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Abstract
Objective This study aimed to assess the effects of customized orthoses on foot morphology and plantar pressure 
in professional athletes with accessory navicular syndrome (ANS) over a 12-month period, compared to conventional 
insoles.

Methods In this randomized controlled study, 54 pro athletes with medial foot pain, diagnosed with ANS, joined 
after 3-month training. Split into two groups: custom orthotics (intervention) or regular insoles (control). Evaluated 
at 3, 6, 12 months on foot structure (arch, navicular, etc.) and function (pressure, force-time integral, VAS pain). Found 
significant improvements in intervention group’s foot shape, pressure distribution, and pain reduction compared to 
controls.

Results Compared to the control group, the intervention group showed significant increases in arch angle and arch 
height across all assessment intervals (P < 0.05). Additionally, heel eversion angle and navicular prominence distance 
significantly decreased in the intervention group compared to controls (P < 0.05). Pressure and force-time integral 
values at the first metatarsal head, medial arch, and medial heel significantly decreased, while lateral arch loading 
increased in the intervention group (P < 0.05). VAS scores for foot pain significantly decreased in the intervention 
group compared to controls (P < 0.05).

Conclusion Customized orthoses effectively improved foot morphology and reduced plantar pressure in 
professional athletes with ANS compared to conventional insoles. These findings suggest that customized orthotic 
intervention provides faster and more significant pain relief for patients with ANS-related medial arch collapse.

Trial registration Chinese Clinical Trial Registry (ChiCTR2500100238; Retrospectively registered on 04/07/2025).
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Introduction
Accessory navicular syndrome (ANS) is a prevalent foot 
condition predominantly affecting the medial aspect of 
the foot where the accessory navicular bone is located 
[1, 2]. The accessory navicular is an abnormal develop-
ment of the second ossification center of the navicular 
bone. The accessory navicular bone is not a normal bony 
structure, but the abnormal development of the ossifica-
tion center of the peripheral bone tubercle, which forms 
an independent bone locally and protrudes from the skin 
surface [3, 4]. The primary symptoms of this syndrome 
include medial foot pain, particularly in the accessory 
navicular area, exacerbated by standing or walking, and 
may be accompanied by medial foot swelling and stiffness 
in the arch. The etiology of this syndrome can involve 
repetitive trauma, overuse, structural foot abnormalities 
(such as flatfoot), accessory navicular fractures or stress 
fractures, ligament injuries or degeneration, and poste-
rior tibial nerve compression [5–7].

Diagnosis is typically based on a thorough medical his-
tory, physical examination, and imaging studies, such as 
X-rays, computerized tomography (CT) scans, or mag-
netic resonance imaging (MRIs) [8, 9]. Treatment options 
encompass conservative approaches (including rest, 
ice application, nonsteroidal anti-inflammatory drugs, 
appropriate footwear, arch supports, and physical ther-
apy) and surgical interventions (considered when con-
servative measures fail) [3, 10, 11]. Early diagnosis and 
appropriate treatment are crucial for preventing symp-
tom progression and improving outcomes.

Custom orthoses, designed based on individual plantar 
pressure data, are rehabilitation aids placed inside foot-
wear to provide protection, support, and enhance activ-
ity levels [12–14]. These insoles have been widely used 
in rehabilitation and disease prevention fields [15, 16]. 
Custom orthoses serve as an effective conservative treat-
ment for accessory navicular syndrome, offering several 
key benefits:

Personalized support Custom orthoses are tailored to 
the specific foot structure and issues of the patient, pro-
viding adequate arch support and reducing pressure on 
the accessory navicular area, thereby alleviating pain [13, 
17].

Improved biomechanics By adjusting foot alignment 
and pressure distribution, custom insoles enhance bio-
mechanical function and reduce abnormal stress on the 
accessory navicular region [16–18].

Non-invasive Compared to surgical interventions, cus-
tom orthoses offer a low-risk, highly accepted non-inva-
sive treatment option [18].

Combination with other treatments Custom ortho-
ses can be used alongside other conservative treatments 
(such as physical therapy, rest, and medication), enhanc-
ing overall treatment efficacy [19].

This study aims to evaluate the functional efficacy of 
custom orthoses by comparing foot morphology and 
pressure changes over a 12-month period between pro-
fessional athletes with accessory navicular syndrome 
wearing customized corrective insoles and those wearing 
standard insoles.

