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Abstract

Background: Functional ankle instability (FAI) is a common condition that affects
individuals who have experienced previous ankle sprains. Textured insoles and elastic
ankle braces have been previously used as interventions to improve stability in FAI
patients. However, the optimal combination of these interventions has not been fully
explored. The objective of this study was to investigate the effects of different types of
textured insoles and elastic ankle braces on the dynamic stability of individuals diagnosed
with FAL

Methods: The study involved 18 FAI patients who performed single-leg landing tasks

with and without wearing an eight-band elastic ankle brace while wearing textured



insoles with protrusion heights of 0 mm, 1 mm, and 2 mm. The dynamic posture stability
index (DPSI) and its components in the anterior-posterior (APSI), mediolateral (MLSI)
and vertical (VSI) directions were calculated from the ground reaction force collected
from the Kistler force plate during the first three seconds of the landing tasks.

Results: A significant interaction was found between textured insole type and ankle
brace for DPSI (P =0.026), APSI (P =0.001), and VSI (P =0.021). However, no
significant interaction was observed for MLSI (P = 0.555). With elastic ankle braces,
textured insoles with 1-mm protrusions significantly enhanced anterior-posterior,
mediolateral, vertical, and overall stability compared to textured insoles with no and 2
mm protrusions (P < 0.05). Without elastic ankle braces, textured insoles with 1-mm
protrusions significantly improved the anterior-posterior (P = 0.012) and overall stability
(P =0.014) of FAI patients compared to smooth insoles.

Conclusions: The combination of textured insoles with 1-mm protrusion heights and an
elastic ankle brace could enhance the dynamic stability of individuals with FAI,
potentially mitigating the risk of ankle sprains.

Keywords: Injury, Rehabilitation, Textured insole, Ankle brace, Functional ankle

instability, Dynamic stability

Background

Ankle sprains are among the most common foot-ankle injuries and are frequently
encountered in sports [1]. Unfortunately, up to 70% of patients who experience a first
ankle sprain will continue to experience symptoms and recurrent injuries [2].
Furthermore, approximately 15%-20% of individuals with acute ankle sprains will

develop chronic ankle instability (CAI) [3]. Functional ankle instability (FAI) is a



subtype of CAI characterized by symptoms such as recurrent ankle sprains, pain, swelling
[4-6], and impaired dynamic postural control [7]. FAI can significantly impact an
individual's ability to participate in daily activities and sports, highlighting the
importance of appropriate treatment for improving quality of life and preventing further
injuries.

Foot orthoses, including orthopedic insoles, are a common therapeutic intervention for
individuals with FAI due to their versatility, convenience, and cost-effectiveness [8].
Previous studies have demonstrated that foot orthoses can improve the postural stability
of FAI patients by providing proprioception and neuromuscular stimulation [2, 9]. A
study by Haddadi et al. [2] revealed that semi-rigid and soft orthoses improved the
dynamic stability of FAI patients after a 4-week treatment period. Similarly, Abbasi et al.
[9] found that orthopedic insoles with textured surfaces can increase the reach distance in
the star excursion balance test for FAI patients, implying that foot orthoses are associated
with balance improvement in patients with FAIL. The protrusion heights of textured
insoles may affect the degree of plantar stimulation and proprioceptive feedback, which
are important factors for dynamic stability. It has been proposed that an optimal sensory
threshold exists for plantar stimulation for enhanced postural balance, but it remains
unclear what the threshold value is [10]. Therefore, it is of interest to investigate the
effect of different protrusion heights of textured insoles on the dynamic stability of
individuals with FAI

Besides orthopedic insoles, ankle braces are commonly used in the treatment of FAI
patients to improve stability and prevent reinjury [11, 12]. An elastic ankle brace is a type

of ankle support that provides compression and flexibility to the ankle joint without



restricting its normal range of motion. John et al. [11] found that using elastic ankle
braces was ineffective in improving dynamic balance, while Haddadi et al. [12] found
that the combination of ankle support and insoles improved postural control and
increased proprioception. To the best of our knowledge, the effect of combining elastic
ankle braces and textured insoles with different protrusion heights on FAI patients'
dynamic stability is unclear.

