Based on these
results this device has been proven to assist in the recovery and treatment of
heel/instep pain.
This improvement was demonstrated rather quickly over an average of 30 days. In
addition, the group was an average age of 42 with an average BMI of 26. (20%
overweight). This population group is very representative of the average American with
heel/foot pain. There were no adverse events reported from the intervention of the
device (flip-flop for heel/foot pain). In addition, there were no side effects. Based on
this short-term study, this consumer-medical device (flip-flop for heel/foot pain) is a safe
and effective method to treat foot pain, specifically heel and instep pain.

DISCUSSION:
This device was created as a stiff and structural flip-flop to allow better foot recovery
and consequently better performance during normal activities, and to increase efficiency
and power of the foot.15,16 Stiffer shoes (particularly at the midsole/foot) allow for energy
savings in the foot and improve performance.

Ligaments, tendons and the plantar fascia are all passive contributors to the
performance of the foot during use (standing, running, walking, etc.) In theory, resting,
stretching and de-stressing these structures will promote faster recovery and pain relief.
This device has been designed with that in mind. It has been shown that sandals resist
torsion of the foot when compared to barefoot running; sandals are protective of the foot
even during running (compared to barefoot). 17

The windlass mechanism, described in 1954, provides a tightening of the plantar fascia
with metatarsophalangeal dorsiflexion.18 The tension at the tie rod of the arch supports
the integrity of the longitudinal arch and also allows the foot to become stiff enough for
forward propulsion. It is known that the better the windlass mechanism, the greater the
force transmission from leg to foot. An intact and performing windlass mechanism in the
foot produces maximum force during running and walking. This also allows for the most
efficient use of the plantar fascia. This device was designed with the windlass
mechanism in mind. A passive stretch and relaxation of the fascia is built into the shoe
using this mechanism.19
A rocker bottom sole was chosen in order to reduce stress across all structures of the
foot during use. This was designed to limit motion of the MTP joints during push-off and
to allow for the gentle stretch of the plantar fascia via the windlass mechanism during
gait. Without a rocker bottom sole, the great toe lift would be detrimental and not
helpful. However, we believe that with the rocker bottom sole, the windlass mechanism
may engage throughout the gait cycle. Shoe modifications with a rocker bottom sole
have also been shown to help with the pain of plantar fasciitis previously. 20,21
It is often thought that changing the alignment of the foot is especially effective in the
treatment of foot pain. However, over time the shape of the foot has been associated
with hip, knee and ankle pain but not with plantar fascia mediated pain. 22 Studies of foot
posture and pain present conflicting results. The results of the studies often rely upon
the level of physical activity and type of participants.23-26 In addition, altering alignment

of the foot should be done in conjunction with a physician and/or someone conversant
with foot biomechanics.27-30 Therefore, this device was designed to not alter alignment
of any given foot (user) but rather to simply provide methods that allow for stretching,
rest and reduced loads (increased efficiency) across the foot regardless of the native
posture. It was our hypothesis that altering the alignment of the foot during the use of
the device was not necessary. There is not a lot of evidence to support the thought that
foot shape predisposes to heel pain.23,31
This device also incorporates a low and wider profile arch ‘support’ zone at the midpoint
of the sandal. Because the great toe rise naturally depresses the first metatarsal and
creates arch integrity, a traditional arch support was not necessary and deemed
detrimental for this device’s comfort. The arch zone therefore consists of a low-profile
support that is configured to float the metatarsophalangeal joints and the ball of the foot.
Due to the structural nature of the shoe and the sole’s radius of curvature at the point of
flexion of those joints, the device synergistically also allows for the removal of stress
from the forefoot during use.
The results of this study demonstrate this device is supportive of the foot and allows for
the enhanced recovery and augmented treatment of plantar fasciitis and heel pain. The
study showed excellent results within 30-60 days of part-time use of the shoe. Nearly
100% (95%) of participants stated that they would recommend this device to others; this
proves the clinical perception of effectiveness. The device allowed for an improvement
of function and a reduction in pain. These changes were deemed clinically significant
and were associated with treatment safety as well.
Limitations of the study are that it was short-term and only included the participation of
22 subjects. While the response rate of 66.6% was excellent, a larger cohort may give
more power and statistical significance to results. This study was completed to
demonstrate the effectiveness of the device as a possible adjunct to treatment rather
than only as a stand-alone intervention. Further study should include a controlled and
prospective evaluation of this device against other common treatment modalities.
Finally, this was a short-term study with a follow-up period of only 30 to 60 days.
Ongoing work will demonstrate the analysis of this device with longer use.
Of the study group, 7 were undergoing concurrent treatment along with the use of the
device. This treatment was physical therapy for 5 of the 7, a boot initially for 1 of the 7
and a single injection of Toradol at the plantar fascia for 2 of the 7. 15 of 22 participants
had had treatment for their heel and foot pain in the past, prior to this intervention, but
no treatment had been rendered for at least 2 months prior to intervention. Outcomes
of those undergoing treatment were included with those without treatment; these results
should potentially be separated.

