W) Check for updates

Received: 18 March 2026 Revised: 8 August 2026 Accepted: 9 September 2026

DOI: 10.1002/pmrj.70241

ORIGINAL ARTICLE

The effect of different designs of custom foot orthoses on
pain and balance in individuals with plantar fasciitis:
A randomized controlled trial with 6-month follow-up
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"Independent Orthotics & Prosthetics Abstract

Specialist, Bangkok, Thailand Background: Plantar fasciitis (PF) is a common cause of heel pain that signifi-
cantly affects daily activities. Although custom foot orthoses (CFOs) are widely
used to treat this condition, there is limited evidence comparing different
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University, Nakhon Pathom, Thailand orthotic designs and their effects on balance parameters.

Objective: To investigate the effects of different types of CFOs on pain and
Correspondence static and dynamic balance in individuals with PF.
Pavinee Harutaichun, Faculty of Physical Desian: Randomized controlled trial
Therapy, Mahidol University, . gn: .. . : . 0 .
999 Phuttamonthon 4 Rd., Salaya, Patients: 120 participants with PF (age 44.3 + 10.1 years; 72.5% female; body
Phuttamonthon, Nakhon Pathom, 73170, mass index 26.5 + 4.9 kg/mz)_

Thailand.

N . Interventions: All participants were randomly allocated to receive either CFOs
Email: pavinee.har@mahidol.ac.th

without wedge (control group), CFOs with orthotic wedge type 1 (W1), or CFOs
Funding information with orthotic wedge type 2 (W2), all of which were prescribed for daily weight-
Mahidol University bearing activities.

Main Outcome Measures: Pain intensity, dynamic balance from the Y Bal-
ance Test, and static balance were assessed at baseline, 3-month, and
6-month follow-up. Static balance parameters were measured using a force
platform under four conditions: eyes closed on firm surface (ECFS), eyes
closed on soft surface (ECSS), eyes open on firm surface (EOFS), and eyes
open on soft surface (EOSS).

Results: All three interventions significantly reduced pain and improved
dynamic balance over the 6-month period (p <.01). The CFO group showed
significantly better static balance in center of mass sway during ECFS
(p < .01), ECSS (95% confidence ellipse area; p = .042), and EOSS (p < .05)
compared to both the W1 and W2 groups.

Conclusion: Although all three interventions effectively reduced pain and
improved dynamic balance. The CFOs without wedge demonstrated greater
improvements in static balance parameters under the more challenging condi-
tions (eyes closed and/or soft surface) compared to wedged designs. These
findings suggest that basic CFOs may be sufficient for managing pain in PF;

© 2026 American Academy of Physical Medicine and Rehabilitation.
All rights reserved, including rights for text and data mining and training of artificial intelligence technologies or similar technologies.

PM&R. 2026;1-16. http://www.pmrjournal.org 1


https://orcid.org/0009-0005-9275-8277
https://orcid.org/0000-0002-4004-3115
https://orcid.org/0000-0002-3388-3546
https://orcid.org/0000-0002-4896-7793
https://orcid.org/0000-0003-1044-3174
https://orcid.org/0000-0002-2694-2544
https://orcid.org/0000-0003-4820-972X
mailto:pavinee.har@mahidol.ac.th
http://www.pmrjournal.org
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fpmrj.70241&domain=pdf&date_stamp=2026-10-28

CUSTOM FOOT ORTHOSES FOR PLANTAR FASCIITIS

however, if balance is a concern, then the selection of specific orthotic designs

may be warranted.