Materials and methods
Study population
This study was conducted between July 2020 and August 
2021, involving male athletes from a training base. From 
a total of 4311 athletes who underwent three months of 
formal training, 54 male athletes diagnosed with ANS 
were selected based on the presence of medial foot pain 
and confirmed accessory navicular on standard and 
oblique foot X-rays. The cohort included 13 individu-
als with Type I ANS and 41 with Type II or III ANS, of 
which 9 also had low arches. The subjects were randomly 
assigned into an observation group and a control group, 
each comprising 27 athletes. The observation group used 
customized orthoses, while the control group used stan-
dard insoles for ANS (Fig.  1A and B). The basic demo-
graphic information, including height, weight, age, and 
BMI, showed no significant differences between the 
two groups (p > 0.05) (Table 1). This study was approved 
by PLA 980th Hospital Medical Ethics Committee (No. 
2024-KY-369). This study was conducted in accordance 
with the CONSORT guidelines for reporting clinical 
trials.

Diagnostic criteria
The diagnosis of ANS was based on clinical symptoms, 
physical examination, and imaging studies, referencing 
relevant literature. The diagnostic criteria included:

  • Patient reports of medial foot pain localized at the 
navicular area, exacerbated by prolonged weight-
bearing or activity.

  • X-ray evidence of an accessory navicular. There 
were three types of the ANS [20]. Specifically, type 
I: round sesamoid bone can be seen on the X-ray 
film, and there is no connection with the navicular 
bone. Type II: The sesamoid is triangular, and there 
is a clear fibrous pseudojoint connection with the 
navicular bone. Type III: The sesamoid and ANS 
merge together to form the scaphoid horn of the 
foot.

  • Physical examination findings of medial foot 
swelling, tenderness, or bony prominence.
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Measurement equipment

  • Foot Morphology Scanner: CORDEWENER Scaner 
2.0 was used to measure the arch angle and medial 
prominence distance of the navicular.

  • Camera System: CORDEWENER-Camera 2.5 was 
used to measure the medial arch height index and 
heel valgus angle.

  • Gait Analysis System: CORDEWENAR foot 
scanner (Size: 66 × 44 × 11.5 cm, weight: 23 kg, 
scanning time: 8 s, carrying capacity: 180 kg.) was 
used for static data (Fig. 1C). Treadmill-based foot 
pressure testing system (Sensor area: 120 × 40 cm, 
slope 0–15%, size: 177 × 79 × 138 cm, sampling 
frequency: real-time frequency 200 Hz, speed: 
0.8–18 km/h, maximum load bearing: 130 kg) was 
utilized for dynamic plantar pressure testing to 
assess gait parameters (Fig. 1D). The effectiveness 
and repeatability of Plantar data scanners have been 
demonstrated in previous studies [21].

The custom-made foot orthoses
Custom orthoses are usually modified and adjusted to 
the shoe block model through computer-aided design 
and manufacturing (CAD-CAM) after sufficient patient 
sole data has been collected. Then the repair data is 
uploaded to the mechanical milling machine to com-
plete the engraving. The material used in the orthoses 
is ethylene-vinyl acetate copolymer with the molecular 
formula (C2H4)x.(C4H6O2)y. The orthotic device com-
prises a support panel, a columnar support structure and 

a non-slip bottom plate. The lower end of the support 
panel is arranged on the non-slip bottom plate, and the 
middle of one end of the support panel is provided with 
a columnar support structure. The support panel is com-
posed of a front palm support plate, an auxiliary navicu-
lar bone support convex block and a heel cup wrapped 
block. The convex block is connected with the posterior 
calcaneus wrapping block.

Measured parameters
In this experiment, the foot data of all subjects were mea-
sured by asking them to take off their shoes and socks 
before measurement.

Foot morphology indicators

  • Arch Angle: Measured using the scanner’s angle 
measurement tool. The angle is formed between the 
line connecting the most prominent points on the 
first metatarsophalangeal joint and the heel (AB), 
and the line connecting the widest part of the arch to 
the apex (CO). A larger angle indicates a higher arch 
and a lower flatfoot index (Fig. 2A).

  • Medial Prominence Distance: Measured using the 
scanner’s distance measurement tool, representing 
the protrusion distance of the navicular (including 
the accessory navicular) from the medial aspect of 
the foot (D-D’) (Fig. 2A).

  • Heel Valgus Angle: Measured with the camera 
system’s angle tool, representing the angle between 
the central line of the lower leg and the line 
connecting the medial and lateral malleoli and the 
heel midpoint (Fig. 2B).

  • Medial Arch Height: Measured from the lower 
edge of the navicular to the ground using the camera 
system’s height tool (B-B’) (Fig. 2C).