The drop landing task is a common method to assess dynamic stability in individuals with
FAl, as it simulates a high-risk situation for ankle sprains [13, 14]. The drop landing task
involves dropping from a platform onto a force plate without initial vertical velocity and
maintaining a single-leg stance for a certain period of time [15]. The ground reaction
force data collected from the force plate can be used to calculate various stability indices
that reflect the ability of the individual to control their body motion during landing [15].
Drop landing tasks also have the advantages of being simple, safe, and easy to perform
compared to other methods, such as hopping or cutting tasks [14]. Therefore, the purpose
of this study was to investigate the effects of textured insoles with different protrusion
heights and elastic ankle braces on dynamic postural stability in individuals with FAI
during drop landing tasks.

The study has four hypotheses: a) Wearing elastic ankle braces would significantly
improve the dynamic stability of FAI patients compared with no ankle braces; b)
Dynamic stability would be better when participants wear textured insoles with higher
protrusions than those with lower protrusions; ¢) The combination of textured insoles and
elastic ankle braces would lead to a greater improvement in dynamic stability when

compared to using either textured insoles or elastic ankle braces alone. d) Ankle braces



and textured insoles could enhance the perceived stability and comfort in individuals with
FAI The outcomes of this research will offer valuable insights into enhancing dynamic
postural stability and thus support the development of effective rehabilitation strategies

for individuals with FAI

Methods

This study used a cross-sectional study design. The sample size of this study was
calculated using G * Power (version 3.0.10) [16]. It was based on a two-way repeated-
measures ANOVA with an f'= 0.30 effect size derived from pre-experimental results. A
minimum of 14 participants were needed to achieve 80% statistical power (a = 0.05). To
account for potential drop-out and technical errors during the experiment, the study
involved 18 FAI patients, which consisted of 8 males and 10 females.

This study only included participants who met the following criteria: a) they reported
experiencing ankle instability, loss of control, or leg weakness during certain activities; b)
their score on the Cumberland Ankle Instability Tool (CAIT) was 24 or lower [17, 18].
The CAIT can discriminate between subjects with and without functional ankle
instability. The CAIT questionnaire contains 9 questions to evaluate the subjective
perception of the ankle joint during different types of daily activities, such as walking,
running, going up and down stairs, and jumping. The total score was 0~30, and 24 or
below suggested an unstable ankle score; c¢) they had suffered at least one severe ankle
sprain with more than one day of limited mobility, as well as another sprain after the

initial injury, with no recent acute sprain within the past three months; d) they were



between the ages of 18 and 25 yrs; and e) their results from the anterior drawer test and
talar tilt test were negative.

The following individuals were excluded from the study: a) those who had previously
undergone surgery or suffered a lower limb fracture; b) those who had observable
skeletal abnormalities in their foot or ankle; c) those exhibiting mechanical instability or
acute pathological symptoms in their lower extremities; and d) those who had used or
received interventional foot orthosis treatment. The participants' characteristics are
displayed in Table 1.

Table 1. Physical characteristics of the participants with FAI

variables Male Female
Number/Affected limb 8 (6 right/2 left) 10 (5 right/5 left)
Age (years) 209+1.6 20.3+1.3
Height (cm) 176.1£5.4 159.6+3.9
Mass (kg) 68.2+6.7 56.7+10.5
BMI (kg/m?) 22.0+2.1 22.1+£3.9
CAIT score 18.6+3.2 20.6+1.7

BMI: Body mass index, CAIT: Cumberland Ankle Instability Tool

The study was granted ethical approval by the Ethics Committee of Honghui Hospital
Affiliated to Medical College of Xi'an Jiaotong University (NO. 202207008). All subjects
in the study participated voluntarily and signed an informed consent form for the

protocol.

