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Introduction: Plantar fasciitis is one of the main reasons in podiatric consultations. There are many treatments for this pathology,
among which we highlight, orthopedic, physical and pharmacological treatments. In the market, biomechanical sock models has been
discovered that could have a positive effect against the treatment of plantar fasciitis, but no results have yet been obtained. Therefore,
the objective of this work was to verify the efficacy of the biomechanical sock in reducing pain orimproving foot function people suffering
from plantar fasciitis or heel pain.

Patients and methods: The sample consisted of 15 participants, included in an age range between 20 and 71 years. Two random
groups were held, one of 8 participants (experimental group, Podoks® socks) and another of 7 participants (control group). The previous
Foot Function Index questionnaire was carried out on all participants, and after 15 days of wearing the sock, it was carried out again,
noting the subsequent Foot Function Index.

Results: After evaluating the results obtained, differences were found in the previous Foot Function Index, with women presenting
a worse clinical state than men. After the 15-day follow-up period, a better score was found in the pain subscale of the Foot Function
Index, with the Podoks® group presenting a mean of 28.6 + 18.0 and the control group 39.4 + 21.6 (p = 0.043).

Conclusions: Biomechanical socks can be a good alternative for the treatment of plantar fasciitis, as a support to other treatments,
since they improve the perceived pain after 15 days. This could be related to the early establishment of the Windlass mechanism, which
causes the internal arch of the foot to be more stable, thereby reducing excessive tensile stress on the plantar fascia, plantar ligaments,
intrinsic muscles, and plantar flexor musculature.
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Introduccioén: La fascitis plantar es uno de los principales motivos de las consultas podolégicas. Hay multitud de tratamientos para
esta patologia, entre los que destacamos tratamiento ortopodolégico, fisico y farmacolégico. Recientemente ha salido al mercado
un modelo de calcetin biomecanico que podria tener un efecto positivo frente al tratamiento de la fascitis plantar, pero atin no se han
obtenido resultados. Por lo tanto, el objetivo de este trabajo fue comprobar la eficacia en la reduccion del dolor y aumento de la funciéon
que presenta el calcetin biomecanico en personas que padecen fascitis plantar o dolor en el talon.

Pacientes y métodos: La muestra se compuso de 15 participantes, comprendidos en un rango de edad entre 20y 71 afios. Se rea-
lizaron dos grupos al azar: uno de 8 participantes (grupo experimental, calcetin Podoks®) y otro de 7 participantes (grupo control). Se
realizé a todos los participantes el cuestionario Foot Function Index previo, y después de los 15 dias de la utilizacion del calcetin se le
volvio a realizar, anotando el Foot Function Index posterior.

Resultados: Tras la evaluacion de los resultados obtenidos, se encontraron diferencias en el Foot Function Index previo, presentando
las mujeres un estado clinico peor que los hombres. Una vez realizado el periodo de 15 dias de seguimiento, se encontré una mejor
puntuacién en la subescala de dolor del Foot Function Index, presentando el grupo Podoks® una media de 28.6 + 18.0y el grupo control
39.4+£21.6(p=0.043).

Conclusiones: Los calcetines biomecanicos pueden ser una buena alternativa para el tratamiento de la fascitis plantar, como apoyo
a otros tratamientos, ya que mejoran el dolor percibido a los 15 dias. Esto podria ser debido a la instauracién temprana del mecanismo
de Windlass, lo que provoca que el arco interno del pie sea mas estable y reduciendo asi un excesivo estrés tensil sobre la fascia plantar,
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Introduction

Plantar fasciitis is the inflammation of the band of tissue called
the fascia, which originates in the calcaneus arriving to the proximal
phalanxes, causing pain in the heel, which increases at the beginning
and end of the day’. It is one of the main reasons for primary care
visits and is more common in individuals between 40 and 60 years
of age, sometimes even hindering walking ability?. Typically, plantar
fasciitis is caused by stiffness in the calf muscles and Achilles tendon,
and its occurrence is also increased when there are biomechanical
abnormalities present?.