Table 1 Basic information of participants
Parameter Observation Group 

(n = 27)
Control Group 
(n = 27)

p-
val-
ue

Age (years) 18.92 ± 1.56 19.75 ± 1.26 0.85
Height (cm) 174.67 ± 6.88 174.50 ± 4.87 0.25
Weight (kg) 64.32 ± 5.27 65.71 ± 3.70 0.06
BMI (kg/m²) 18.67 ± 2.75 19.18 ± 1.78 0.25

Fig. 1 Images of Insoles and Measurement Equipment. A. Custom accessory navicular corrective insole B. Standard insole C. CORDEWENAR foot scanner 
D. Treadmill-based foot pressure testing system
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Plantar pressure Indicators[22, 23]

  • Medial Arch Pressure: Maximum plantar pressure 
of the medial arch (Fig. 3).

  • Medial Arch Impulse: Maximum impulse of the 
medial arch.

  • Lateral Arch Pressure: Maximum plantar pressure 
of the lateral arch.

  • Lateral Arch Impulse: Maximum impulse of the 
lateral arch.

  • First Metatarsal Pressure: Maximum pressure on 
the first metatarsal.

  • First Metatarsal Impulse: Maximum impulse on the 
first metatarsal.

  • Heel Medial Pressure: Maximum pressure on the 
medial heel.

  • Heel Medial Impulse: Maximum impulse on the 
medial heel.

  • VAS Pain Score: Visual Analog Scale (VAS) for pain 
assessment in both groups (Fig. 4).

Experimental methods
Grouping and insole allocation The selected ANS 
patients were divided into two groups (observation and 
control). The observation group received customized 
orthoses, while the control group received standard 
insoles (Figs. 2 and 3). Follow-up assessments were con-
ducted at 3, 6, and 12 months. Data recorded included 
static foot morphology (arch angle, medial prominence 
distance, arch height, and heel valgus angle) and dynamic 
plantar pressure (maximum pressures and impulses at 
specified regions, and VAS pain scores).

Testing procedure Participants were informed about 
the testing procedures and asked to walk a few times to 
acclimate to the testing environment. VAS pain scores 
were recorded initially. Participants then walked natu-
rally, barefoot, on the CORDEWENER-Gait Analys tread-
mill until complete dynamic foot data were captured for 
both feet.

Fig. 2 Illustrations of Foot Measurements. A. Diagram illustrating the measurement of arch angle and navicular protrusion distance. B. Diagram illustrat-
ing the measurement of heel valgus angle. C. Diagram illustrating the measurement of medial arch height
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Fig. 4 VAS pain score scale for patients with accessory navicular syndrome

 

Fig. 3 Comparison of plantar pressure
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Static data measurement procedure Before the test, 
the subject was informed of the test procedure, the 
soles are cleaned with wet wipes, and the subject stand 
naked on the CORDEWENER-Gait Analysis System foot 
scanner with the front of the foot facing in front of the 
instrumentation, remaining standing for more than 15 s. 
(CORDEWENER-Gait Analysis system plantar scanner: 
size: 66 × 44 × 11.5 cm (L x W x H), scanning time: 8 s, car-
rying capacity: 180 kg).

Dynamic data measurement procedure Before the 
test, the subject was informed to walk several times to 
adapt to the test environment until met the test require-
ments. The person usually walks with the left and right 
feet alternating naturally, and walks several times back 
and forth on the CORDEWENER-Gait Analys system 
running platform until the computer shows that the com-
plete foot dynamic information of the two feet has been 
collected. The dynamic data of the subject’s foot can be 
obtained after the manipulation. (CORDEWENER-Gait 
Analysis system: sensor area: 120 × 40  cm, slope 0–15%, 
size: 177 × 79 × 138 cm, sampling frequency: real-time fre-
quency 200 Hz, speed: 0.8–18 km/h, maximum load bear-
ing: 130 kg).

Statistical analysis
Data were analyzed using SPSS 20.0 software. Means 
were expressed as mean ± sd. All the data in this experi-
ment were in line with normal distribution, and T-test 
was used between the two groups of data for analysis by 

professional statistical experts, with a significance level 
set at p < 0.05.

Results
Comparison of arch angles
Professional corrective insoles for accessory navicular 
led to significantly larger arch angle improvements at 3, 
6, 12 months versus regular insoles (P < 0.05). Observa-
tion group angles changed to 8.69 ± 1.35°, 13.64 ± 2.32°, 
15.45 ± 1.53° respective to time points (Table 2).

Comparison of navicular bone protrusion distances
Observation group noted significantly larger decreases 
in navicular protrusion distances at 3, 6, 12 months post-
intervention vs. control (P < 0.05). Distances reduced to 
4.72 ± 1.63 mm, 2.62 ± 0.85 mm, 1.78 ± 0.41 mm at respec-
tive intervals (Table 3).