Materials and Instrumentations



To improve ankle support for participants and eliminate the potential influence of varying
types of footwear on the results, this study utilized standardized footwear during testing.
It has been demonstrated that athletic shoes with wide soles and sturdy wrapping surfaces
enhance the stability of the human body [19]. With this in mind, we used standardized
footwear (361° CO. Ltd., Xiamen, China) in the same design for both men and women
(Figure 1. a) as the test shoes. The sole is broad, and the upper surface is made of
lightweight woven material, providing strong wrapping around the ankle. The test socks

were regular knitted cotton socks.

",

Figure 1. (a) The running shoes and (b) the elastic ankle braces in this study.

In this study, participants wore elastic cross-band ankle braces (Kante Haiyue, Yangzhou,
China) (Figure 1. b). These braces are made of nylon and Spandex, featuring a winding
cross-band pattern, and are equipped with Velcro for secure attachment at the end of the
band. The brace tension can be easily adjusted, and the heel region is open.

Three types of insoles were evaluated: smooth insoles (control), insoles with I-mm

protrusions, and insoles with 2-mm protrusions. The three types of insoles had similar



characteristics except for the varying heights of the protrusions. They were made from
EV A material (with a shore value of C50, as displayed in Table 2). For the customization
of the custom-made insoles, full-foot scanning was carried out using a 3D foot scanner
(Upod-s, Carotec Ltd. Guangzhou, China) in a neutral, non-weight-bearing position. The
insole design software Insole CAD (Version 5.4.0, Vismach Technology Ltd. Wuhan,
China) was utilized to design full foot arch support orthopedic insoles according to each
participant's foot shape. Therefore, these customized insoles could fit well onto the
plantar surface of the participants' feet to provide appropriate arch and heel support. A 3D
carving machine was then used to carve the insoles. Kinetic data during landing tasks
were collected using the Kistler 3D force plate (9287B, Switzerland) with a sampling
frequency of 1000 Hz.

Table 2. Characteristics of the insoles in this study.

Protrusion
Characteristics Insole images
Heights
0 mm (control) Smooth surface without protrusions
Surface with hemispherical protrusions of 1 mm
I mm height, 8 mm diameter, and spaced 10 mm apart

from center to center




Surface with hemispherical protrusions of 2 mm
2 mm height, 8 mm diameter, and spaced 10 mm apart

from center to center

Procedures

During the experiment, the researchers provided the participants with a comprehensive
explanation of all experimental protocols and safety measures. The participants wore
experimental shoes and familiarized themselves with the test procedures. To ensure
safety, all participants underwent three single-leg landing trials to confirm that they could
complete the tasks safely. The test conditions consisted of six combinations (3 types of

insoles X 2 types of ankle braces). The researchers randomized the test orders

beforehand and then informed the participant of his/her specific test orders on the day.
The participants were requested to perform three trials for each test condition during the
experiment.

The dynamic stability of the participants was assessed using a single-leg landing task
protocol [14, 20] (Figure 2). The testing platform was positioned 20 cm above the ground
and 5 cm away from the edge of the force plate. Participants were directed to stand on the
raised platform with their arms on the waist and facing forward. Upon receiving the start
signal, the participants dropped toward the center of the force plate. Participants were
instructed to drop from the raised platform without an initial vertical velocity. This was
visually checked to confirm that the participants did not jump up before leaving the raised
platform. After landing, only one limb (the affected limb) supported their weight, while
the nonaffected limb was lifted up in the air. Participants were instructed to maintain an

upright posture with their eyes open and gaze forward, hands at their waist, and the



nonaffected thigh and calf vertically aligned. We required the participants to maintain a
single-leg stance for 15 seconds after landing because this duration has been used in
previous studies [15], and it allows us to assess both the initial impact and postural
recovery phases of landing. To minimize the effect of fatigue, participants were provided
with a 2-minute interval between each landing trial. The researcher closely monitored the

procedure to ensure the participant's safety.

