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Objectives: The foot and ankle complex is crucial in stability, propulsion, and musculoskeletal 
interactions. Optimizing orthotic interventions in this anatomical region is essential to improve 
motor outcomes. This systematic review investigates the impact of foot orthoses (FOs) with 
sensorimotor bars on gait, postural control, and muscle activity in healthy individuals and those 
with musculoskeletal disorders. 

Methods: We conducted an electronic search in January 2024 using the PubMed, Web of 
Science, and Scopus databases. The article identification, screening, and selection followed the 
PISMA (the preferred reporting items for systematic reviews and meta-analysis) guidelines. 
We conducted the quality assessment using the PEDro (the physiotherapy evidence database) 
checklist. Data extraction and synthesis were performed using the Cochrane handbook for 
systematic review of interventions.
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Highlights 

● Foot orthoses (FOs) with sensorimotor bars significantly enhance foot kinematics.

● These orthoses improve spatiotemporal gait parameters, evidenced by increased walking speed and stride length.

● Balance control is positively impacted, shown by improved center-of-pressure parameters and clinical test scores.

● Changes extend to muscle activity, indicating an effect on motor function in healthy individuals and those with 
musculoskeletal disorders.

Plain Language Summary 

This study explores how special shoe inserts, known as FOs with sensorimotor bars, can improve walking and bal-
ance in healthy people and those with joint or muscle issues. We reviewed several research articles to see how these in-
serts affected movement and control of the body while walking. Our findings show that these inserts help improve foot 
movements. They also decrease unstable movements in other body parts, like hips. People using these inserts experi-
ence increased walking speed, longer steps, and better balance. These results suggest that these specialized foot inserts 
could enhance mobility and prevent falls, especially in individuals with musculoskeletal conditions. Understanding 
and improving how we walk can lead to a better quality of life, allowing people to be more active and independent in 
their daily lives.

Introduction 

n biomechanical terms, the ankle and foot 
complex achieve stability and propul-
sion by coordinating the movements of 
28 bones, forming 25 joints [1]. The foot 
can bear substantial loads, adapt to dif-

ferent surfaces, and provide a rigid lever for push-off in 
gait, running, or jumping [2]. In healthy adults, there is a 
significant correlation between hip abduction/adduction 
and rearfoot motion in the frontal and horizontal planes 
during gait [3]. Therefore, any change in foot position 
can affect the position and movements of other parts of 
the lower limbs [4]. The function of foot structures de-
pends on the conditions that affect them [5].

Musculoskeletal injuries related to foot and ankle are 
common among individuals engaged in occupational 

and sports activities [6]. Many healthy people and those 
with musculoskeletal injuries are using orthoses. These 
devices serve the purpose of preventing and treating such 
injuries [1, 2]. Several approaches have been developed 
to address or prevent these abnormalities, including bio-
mechanically stabilizing and afferent stimulating mea-
sures [7]. One biomechanical device utilized for postural 
adjustment is foot orthoses (FOs) [8]. The orthotic ele-
ments in FOs can effectively reduce pressure beneath the 
metatarsal heads [9, 10], induce changes in the geometry 
of the metatarsals and phalanges [11, 12], adjust plantar 
aponeurosis strain [13], promote or restrict tibial rotation 
[14], and minimize rearfoot eversion/inversion [14].

In recent years, new FOs have been developed that 
influence muscle activation by reinforcing sensory af-
ferents and applying targeted pressure on specific foot 
regions using specific bars [15]. German shoemakers 

I
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Results: FOs with sensorimotor bars can increase foot external rotation, dorsiflexion, and 
abduction while decreasing foot eversion. Additionally, they can reduce anteroposterior 
displacement of the hip, shoulder, and head. Furthermore, significant improvements have been 
observed in spatiotemporal parameters such as walking speed, stride length, stance time, swing 
time, and kinetic parameters such as plantar pressure. These orthoses can also impact clinical 
tasks and decrease center-of-pressure movements.

Discussion: Sensorimotor bars have demonstrated beneficial effects on gait (kinematic, 
kinetic, and spatial-temporal measures), balance control (clinical performance and center of 
pressure displacement measures), and muscle activity recording.