INTRODUCTION

Plantar fasciitis (PF) is one of the most common causes
of heel pain and is purported to affect approximately
10% of people during their lifetime." It is characterized
by inflammation or degeneration of the plantar fascia, a
fibrous membrane that acts as a shock absorber and
supports the longitudinal arch of the foot.? The plantar
fascia plays a crucial role in the biomechanics of walk-
ing and running, supporting approximately 10%—14%
of the total load of the foot and undergoing an elonga-
tion of approximately 9%—12% under total body weight
during the contact phase of gait.>

Beyond the well-documented pain symptoms, PF
significantly affects postural control and balance.
Research has demonstrated that patients with PF
exhibit significant alterations in both static and dynamic
postural balance compared to healthy individuals.* One
explanation for this is that when the plantar fascia is
injured, sensorimotor function is disrupted, leading to
alterations and issues in postural control. Specifically,
individuals with PF often show impaired ankle joint
position sense and reduced postural stability, such as
increased mediolateral sway.>® These deficits are com-
pounded by weakness in the intrinsic foot muscles and
ankle stabilizers, reduced gastrocnemius-soleus flexi-
bility, and even altered activation of proximal hip mus-
cles, all of which disrupt normal muscle patterns and
challenge stability.” Furthermore, the biomechanical
changes associated with PF further disrupt equilibrium.
This includes a slower, more protective gait, altered
multisegment foot motion like increased rearfoot or mid-
foot eversion, and a redistribution of plantar loading,
which collectively impair the body’s ability to maintain
balance during standing and walking.>"°

These compensations alter joint position sense and
muscle activation patterns that challenge the mainte-
nance of postural stability."” Additionally, the biome-
chanical changes associated with PF, such as
excessive foot pronation and altered weight distribution,
further disrupt the body’s ability to maintain equilibrium
during standing and walking."*"*

Conservative management is the main treatment for
PF, with >90% of patients responding to nonsurgical
interventions.’ Among these, foot orthoses are one of
the most commonly used treatments.’'® Foot ortho-
ses work through various mechanisms, including
reducing tissue stress during standing and walking,
providing arch support, redistributing plantar pressures,
and potentially stimulating plantar mechanorecep-
tors."”'® These devices aim to correct biomechanical
abnormalities, reduce excessive pronation, and decr-
ease tension on the plantar fascia.'®

Custom foot orthoses (CFOs) are designed to
address individual biomechanical needs and have been
shown to be effective in reducing pain and improving
function in patients with PF.2°?" Previous study has
shown that orthotic wedges can alter lower-extremity and
multisegment foot kinematics during gait in people with
PF, potentially reducing the relative length of the plantar
fascia and associated pain.?> Beyond pain reduction,
previous studies have highlighted the immediate and
sustained benefits of CFOs on balance in individuals with
PF. For example, research involving obese middle-aged
women with PF found that CFOs significantly reduced
pain and improved both static and dynamic postural bal-
ance from assessments of center of pressure (CoP) and
Timed Up and Go (TUG).?? In addition, Wrobel et al.
reported that CFOs led to significant improvements in
balance and postural transition duration compared to pre-
fabricated foot orthoses and sham insoles in a random-
ized controlled ftrial, suggesting that CFOs may be
particularly effective in enhancing weight-bearing function
and stability.®

Among studies that have used objective measure-
ments in patients with PF, most investigations have been
limited to examining immediate effects or using pre-post
study designs with short follow-up periods. For instance,
Hammami et al.?? investigated only the immediate impact
of CFOs on postural balance and pain in middle-aged
women with obesity and PF, showing significant immedi-
ate improvements in pain and balance parameters. Simi-
larly, Harutaichun et al.?® examined the immediate
biomechanical effects of different orthotic wedge designs
on lower-extremity and multisegment foot kinematics dur-
ing gait but did not assess longer-term clinical outcomes.
Longer follow-ups have been reported by Moyne-
Bressand et al.'” who evaluated neural adaptations over
9 weeks but focused primarily on neural strategy rather
than balance measurements and Wrobel et al.”® who
conducted a randomized trial comparing CFOs, prefabri-
cated foot orthoses, and sham insoles with a 3-month fol-
low-up; however, they did not perform a detailed analysis
of balance across different orthotic designs.

