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control orthoses Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.9.6 Customized
Bishop 2016 B8 33 18 T 18 45E% -0.28 [-0.94, 0.38] B
Dedieu 2013 987 274 12 667 2.03 12 46% 1.28[0.39,217] I
Tang 2015 11.3 35 10 92 27 1m 46% 0.64 [-0.26, 1.558] T
Telfer 2013 A 63 1.2 12 384 108 12 41% 210[01.07, 313 —
Telfer 2013 B 63 1.2 12 284 1324 12 3E6% 2.73[1.56, 3.89] -
Telfer 2013 C f3 1.2 12 237 116 12 33% 3220194, 449 EE—
Subtotal (95% Cl) 76 76 25.8% 1.55 [0.46, 2.64] B
Heterogeneity: Tau®=1.60; Chi®= 3972, df=45 (P = 0.00001); F= 87%
Testfor overall effect: =278 (P = 0.0045)
2.9.7 Prefabricated
Brown 1995 A 0e 3y 14 0eE 28 14 &52% 0.08 [-0.66, 082 -
Brown 1995 B 08 ar 14 -02 34 14 51% 0.30[-0.45,1.048] T
Genova and Gross 2000 147 66 13 125 41 13 &51% 036 0.41,1.14] I
Han 2019 A 54 41 28 288 31 28 61% nea[014, 1224 I
Han 2019 B 54 41 28 27 24 28 B1% 0790025, 1.34] I
Hurd 2010 A 34 4494 14 28 387 15 &54% 013 [-0.549, 0.84] T
Hurd 2010 B 3.4 4494 14 2.7 454 19 54% 0.14 [-0.57, 0.86] T
Johanson MA 1994 A 0e am 22 135 284 22 58% 0r20011,1.33 I
Johanszan MA 1994 B 0e M 22 -088 324 22 54% 0582008113 —
Johanson MA 1994 C 0e M 22 -036 303 22 54% 0.38[0.22, 047] T
Johansan MA 1894 D 08 am 22 -044 374 22 549% 0.39 [-0.21, 0.949] T
Stacoff 2007 A 45 158 a 58 17 2 41% -0.89 -1.60,0.42] E——
Stacoff 2007 B 45 15 a 22 14 2 38% 1.27[017,2.37]
Stacoff 2007 © 45 14 a 46 21 2 43% -0.05 -1.03, 093] B —
Subtotal (95% Cl) 239 230 T4.2% 0.43 [0.24, 0.61] 4
Heterogeneity: Tau®=0.00; Chi®= 1292, df=13 (F=045); F=0%
Testfor owerall effect. Z2=4.57 (P = 0.00001)
Total {95% Cl) 5 35 100.0% 0.65 [0.34, 0.95] &
Heterogeneity: Tau® = 0.32; Chi*= 6226, df=19 (P = 0.00001}; F= 649% _54 52 5 é i

Testfor overall effect £=4.12 (P = 0.0001)
Testfor subgroup differences: Chif= 396, df=1(P=0.05), F=74 7%

Favours control  Favours orthoses
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control orthoses Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.11.6 Customized
Telfer 2013 A 5.65 2.498 12 821 3.02 12 8.9% -0.82 [1.66, 0.02]
Telfer 2013 B 49.65 2.498 12923 3.01 12 8.9% -1.15 F2.03,-0.28]
Telfer 2013 C 5.65 2.98 12 9068 274 12 8.45% -1.18[-2.02,-0.27)
Fifchock and Davis 2008 A 4.34 244 19 442 213 19 12.0% -0.03 F0.67, 0.60] —_—
Zifchock and Davis 2008 B 4.34 244 19 544 505 19 12.0% -0.27 [F0.91, 0.37] I
Subtotal (95% Cl) 74 T4 49.9% 0.61 [-1.07, -0.15] e

Heterogeneity: Tau®= 012, Chi*=7.28,df= 4 (P=012); F= 45%
Test for averall effect: Z=2.62 (P = 0.004)