Khaliliyan H, et al. Efficacy of Foot Orthoses With Sensorimotor Bars. IRJ. 2024; 22(4):529-546.
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initially created this type of orthosis to enhance the ab-
normal gait pattern in children with cerebral palsy, al-
tering the lower extremity’s spastic tone by activating 
the foot’s plantar proprioceptors [16]. This pressure can 
change the threshold of mechanoreceptors, thereby in-
creasing neuronal stimulation. This way, the alpha motor 
neuron reflex inhibits, modulates, or activates the cor-
responding muscles through the muscle spindle afferent 
[17, 18]. This condition can lead to active corrections in 
gait and postural control.

Different methods can significantly affect gait, postural 
control, and muscle activity. Biomechanical FOs focus 
on passively correcting the foot structure. Review stud-
ies confirm the effects of using these orthoses on gait, 
postural control, and muscle activity in different popula-
tions [19-21]. On the other hand, FOs with sensorimotor 
bars aim to modify mechanoreceptors’ afferent inputs. 
This systematic review aimed to determine whether FOs 
with sensorimotor bars change the gait, postural control, 
and muscle activity of healthy and musculoskeletal dis-
order individuals.

Materials and Methods

Study protocol

We used the PRISMA (the preferred reporting items for 
systematic reviews and meta-analyses) flowchart for the 
search and selection process [22] and the Cochrane guid-
ance for trusted systematic reviews for the data synthesis 
and presentation [23].

Search methodology

The search strategy was defined based on systematic 
search rules. The principal investigator (Mahmood Bah-
ramizadeh) selected the main keywords from free text 
and medical subject heading terms to create a search 
query based on PICO (patient/population, interven-
tion, comparison and outcomes) items. One investigator 
(Hanieh Khaliliyan) conducted a computerized search in 
January 2024 using the PubMed, Scopus, and Web of 
Science databases. Supplemental Appendix 1 shows the 
search query and obtained results from each database. 
We uploaded the search findings to the online platform 
Covidence, which we used throughout the entire review 
procedure.

Study selection

All quantitative intervention studies evaluating any FOs 
with passive sensorimotor bars for healthy individuals 

and those with musculoskeletal disorders were eligible 
for inclusion, except for case reports, technical notes, 
and conference papers. The tools used to measure results 
could have been laboratory-based or clinical tests, but 
they should have focused on measuring outcomes related 
to gait, postural control, and muscle activity. We included 
peer-reviewed articles published in English. No restric-
tions were placed on the publication year to maximize 
the inclusion of studies. We excluded studies examin-
ing interventions involving FOs designed to improve the 
mechanical condition of lower limb joints, such as those 
with components like medial longitudinal arch support 
and heel cup. We also excluded FOs with active features 
like vibration systems. Firstly, duplicates were removed. 
Then, two independent investigators reviewed the “title” 
and “abstract” to determine if they met the inclusion cri-
teria. Subsequently, two additional independent investiga-
tors assessed the full text, taking into account the inclu-
sion criteria. During this phase, we used comments from 
two other investigators to resolve any disagreements.

Methodological quality

This review included studies based on the National Health 
and Medical Research Council classification at level 2 (ran-
domized controlled trial) or level 3 (pseudorandomized 
and comparative controlled trial). We used the PEDro (the 
physiotherapy evidence database) scale to assess method-
ological quality. This scale consists of 11 items. We do not 
consider the first item regarding eligibility criteria for scor-
ing purposes. We calculate the score on a scale from 0 to 
10. Scores between 1 and 4 are considered poor, 5 to 6 fair, 
7 to 8 good, and 9 to 10 excellent. Two independent inves-
tigators assess the methodological quality, and in case of 
disagreement, two other investigators resolve it.

Data extraction and synthesis

We extracted the data into a standardized table. This 
table consists of several columns based on suggestions 
from the cochrane handbook for systematic review of 
interventions [30]. The column headings include author, 
publication year, study design, participants, interven-
tion, protocol, assessment tools, outcomes, and findings. 
Also, Mean±SD, P, and outcomes statistics were col-
lected in the form of Excel software, version 2019) using 
the standardized code book and were used to present the 
results. We performed a narrative synthesis of all data 
elements and discussed them in text form.

Khaliliyan H, et al. Efficacy of Foot Orthoses With Sensorimotor Bars. IRJ. 2024; 22(4):529-546.
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Results

Search results

The database search identified 354 articles, as shown 
in Figure 1. After removing duplicates and non-English 
studies, 229 studies underwent “title” and “abstract” 
screening based on inclusion criteria, resulting in 42 
articles for full-text evaluation. Of the 42 articles, six 
included samples of people with stroke and Parkinson 
disease. Eight studies used mechanical bars instead of 
sensorimotor bars, while 11 studies evaluated satisfac-
tion and performance using specific questionnaires. Fi-
nally, 17 studies met the inclusion criteria of this review 
study [24-40].