Comparison of arch heights
Observation group saw significantly larger arch height 
rises at 3, 6, 12 months vs. control (P < 0.05). Heights rose 
to 12.79 ± 2.38 mm, 14.62 ± 1.85 mm, 16.47 ± 2.71 mm at 
each milestone (Table 4).

Comparison of heel Valgus angles
Observation group achieved faster, significant heel valgus 
angle correction at 3, 6, 12 months vs. control (P < 0.05). 
Angles fell to 13.57 ± 2.25°, 10.42 ± 2.89°, 7.93 ± 3.17° over 
time (Table 5).

Table 2 Comparison of arch angles before and after adapting insoles (Unit: °)
Group Before Adaptation 3 Months 6 Months 12 Months
Observation (n = 27) 3.27 ± 1.26 8.69 ± 1.35* 13.64 ± 2.32* 15.45 ± 1.53*
Control (n = 27) 3.73 ± 1.54 5.67 ± 0.82 6.49 ± 2.17 9.53 ± 1.68
t-test 0.932 4.265 5.379 4.658
P-value >0.05 <0.05 <0.05 <0.05
Note: *P<0.05, indicating significant difference compared to the control group

Table 3 Comparison of navicular bone protrusion distances before and after adapting insoles (Unit: mm)
Group Before Adaptation 3 Months 6 Months 12 Months
Observation (n = 27) 6.37 ± 1.25 4.72 ± 1.63* 2.62 ± 0.85* 1.78 ± 0.41*
Control (n = 27) 6.69 ± 1.27 5.33 ± 0.85 3.52 ± 1.164 3.53 ± 0.77
t-test 0.654 3.578 3.627 4.535
P-value >0.05 <0.05 <0.05 <0.05
Note: *P<0.05, indicating significant difference compared to the control group

Table 4 Comparison of arch heights before and after adapting insoles (Unit: mm)
Group Before Adaptation 3 Months 6 Months 12 Months
Observation (n = 27) 9.64 ± 1.42 12.79 ± 2.38* 14.62 ± 1.85* 16.47 ± 2.71*
Control (n = 27) 10.31 ± 1.57 12.24 ± 1.79 12.53 ± 1.68 13.54 ± 2.76
t-test 0.863 3.175 3.458 4.217
P-value >0.05 <0.05 <0.05 <0.05
Note: *P<0.05, indicating significant difference compared to the control group
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Comparison of maximum medial arch pressure
Professional corrective insoles significantly reduced 
max medial arch pressure in both left/right feet at 3, 6, 
12 months vs. control (P < 0.05). Left: 197.9 ± 1.62  N, 
149.58 ± 3.99  N, 57.62 ± 2.95  N; Right: 201.76 ± 2.91  N, 
157.58 ± 3.29  N, 63.47 ± 1.88  N at respective intervals 
(Table 6).

Comparison of maximum medial arch impulse
Professional corrective insoles significantly raised max 
medial arch impulse in both feet at 3, 6, 12 months vs. 
control (P < 0.05). Left: 34.23 ± 0.77 N•s, 48.67 ± 1.32 N•s, 
63.74 ± 1.59 N•s; Right: 33.39 ± 0.62 N•s, 45.33 ± 1.58 N•s, 
62.48 ± 1.37 N•s at respective times (Table 7).

Comparison of maximum lateral arch pressure
Corrective insoles led to significant max lateral arch pres-
sure changes vs. control at 3, 6, 12 months (P < 0.05). Left: 

71.45 ± 3.22  N to 118.27 ± 12.14  N; Right: 75.56 ± 3.19  N 
to 117.43 ± 11.65 N over time (Table 8).

Comparison of maximum lateral arch impulse
Corrective insoles induced significant max lateral 
arch impulse alterations vs. control at 3, 6, 12 months 
(P < 0.05). Left: 43.67 ± 1.59  N•s to 18.74 ± 1.59  N•s; 
Right: 33.39 ± 0.62 N•s to 16.62 ± 1.26 N•s over the period 
(Table 9).

Comparison of maximum pressure on the first phalanx
Corrective insoles yielded significant max pressure 
reductions on the first metatarsal vs. control at 3, 6, 12 
months (P < 0.05). Left: 46.25 ± 0.74  N to 27.62 ± 2.95  N; 
Right: 41.76 ± 3.58 N to 21.55 ± 1.74 N over the timeline 
(Table 10).