2.11.7 Prefabricated

Han 2019 A B 41 28 47 32 28 14.0% 0.35[-0.18, 0.88] T
Han 2019 B B 41 28 a7 42 28 141% 0.07 [-0.45, 0.60] -
Stacoff 2007 A g 42 g g 48 g T.4% 0.00[-0.98, 0.98] D
Stacoff 2007 B g 42 2 94 43 2 T.3% -0.31 [1.30, 0.68] e —
Stacoff 2007 C g 42 g g1 34 g T.A% -0.02 [-1.00, 0.968] -1
Subtotal (95% CI) a0 80  50.1% 0.11 [-0.20, 0.42] -

Heterogeneity: Tau®=0.00; Chi*=1 62, df=4 (P=080); F= 0%
Test for averall effect: Z=0.71 (P = 0.48)

Total (95% CI) 154 154 100.0% -0.27 [-0.60, 0.05] o
Heterogeneity: Tau®= 0.12; Chi*=17.00, df= 3 (P = 0.08); F= 47% 52 51 b 15 é
Testfor overall effect Z=1.64 (F=0.10) o
Test for subaroup differences: Chi*= 6.58, df=1 (P =001, F= 84.8%
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control orthoses Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
23.10.1 Prefabricated
Stacoff 2007 A 92 24 8 101 24 ] 9.3% -0.35 [1.34, 0.64] —
Stacoff 2007 B 92 24 g 8.3 22 8 9.2% 0.37 [-0.62, 1.36] s E—
Stacoff 2007 C 92 24 g 96 31 ] 9.4% -0.14 [F1.12,0.85] I E—
Subtotal (95% CI) 24 24 27.8B% -0.04 [-0.61, 0.53] e
Heterogeneity: Tau®= 0.00; ChiF=1.08,df=2 (P=0488); F=0%
Testfor averall effect Z=0.14 (P = 0.85)
23.10.4 Customized
Bishop 2016 a4 ar 18 8.8 34 18 181% -0.11 [F0.76, 0.55] e
Cohb 2011 A 0.as 083 8 028 048 8 8.6% 0.78 [-0.24,1.82] .
Cohb 2011 B 0.0z oon4 8 018 026 ] 0.6% -0.81 [-1.85,0.22] I —
Zifchock and Davis 2008 A 1059 274 19 4964 1.8 18 18.59% 0.40 [-0.24, 1.04] I
Zifchock and Davis 2008 B 1059 275 19 943 18 18 184% 048 [F017,1.13] T
Subtotal (95% CI) 72 72 T2.2% 0.19 [-0.27, 0.64] e
Heterogeneity: Tauf=011; ChF=6.93, df=4 (P=0.14); F= 42%
Testfor averall effect Z=0.81 (P =042}
Total {95% CI) 96 96 100.0% 0.13[-0.19,0.45] ?

Heterogeneity: Tau®= 0.04; ChifF=8.485,df=7 (P=0.249); F=18%
Testfor averall effect Z=079{F =043}
Testfor subgroup diferences: Chif= 037, df=1 (F=054), F= 0%
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control orthoses Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
23.9.1 Prefabricated
FPermsarmbat 2021 44 12 13 45 11 13 248% -0.08 [-0.84, 0.64]
Subtotal (95% CI) 13 13 24.8% -0.08 [-0.85, 0.69]

Heterogeneity: Mot applicable
Testfor overall effect Z=0.21 (F=083)

23.9.4 Customized

Han 2019 A 11.4 603 28 759 415 28
Han 2019 B 11.4 4603 28 8.5 4.456 28
Subtotal (95% CI) 56 56

Heterogeneity: Tau®=0.00; Chi*=0.31,di=1 (P=047) F=0%

Testfor overall effect Z=3.60 (F = 0.0003}

Total {95% CI} 69 69

Heterogeneity: Tau®= 0.07, Chi*= 3.54, df=2 (P=017), F=43%

Testfar averall effect F =214 (F=003)