Methodological quality

Two investigators (Hanieh Khaliliyan and Mahmood 
Bahramizadeh) reviewed the 11 items of the PEDro 
checklist for each of the 17 included studies, resulting 
in 187 items. During the initial evaluation, they reached 
a consensus on 172 items, which accounts for 91% of 
the total. Cohen’s kappa inter-rater reliability assessment 
indicated a perfect consensus between the two investi-

gators (k=0.946, 95% CI, 0.840%, 0.950%). With input 
from all investigators, we achieved a final agreement on 
all items (100%).

The Mean±SD score (6.58±1) indicates good study 
quality. Out of the 17 included studies, 16(94.11%) clear-
ly stated the source and criteria of the included samples 
[25-40]. Eleven studies (64.70%) randomly allocated 
participants [25-29, 32, 33, 37-40], whereas a researcher, 
unaware of the allocation procedure, included participants 
in 6 studies (35.29%) [26, 31, 33, 38-40]. The baseline 
data of study groups were similar in 15 studies (88.23%) 
[25-35, 37-40]. In 6 studies (35.29%), the participants 
were blind [26, 31-33, 37, 38], and in 3 studies (17.64%), 
the therapist was blind [38-40]. All 17 studies (100%) 
obtained outcomes from more than 85% of the samples 
enrolled at the beginning of the studies, using intention-
to-treat analysis [24-40]. Thirteen studies (76.47%) em-
ployed between-treatments statistical analysis [25-27, 
29-31, 33-35, 37-40], while 15 studies (88.23%) reported 
point and variability measures [24-38]. The National 
Health and Medical Research Council classification also 
determined the studies’ level. Table 1 contains the details 
of the PEDro assessment and the level of studies.

Figure 1. PRISMA flowchart of study selection process

Khaliliyan H, et al. Efficacy of Foot Orthoses With Sensorimotor Bars. IRJ. 2024; 22(4):529-546.
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Study characteristics

We summarized the results of the narrative synthesis 
of study data based on population, intervention, com-
parison, and outcome items. We present these results in 
textual and tabular formats (Table 2).

Characteristics of population

The included studies evaluated a total of 541 samples. 
The mean sample size was 32 (range: 10-73). Among 
the participants, 319 were healthy, and 222 were patients 
with musculoskeletal disorders. Of the sample size, 215 
were men, and 326 were women. The Mean±SD age of 
the participants was 24.45±15.84 years (range: 4-71). 
Their Mean±SD weight was 58.14±21.01 kg (range: 
16-81), and mean height was 160.77±21.27 cm (range: 
104-181).

Characteristics of sensorimotor bars

Sensorimotor FOs employed various bars to modify 
proprioceptive input. The main terms used in these stud-
ies to describe the type of bars were medial calcaneal, 
retrocapital, raised ridge, toe grip, proprioception, and 
peroneal pressure point bars. The medial calcaneal bar 
is an elevated wedge beneath the sustentaculum tali (5 
studies) [29, 34, 36-38]. The retrocapital bar is an eleva-
tion with approximately 3 mm height situated posterior 
to the second to fifth metatarsal heads (6 studies) [29, 
30, 34, 36-38]. The raised ridge bar is a plastic tube ap-
proximately 3 mm in diameter attached to the perimeter 
of the FOs with a 1 cm distance from the orthosis trim 
(4 studies) [24, 25, 39, 40]. Five studies [27, 28, 31-33] 
positioned a raised toe-grip bar at the midpoint of the 
proximal phalanx, spanning the first to fifth toes. The 
proprioception bar is an evaluation area with a 3 mm 
wedge extending from the navicular to the hallux and 
sloped medial to lateral (1 study) [35]. One study used 
a peroneal pressure point bar [26]. This pressure point 
featured a concave shape on the plantar side to prevent 
the outer edge of the foot from rising mechanically and 
a convex shape on the dorsal side to apply pressure on 
the skin above the peroneus longus tendon about 8 mm 
distal to the inferior peroneal retinaculum [26].