Table 5 Comparison of heel Valgus angles before and after adapting insoles (Unit: °)
Group Before Adaptation 3 Months 6 Months 12 Months
Observation (n = 27) 18.21 ± 3.17 13.57 ± 2.25* 10.42 ± 2.89* 7.93 ± 3.17*
Control (n = 27) 18.93 ± 2.28 14.62 ± 2.67 13.58 ± 3.24 11.55 ± 2.67
t-test 0.635 3.577 4.634 4.791
P-value >0.05 <0.05 <0.05 <0.05
Note: *P<0.05, indicating significant difference compared to the control group

Table 6 Comparison of maximum medial arch pressure before and after adapting insoles (Unit: N)
Group Before Adaptation 3 Months 6 Months 12 Months
Left Foot
Observation (n = 27) 235.66 ± 12.59 197.9 ± 1.62* 149.58 ± 3.99* 57.62 ± 2.95*
Control (n = 27) 231.73 ± 11.66 218.59 ± 1.27 188.35 ± 3.26 175.63 ± 2.38
t-test 0.545 4.354 5.399 4.828
P-value >0.05 <0.05 <0.05 <0.05
Right Foot
Observation (n = 27) 237.92 ± 13.26 201.76 ± 2.91* 157.58 ± 3.29* 63.47 ± 1.88*
Control (n = 27) 236.72 ± 2.47 209.65 ± 1.73 179.46 ± 3.28 168.33 ± 2.59
t-test 0.694 4.553 5.135 4.277
P-value >0.05 <0.05 <0.05 <0.05
Note: *P<0.05, indicating significant difference compared to the control group

Table 7 Comparison of maximum medial arch impulse before and after adapting insoles (Unit: N·s)
Group Before Adaptation 3 Months 6 Months 12 Months
Left Foot
Observation (n = 27) 26.65 ± 0.88 34.23 ± 0.77* 48.67 ± 1.32* 63.74 ± 1.59*
Control (n = 27) 27.54 ± 0.26* 32.69 ± 1.75 36.77 ± 0.53 38.28 ± 3.11
t-test 0.685 3.417 3.583 4.229
P-value >0.05 <0.05 <0.05 <0.05
Right Foot
Observation (n = 27) 26.32 ± 0.74 33.39 ± 0.62 45.33 ± 1.58* 62.48 ± 1.37*
Control (n = 27) 28.64 ± 0.35 33.49 ± 1.28 36.24 ± 0.71 38.57 ± 1.32
t-test 0.677 3.251 3.732 4.645
P-value >0.05 <0.05 <0.05 <0.05
Note: *P<0.05, indicating significant difference compared to the control group
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Comparison of maximum impulse on the first phalanx
Corrective insoles led to substantial max impulse incre-
ments on the first metatarsal vs. control at 3, 6, 12 months 
(P < 0.05). Left: 44.21 ± 0.64 N•s to 58.62 ± 1.32 N•s; Right: 
37.39 ± 0.17  N•s to 56.34 ± 0.28  N•s over the course 
(Table 11).

Comparison of maximum medial heel pressure
Corrective insoles triggered significant decreases in 
max medial heel pressure vs. control at 3, 6, 12 months 
(P < 0.05). Left: 297.39 ± 2.62 N to 253.71 ± 2.32 N; Right: 
361.37 ± 2.28 N to 241.25 ± 1.38 N over time (Table 12).

Comparison of maximum medial heel impulse
Corrective insoles marked higher max medial heel 
impulse reductions vs. control at 3, 6, 12 months 
(P < 0.05). Left: 67.26 ± 0.59  N•s to 107.54 ± 0.37  N•s; 
Right: 53.39 ± 0.62 N•s to 105.78 ± 1.24 N•s over the span 
(Table 13).

Pain relief effect comparison
Corrective insoles significantly outperformed standard 
insoles in reducing VAS pain scores after 12 months 
(P < 0.05). Left foot pain scores: observation 1.54 ± 0.71 vs. 
control 4.38 ± 0.57; Right foot: 1.76 ± 0.21 vs. 4.19 ± 0.73 
(Table 14).

Table 8 Comparison of maximum lateral arch pressure before and after adapting insoles (Unit: N)
Group Before Adaptation 3 Months 6 Months 12 Months
Left Foot
Observation (n = 27) 67.23 ± 2.17 71.45 ± 3.22 89.46 ± 1.28 118.27 ± 12.14*
Control (n = 27) 92.44 ± 2.19 98.35 ± 2.17 104.59 ± 1.24 111.36 ± 11.52
t-test 0.531 4.296 4.375 4.817
P-value >0.05 <0.05 <0.05 <0.05
Right Foot
Observation (n = 27) 62.29 ± 1.53 75.56 ± 3.19 92.28 ± 2.93 117.43 ± 11.65*
Control (n = 27) 98.32 ± 1.64 99.46 ± 1.68 109.53 ± 1.08 126.32 ± 2.15
t-test 0.594 4.635 5.288 4.176
P-value >0.05 <0.05 <0.05 <0.05
Note: *P<0.05, indicating significant difference compared to the control group

