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Effect of Pressure Based Customized 3-Dimensional Printing Insole in
Pediatric Flexible Flat Foot Patients

Si-Wook Lee, Jung-Hoon Choi, Hyuk-Jun Kwon, Kwang-Soon Song

Department of Orthopedic Surgery, Keimyung University School of Medicine, Daegu, Korea

Purpose: A flatfoot that fails to form a longitudinal foot arch is a common lower limb deformity in children. This study evaluated the
structural and functional effects of the insole for pediatric flexible flat foot (PFFF).

Materials and Methods: Twenty-nine PFFF patients (20 boys and 9 girls, 58 feet) with bilateral symptomatic flatfoot deformities be-
tween February 2017 and May 2019 were included in this study. Sixteen patients (32 cases, study group) were treated with a pressured
based 3-dimensional printing insole, and 13 patients (26 cases, control group) were followed up regularly without any treatment. Flatfoot
was diagnosed by a lateral talo-first metatarsal angle of more than 4° in convex downward and talocalcaneal angles of more than 30°
and a calcaneal pitch of less than 20°. The foot pressures, including the midfoot pressure, total foot pressure, and the ratio of the midfoot
pressure to the total foot pressure, were evaluated by pedobarography. The clinical scores were assessed using the visual analogue scale
(VAS), American Orthopaedic Foot and Ankle Society (AOFAS), and Pediatrics Outcomes Data Collection Instrument (PODCI) scores.

Results: The mean age of the study group was 9.16 years, and the mean age of the control group was 7.73 years. The mean follow-up
period was 16 months. The change in the lateral talocalcaneal angle was —4.664°+1.239° in the study group and -0.484°+1.513° in the
control group. A significant difference in the amount of change of the lateral talocalcaneal angle was observed between the two groups
(p=0.034). The midfoot pressures were similar in the two groups.

Conclusion: Pressure based customized 3-dimensional printing insole in PFFF may have some effect on the hindfoot bony alignment,
but it does not affect the changes in midfoot pressure.

Key Words: Flexible flatfoot, Foot orthoses, 3-dimensional printing
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Figure 1. Radiographic parameters are shown on weight-bearing lateral ra-
diograph. a: talo-first metatarsal angle, b: talocalcaneal angle, c: calcaneal
pitch angle.
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Figure 2. Pedobarographic result. (A) Ten anatomical zones. (B] Graph shows the ten anatomical zones analysis of the dynamic recording.

Figure 3. Three-dimensional printing insole.
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Variable Study group (n=32) Control group (n=26) p-value*
Age (yr) 9.16+3.53 7.73¢2.37 0.072
Sex (male:female) 10:6 10:3 0.238
Follow-up (mo) 15.44+45.49 15.62+6.78 0.914
Weight (kg) 39.26+19.71 30.91£16.5 0.085
Initial lateral talo-first metatarsal angle © 16.22+11 15.28+8.94 0.720
Initial lateral talocalcaneal angle © 46.949.76 46.28+6.6 0.775
Initial calcaneal pitch (°) 8.06+3.14 11.53+4.54 0.002
Initial midfoot pressure (N/em?) 243.51+123.76 190.12+£140.4 0.135
Initial total foot pressure (N/cm?) 3,968.8+1,501.31 3,349.32+1,670.15 0.139
Initial midfoot/total foot pressure percentage (%) 6.04%1.78 5.46%1.75 0.218

Values are presented as meanzstandard deviation.

n: number of feet, Study group: pressure based 3-dimensional printing insole group, Control group: observation group.
*The p-values for continuous variables are computed using independent two sample t-test. The p-values for categorical variables are computed using chi-

squared test. The level of significance was set at p<0.05.

Table 2. Mean Comparison Analysis of Radiographic Parameters between Study Group and Control Group

Variable Study group (n=32) Control group (n=26) p-value*
Alateral talo-first metatarsal angle (°) —6.02+1.22 -2.65+1.79 0.127
Alateral talocalcaneal angle () -4.92+1.43 0.04+1.18 0.012
ACalcaneal pitch © 1.82+0.6 0.25+0.54 0.065

Values are presented as meanzstandard error.

n: number of feet, Study group: pressure based 3-dimensional printing insole group, Control group: observation group, A: delta.
*The p-values for continuous variables are computed using independent two sample t-test (statistically significant p<0.05).
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Table 3. Mean Comparison Analysis of Pedobarography between Study Group and Control Group

Variable Study group (n=32) Control group (n=26) p-value*
AMidfoot pressure (N/cm?) 13.62+26.33 -4.68+12.03 0.531
ATotal foot pressure (N/cm?) 328.96+226.21 198.2+168.92 0.645
AMidfoot/total foot pressure percentage (%) -0.33+0.34 0.06+0.28 0.398
Values are presented as meanzstandard error.
n: number of feet, Study group: pressure based 3-dimensional printing insole group, Control group: observation group, A: delta.
*The p-values for continuous variables are computed using independent two sample t-test (statistically significant p<0.05).
Table 4. Comparison of Least-Square Means of Responses between Study Group and Control Group after Controlling Covariates
Variable Study group (n=32) Control group (n=26) p-value*
Alateral talo-first metatarsal angle ©) -5.711+1.253 -3.725+1.519 0.308
ALateral talocalcaneal angle () -4.664+1.239 -0.484£1.513 0.034
ACalcaneal pitch () 1.476+0.563 -0.312+0.689 0.054
AMidfoot pressure (N/em?) 15.26+20.481 -26.885+24.844 0.185
ATotal foot pressure (N/em? 365.047+203.396 299.316+240.709 0.831
AMidfoot/total foot pressure percentage (%) -0.329+0.27 -0.575+0.335 0.562
AVAS -0.955+0.175 -0.842+0.209 0.671
AAOFAS 5.606+0.98 5.222+1.171 0.798
APODCI (standardized mean)
Transfer & basic mobility scale 1.41420.509 1.838+0.608 0.588
Sports and physical functioning scale £4.955+1.231 1.628+1.506 0.090
Pain/comfort scale 8.285+2.182 £4.002+2.686 0.224
Happiness scale 9.609+1.98 -5.353+2.377 <0.001
Global functioning scale 3.285+0.788 2.417+0.969 0.490

Values are presented as least square meanszstandard error.

n: number of feet, Study group: pressure based 3-dimensional printing insole group, Control group: observation group, A: delta, VAS: visual analogue scale,
AOFAS: American Orthopaedic Foot and Ankle Society, PODCI: Pediatrics Outcomes Data Collection Instrument.
*The p-values are computed using ANCOVA (analysis of covariance) by adjusting covariates such as sex, weight, and each variable’s measured value before

treatment (statistically significant p<0.05).
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Figure 4. Initial (A) and last follow-up (B] radiograph. Radiographic param-
eters were improved in last follow-up radiograph. But all values were still
within the abnormal range.
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