Comparing FOs with sensorimotor bars vs no FOs 
or other types of FOs

Three studies compared the sensorimotor FOs to pre-
fabricated supportive FOs that included medial arch sup-
port and a heel cup [35, 37, 38]. Two studies compared 
the effects of sensorimotor FOs to custom mold FOs [39, 

40]. Two other studies compared different sensorimotor 
FOs with various sensorimotor bars [29, 34]. Five stud-
ies compared the sensorimotor FOs with no FOs [28, 30, 
32, 33, 36]. Some other studies used a flat FO as a pla-
cebo for the control condition [25, 27, 31, 37, 38].

Gait outcomes

Kinematics

Sensorimotor bars increased foot external rotation 
compared to walking in shoes without FOs [29, 34]. The 
implementation of the retrocapital and medial calcaneal 
bars significantly reduced internal rotation during the 
loading response (-18.3±28.1° vs -21.6±28.0°, P=0.009), 
mid stance (0.7±12.5° vs -2.0±14.9°, P=0.030), terminal 
stance (1.4±11.9° vs -2.3±14.5°, P=0.042), and terminal 
swing (-16.3±27.4° vs -19.0±26.4°, P=0.047) during in-
toeing gait [36].

Also, in healthy young adults, the medial calcaneal bar 
(MD±SD: -0.9±0.2, P=0.008), retrocapital bar (MD±SD: 
-2.0±0.2, P<0.001), and the combination of both bars 
(MD±SD: -2.0±0.2, P<0.001) all increased to the first 
peak of foot external rotation [29]. Additionally, the me-
dial calcaneal bar (MD±SD:1.0±0.1, P<0.001), retrocap-
ital bar (2.0±0.1, P=0.04), and the combination of both 
bars (MD±SD:1.2±0.1, P<0.001) were associated with a 
decrease in the first peak of foot eversion. The first peak 
of foot dorsiflexion increased with the implementation of 
the medial calcaneal bar (MD±SD: -1.0±0.2, P<0.001) 
and the combination of both bars (MD±SD: -0.8±0.2, 
P=0.001), but no significant changes were observed with 
the retrocapital bar alone (MD±SD: -0.1±0.2, P=1.000) 
[29, 34].

In young adults, the medial calcaneal bar significantly 
increased foot abduction across a majority of the stance 
phase (10%–90%, P<0.001), resulting in a peak value 
increase of 1.25° (P<0.001, r=0.4). Similarly, the retro-
capital bar showed a rise in foot abduction for the en-
tire stance phase, with a peak value increase of 2.19° 

(P<0.001, r=0.6) [34]. Notably, the first peak of hip 
joint adduction exhibited no significant changes with the 
implementation of the medial calcaneal bar (MD±SD: 
-0.1±0.1, P=1), retrocapital bar (MD±SD: 0.1±0.1, P=1), 
or the combination of both bars (MD±SD: -0.1±0.1) 
[29]. The use of a combination of the medial calcaneal 
and retrocapital bars during gait resulted in a significant 
reduction in the anteroposterior position of the hip (9%), 
shoulder (11%), and head (7%) in relation to the ankle 
joint in healthy young adults [30].
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Spatiotemporal parameters

The inclusion of the retrocapital and medial heel bars 
within FOs was associated with a significant improve-
ment in walking speed (67.9 m/min versus 64.9 m/min, 
P<0.001) and stride length (500 mm vs 477 mm, P<0.001) 
in individuals with in-toeing gait. However, cadence did 
not significantly differ from individuals without FOs 
(137.6 steps/min vs 136.7 steps/min, P=0.89) [36]. In a 
study involving young adults, the utilization of toe grip 
bar FOs resulted in a greater step length (MD=2.81 cm, 
P=0.038), longer stance time (MD=0.03 s, P=0.001), 
and shorter swing time (MD=-0.02 s, P=0.003) com-
pared to those using flat FOs [31]. Additionally, in young 
adults, an increase in stride length was observed with the 
implementation of the medial calcaneal bar (MD±SD: 
-2.7±0.6, P<0.001) and the combination of the medial 
calcaneal bar and retrocapital bar (MD±SD: -2.9±0.6, 
P<0.001), while no significant change was noted with 
the retrocapital bar alone (MD±SD: -0.2±0.5, P=1) [29].