Plantar fasciitis is common and is the source of about 15% of all foot symptoms that
require professional care. It is also thought to be responsible for 10% of running
injuries. As well, it is a common affliction of military personnel. 32,33
This device achieves good results when compared to other interventions. In a 9 month
follow-up study of patients that had an open or endoscopic plantar fascia release the
participants had 28.65 days of disability.34 17 patients who underwent a latticed plantar
fasciotomy had significant improvement in the Mayo score from 12.06 to 89.76 at a
mean of 16 months 35 Karls compared the effectiveness of corticosteroid injections
against platelet rich plasma injections and tenoxicam injections and found equal
efficacy; corticosteroids were more effective than placebo. 36 A meta-analysis of
corticosteroids against placebo for plantar fasciitis looked at 4 studies with 289 patients.
This study noted that there was better pain relief after one month with an injection of
steroid than placebo. However, there was no difference in the VAS at 2 months. The
authors opined that corticosteroid injections may provide pain relief for a short period of
time, but the efficacy soon disappears.37 Another study looked at extracorporeal
shockwave therapy and corticosteroid injections and found that while 56% of the
ECSWT group failed at 3 months, 15% of the steroid group did as well. There was
basically an 82-85% response to treatment rate in each group. 38 A case series (58
patients) examined platelet rich plasma injections for the treatment of plantar fascia.
The Foot Function Index score of this group improved from 69.4 to 31.8 with this
intervention. Again, there was about an 80% response rate. 39
Liden demonstrated in a randomized trial of radiotherapy a decrease of 44 points in the
VAS with treatment after 3 months. This was a retrospective analysis of 22 patients and
the pre-intervention VAS was 8.12 and moved to 1.96 at 3 months and then to 2.07 at 6
months.40 Finally, Le Ye analyzed ultrasound-guided pulsed radiofrequency treatment
of the gastrocnemius to manage plantar heel pain. This study compared the results of
an intervention group against those of a sham-intervention group. The VAS for the 1 st
step in the morning was the outcome point and decreased in the treatment group by
48% at 3 months; the sham group improved by 14.9%. This reduction was 40% at 6
months and 23% in the sham group at 6 months.41
Our results compare favorably with most treatments in the literature. 42-44 We found a
statistically significant improvement in pain and function over the study period for the
LEFS, FAOS (all but the sports subscale) and the NPS. The FADI (sports) trended
positively but was not significant. There were no adverse events reported due to the
device during the study; there were no device failures either. Finally, a full 95% of
patients would recommend this device to others, both friends and family, for the
treatment of heel and foot pain.

This study demonstrates the effectiveness and usefulness of this device (flip-flop for
heel/foot pain) for the treatment and augmentation of treatment of heel and instep pain.
We feel this data demonstrates the clinical utility of this device.
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Figure 1

Figure 2
Top chart is worst pain last week at Day 0 (lower bar) and End of Study (upper bar)
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Bottom chart is average pain last week at Day 0 (lower bar) and End of Study (upper bar)

Table 1
Age
40
60
62
38
56
36
68
53
56
48
32
59
45
47
45
63
38
50
33

Height (inches)
64
6
70
63
68
65
67
64
71
60
64
69
63
63
67
70
60
69
59

Weight (pounds)
210
206
200
320
180
102
150
187
295
158
249
205
147
129
172
160
106
180
125

BMI
36
33.2
28.7
56.7
27.3
17
23.5
32.1
41.1
30.9
42.7
30.3
26
22.3
27.41
23
20.7
26.6
25.2

Two subjects did not allow weight to be recorded; we did not include them in the demographics

Table 1 - Demographics

Gender
F
F
M
F
F
F
F
F
F
F
F
F
F
F
F
M
F
M
F

Table 2 – Patients variables

Table 3
PARTICIPANT
21 pre and post
intervention
responses
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

Table 3 – NPS Scores

WORST PAIN
LAST WEEK –
DAY 0

WORST PAIN
LAST WEEK –
DAY 60

AVE. PAIN
LAST WEEK
DAY 0

AVE. PAIN LAST
WEEK – DAY 60

6
10
7
7
7
7
8
3
6
10
9
9
8
10
6
5
7
5
1
6
7
7

3
6
6
7
8
8
3
2
5
1
1
7
2
8
4
0
2
3
2
3
8
8

4
10
6
5
6
7
8
2
3
10
9
9
8
10
4
5
5
5
1
4
4
7

1
6
5
4
7
5
2
2
2
1
1
6
2
3
2
0
1
2
2
3
5

Table 4
Subscale

Pre-study
score

Post-study
score

P-value

FAOS

62.9(±14.3)

73.2(±13.8)

0.02

FAOS activity
FAOS pain
FAOS QOL
FAOS sports

74.6(±19.3)
63.3(±17.4)
41.5(±21.4)
61.1(±31.9)

84.9(±12.6)
78.4(±13.9)
58.5(±17.5)
76.6(±22.5)

0.043
.00029
0.0062
0.071

Table 4 – FAOS scores
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HIGHLIGHTS:





An innovative novel method of treating plantar fasciitis and foot pain is tested in a pilot
clinical study
The NPS, LEFS, FAOS (except sports subscale) improved with use of novel device; 94% of
subjects would recommend device for treatment of foot pain; there were no
complications from use of this device
This novel method of treating heel pain holds promise for a cost-effective and safe
consumer medical device to treat foot pain