There is a wide range of treatments for this condition, among
which conservative treatments stand out: a) orthopedic treatment
with foot orthoses?; b) physical therapy involving taping, stretching,
or the application of ultrasound, shockwave therapy, iontophoresis,
laser, or magnetotherapy*; and c) pharmacological treatments, such
as oral anti-inflammatory drugs®. If these types of treatments are not
effective, infiltrations® or surgical treatments such as radiofrequency’,
coblation of the fascia, or total or partial fasciotomy may be consid-
ered®,

Within conservative treatments, as an adjunct to foot orthoses,
different types of functional socks with various configurations or
equipped with different elements are known to provide beneficial
effects for the patient’s health®. Three-dimensional pieces located on
the plantar surface of the forefoot have shown a reduction in plantar
pressures during dynamic activities'®'!, with potential benefits for
patients with metatarsalgia. There are also socks with tensioning ele-
ments that provide the patient with better proprioception balance,
as well as a more efficient and comfortable gait, promoting overall
stability during walking 2.

Currently, a new model of biomechanical sock is known, which
potentially could have a positive impact on the treatment of plan-
tar fasciitis. This sock consists of functional elements in the plantar
area, which include: a) a cushioned zone in the heel area to provide
extra cushioning in the painful area; b) an additional compression
band in the midfoot at the level of the medial arch to provide greater
support; c) an extra cushioning zone in the metatarsal heads from
2" to 5" as a lateral expansion of the forefoot; and d) an individual
compartment for the first toe with extra cushioning in its plantar area.
These elements are designed to activate the Windlass mechanism
early, thus improving the tension in the plantar fascia and, in turn,
causing a sensation of pain relief in the sole of the foot, as well as
relaxation of the musculature associated with plantar fasciitis'®. These
socks have shown their effectiveness in reducing dynamic plantar
pressures under the first metatarsal head and the hallux, which pro-
vides a promising perspective for their use in patients with fasciitis,
as they are a daily-life item that we all or almost all use, easy to put
on and take off, accessible to the general public in need, and could
complement other existing treatments for plantar fasciitis.

However, although we have data on the reduction of pressure
under the first metatarsal head produced by the socks, which in
turn may be related to the early activation of the Windlass mecha-
nism, there are no studies that demonstrate this. Therefore, the main
objective of this work was to verify the effectiveness of a specific bio-
mechanical sock in reducing painful symptoms and increasing func-
tionality in patients with plantar fasciitis after a period of 15 days of
continuous use.

[Rev Esp Podol. 2023;34(2):62-68]

Patients and methods

The study consisted of a randomized clinical trial. The sample
included 15 participants, comprising 8 males and 7 females, aged
between 20 and 71 years (mean age 43.3 + 12.7 years), with a mean
weight of 73.4 + 13.8 kg, mean height of 1.7 + 0.09 cm, and a mean
body mass index of 25.3 + 3.4 kg/m?(Table I). Participants volun-
teered and provided informed consent to participate in the study.

The inclusion criteria for participating in the study were as fol-
lows: a) having plantar fasciitis with a duration of 3 months or less; b)
localized pain at the anteromedial aspect of the heel; ¢) not undergo-
ing orthopedic, physical, or pharmacological treatment at the time;
and d) committing to wearing the socks daily for a period of 15 days.
Participants were excluded if: a) they did not adapt to the character-
istics of the socks during the 15-day period; b) their pain significantly
increased during that time; or c) they did not use the socks daily at
the end of the 15 days.

Study protocol

Anthropometric data (gender, age, height in cm, and weight in
kg) were collected from each participant. After conducting a physi-
cal examination to confirm the presence of plantar fasciitis, the Foot
Function Index (FFI) questionnaire was administered to assess pain.
The FFl is a tool that provides information about foot function and
its impact on daily life. It consists of 23 items divided into three cat-
egories: pain (9 items), disability (9 items), and activity limitation
(5 items).

Each item in the different categories is scored on a scale of 0 to
10 points. The total score of the questionnaire, as well as the scores
for each individual category, can be calculated. The total score can be
expressed as a percentage by dividing the total value obtained from
all items by 207 and multiplying the result by 100 (Index 1). A higher
FFlscore indicates a worst clinical state in the participant’s foot, while
alower score indicates better results'.