eyes looking forward

affected limb unaffected limb

prepare for landing maintain balance for 15 seconds

Figure 2. Single-leg landing test without initial velocity.
To ensure the validity of the test, the test was repeated if any of the following occurred
during: a) Hands were not naturally positioned at the waist; b) The nonaffected limb

(nonsupporting side) made contact with the ground; ¢) The affected limb (supporting
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side) failed to maintain balance, resulting in the nonaffected limb touching the ground
within 15 seconds of landing; d) Initial velocity was present at the start of landing (by
visual observation); or ) landing with the nonaffected limb on the ground. In such cases,
it was necessary to repeat the test to obtain valid data.

Participants were instructed to subjectively evaluate both stability and comfort of their
current condition using two separate 100-mm visual analog scales (VAS) following the
landing stability test. The left endpoint of the scale represented "extremely poor", while
the right endpoint represented "extremely good". Participants were instructed to rate the
stability and comfort of various shoe insoles and ankle brace conditions by marking a
vertical line at the appropriate position on the scale. The distance from the left endpoint

to the marked line represented the score of the respective condition.

Data Processing

Several indices were calculated from the ground reaction force data to indicate dynamic
postural stability using a custom-written program. Data during the initial 3 seconds after
landing were analyzed. The indices calculated included the anterior-posterior stability
index (APSI), mediolateral stability index (MLSI), and vertical stability index (VSI),
which reflect the stability in the anterior-posterior, mediolateral and vertical directions,
respectively. The dynamic postural stability index (DPSI) is an extensive evaluation
computed by amalgamating the ground reaction force in all three directions, reflecting the
comprehensive stability of the human body [21]. Higher APSI, MLSI, VSI and DPSI
values correspond to decreased dynamic stability, whereas lower values indicate

enhanced stability [22].
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Statistical Analysis

In this study, SPSS (version 21.0, SPSS, NY, USA) was utilized for data analysis. For
hypothesis testing, a two-way repeated measures analysis of variance (ANOVA) was
conducted to investigate the effects of textured insoles and ankle braces on the dependent
variables. If the interaction between the two factors (presence/absence of ankle brace and
textured insoles) was significant, a simple effect analysis was used to compare different
insoles with and without wearing the ankle brace. Otherwise, the main effect analysis was
performed to analyze the impact of the two factors on the dynamic stability of FAI
patients [23]. A Tukey correction was used to adjust the significance level of post hoc
tests, with a significance level of alpha set at 0.05. The effect size was calculated using
partial eta-squared (#°,), which indicates the proportion of variance explained by each
factor or interaction. where 7°,> 0.01 is a small effect, 7°,> 0.06 is a medium effect and

n°»>0.14 is a large effect [24].

Results
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Dynamic stability

Table 3 shows a significant interaction with a large effect between textured insole type
and ankle brace for DPSI (F(1.221,20760)= 5.270, P = 0.026, 1°,= 0.237), APSI (F(1.168,19.860)
=20.200, P <0.001, n°,=0.543), and VSI (F(1.266215100= 5.613, P =0.021, n°, = 0.248).
Simple effect analysis revealed that textured insoles with 1-mm protrusion had smaller
DPSI than 0-mm protrusions without an ankle brace (P = 0.014), and textured insoles
with 1-mm and 2-mm protrusions had smaller APSI than 0 mm without an ankle brace (P
=0.012 and P = 0.021, respectively). With an elastic ankle brace, textured insoles with 1
mm protrusion had smaller DPSI (P < 0.001, P =0.007), APSI (P =0.003, P <0.001),
and VSI (P <0.001, P=0.017) than those with no and 2-mm protrusions. Participants

showed smaller DPSI, APSI, and VSI with ankle braces than without (P <<0.05, Figure

3).
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Figure 3. Dynamic stability index in different insoles and ankle brace conditions.