37.2% 0.81[0.27, 1.36] —a—
28.0% 0.60 [0.06,1.13] —a—
75.2% 0.70 [0.32, 1.09] -
100.0% 0.51 [0.04, 0.97] -~

4 .05 0 05 1
Favours control  Favours orthoses

Testfor subgroup differences; Chi®= 322, df=1 {P=0.07), F=69.0%
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control orthoses

Study or Subgroup Mean SD Total Mean

SD Total Weight

gl o g ol aalllae iy jo by o (P2 o5

09 b (iS5l oolitul 5l oS 5 sarmslas ( S Juloul 3
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Std. Mean Difference
IV, Random, 95% CI

$td. Mean Difference
IV, Random, 95% CI

2.12.6 Customized

chen 2011 23.58 238 11 2404 222 11 5.4%
Desmyttere 2021 A 444 11 19 488 1.22 19 11.0%
Desnmyttere 2021 B 444 11 19 446 1.11 19 11.2%
Desmyttere 2021 C 444 11 19 524 1.31 19 105%
Heu 2022 A 98 34 10 16 32 10 56%
Hsu 2022 B 96 3.4 10 11 3 10 57%
Hsu 2022 G 96 34 10 125 43 10 5.4%
Subtotal (95% CI) 98 98 55.8%
Heterageneity Tau®=0.00; Chi®= 280, df=6 (P=083), F=0%
Testfor overall effect 2= 2.70 (P = 0.007)

212.7 Prefabricated

Alzaafin 2023 A 13.67 4.39 31 1538 426 31 178%
Alzaafin 2023 B 13.67 4.39 31 1554 382 M7 T%
Peng 2020 2473 4457 15 2284 416 15  8.6%
Subtotal (95% CI) 7 77T 44.2%
Heterageneity Tau®=0.09; Chi*=419 df=2 (P=012); F=52%
Testfor overall effect 2= 0.84 (P = 0.40)

Total (95% CI) 175 175 100.0%

Heterageneity Tau®=0.00; Chi®= 737 df= 9 (P = 0.60); F=0%
Testfor overall effect 2= 3.06 (P =0.002)

Testfor subgroup differences: Chi*= 044, df=1 (P=04510,F=0%
Olgie b A 1 9 siolok o (Sl IS 15 1 S (S SIHS SN 33 By Oy i b g0 (pi 130 £ 2 b AT G A g0~ 1+ JCS
Olisas! dolb Cl fouds 3 31iliu! St 23 1ilio! S 2031 SD bk duwlono (790 Sliolo! dhold) 0 3 plbili! pSlo 19l

-0.18 [1.03, 0.65] —
-0.37 101, 027] —

-0.02 [-0.65, 0.62] —

-0.65 [-1.30, 0.01] —

-0.58 [1.48,0.33) e
-0.42[1.31,047] —_—

-0.72 [1.63,0.19] _—
-0.39 [-0.68, -0.11] <

-0.39 [-0.89, 0.11] —

-0.45 [-0.95, 0.08] —

0.42 [-0.30,1.15] —_

-0.20 [-0.68, 0.27] e
-0.33 [-0.54, -0.12] &>
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Std. Mean Difference Std. Mean Difference

2.13.6 Customized

chen 2011 .65 225 11 9148 308 11
Desmyttere 2021 A .69  3.28 19 7&52 307 19
Desmyttere 2021 B .69  3.28 19 869 328 19
Desrmyttere 2021 C 863 328 18 74581 315 18
Subtotal (95% Cl) 68 68
Heterogeneity: Tau®=0.00; Chi®=1 .61, df= 3 (P = 0.66) F= 0%
Testfor overall effect Z=0.88 (P =0.32)