Each participant was randomly assigned to either the experi-
mental group (wearing Podoks® biomechanical socks, Fixtoe Device
SL, Elda, Spain) or the control group (wearing regular socks with the
same design but without biomechanical elements or compression
band in the arch). The study was conducted as a double-blind trial,
meaning that participants were unaware of their group assignment,
thus avoiding potential placebo effects caused by information about
the study with the biomechanical socks. The researcher responsible
for collecting functional data was also blinded to the study, unaware
of the participant’s group assignment. The experimental group con-

Table I. Anthropometric variables of the sample.

n Minimum Maximum Mean SD
Age 15 20 71 433 12.7
Weight (kg) 15 48 94 73.4 13.8
Height (m) 15 1.58 1.83 1.7 0.09
BMI(kg/m?) 15 19.2 30.5 253 3.4



https://www.revesppod.com/Documentos/ArticulosImg/570/02_1663-2023-OR-Marti%E2%95%A0%C3%BCnez-Tratamiento_ingles_ANEXO_Imagen.jpg

64 Martinez Nova A, et al.
Compartment
Separation Compartment ol
. Compartment of the hallux of the lesser
and padding
for the lesser toes
of the hallux
toes
2nd to 5th
metatarsal heads
padding
Elastic
compression band
in the midfoot
Heel padding

Figure 1. Podoks® sock.

sisted of 8 participants, while the control group consisted of 7 par-
ticipants.

- Group 1sock (Podoks® sock) is made of Coolmax® tissue (50 %
polyester, 35 % polyamide, and 15 % elastane). This sock fea-
tures various components, including padding and separation
for thefirst toe in a separate compartment from the other toes,
forefoot padding from the second to fifth metatarsals, an elas-
tic compression band in the midfoot, and additional cushion-
ing in the heel (Figure 1).

- Thesockin group 2 (control sock) is made of Coolmax® tissue
(50 % polyester, 35 % polyamide, and 15 % elastane). This
sock has a separate compartment for the big toe, similar to the
experimental sock, Podoks®, but it does not have the biome-
chanical elements in the sole (Figure 2). The thickness of the
control sock is identical to the experimental sock, Podoks®.

Regardless of the group they belong to, participants should wear

the assigned sock for a period of 15 days, wearing it for as long as pos-
sible, for this we give patients at least two pairs of socks. It was recom-
mended to put on the sock every morning and wear it throughout the
day, while also monitoring any changes in the previously experienced
pain (whether it increases, decreases, or remains unchanged).

After the 15-day period, participants are required to return for the

final collection of the Foot Function Index questionnaire, affirming
that they have used the socks as much as possible during that time.

Figure 2. Control socks.

Statistical analysis

The data analysis was conducted using SPSS version 22.0 soft-
ware (UEX campus license). The statistical analysis was performed
using descriptive statistics and dependent t test (pre-post) and inde-
pendent samples t-test (gender). Asignificance level of 5 % (p <0.05)
was established.

Results

The participants reported an average duration of 36.8 + 24.6 days
experiencing pain caused by plantar fasciitis (range of 7 to 92 days).
In the pre-evaluation of the Foot Function Index (FFI), the participants
had an average score of 39.40 + 17.16. The values for the different
subscales of the FFl can be seenin Table Il.

When comparing the pre-intervention Foot Function Index
(FFI) between the Podoks® group and the Control group, we
observed a mean of 39.44 + 14.5 in the Podoks® group and a mean
0f39.36 £ 21.01 in the Control group, with no significant difference
observed (p =0.99).

Comparing the evolution of the overall group’s Foot Function
Index (FFIl), we observed a mean FFl score of 39.40 + 17.16 at the
initial assessment, compared to an FFl score of 25.55 + 18.48 at

Table Il. Pre FFl and subescales.

n Minimim Maximum Mean SD
FFIPre 15 17.8 70.5 39.4 171
Pre Pain Scale 15 21 76 49.1 15.2
Pre Disability Scale 15 3 61 25.3 20.4
Pre Limitation Scale 15 0 26 7.1 6.2

[Rev Esp Podol. 2023;34(2):62-68]



Treatment plantar fasciitis with biomechanical socks. Preliminary results of randomized clinical trial 6

(3]

the 15-day follow-up. The difference between the two time points Regarding the differentiation of groups (Podoks® and Con-
was statistically significant (p = 0.002) (Table l11). trol) in the sub-scales of the Foot Function Index (FFI) at baseline,
After using the socks in both groups for a period of 15 days and the Podoks® group had a mean score of 51.63 + 12.53 in the pain
conducting the complete assessment of the post-intervention Foot scale, while the Control group had a mean score of 46.14 + 18.43.
Function Index (FFI), the study participants had a mean score of However, no significant difference was found between the results
25.6 + 18.59. Regarding the FFI subscales, we can differentiate the of both groups (p = 0.507) (Table VI). There were also no significant
following: 1) post-intervention pain scale with amean of 33.7 £ 19.8, differences in the disability (p = 0.835) or limitation (p = 0.337) sub-
2) post-intervention disability scale with a mean of 14.5 + 16.5, and scales at baseline.
finally 3) post-intervention limitation scale with a mean of 4.1 + 3.5 In comparison to the post-treatment sub-scales of the FFI, a
(Table IV). lower score was observed in the pain scale in the Podoks® group
Comparing the post-intervention Foot Function Index (FFI) (28.6 + 18.0) compared to the Control group (39.4 + 21.6), and this
scores between the Podoks® and Control groups, the Control group difference was statistically significant (p = 0.043) (Table VII).