Notes: 0 mm, 1 mm, and 2 mm represent insoles with protrusion heights of 0 mm, 1 mm,
and 2 mm, respectively, and * represents P < 0.05. Figures a, b, ¢, and d are the stability
indices in the overall, anterior-posterior, mediolateral, and vertical directions. DPSI:
dynamic postural stability index, APSI: anterior-posterior stability index, MLSI:
mediolateral stability index, VSI: vertical stability index.

There was no significant interaction between textured insoles and ankle braces in MLSI
(F(1.74829.7200= 0.559, P = 0.555, #°»=0.032). The main effect analysis showed that MLSI
was significantly lower for FAI patients wearing elastic ankle braces than for those not
wearing elastic ankle braces (F(1,17)=4.473, P = 0.050, n°,= 0.208), with a large effect.
Textured insoles had a significant main effect, with 1 mm (P <0.001) and 2 mm (P =
0.006) protrusions having lower MLSI than 0 mm, but no significant difference was

observed between 1 mm and 2 mm (P = 0.550, Table 3).
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Table 3. Dynamic stability index in different textured insoles and ankle brace conditions.

Protrusion Heights Insole Type Ankle Brace Interaction
Variables
0 mm 1 mm 2 mm F P w» F P w» F P
Without braces 0.2121+0.034 0.201£0.039* 0.211+0.048 7.849 0.009 0.316 7.759 0.013 0.313 5.270 0.026 0.237
DPSI
With braces  0.220£0.056 0.156£0.022% 0.183 £0.039%
Without braces 0.071£0.010 0.064£0.004* 0.064£0.006* 14.980<0.001 0.468 5.396 0.033 0.241 20.200 0.001 0.543
APSI
With braces  0.069%0.007 0.06240.007* 0.076+0.010%
Without braces 0.0251+0.004 0.021£0.005* 0.023£0.003* 22.650<0.001 0.571 4.473 0.050 0.208 0.559 0.555 0.032
MLSI
With braces ~ 0.024+0.008 0.019%0.007* 0.019+0.005*
Without braces 0.198+0.035 0.1891+0.042 0.199£0.049 7.425 0.010 0.304 9.092 0.008 0.348 5.613 0.021 0.248
VSI
With braces ~ 0.206%0.057 0.14140.022% 0.165%0.039%

Note: 0 mm, 1 mm, and 2 mm represent insoles with protrusion heights of 0 mm, 1 mm, and 2 mm, respectively. The subscripts 'a’
and 'b' denote significant differences from textured insoles with 0-mm and 1-mm protrusions, respectively. DPSI: dynamic postural
stability index, APSI: anterior-posterior stability index, MLSI: mediolateral stability index, VSI: vertical stability index, #?: partial
eta-squared. P values marked with bold indicate statistically significant differences. Effect size (partial eta-squared) was interpreted as
small (5%, = 0.01), medium (y?, = 0.06), or large (°, = 0.14).



Subjective Perception Evaluation

The ankle brace and insole type did not interact in perceived stability (£ (1.843,31.330) =
1.102, P =0.341, °,=0.061, Table 4). FAI patients showed better-perceived stability
during landing when wearing ankle braces than those without (F(1,17) = 13.140, P =0.002,
n°p=0.436), with a large effect. Textured insoles significantly affected perceived stability
(F (1.404,23.870) = 8.446, P = 0.004, °,= 0.332) with a large effect, with 2 mm protrusion
insoles being more stable than 1 mm (P = 0.002) and 0 mm (P = 0.002) conditions.