The effectiveness of CFOs in improving balance is
closely linked to their design features. Finite element
analyses have shown that higher arch support and
medial inclination angles are particularly effective in
reducing peak plantar pressure and plantar fascia
strain.?* Orthotic wedges, including forefoot and rearfoot
varus wedges, can alter lower limb and multisegment
foot kinematics, leading to changes in rearfoot inversion,
forefoot dorsiflexion, and plantar fascia length during gait,
all of which are factors associated with improved balance
and reduced pain.?>?° Despite the widespread use of
foot orthoses with orthotic wedges, there remains a need
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for research directly comparing the effects of different
CFO designs on balance and pain outcomes in PF with
longer follow ups. Common clinical designs used include
CFOs without wedge, CFOs with orthotic wedge type
1 (W1) based on the technique reported by Root et al.,”®
and CFOs with orthotic wedge type 2 (W2) based on the
technique reported by Monaghan et al.® Understanding
how specific design features influence postural control
can inform clinical decision-making and optimize rehabili-
tation strategies for patients with balance impairments
due to PF. Therefore, we conducted a randomized con-
trolled trial with a longer follow-up period of 6 months to
determine the effects of different designs of foot orthoses
on pain and balance in individuals with PF.

METHODS
Study design

A randomized controlled trial was conducted to evalu-
ate the effectiveness of three types of CFOs in individ-
uals with PF. The study protocol was approved by the
Center of Ethical Reinforcement for Human Research
of Mahidol University (COA no. MU-CIRB 2023/
013.0102). Additionally, the trial was prospectively reg-
istered on ClinicalTrials.gov (NCT06319066).

Study participants

Participants were included if they met the PF diagnostic
criteria established by a physical therapist': (1) tender-
ness upon palpation of the medial calcaneal tubercle
and the medial aspect of the proximal portion of the plan-
tar fascia, or pain along the plantar fascia at the medial
longitudinal arch side; and (2) experienced heel pain
immediately during the first few steps of walking in the
morning or after a prolonged period of inactivity, with
pain gradually decreasing throughout the day with ordi-
nary walking, but worsening with prolonged activity.
Additional inclusion criteria comprised participants aged
18-60 years, experiencing heel pain persisting for a min-
imum of 6 weeks (indicating a chronic condition),?” and
reporting a maximum pain intensity of at least 3 out of
10 on the visual analog scale during the previous week.

Participants were excluded if they (1) had a positive
sciatica test, indicating L5-S1 nerve root irritation; (2) had
a history of lower extremity fracture; (3) had a history of
lower extremity surgery; or (4) had been diagnosed with
gout, diabetic neuropathy, rheumatoid arthritis, systemic
lupus erythematosus, cancer, or infectious disease.

Sample size calculation

The sample size was determined using G*Power soft-
ware version 3.1.9.4. Based on a previous study

comparing relative length of the plantar fascia during
weight-bearing tasks among different foot orthoses condi-
tions (shod: 4.71+1.81, W1: 4.03 +1.47, W2: 3.90
+1.52),% we calculated a medium effect size (Cohen’s
d = 0.36) for the related outcome measures. With a sig-
nificance level (a) of .05, power (1 — B) of 90%, and con-
sidering three groups (CFOs, W1, and W2), a total
sample size of 120 participants (40 per group) was deter-
mined to be sufficient to detect significant differences in
gait parameters. This sample size also accounted for a
potential dropout rate of approximately 15%.

Interventions

The CFOs were prescribed and fitted by the therapist
with >10 years of clinical experience in managing mus-
culoskeletal conditions using foot orthoses. Each CFO
was heat-molded individually while the participant was in
a prone position, following the contour of the foot. The
orthoses consisted of a dual-layer thermoplastic struc-
ture: a three-quarter-length base layer made of 3-mm
polycaprolactone to provide structural support and cus-
tomization, and a full-length top layer of ethylene propyl-
ene diene monomer rubber to enhance cushioning and
comfort. Additionally, the design incorporated a medial
arch support and heel padding (Figure 1).

In addition, two types of orthotic wedges were man-
ufactured for this study:

1. Orthotic wedge type 1 (W1): Based on the traditional
foot assessment technique reported by Root
et al.,?® with posting at 60% of the measured fore-
foot angle (up to a maximum of 8°), extrinsic forefoot
varus wedge and posting at 50% of the measured
forefoot angle (up to a maximum of 6°), and an
extrinsic rearfoot varus wedge.