Table 9 Comparison of maximum lateral arch impulse before and after adapting insoles (Unit: N·s)
Group Before Adaptation 3 Months 6 Months 12 Months
Left Foot
Observation (n = 27) 47.62 ± 0.38 43.67 ± 1.59 34.25 ± 0.76 18.74 ± 1.59*
Control (n = 27) 32.54 ± 0.26 29.57 ± 1.23 28.62 ± 0.49 25.28 ± 3.11
t-test 0.632 3.427 3.516 4.219
P-value >0.05 <0.05 <0.05 <0.05
Right Foot
Observation (n = 27) 44.37 ± 0.81 33.39 ± 0.62 25.33 ± 1.58 16.62 ± 1.26*
Control (n = 27) 31.29 ± 0.72 26.24 ± 0.21 23.32 ± 1.13 17.51 ± 1.04
t-test 0.579 3.141 3.432 4.585
P-value >0.05 <0.05 <0.05 <0.05
Note: *P<0.05, indicating significant difference compared to the control group

Table 10 Comparison of maximum pressure on the first phalanx before and after adapting insoles (Unit: N)
Group Before Adaptation 3 Months 6 Months 12 Months
Left Foot
Observation (n = 27) 55.66 ± 10.43 46.25 ± 0.74 31.46 ± 2.91 27.62 ± 2.95*
Control (n = 27) 51.63 ± 12.75 48.28 ± 1.37 44.36 ± 2.53 42.32 ± 2.17
t-test 0.545 4.354 5.399 4.828
P-value >0.05 <0.05 <0.05 <0.05
Right Foot
Observation (n = 27) 57.91 ± 8.23 41.76 ± 3.58 27.52 ± 2.79 21.55 ± 1.74*
Control (n = 27) 61.45 ± 3.69 58.65 ± 1.14 54.46 ± 3.21 51.34 ± 3.11
t-test 0.694 4.553 5.135 4.277
P-value >0.05 <0.05 <0.05 <0.05
Note: *P<0.05, indicating significant difference compared to the control group
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Table 11 Comparison of maximum impulse on the first phalanx before and after adapting insoles (Unit: N·s)
Group Before Adaptation 3 Months 6 Months 12 Months
Left Foot
Observation (n = 27) 27.13 ± 0.23 44.21 ± 0.64* 53.15 ± 1.29* 58.62 ± 1.32*
Control (n = 27) 25.16 ± 3.21 28.69 ± 1.41 33.72 ± 0.15 37.54 ± 0.26
t-test 0.574 3.431 4.358 4.725
P-value >0.05 <0.05 <0.05 <0.05
Right Foot
Observation (n = 27) 22.43 ± 1.61 37.39 ± 0.17* 49.33 ± 1.35* 56.34 ± 0.28*
Control (n = 27) 19.36 ± 1.07 21.29 ± 1.08 23.24 ± 0.52 28.25 ± 0.13
t-test 0.535 4.221 3.852 4.749
P-value >0.05 <0.05 <0.05 <0.05
Note: *P<0.05, indicating significant difference compared to the control group

Table 12 Comparison of maximum medial heel pressure before and after adapting insoles (Unit: N)
Group Before Adaptation 3 Months 6 Months 12 Months
Left Foot
Observation (n = 27) 384.29 ± 1.65 297.39 ± 2.62* 249.32 ± 3.17* 253.71 ± 2.32*
Control (n = 27) 380.26 ± 1.59 377.25 ± 1.58 358.35 ± 1.59 346.37 ± 2.19
t-test 0.543 4.206 5.279 4.035
P-value >0.05 <0.05 <0.05 <0.05
Right Foot
Observation (n = 27) 382.66 ± 1.59 361.37 ± 2.28* 257.58 ± 1.04* 241.25 ± 1.38*
Control (n = 27) 388.92 ± 2.25 379.45 ± 1.09 364.25 ± 1.54 335.67 ± 2.41
t-test 0.574 4.539 4.677 4.358
P-value >0.05 <0.05 <0.05 <0.05
Note: *P<0.05, indicating significant difference compared to the control group