There was a significant interaction between textured insoles and ankle braces in
perceived comfort (F (1.781,30.270)= 8.629, P = 0.002, #°,= 0.337, Table 4) with a large
effect. Simple effect analysis showed that wearing an ankle brace was more comfortable
than not wearing an ankle brace for textured insoles with 2-mm protrusions (P = 0.005).
However, there was no significant difference in perceived comfort between wearing an
ankle brace and not wearing an ankle brace for textured insoles with 0-mm and 1-mm

protrusions (P > 0.05).



Table 4. Subjective stability and comfort scores in different textured insoles and ankle brace conditions.

Protrusion Heights Insole Type Ankle Brace Interaction

Variables Conditions
0 mm 1 mm 2 mm F P np F P % F P %

Without braces 43.91+18.3 48.2416.5 53.1+17.9%"° 8.446 0.004 0.332 13.140 0.002 0.436 1.102 0.341 0.061
Stability (mm)
With braces  54.0+14.8 583+16.3 68.6+14.5%

Without braces 58.6+15.0 55.9+179 50.1£13.6 0.006 0.987 <0.001 2.294 0.148 0.119 8.629 0.002 0.337
Comfort (mm)

With braces  56.41+18.4 59.61£149 65.6+16.7

Note: 0 mm, 1 mm, and 2 mm represent insoles with protrusion heights of 0 mm, 1 mm, and 2 mm, respectively. The subscripts 'a'
and 'b' denote significant differences from textured insoles with 0-mm and 1-mm protrusions, respectively, #%: partial eta-squared. P
values marked with bold indicate statistically significant differences. Effect size (partial eta-squared) was interpreted as small (%, =
0.01), medium (5%, = 0.06), or large (%, = 0.14).



Discussion

The purpose of this study was to determine the effects of textured insoles and elastic ankle braces on
dynamic stability in patients with FAI and to identify the optimal design parameters for enhancing
dynamic postural stability in these patients. The results of this study demonstrate that the use of
textured insoles and elastic ankle braces can lead to an improvement in dynamic stability in patients

with FAL

Ankle Braces and Dynamics Stability

The results of the present study support Hypothesis 1 that using elastic ankle braces would enhance
the dynamic stability of individuals with FAI compared to the absence of ankle braces. These
findings align with those reported by Hadadi et al. [2], who demonstrated that using elastic or semi-
rigid ankle braces after four weeks of intervention improved dynamic balance in 60 patients with
CAL In the current study, the use of elastic ankle braces with cross bands was employed. The cross-
band design of the braces provides compression and security to the soft tissue around the ankle joint,
thereby providing mechanical support and reducing excessive inversion and eversion movement in
the ankle joint [2]. Additionally, the strong wrapping of the ankle braces enhances proprioception by
stimulating the mechanoreceptors in the skin around the ankle joint and elevating motor neuron

excitability in the muscle, thereby reducing instability in patients with FAI [2].

Textured Insoles with Protrusions and Dynamics Stability

Hypothesis 2 of this study was that participants would experience improved dynamic stability when
wearing textured insoles with higher protrusions would be more effective than those with lesser
protrusions. The results partially support Hypothesis 2, as the dynamic stability of patients with FAI
was better when they wore textured insoles than when they wore smooth insoles. This improvement

may be attributed to the increased tactile input on the plantar surface provided by the hemispherical



convexity and arch support of the textured insoles, which also stimulate plantar skin
mechanoreceptors by stretching or indenting the skin [8]. Furthermore, insoles with a 1 mm
protrusion height showed superior dynamic stability compared to those with a 2 mm protrusion
height. The different responses between the 1-mm and 2-mm protrusion heights may be due to the
higher protrusions exceeding the optimal sensory threshold for optimal stability, leading to poorer
dynamic stability. This speculation is based on the study of Paillard et al. [10], who reported that
postural balance was more effectively improved when plantar stimulation was administered close to
the sensory threshold (between 90% and 110% of the sensory threshold) than when it was given
outside this range (at 70% and 130% of the sensory threshold). In light of these results, future studies
should further investigate the effect of textured insoles with different shapes and protrusion heights
on stability to better understand the underlying mechanisms of improvement. It should be noted that
we did not measure the sensory threshold or plantar stimulation in this study, and therefore our
explanation is based on speculation. Further research is needed to quantify the plantar stimulation

provided by different textured insoles and its relationship with postural balance.