2. Orthotic wedge type 2 (W2): Based on the foot
assessment technique reported by Monaghan
et al.,"® with the forefoot posted at 50% of the mea-
sured forefoot angle and the rearfoot posted at 20%
of the measured rearfoot angle.

The wedges were made from solid rubber with a thin
fabric cover and were available in three sizes for forefoot
posting (3°, 6°, and 8°) and two sizes for rearfoot posting
(3° and 6°). The CFO group received heat-molded ortho-
ses without wedges, whereas the W1 group was fitted
with orthoses and wedges according to the assessment
technique by Root et al.,”® and the W2 group received
orthoses and wedges based on the assessment tech-
nique by Monaghan et al.™

Outcome measures

Outcome measures included pain intensity and
dynamic and static balance, which were assessed at
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FIGURE 1 Custom foot orthoses used in the present study (1A: superior view; 1B: posterior view).

baseline, 3-month, and 6-month follow-up by the inves-
tigator who was blinded to group allocation. Using the
visual analog scale, pain intensity was evaluated at
each assessment point, measuring the average pain
during the previous week across multiple domains:
daily worst pain, morning pain, standing-related pain,
and walking-induced pain. In addition, dynamic balance
was assessed using the Y Balance Test (YBT). Partici-
pants performed three trial attempts in the anterior, pos-
teromedial, and posterolateral directions, and the
average reach distance for each direction was calcu-
lated and normalized to leg length.?® Static balance
was assessed using a force distribution measurement
platform (Zebris Medical GmbH, Germany). Partici-
pants maintained a quiet stance for 30 seconds with
their feet shoulder-width apart and arms relaxed by
their sides under four conditions: eyes open on a firm
surface (EOFS), eyes closed on a firm surface (ECFS),
eyes open on a soft surface (EOSS), and eyes closed
on a soft surface (ECSS). Measures from the static bal-
ance tests included the length of the minor axis
(mm) which corresponded to medial-lateral sway, and
length of the major axis (mm), which corresponded to
anterior—posterior sway, 95% confidence ellipse area
(CEA) (mm?), CoP path length (mm), and CoP average
velocity (mm/s).®

Research procedure

Eligible participants underwent a baseline assessment
including recording demographic data and foot pos-
tures. This assessment included age, gender, body
mass index (BMI), weight-bearing hours per day, heel
pain duration, and the number of participants with
abnormal foot posture (ie, supinated and pronated feet)
from the foot posture index.?®

In participants with bilateral PF, the more symptom-
atic limb was selected for evaluation. Participants were

then randomly allocated into three treatment groups by
the therapist using a computer-generated randomiza-
tion sequence and opaque sealed envelopes: (1) CFOs
without wedge, (2) CFO W1, and (3) CFO W2. All par-
ticipants were instructed to use their assigned CFOs
during daily weight-bearing activities for at least 4 hours
per day, with compliance monitored through logbooks,
chat line, or phone calls.

Statistical analysis

Statistical analysis was performed using intention-
to-treat principles. Descriptive statistics were calculated
for all variables. For normally distributed data, a 3 x 3
mixed model ANOVA was used to determine differ-
ences between the three groups (CFOs without wedge,
CFO W1, CFO W2) over the three time points (base-
line, 3 months, and 6 months). Where significant main
effects were seen, post-hoc pairwise comparisons with
Bonferroni corrections were performed. For nonnor-
mally distributed data, the Kruskal-Wallis test was used
to determine between-group differences, and the Fried-
man test was used to determine within-group differ-
ences over the three time points. All statistical analyses
were performed using SPSS software version 22.0
(IBM Statistics), with a statistical significance level set
top <.05.