Table 13 Comparison of maximum medial heel impulse before and after adapting insoles (Unit: N·s)
Group Before Adaptation 3 Months 6 Months 12 Months
Left Foot
Observation (n = 27) 43.77 ± 0.23 67.26 ± 0.59*** 88.67 ± 1.09*** 107.54 ± 0.37****
Control (n = 27) 38.29 ± 0.46 48.69 ± 1.07* 55.77 ± 0.24* 65.16 ± 1.03
t-test 0.654 3.231 3.579 4.585
P-value >0.05 <0.05 <0.05 <0.05
Right Foot
Observation (n = 27) 41.68 ± 0.22 53.39 ± 0.62*** 45.33 ± 1.58** 105.78 ± 1.24****
Control (n = 27) 40.42 ± 0.51 52.27 ± 1.19* 58.36 ± 0.48* 61.74 ± 1.39
t-test 0.612 3.021 3.453 4.562
P-value >0.05 <0.05 <0.05 <0.05
Note: *P<0.05, **P<0.01, ***P<0.001, indicating significant difference compared to the control group

Table 14 Comparison of VAS pain scores before and after insole adaptation
Group Before Adaptation 3 Months 6 Months 12 Months
Left Foot
Observation (n = 27) 8.55 ± 1.34 4.32 ± 0.15* 3.21 ± 1.03 1.54 ± 0.71***
Control (n = 27) 8.49 ± 1.27 6.25 ± 0.11 5.39 ± 0.46 4.38 ± 0.57*
t-test 0.459 3.575 3.843 4.226
P-value >0.05 <0.05 <0.05 <0.05
Right Foot
Observation (n = 27) 8.32 ± 1.06 4.89 ± 0.27* 2.84 ± 1.17 1.76 ± 0.21***
Control (n = 27) 8.87 ± 1.14 6.33 ± 0.35 5.66 ± 0.28 4.19 ± 0.73
t-test 0.284 3.673 3.549 4.532
P-value >0.05 <0.05 <0.05 <0.05
Note: *P<0.05, **P<0.01, ***P<0.001, indicating significant difference compared to the control group
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Discussion
The bone structure of the foot of young athletes have 
been fully developed and mature, and it is difficult to 
change it in a short time due to external stress. (1) Adult 
foot scaphoid deformity is a permanent deformity caused 
by bone growth. After adult bone stops growing and 
developing, it is impossible to change its bone struc-
ture by wearing CM-FOD for a short period of time. (2) 
Although CM-FOD could not change the bone defor-
mity, it can significantly improve the soft tissue or biome-
chanical balance of the foot. Through the data analysis of 
the sole data of young athletes wearing professional foot 
orthopedic insoles for a short period of time (1 month), 
we know that the static data of the sole, including [1] the 
angle of the arch [2], the distance of scaphoid scoliosis 
[3], on significant differences the in height of the arch 
and the Angle of the heel varus. However, when wear-
ing professional orthopedic insole for a long time (more 
than 3 months), it is found that there were significant dif-
ferences in bone structure through foot test data, so it is 
necessary to adhere to wearing professional orthopedic 
insole regularly.

Custom orthoses, designed to fit individual patient 
needs, are inserted into shoes to provide protection, sup-
port, and enhanced mobility. They have been widely used 
in rehabilitation and disease prevention [24–27]. Cus-
tom orthoses are typically designed using data collected 
from foot pressure plates and foot scanners, which pro-
vide information on static and dynamic foot pressure, 
foot contours, and arch indices. This data is then used 
in computer-aided design and manufacturing (CAD-
CAM) to create and adjust the insole model. This process 
is more personalized and scientifically rigorous com-
pared to prefabricated and semi-prefabricated insoles. 
As research into foot and ankle biomechanics and over-
all lower limb mechanics continues, the application of 
orthoses has become more widespread. However, there 
is a lack of literature, both domestically and internation-
ally, on the use of custom orthoses for treating accessory 
navicular syndrome. Issever reported good results after 
having a child with accessory navicular syndrome wear 
shoes with orthoses, avoiding intense foot stimulation 
for seven months [28]. A case report tracking the out-
comes of surgical and conservative orthotic treatments 
in two patients with accessory navicular syndrome found 
that orthotic treatment significantly relieved pain and 
restored similar activity levels to surgical treatment [29]. 
Although clinical trials and reviews on orthotic insole 
treatment for accessory navicular syndrome are limited, 
the mechanism of orthoses suggests they can be used as 
a conventional conservative treatment for this condition.