Combined Effects of Textured Insoles and Elastic Ankle Braces

Hypothesis 3 of the present study was that using both textured insoles and elastic ankle braces
together would result in enhanced dynamic stability compared with using textured insoles or elastic
ankle braces alone. This hypothesis was supported, as the results demonstrated a significant
interaction between the type of ankle brace and insole, which indicated that the two factors mutually
influence each other. It was observed that patients with FAI exhibited improved dynamic stability
when wearing a combination of textured insoles and elastic ankle braces compared to utilizing either
textured insoles or ankle braces alone. This finding is consistent with the study of Haddadi et al. [12],
who investigated the impact of soft ankle support, custom-molded foot orthoses, and the combined

mechanism of ankle support on the dynamic stability of patients with ankle instability. The authors
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reported that combined mechanism ankle support positively affected dynamic stability as measured
by the star excursion balance test.

The combination of textured insoles and elastic ankle braces improved dynamic stability in patients
with FAI possibly through the interaction of the two mechanisms of action. The textured insoles
provide enhanced motion control [25], with a heel cup design that maintains the hindfoot in a natural
neutral position and medial arch support that reduces subtalar joint rotation [26]. Additionally, the
combination of insoles and ankle braces may limit the excessive range of motion of the ankle joint,
which is a risk factor for ankle sprains [27]. In terms of enhanced perception, the combination of
textured insoles and elastic ankle braces enhances the function of both position receptors in the ankle
and plantar regions, increases the signals transmitted to mechanoreceptors and skin receptors, and
enhances proprioceptive sensitivity through sensory reweighting [28]. Furthermore, this combination
improves kinesthetic awareness and the ability of patients with FAI to adjust their posture in an
unstable state [29].

One interesting finding of our study was that there was no interaction effect between textured insoles
and elastic ankle braces on MLSI, which reflects the mediolateral stability of the ankle joint. This
suggests that textured insoles and elastic ankle braces have independent effects on MLSI and that
their combined use does not enhance or diminish their individual effects. A possible explanation for
this finding is that textured insoles and elastic ankle braces may affect different aspects of the
sensorimotor system contributing to mediolateral stability. Textured insoles may primarily stimulate
plantar cutaneous receptors and enhance somatosensory feedback from the foot [25], while elastic
ankle braces may mainly increase joint stiffness and proprioception by compressing the soft tissue
around the ankle joint [21]. Therefore, their effects may not be additive or synergistic but rather
complementary. Further research is needed to explore the underlying mechanisms of how textured
insoles and elastic ankle braces influence the sensorimotor system and mediolateral dynamic
stability.

20



Overall, the results of this study suggest that the combination of textured insoles and elastic ankle
braces is more effective in improving dynamic stability in patients with FAI than utilizing either

textured insoles or elastic braces alone.

Perceived Stability and Comfort

Lastly, it was hypothesized that ankle braces and textured insoles could improve perceived stability
and comfort during single-leg landing. The results showed that textured insoles and braces
contributed to improved subjective stability compared to smooth insoles and the absence of braces.
However, no interaction effect was evident for perceived stability, indicating that the effects of
textured insoles and ankle braces were independent rather than synergistic. These findings were
consistent with the results of De Ridder et al. [7], who investigated the impact of foot taping on
dynamic postural stability in patients with CAI during jumping landing movements. De Ridder et al.
[7] found that taping significantly improved subjective stability perception. The underlying
mechanism responsible for these outcomes is speculated to involve textured insoles promoting
balance by stimulating the soles of the feet to enhance tactile feedback [30], while ankle braces may
improve the afferent feedback of skin receptors, stimulating ankle proprioception [31]. This
stimulation elicits a sense of stability, confidence, and psychological comfort, improving perceived
stability [32].