RESULTS

Figure 2 illustrates the flow of participants throughout
the study. One participant in the CFO group dropped
out due to discomfort but was included in the final anal-
ysis using the last observation carried forward. The
mean age of participants was 44.3 + 10.1 years with a
mean BMI of 26.5 + 4.9 kg/m?. The sample consisted
of 33 (27.5%) males and 87 (72.5%) females. There
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Assessed for eligibility (n=208)

Enrollment

Excluded (n=88)

A4

- Not meet inclusion criteria

Randomized (n=120)

.

:

Allocation CFOs without wedge (n=40) CFOs with W1 (n=40) CFOs with W2 (n=40)

—‘" 1 decline to participate
v v

3-month follow-up 39 complete data 40 complete data 40 complete data
v v v

6-month follow-up 39 complete data 40 complete data 40 complete data
v v v

Analysis All participants were included in an intention to treat analysis (n=120)

FIGURE 2 Flow chartin the present study. CFO, custom foot orthoses; W1, orthotic wedge type 1; W2, orthotic wedge type 2.

were no significant differences in baseline characteris-
tics between groups including age, BMI, gender,
standing duration, heel pain duration (p >.05) and
baseline measures of pain intensity and dynamic and
static balance (p > .05) (Table 1). However, a signifi-
cant difference was observed in the individuals with
abnormal foot posture, with supinated feet being more
common in the CFOs without wedge group (27.5%)
compared to W1 (12.5%) and W2 (2.5%) groups
(p < .05). All three groups wore the foot orthoses with
similar frequency, with a mean percentage of wearing
days of 70.71 £ 20.52 (CFOs without wedge: 73.75
+18.79, CFO W1: 70.58 £ 20.64, CFO W2: 67.81
+ 2214, p=.442) during the 6-month follow-up
period.

Pain intensity

There was significant difference in the worst pain
between groups, with the lowest pain level seen in
the CFOs group at 3-month and 6-month follow ups
(p =.037 and p =.039, respectively) (Table 1). All
three groups showed significant reduction in the
worst pain, morning pain, pain during gait, and pain
during standing over the three time points (p <.001)
(Table 2, Figure 3). When comparing the mean/
median changes from baseline to 6-month follow-up
between the three groups, no significant differences
were found for any pain parameters (all p>.05)
(Table 3).

Dynamic balance from YBT

There was no significant group x time interaction in the
symptomatic side (F4232)=0.193, p =.942, effect
size = 0.110) and in the asymptomatic side (F4232) =
0.864, p = .486, effect size = .247) (Table 1). All three
groups demonstrated significant improvements in
dynamic balance for both symptomatic and nonsympto-
matic sides over the three time points (p <.01)
(Table 2, Figure 4). No significant differences were
found among the three groups when comparing the
median changes from baseline to 6-month follow-up
(p > .05) (Table 3).

Static balance parameters

No significant differences were found between groups
at the different time points for overall static balance
parameters (Table 1). In the ECFS condition, within-
group analysis of the CFOs group revealed significant
improvements in medial-lateral sway (p =.029),
anterior—posterior sway (p =.020), and 95% CEA
(p=.029) (Table 2, Figures 5A and 6A). When
comparing mean/median changes from baseline to
follow-up, between-group analysis showed significant
differences in medial-lateral sway (p = .005) and 95%
CEA (p = .006), with the CFOs group demonstrating
significantly better improvement compared to the W2
group (medial-lateral sway p=.004; 95% CEA
p = .002) (Table 3).
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(Continued)

TABLE 1

6-mo follow-up

3-mo follow-up

Baseline

Mean (SD)/median (IQR)
CFOs

Effect without

p value size

Mean (SD)/median (IQR)
CFOs

Effect without

p value size

Mean (SD)/median (IQR)

CFOs

Effect

p value size

CFOs

CFOs

CFOs

CFOs

CFOs CFOs

without
wedge

with W1 with W2

wedge

with W2

with W1

wedge

with W2

with W1

323 29.2 428 0.244

28.5

32.2 27.8 .624 0.181 508.9 685.8 561.0 .889 0.091

29.4[21.2—

48.6]

CoP velocity,
mm/s

[19.8—
37.1]

[23.5-

38.3]

[19.8—
39.7]

[429.4—

[485.6—

[367.8—

[21.8—

[24.8—
40.4]

974.6]

782.5]

878.4]

39.7]

0.193, p = .942, effect size = 0.110).
0.864, p = .486, effect size = 0.247).