2.13.7 Prefabricated

Alsaafin 2023 A 13.06 1253 31 13493 787 N
Alzaafin 2023 B 13.06 1253 31 1028 1002 Kl
Feng 2020 2.66 46 15 251 38 15
Subtotal (95% Cl) 77 7

Heterogeneity: Tau®=0.00; Chi*= 082, df= 2 (P = 0.66), F= 0%
Testfor overall effect £=0.44 (P = 0.66)

Total (95% CI) 145 145
Heterogeneity: Tau®=0.00; Chi®= 2 61, df= 6 (P =0.86) F=0%
Testfor overall effect Z=1.00 (P =0.32)

Testfor subgroup differences: Chif= 018, df=1 (P=067), F=0%

Weight IV, Random, 95% Cl IV, Random, 95% Cl
7.6% -0.18 [-1.02, 0.66] —_—

13.0% 0.36 [-0.28, 1.00] T
13.2% 0.00 [-0.64, 0.64] ——
13.0% 0.36 [-0.28, 1.00] o
46.7% 0.17 [-0.17, 0.51] -
71.5% -0.08 [-0.58, 0.42] —a—
21.4% 0.24 [-0.26, 0.74] —_=—
10.4% 0.03 [-0.68, 0.75] —_—
53.3% 0.07 [-0.25, 0.39] o<

100.0% 0.12 [-0.11, 0.35] ?

L R
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control orthoses Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
2.14.6 Customized
Cesmyttere 2021 A 2.68 0.67 19 223 0485 18 A.9% 0.72[0.06,1.38] —
Cesmyttere 2021 B 2.68 0.67 19 187 046 18 A.6% 1.38 [0.66, 2.10] —
Cesmyttere 2021 2.68 0.67 19 056 014 18 IT% 429 [3.09, 5.449] —
Hsu 2022 A 47 fi 10 4 T4 10 4.9% 010 [-0.78, 0.98] b
Hsu 2022 B 47 fi 10 42 64 10 4.9% 0.08 [-0.80, 0.95] i —
Hsu 2022 C 47 fi 10 2 65 10 4 9% -0.23 111, 0.65] ——
Laurengo 2022 B T.36 264 19 778 239 18 A.0% -0.16 [-0.80, 0.47] b
Subtotal {95% CI) 106 106  36.0% 0.82 [-0.07,1.72] -

Heterageneity: Tau®=1.28; Chi*=52 449, df=6 (F = 0.00001); F=859%
Testfar overall effect =180 (F=0.07)

2.14.7 Prefabricated

Erown 1995 A 108 38 14 105 35 14  545% 0.08 [-0.66, 0.82] -
BErowwn 1995 B 108 38 14 96 37 14  545% 0.21 [-0.44, 1.06] T
Costa 2021 A 9497 1.27 16 925 218 16 &47% 0.39[-0.31,1.09] T
Costa 2021 B 9497 1.27 16 852 165 16 5.5% 0.96[0.22,1.70] —_—
Costa 2021 G 9.87 1.27 16 B.48 254 16 5.6% 0.72[0.00,1.44] —
Johanson kA 1994 A 9.5 262 22 7325 29 22 B1% 0.B0 018, 1.41] —_
Johanson WM& 1994 B 9.5 2.62 22 7B 2TB 22 B1% 0.63[0.07, 1.28] —
Johanson A 1994 C 9.5 2.62 22822 307 22 B2% 0.44 [-0.16, 1.04] T
Johanson MA 1994 D 9.5 262 22 g 293 22 B2% 0.53 [-0.07,1.13] —
Lourengo 2022 A 736 Z.64 19 744 2329 19  6.0% -0.03 [-0.67, 0.60] T
Feng 2020 10.853 B.7E 15 706 GB.67 15 5.6% 0.55[-0.18,1.29] I
Subtotal (95% CI) 198 198  64.0% 0.50 [0.30, 0.70] +