Kinetics

When evaluating the impact of the proprioceptive bar, 
a significant reduction in maximum force was observed 
in the medial midfoot (MD±SD: 3.51±0.74). Converse-
ly, an increase in plantar pressure was noted in the sec-
ond and third rays (0.94±0.77 N/kg, 102.04±28.23 kPa) 
compared to wearing only shoes (1.12±0.88 N/kg vs 
109.79±29.75 kPa) during gait in individuals withpes 
planovalgus (P<0.05) [35]. Furthermore, the retrocapital 
bar led to a 15% decrease in foot plantar pressure com-
pared to the control condition [30].

Postural control outcomes

Clinical tests

In patients with ankle instability, the raised ridge bar 
significantly impacted various functional tests. It led 
to a substantial increase in errors during the single-leg 
stance test (2.96±2.1 vs 8.42±5.4, P<0.001, effect size: 
2.18) but improved the reach distance in the single-
leg hop test (110.8±18.2 vs 88.9±20.1, P<0.001, effect 
size=1.95) [40]. Furthermore, this orthosis resulted in 
enhanced reach distances in the anteromedial (0.87±0.05 
vs 0.94±0.07, P<0.001) and medial (0.89±0.04 vs 
0.98±0.05, P<0.001) directions during the star excursion 
balance test compared to the custom mold FOs without 
this feature [39]. Additionally, using the toe grip bar FO 
significantly improved the 25 m running time (6.72±0.53 
vs 6.42±0.67, F=5.66, P=0.02) [33]. However, this par-

ticular bar did not affect the results of the functional 
reach test in young adults [27].

Center of pressure parameters

After a 12-week intervention using the peripheral 
raised ridge bar in healthy older adults, a significant de-
crease was noted in the mediolateral displacement of the 
center of pressure (COP) in relation to the lateral base 
of support limits during the single-limb support phase 
(6±2.9 vs 5.4±3.1 cm, F=7.92, P=0.035) [25]. The raised 
ridge can effectively reduce COP excursion in the back-
ward direction (P=0.003) in older adults, particularly 
within 1.5% to 6% of the base of support length [24]. On 
the other hand, the retro capital bar did not significantly 
affect the COP’s position for each foot [30].

During one-legged stance (48.32±15.57 vs 
38.74±11.71, F=14.19, P<0.01) and two-legged stance 
(38.00±12.39 vs 32.97±11.52, F=6.84, P<0.01), the total 
length of the COP was significantly decreased when us-
ing the toe grip bar condition compared to the flat FOs 
[28]. Conversely, the toe grip bar FOs did not signifi-
cantly alter the total trajectory length and envelope area 
of COP in young adults [27].

Muscle activity outcomes

Electromyography amplitude

The utilization of the retrocapital bar and medial calcane-
al bar resulted in notable changes in muscle activity amon-
gpes planovalgus patients. The amplitude of the peroneus 
longus muscle increased with a mean difference of -7.0 
(95% CI, 0.7%, 13.3%; P=0.031) compared to a support-
ive FOs with a medial longitudinal arch [37]. Conversely, 
the amplitude of the tibialis anterior muscle decreased with 
these bars, showing a mean difference of -9.19±20.12 com-
pared to 0.00±3.90 without the bars, (95% CI, -15.97%, 
2.41%; P=0.004) [38]. Furthermore, during the loading 
response phase, the peroneus longus muscle exhibited an 
additional activity peak when using the peroneal pressure 
point FOs, peaking at 29.7% (±4.5%) of the stance phase 
in healthy young and older adults [26].

Integrated electromyography

Individuals wearing FOs with a toe grip bar demon-
strated significantly higher IEMG (integrated electro-
myogram) values for the tibialis anterior (21.71±8.97 
vs 16.85±7.56, P=0.01) and the medial (28.34±13.33 
vs 23.68±9.54, P=0.01) and lateral (28.74±15.21 vs 
23.93±13.17, P=0.04) gastrocnemius muscles during 
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the stance phase, as well as the tibialis anterior muscle 
(29.32±9.46 vs 22.20±7.68, P=0.001) during the swing 
phase of walking in young adults [31, 32]. Addition-
ally, a study involving healthy young and older adults 
found that the integration of electromyographic activ-
ity of the peroneus longus during the mid-stance phase 
was significantly higher with peroneal pressure point 
bars (18.1±11.3% MVCs) compared to control FOs 
(11.2±7.7% MVCs), with no substantial effects observed 
for the tibialis anterior or other gait phases [26].