#No significant group x time interaction (F4 232
°No significant group x time interaction (F4 232

*Significant difference among three intervention groups.

Abbreviations: CEA, confidence ellipse area; CFO, custom foot orthoses; ECFS, eyes closed, firm surface; ECSS, eyes closed, soft surface; EOFS, eyes open, firm surface; EOSS, eyes open, soft surface; IQR,

interquartile range; W1, orthotic wedge type 1; W2, orthotic wedge type 2.

In the ECSS condition, within-group analysis
showed the CFOs group improved in medial-lateral
sway (p =.019), anterior—posterior sway (p = .003),
95% CEA (p <.001), CoP path length (p <.001), and
CoP velocity (p =.013). The W1 group improved in
CoP path length (p =.045) and velocity (p = .045),
whereas the W2 group improved only in medial-lateral
sway (p=.039) (Table 2, Figures 5B and 6B).
Between-group analysis of mean/median changes
revealed a significant difference in 95% CEA
(p = .042), with the CFOs group showing significantly
better improvement compared to the W1 group
(p = .020) (Table 3).

In the EOFS condition, within-group analysis
showed the W2 group experienced significant
increases in medial-lateral sway (p <.001) and 95%
CEA (p = .020) (Table 2, Figure 5C), indicating perfor-
mance deterioration. Conversely, within-group analy-
sis showed no significant difference in anterior—
posterior sway across any groups (p > .05) (Table 2,
Figure 6C). Between-group analysis of mean/median
changes found significant differences in medial-lateral
sway (p =.008) and 95% CEA (p = .037), with the
W2 group showing significantly increased values com-
pared to the CFOs group (medial-lateral sway
p = .004; 95% CEA p = .012) (Table 3).

In the EOSS condition, within-group analysis of
the CFOs group showed improvements in medial-
lateral sway (p = .047), anterior—posterior sway
(p=.028), 95% CEA (p =.029), CoP path length
(p=0.013), and CoP velocity (p =.041) (Table 2,
Figures 5D and 6D). Between-group analysis of
mean/median changes revealed significant differ-
ences in 95% CEA (p =.015) and CoP path length
(p = .013), with the CFOs group showing significantly
better improvement compared to both W1 (p = .008)
and W2 (95% CEA p=.018; CoP path length
p = .014) groups (Table 3).

Overall, all three interventions were effective in
reducing pain and improving reach distance measured
using the YBT, with varying effects on static balance
parameters. The CFOs without wedge showed more
consistent improvements in static balance parameters,
particularly under challenging conditions (eyes closed
and/or soft surface), while the CFOs with wedges
(W1 and W2) showed selective improvements in some
static balance parameters.

DISCUSSION

The present study investigated the effects of different
types of CFOs (CFOs without wedge, CFO W1, and
CFO W2) on pain intensity, dynamic balance measured
using the YBT, and static balance parameters in indi-
viduals with PF. Our findings demonstrated significant
improvements in outcomes across all three intervention
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1"

(A) Worst pain (cm)

Baseline 3 months 6 months

——(CFOs =@ W] --@-- W2

(C) Pain during gait (cm)

6 months

3 months

Baseline

=== CFOs =@ W] <@ W2

(B) Morning pain (cm)

Baseline 3 months 6 months

——CFOs =& W - W2

(D) Pain during standing (cm)

6 months

3 months

Baseline

=== CFOs =@ W] <c@es W2

FIGURE 3 Between-and within-group comparison of pain intensity (cm): (A) Worst pain, (B) Morning pain, (C) Pain during gait, (D) Pain

during standing. CFOs, custom foot orthoses.

groups, with notable differences in static balance
parameters between groups.