This present study has revealed a disparity between subjective and objective stability assessments
with respect to textured insoles. The results showed that insoles featuring higher protrusions (2 mm)
elicited improved perceived stability compared to those with lower protrusions (1 mm). However, the
biomechanical results of the single-leg landing tasks indicated that textured insoles with lower
protrusion height (1 mm) provided better stability than those with higher protrusion height (2 mm).
This discrepancy can likely be attributed to the fact that the stimulation of the plantar surface

provided by 1 mm textured insoles is close to the perception threshold of the plantar, leading to
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sensory adaptation and decreased tactile perception [5]. On the other hand, the greater stimulation
offered by higher protrusion textures may have stimulated the plantar more effectively. Thus, even
though tactile perception may be weakened through adaptation, continuous stimulation still
contributes to an improved perception of stability, confidence, and peace of mind [33]. As a result,
higher protrusions of textured insoles were found to result in a better subjective stability assessment.
However, this increased foot stimulation may exceed the optimal plantar stimulation threshold,
resulting in poorer objective stability for the higher protrusion texture insoles.

In terms of subjective comfort, we found a significant interaction effect between insole type and
ankle brace on the subjective comfort ratings of the participants. This indicates that the perceived
comfort of wearing different insoles was influenced by whether they wore an ankle brace.
Specifically, we observed that the participants rated the 2-mm insoles as more comfortable when they
wore an ankle brace than when they did not, while there was no difference in perceived comfort with
and without an ankle brace when FAI patients wore insoles with protrusion heights of 0 mm and 1
mm. A possible explanation for this finding is that the ankle brace provided a wrapping effect on the
plantar surface, which isolated the high-protrusion insoles from direct contact with the skin, thereby
reducing the discomfort caused by the excessive stimulation of the plantar mechanoreceptors.
However, when the participants wore the low-protrusion insoles, the ankle brace may not have
affected the comfort level, as the insoles already provided a moderate and appropriate stimulation of
the plantar surface. Therefore, our results suggest that the optimal combination of insole type and
ankle brace for subjective comfort may depend on the individual preferences and sensitivity of FAI

patients.

Limitations

This study has some inherent limitations that should be noted. First, the sample ranged in age from

18 to 25 years, which may limit the generalizability of the findings to other age groups, such as
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children and older adults. Additionally, the participants in the study were within the healthy weight
range, so caution should be exercised when extrapolating the results to overweight or obese
individuals. Furthermore, the investigation was limited to the immediate effects of textured insoles
with varying protrusion heights in the presence and absence of ankle braces, and the study only
included two types of textured insoles. Consequently, the broader effects of textured insoles and their
long-term impact remain unexplored. Additionally, this study did not delve into the differences in
kinematic parameters and muscle activity. Further studies should also consider analyzing lower limb
kinematics and muscle activity parameters to obtain a more comprehensive understanding of the
effect of foot orthoses on the stability of FAI patients. Last but not least, exploring other highly

convex textured insoles may reveal more efficacious approaches for managing FAI

Conclusions

This study indicated that using textured insoles in conjunction with elastic ankle braces can enhance
dynamic stability in patients with FAIL Specifically, the combination of textured insoles featuring 1-
mm protrusions in conjunction with elastic ankle braces demonstrated the most pronounced
improvement in dynamic stability compared with using either intervention alone. The stimulation of
textured insoles featuring 1-mm protrusions may be close to the optimal sensory threshold, and the
combination with elastic ankle braces may further stimulate skin mechanoreceptors and improve
proprioception. It is therefore recommended that FAI patients adopt textured insoles with 1-mm
protrusions in conjunction with an elastic ankle brace to enhance their stability and to mitigate the

risk of ankle sprains.
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