Discussion

Our review indicates that sensorimotor bars have posi-
tive effects on parameters related to gait (kinematics, 
kinetics, and spatiotemporal variables) [29, 30, 34-36], 
postural control (clinical tasks and COP displacement 
variables) [27, 33, 39, 40], and electromyography [24-28, 
30-32, 37, 38]. These findings contribute to the increas-
ing body of evidence that supports the significant role of 
plantar cutaneous mechanoreceptors in regulating differ-
ent aspects of gait, postural control, and muscle activity.

Effects of sensorimotor bars on gait variables

Sensorimotor bars increased foot external rotation, dor-
siflexion, and abduction while decreasing foot eversion 
[29, 34, 36]. They also reduced the anteroposterior dis-
placement of the hip, shoulder, and head [30]. Further-
more, they observed significant improvements in walk-
ing speed [36], stride length, stance time, swing time [29, 
31], and plantar pressure [30, 35].

Positioning the calcaneus in a neutral position with the 
medial calcaneal bar during initial contact could reduce 
pronation of the subtalar joint and internal rotation dy-
namics of the leg [36]. Participants with and without sen-
sorimotor FOs showed similar cadence, which linked the 
speed increase to longer strides [34]. This orthosis also 
encouraged a greater external rotation of the femur in 
relation to the pelvis towards the end of the swing phase, 
mirrored the internal rotation of the pelvis in relation to 
the femur. We might attribute the stride length augmen-
tation to the pelvis rotating internally towards the walk-
ing direction [29, 30].

The proprioceptive bar demonstrated efficacy (com-
pared to control and prefabricated FOs conditions) in 
diminishing pressures on the medial midfoot, suggesting 
that stimulating the plantar surface can modify the foot’s 
biomechanics during gait [35]. This outcome demon-
strates the effectiveness of the FOs in reducing exces-
sive pronation. According to Rothbart et al., this FOs 

generates tactile stimulation beneath the medial forefoot, 
which modifies sensory feedback to the brain and induc-
es a postural adjustment in foot rotation [41, 42].

The toe grip bar’s stimulation is believed to shift the 
foot’s pressure center forward, increasing stride length 
[33]. Previous studies have suggested a relationship be-
tween forefoot pressure during the terminal stance and 
the push-off action [43].

Effects of sensorimotor bars on postural control 
variables

Sensorimotor FOs improve the scores of clinical tests, 
including the single-leg hop test [40], single-leg stance 
test [40], star excursion balance test [39], and 25-m run-
ning test [33]. Furthermore, researchers found that these 
orthoses decreased the mediolateral [25], backward [24], 
and total length displacement of COP [28]. The impact 
of stimulation may initially suggest an influence on 
functional tasks [44]. We observed an average difference 
of around 10% in root-mean-square COP displacement 
during random platform movement between individu-
als who fell and those who did not. During continuous 
perturbation experiments, the stimulation restricted the 
COP’s movement towards the anterior or lateral [45].

Proprioceptive sensors in the joints and muscles may 
provide information that explains the different effects of 
skin sensation, depending on the direction and type of 
response [24]. When the feet are stationary, toe sensors 
may provide accurate measurements of anterior and lat-
eral shifts in the center of mass while relying more on 
the skin mechanoreceptors to control the center of mass 
movement (and prevent stepping) in the backward di-
rection [45]. In responses that involve stepping, the foot 
typically makes contact near the front when stepping 
lateral or backward, so toe proprioception could help 
identify and control the landing [46]. Our review results 
indicate that sensory stimulation decreases mediolateral 
and total length displacement of COP. However, we have 
observed that applying hypothermic anesthesia to the 
foot plantar surface elevates these parameters [47, 48].

Effects of sensorimotor bars on muscle activity

Sensorimotor bars increase peroneus longus [26, 37] 
and gastrocnemius electromyography [32], but the re-
sults are conflicting regarding the tibialis anterior muscle 
[26, 31, 32, 38]. An agonist muscle contraction triggers 
reciprocal inhibition, also known as automatic antago-
nist alpha motor neuron suppression. Moreover, the 
study found that sensory stimulation enhances antago-
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nist reciprocal inhibition. Hence, the study proposes that 
heightened sensory performance enhances antagonist re-
ciprocal inhibition, enhancing muscle activity [49].