Pain intensity

All three intervention groups showed significant reduc-
tions in pain intensity over the 6-month follow-up
period. Notably, the CFOs without wedge group experi-
enced significant pain reduction at 3-month and
6-month follow-up comparable to the groups with
wedged orthoses. This suggests that the CFOs without
additional wedging were as effective as wedged ortho-
ses in alleviating pain for individuals with PF, with the
wedge modifications offering no significant additional
benefits in pain relief.

Previous studies on foot orthoses for PF were pre-
dominantly short-term (3—-12 weeks) with smaller
sample sizes.'®?"3° The present study provided a
comprehensive 6-month evaluation using 120 partici-
pants, systematically examining multiple orthotic
designs and their long-term effects. The consistent pain
reduction across intervention groups over 6 months
suggests that mechanical support is crucial, and the
specific orthotic configuration may be less critical than
previously believed.?® The pain reduction observed in
the present study may be attributed to the mechanical
effects of orthoses, which help redistribute plantar pres-
sures and reduce tension on the plantar fascia.®'

Dynamic balance from YBT

All three groups demonstrated significant improve-
ments in dynamic balance for both symptomatic and
nonsymptomatic sides. This improvement in reaching
distance may be related to the reduction in pain, all-
owing individuals to perform the test with greater
confidence and less discomfort. Such improvement
suggests that foot orthoses may enhance dynamic
balance and functional mobility in individuals with PF.

Foot orthoses, especially custom designs, are
increasingly recognized for their role in improving
dynamic balance in individuals with PF. Dynamic bal-
ance is commonly assessed using tests such as the
YBT or the TUG test. CFOs have been shown to signifi-
cantly and immediately improve dynamic balance in
individuals with PF. In a study of middle-aged women
with obesity and PF, CFOs led to significant improve-
ments in TUG test scores compared to standard
insoles and barefoot conditions, indicating enhanced
dynamic postural control.?

Although direct studies using the YBT in PF have
been limited, related dynamic balance measures, such
as TUG test and modified star excursion balance test,
showed that interventions targeting foot mechanics—
including orthoses—could improve dynamic balance
performance.??*2 The improvements might attribute to
pain reduction, better foot alignment, and enhanced
proprioceptive feedback provided by the orthoses,
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FIGURE 4 Between-and within-group comparison of reaching distance (cm): (A) In symptomatic side, (B) In asymptomatic side. CFOs,

custom foot orthoses.
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FIGURE 5 Between-and within-group comparison of the length of minor axis (mm): (A) during ECFS, (B) during ECSS, (C) during EOFS,
(D) during EOSS. CFOs, custom foot orthoses; ECFS, eyes closed, firm surface; ECSS, eyes closed, soft surface; EOFS, eyes open, firm

surface; EOSS, eyes open, soft surface.

which together facilitated more stable and efficient
movement during dynamic tasks.?%2

Static balance parameters

The present study revealed significant differences in static
balance parameters among the three intervention groups.
The CFOs group demonstrated significantly improved bal-
ance parameters, particularly under the more challenging
conditions (ECSS and EOSS), as evidenced by significant

improvements in the medial-lateral and anterior-posterior
sways, 95% CEA, CoP path length, and CoP velocity.
These findings are consistent with Hammami et al., %2
who reported immediate improvements in postural bal-
ance with CFOs in middle-aged women with PF.

Notably, the CFOs without wedge group showed
more consistent and broader improvements in static
balance parameters, especially under eyes closed
and/or soft surface conditions, compared to the CFOs
with wedges (W1 and W2) groups. This suggests that
the basic CFOs may provide better stability and
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FIGURE 6 Between-and within-group comparison of the length of major axis (mm): (A) during ECFS, (B) during ECSS, (C) during EOFS,
(D) during EOSS. CFOs, custom foot orthoses; ECFS, eyes closed, firm surface; ECSS, eyes closed, soft surface; EOFS, eyes open, firm

surface; EOSS, eyes open, soft surface.