had a higher score (31.4 + 20.6) compared to the Podoks® group When evaluating the pre-treatment FFI, women had a higher score
(20.4 + 15.09), but the difference was not statistically significant (50.5 + 17.9) compared to men (29.7 + 9.0), and these results were
(p=0.265) (Table V). statistically significant (p=0.012, Table VIII). However, the results were

Table Ill. Comparison of overall Foot Function Index (FFI) before and after.

Mean n SD p-value
FFlpre 39.40 15 17.16
0.002
FFlpost 25.55 15 18.48

Table IV. Post-intervention Foot Function Index (FFI) scores with subscales.

n Minimum Maximum Mean SD
FFIPost 15 0.5 64.2 25.6 18.5
Post Pain Scale 15 1 72 33.7 19.8
Post Disability Scale 15 0 49 14.5 16.5
Post Limitation Scale 15 0 12 4.1 3.5

Table V. Post FFl by group (Podoks® and Control).

Group n Mean SD p-value
Podoks® 8 20.4 15.9

FFIPost 0.265
Control 7 314 20.6

Table VI. Pre-treatment FFl Subscales by Group (Podoks® and Control).

Grupo n Mean SD p-value
Podoks® 8 51.63 12.53

Pre Pain Scale 0.507
Control 7 46.14 18.43
Podoks® 8 24.25 20.99

Pre Disability Scale 0.835
Control 7 26.57 21.31
Podoks® 8 5.63 3.07

Pre Limitation Scale 0.337
Control 7 8.86 8.55

[Rev Esp Podol. 2023;34(2):62-68]
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Table VII. Post-treatment FFl Subscales by Group (Podoks® and Control).

Group n Mean SD p-value
Podoks® 8 28.6 18.0

Post Pain Scale 0.043
Control 7 394 21.6
Podoks® 8 9.5 11.6

Post Disability Scale 0.112
Control 7 20.3 20.2
Podoks® 8 3.0 2.1

Post Limitation Scale 0.293
Control 7 54 4.5

Table VIII. FFI Pre and Post by gender.

Sexo N Mean SD p-value
Men 8 28.9 19.0

Days of Pre Pain 0.190
Women 7 46.0 28.6
Men 8 29.7 9.0

FFIPre 0.012
Women 7 50.5 17.9
Men 8 17.9 9.6

FFIPost 0.084
Women 7 34.3 22.8

Table IX. FFl Subscales Before and After by Gender (Male and Female).

Sexo n Mean SD p-value
Men 8 41.63 12.65

Pre Pain Scale 0.038
Women 7 57.57 14.03
Men 8 27.00 14.14

Pre Disability Scale 0.172
Women 7 41.29 23.61
Men 8 14.13 11.96

Pre Limitation Scale 0.026
Women 7 38.14 21.12
Men 8 6.75 6.80

Post Pain Scale 0.076
Women 7 23.43 20.28
Men 8 5.75 2.25

Post Disability Scale 0.378
Women 7 8.71 8.90
Men 8 3.25 2.55

Post Limitation Scale 0.320
Women 7 5.14 4.41

not statistically significant for the number of days of previous pain this difference was statistically significant (p = 0.038). In the pre-treat-

(p =0.190) and the post-treatment FFI (p = 0.084) based on gender. ment disability scale, women also had a higher score (38.14 +21.12)
Analyzing the results obtained from the pre- and post-treatment compared to men (14.13 £ 11.96), and this difference was statistically
FFl sub-scales by gender, women had a higher score in the pre-treat- significant as well (p = 0.026). However, no significant results were

ment pain scale (57.57 + 14.03) compared tomen (41.63 + 12.65), and found in the other scales based on gender (Table IX).

[Rev Esp Podol. 2023;34(2):62-68]
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Discussion

Currently, the use of compression socks or stockings is increas-
ing, serving different therapeutic purposes. They can be used to
improve venous return in individuals with blood circulation disor-
ders'® or to enhance physical performance and accelerate venous
return in athletes'®. Therefore, exploring the potential benefits of
socks with biomechanical elements is of great clinical and scientific
interest.