Pes plano valgus feet showed reduced peroneus longus 
activity during initial contact and mid-stance. Converse-
ly, the tibialis anterior and posterior exhibit heightened 
muscle activity during mid-stance. Researchers attributed 
this shift to excessive strain on the medial longitudinal 
arch, which prompted a compensatory load adjustment 
[37, 38]. Variances in baseline muscle activity between 
healthy individuals and those withpes planovalgus may 
elucidate the diverse outcomes regarding the impact of 
sensorimotor FOs on tibialis anterior muscle engagement.

Conclusion

Previous research has shown that using FOs with sensorim-
otor bars can improve motor function. These orthoses have 
the potential to enhance gait kinematics by increasing foot 
external rotation, dorsiflexion, and abduction while simul-
taneously decreasing foot eversion. Additionally, they can 
reduce the anteroposterior displacement of the hip, shoulder, 
and head. Furthermore, we have observed significant im-
provements in spatiotemporal parameters like walking speed, 
stride length, stance time, swing time, and kinetic parameters 
like plantar pressure. These orthoses can also impact clini-
cal tasks and mitigate COP movements, thus aiding postural 
control. Lastly, they can potentially improve the activity of 
the peroneus longus and gastrocnemius muscles.

Study limitations

Previous studies have utilized various sensorimotor 
bars to stimulate different sensory points on the foot 
plantar surface. However, the specific mechanism of 
each function is still unknown. Furthermore, future stud-
ies need to consider excluding factors such as learning 
and placebo effects of the FOs with sensorimotor bars. 
Note that all the studies conducted so far have occurred 
in controlled environments. So, the results of using these 
orthotic devices in real-life situations where visual cues 
are limited because of poor vision, poor lighting, or cog-
nitive tasks that affect visual-spatial perception have not 
been shared yet.
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Supplemental Appendix 1. The search strategy

Search Query Database Result

(Sensorimotor insole [title/abstract] OR balance enhancing insole [title/abstract] OR sensomotor insole 
[title/abstract]) AND (postural stability [title/abstract] OR postural control [title/abstract] OR balance [title/
abstract] OR gait [title/abstract] OR spaciotemporal [title/abstract] OR kinematic [title/abstract] OR kinetic 

[title/abstract] OR muscle activity [title/abstract] OR electromyography [title/abstract])

PubMed 11

(Sensorimotor foot orthos* [title/abstract] OR balance enhancing foot orthos* [title/abstract] OR sensomo-
tor foot orthos* [title/abstract]) AND (postural stability [title/abstract] OR postural control [title/abstract] 
OR balance [title/abstract] OR gait [title/abstract] OR spaciotemporal [title/abstract] OR kinematic [title/

abstract] OR kinetic [title/abstract] OR muscle activity [title/abstract] OR electromyography [title/abstract])

PubMed 23

(TS= (sensorimotor foot orthos*) OR TS= (balance enhancing foot orthos*) OR TS= (sensomotor foot 
orthos*)) AND (TS= (postural stability) OR TS= (postural control) OR TS=(balance) OR TS= (gait) OR TS= (kine-

matic) OR TS= (kinetic) OR TS= (spaciotemporal) OR TS= (muscle activity))

Web of 
Science 67

(TS= (sensorimotor insole) OR TS= (balance enhancing insole) OR TS= (sensomotor insole)) AND (TS= (pos-
tural stability) OR TS= (postural control) OR TS=(balance) OR TS= (gait) OR TS= (kinematic) OR TS= (kinetic) 

OR TS= (spaciotemporal) OR TS= (muscle activity))

Web of 
Science 97

(TITLE-ABS-KEY (sensorimotor foot orthos*) OR TITLE-ABS-KEY (balance enhancing foot orthos*) OR TITLE-
ABS-KEY (sensomotor foot orthos*)) AND (TITLE-ABS-KEY (postural stability) OR TITLE-ABS-KEY (postural 

control) OR TITLE-ABS-KEY (balance) OR TITLE-ABS-KEY (gait) OR TITLE-ABS-KEY (kinematic) OR TITLE-ABS-
KEY (kinetic) OR TITLE-ABS-KEY (spaciotemporal) OR TITLE-ABS-KEY (muscle activity))

Scopus 87

(TITLE-ABS-KEY (sensorimotor insole) OR TITLE-ABS-KEY (balance enhancing insole) OR TITLE-ABS-KEY 
(sensomotor insole)) AND (TITLE-ABS-KEY (postural stability) OR TITLE-ABS-KEY (postural control) OR TITLE-
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