proprioceptive input for balance control in these scenar-
ios. This finding is particularly interesting as it contradicts
the common assumption that additional wedging would
provide better balance outcomes. One possible explana-
tion is the distribution of foot postures among groups:
the CFOs group had a higher proportion of participants
with supinated feet, which may be more responsive to
orthotic intervention and symptom improvement than
other foot types. Research indicates that foot posture
can influence the biomechanical and proprioceptive
effects of orthoses, with supinated feet potentially
benefiting more from certain orthotic designs.>*3*

The differences in static balance parameters
between groups may be explained by the different bio-
mechanical effects of the orthoses. Harutaichun et al.?®
demonstrated that different orthotic wedge designs pro-
duced different effects on lower limb kinematics during
gait. The authors found that orthotic wedges with fore-
foot varus posting and a combination of forefoot and
rearfoot varus posting could change lower limb kine-
matics and reduce the relative length of the plantar fas-
cia, which may be associated with a reduction in pain
and symptoms during walking.

Foot orthoses, especially custom designs, are widely
used to address pain and functional deficits in PF, but
their effects on static standing balance under different
sensory conditions (firm/foam surfaces, eyes open/

closed) are less well established. In a study of middle-
aged women with obesity and PF, CFOs reduced pos-
tural sway and improved CoP area values during unipe-
dal stance, compared to standard insoles and barefoot
conditions.?> However, this study did not specify the
effects under different surface or visual conditions.
Although direct studies in PF are limited, research in sim-
ilar populations (eg, flatfoot) suggests that foot orthoses
can improve static balance, particularly on challenging
surfaces like foam and with eyes closed, by stimulating
plantar mechanoreceptors and enhancing somatosen-
sory input.®® Therefore, foot orthoses could redistribute
plantar pressures, support the arch, and may enhance
proprioceptive feedback, which is especially beneficial in
more challenging visual or surface conditions.'”?%3°

Strengths, limitations and
recommendations

Some limitations should be considered when interpret-
ing the results of this study. First, the present study did
not include a control group that received no intervention
or a sham intervention, which would isolate the specific
effects of the foot orthoses from potential placebo
effects or the natural history of the condition. Second,
the unequal distribution of foot postures among the
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intervention groups, particularly the higher proportion of
participants with supinated feet in the CFOs group com-
pared to the wedge groups may have confounded the
observed effects of the orthoses on balance outcomes,
making it difficult to attribute improvements solely to the
orthotic intervention rather than to underlying differences
in foot structure. Future studies should aim to match or
control for foot posture across groups to more accurately
assess the effects of orthosis design on balance. Finally,
the predominance of female participants may limit the
generalizability of the present findings to male patients.
Although the distribution of gender was consistent across
the three treatment arms, existing literature suggests that
gender can influence the characteristics and prevalence
of PF. For example, females generally have a higher inci-
dence rate, whereas males with the condition tend to pre-
sent with greater plantar fascia thickness.**® Future
research should, therefore, evaluate whether treatment
outcomes differ between the genders. Despite these limi-
tations, a major strength of the present study is the use of
a randomized controlled trial design with intention-to-treat
analysis, which maintains the integrity of randomization
and minimizes bias. This methodological approach, com-
bined with comprehensive assessment of both subjective
pain outcomes and objective balance parameters over a
6-month period, provides robust evidence for the effec-
tiveness of different CFOs designs in individuals with
PF. Furthermore, this study is one of the few to directly
compare different orthotic wedge designs based on dis-
tinct foot assessment techniques, offering valuable
insights for clinical practice in the management of PF.

CONCLUSION

The present study demonstrated that CFOs with or
without additional wedging are effective in reducing
pain and improving balance in individuals with PF. The
CFOs without wedge group showed more consistent
improvements in balance parameters, particularly
under challenging conditions, compared to the CFOs
with wedges groups. These findings suggest that basic
CFOs may be sufficient for managing PF, and addi-
tional wedging may not provide significant additional
benefits. Future research should focus on identifying
characteristics that may predict response to different
types of foot orthoses, which would allow for more per-
sonalized and effective treatment approaches.
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