In our study, both the experimental and control groups consisted
of patients with similar clinical conditions (up to 3 months of pain)
and a mild to mild/moderate FFI score (39 points in both groups).
This score can be compared to those obtained in other studies
investigating different treatments, where starting scores were much
higher (around 70 points), indicating that our patients had a milder
clinical condition. This difference could be related to the fact that
our patients had a maximum of 3 months of clinical progression and
did not exhibit high pain values. Since both groups started with the
same FFl score, no biases can be attributed to the group assignment
and their potential progress with the use of socks.

In the overall sample, an improvement in clinical status has
been observed, with a significant reduction of up to 14 points in
the FFI. Thisimprovement could be attributed to the use of biome-
chanical socks, as this group showed the most significant differ-
ences in the FFI, especially in the pain scale (Table V). This clinical
improvement can be compared to other devices or taping methods,
such as the Low Dye Type, that achieves reducing the pain associ-
ated with plantar fasciitis within a short period of 1 week of use'®.
The main advantage lies in the fact that the reduction experienced
by our patients in a similar timeframe is achieved with the use of
daily clothing, which is accessible in terms of cost, does not require
professional application, is not an external device, is comfortable
to wear for long durations (> 8 hours per day), and does not lose its
effectiveness with use.

While some studies do not find differences in the prevalence of
plantar fasciitis or its clinical impact based on gender'®, in our study,
women initially reported higher levels of pain. Therefore, the use of
the socks also benefited women to a greater extent, resulting ina more
positive outcome for them in both the pain and disability subscales.
As afuture research direction, we propose to explore this gender per-
spective in relation to the higher pain experienced by women.

Based on the evaluation of the results and the improvement
observed in the post-treatment foot function index compared to the
pre-treatment scores without distinguishing between groups, we
can conclude that the biomechanical socks can be used as a treat-
ment for plantar fasciitis, as they yield short-term improvement. This
treatment can be compared to taping for plantar fasciitis, which is a
functional taping technique that has shown promising results. And
this is achieved with plantar biomechanical elements specific to the
sock, which primarily generate kinetic changes during the second
rocker of gait and consequently alter orimprove the amount of stress
developed and borne by the tissues of the plantar surface of the
foot?*?', During the third rocker, the plantar padding of the hallux,
combined with the padding from the second to fifth metatarsal, tends
to enhance the activation of the windlass mechanism due to the new
rotational balance around the axis of rotation of the first metatarso-
phalangeal joint®.

[Rev Esp Podol. 2023;34(2):62-68]

The results achieved with the use of biomechanical socks can also
be compared to the use of night splints for the treatment of plantar
fasciitis, as night splints may improve pain, especially in the morning,
after using them for a period of 12 weeks. However, theimprovement
starts to be noticeable around the fourth week of use?. In comparison
to another study using custom insoles as treatment, after a 3-month
follow-up, the FFl score reduced from 67 to 39 points'’. Similar to
our study, this suggests that the use of biomechanical socks could
improve the painful symptoms of plantar fasciitis. However, it elimi-
nates the need for personalized orthopedic treatment, as the socks
serve as a substitute.

Biomechanical socks could be an alternative to the use of night
splints, as they are easier to use, more comfortable, and can be worn
throughout the day as they are not exclusively for nighttime use. They
are used during dynamic activities. Additionally, they can also be a
good complementary treatment option for patients who already
use custom insoles or similar treatments for clinical conditions.
This includes patients who experience functional hallux limitus, a
sensation of an open foot, or dorsal tarsal compression syndromes.
Biomechanical socks can serve as a therapeutic complement to foot
orthoses.

Our study has limitations, primarily due to the small sample size.
Alarger sample would be needed to provide more robust evidence of
the effects in patients. Another limitation is the short follow-up period
of only 15 days and the difference of age in our group. A longer-term
follow-up could provide valuable insights into the use of biomechan-
ical socks as a standalone or complementary treatment.

In conclusion, based on the results, based on the results, we can
conclude that the use of biomechanical socks is beneficial in reduc-
ing pain associated with plantar fasciitis. This pain reduction could
be related with the relaxation of plantar structures through the early
activation of the Windlass mechanism. However, this improvement
in pain does not appear to have a positive impact on disability level
or activity limitation, as patients were performing the same activities
as before within 15 days.
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