Foot pain caused by accessory navicular can be attrib-
uted to three main factors: [1] localized irritation 
from training shoes on the medial accessory navicular 

prominence [2], structural variation of the posterior tibial 
tendon caused by the presence of the accessory navicular, 
leading to increased tension and tendinopathy, and [3] 
osseous pain from bone marrow edema due to chronic 
friction and strain at the accessory navicular-navicular 
joint interface [5, 9, 30, 31]. To address these pain mech-
anisms, we designed a supportive corrective insole spe-
cifically for accessory navicular, which has been patented. 
The insole includes a support panel, columnar support 
structure, and non-slip bottom plate. The support panel, 
located at the bottom of the non-slip plate, features a 
columnar support structure in the middle and consists 
of a forefoot support plate, accessory navicular support 
protrusion, and heel cup wrap block (see Fig.  1A). This 
customized orthotic insole effectively prevents acces-
sory navicular protrusion, alleviating localized irritation 
from training shoes. The long-term action of the medial 
columnar support structure can further elevate the 
arch, reduce tension in the posterior tibial tendon, and 
improve local blood circulation and inflammatory con-
ditions, significantly alleviating tendinous pain. The heel 
cup wrap block stabilizes the heel, reducing micro-move-
ment caused by posterior tibial tendon tension, thereby 
relieving osseous pain from bone marrow edema.

We evaluated the effectiveness of the corrective insoles 
for accessory navicular using the following foot morphol-
ogy and plantar pressure indicators:

1) Arch Angle: The arch angle reflects the contact 
area of the foot with the ground and is an important 
indicator of accessory navicular-related flatfoot. The 
normal range is 6–15° [32, 33]. A larger arch angle 
indicates a higher arch. In our study, patients in 
the observation group using customized accessory 
navicular corrective insoles showed a greater 
increase in arch angle compared to those using 
standard insoles, indicating effective correction. The 
observation group reached a reasonable angle within 
three months, demonstrating faster correction 
compared to the control group.

2) Navicular Protrusion Distance: This measures the 
horizontal protrusion distance of the navicular bone 
towards the medial side of the foot, a characteristic 
of accessory navicular-related flatfoot. The 
observation group showed a significant reduction in 
navicular protrusion distance over time, indicating 
improved navicular height and reduced accessory 
navicular protrusion. The correction speed was 
faster, and the correction duration shorter with 
customized insoles compared to standard insoles.

3) Arch Height: A traditional indicator of arch 
index, arch height is typically lower in patients 
with accessory navicular-related flatfoot [34]. The 
observation group using customized insoles showed 
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better and faster recovery of medial arch height 
compared to the control group, demonstrating 
significant improvement in accessory navicular-
related arch height.

4) Heel Valgus Angle: This commonly used index 
measures the valgus angle of the heel, which is an 
important indicator of accessory navicular-related 
flatfoot. The normal range is 6–12° [35]. Angles 
exceeding 12° indicate flatfoot. The observation 
group reached a reasonable angle within six months, 
while the control group took twelve months.

5) Maximum Plantar Pressure: This biomechanical 
indicator reflects the load on the medial arch, crucial 
for assessing accessory navicular-related flatfoot. 
Lower pressure values indicate less severity and 
symptom relief. The observation group showed 
significant reductions in maximum pressure at the 
first metatarsal, medial arch, and medial heel, with 
increased pressure on the lateral arch, indicating 
effective correction.

6) Maximum Plantar Pressure Impulse: Reflecting the 
pressure relief process, this metric is the product of 
force and time. It indicates local foot impact forces. 
The observation group showed increased impulses 
at the first metatarsal, medial arch, and medial 
heel, indicating reduced ground impact speed and 
pain. The lateral arch impulse decreased, suggesting 
restored lateral arch load and foot balance. The 
customized insoles corrected faster and more 
effectively than standard insoles.

7) VAS Pain Score: The VAS (visual analog scale) is 
commonly used to assess pain, offering simplicity, 
cost-effectiveness, and quick evaluation [36, 37]. 
However, it can be imprecise for specific pain 
locations. This study used a customized VAS scale 
for accessory navicular pain, with specialized scoring 
different from general VAS scales. The observation 
group showed better pain relief and faster recovery 
compared to the control group, demonstrating 
significant improvement in arch-related pain.

In summary, customized accessory navicular correc-
tive insoles provide superior overall correction and pain 
relief compared to standard insoles. However, limitations 
include the lack of fully customized design based on indi-
vidual foot shapes and insufficient targeting of different 
accessory navicular subtypes. Future research should 
focus on optimizing orthotic insole design for personal-
ized fitting, differentiating designs for various accessory 
navicular subtypes, and conducting large-scale, multi-
center clinical studies to verify long-term efficacy and 
safety, promoting clinical application. The sample size of 
this study was determined based on the sample size of 
previous similar studies [38]. Therefore, the minimum 

sample size was not calculated separately in this study. In 
the future, the functional benefits of wearing CM-FOD 
for a longer period of time (such as 3–5 years) in a large 
sample size need to be further followed up, which is the 
limitation of this study.
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