Heterogeneity, Tau®=0.00; Chi*= 741, df=10 (P = 0.64), F=0%
Testfor overall effect £=4.83 (F = 0.00001)

Total (95% CI) 304 304 100.0% 0.58 [0.27, 0.90] &
Heterogeneity: Tau®=0.33; Chi®= 60,26, df= 17 (P = 0.00001), F=72% 54 I2 b é i
Testfor overall effeu:_t: £=3E0 (F':_ 0.0003) Favours control Favours orthoses
Test for subaroup diferences: Chif= 048, df=1 {(F=049), F=0%
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control orthoses Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean 5D Total Mean 5D Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
23.12.1 Customized
Permsombat 2021 93 27 13 g 2 13 26.9% 04830248, 1.31] N
Subtotal (95% Cl) 13 13 26.9% 0.53 [-0.25,1.31] —senlilie——

Heterogeneity: Mot applicable
Testfor overall effect £=1.32(F=0.19)

23.12.2 Prefabricated
Kulcu rtal. 2007 186 5.1 34 1749 47 34 731% 0.14 [-0.33, 0.62] t
Subtotal (95% CI) 34 4 Tith 0.14 [-0.33, 0.62]

Heterogeneity: Mot applicable

Testfor overall effect: £=0.58 (F = 0.56)

Total {95% Cl) 47 47 100.0% 0.25 [-0.16, 0.65] -’
Heterogeneity: Tau®= 0.00; Chf= 069, df=1 (F=0413 F=0% 51 _DI PR DI 1I
Testfor overall effect £=1.18(F=0.24) Favours u:cu.ntrnl Fa'v'n'urs ohoses
Testfor subogroup differences: Chi*= 069, df=1 (P=0.41), F=0%
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control orthoses Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
2.15.6 Customized
Desmyttere 2021 A 562 14 19 5498 1.49 19 M.7% -0.24 [-0.88, 0.34] —
Desrmyttere 2021 B 562 14 189 719 1.79 19 11.0% -0.96 [-1.63,-0.28] —_—
Desrwttere 2021 C a6 14 189 EB.26 1.56 19 11.6% -0.42 1.07, 0.22) ——
Lourengo 2022 B 312 477 18 062 416 19 11.5% 085 F0.10,1.20] T
Subtotal (95% CI) 76 76 45.9% -0.27 [-0.87, 0.34] -

Heterogeneity; Tau*= 027, Chif=10.27 df =3 (P =002 F=71%
Testfor averall effect £= 086 (P =039

2.15.7 Prefabricated

Costa 2021 A -0.31 a.7F3 16 -1.04 572 16 10.7% 012 [-0.57, 082 -
Costa 2021 B -0.31 &.73 16 -0.85 5453 16 10.7% 0.08 [-0.60, 0.749] I
Costa 2021 © -0.31 a.7F3 16 -1.38 4.1 16 10.7% 019 [-0.50,0.89] -
Lourengo 2022 A 312 477 19 1.68 429 19 11.7% 0.31 [F0.33, 0.99] N
Feng 2020 9734 8732 19 952 6932 18 10.3% 0.032 [-0.69, 0.74] N
Subtotal (95% CI) 82 82 54.1% 0.16 [-0.15, 0.46] -

Heterageneity: Tau®=0.00; Chif= 040, df= 4 (FP=098) F=0%
Test for averall effect Z=1.00 (P =032

Total (95% CI) 158 158 100.0% -0.04 [-0.33, 0.26]
Heterogeneity: Tau®=0.09; Chi#=13.94 df=8 (P =0.08); F=43%
Test for averall effect Z=0.25 (P =0.80)
Test for subaroup differences: Chi®=1.49, df=1 (P =024, F=33.0%
Olgic 4 AT 1 9 siololy o (Sl A9 1S 1Sl $Y SIS A 33 i oy > 13 b o issit! £ 1 b AT G S Slop0T —1A S
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The Effect of Foot Orthosis Fabrication Methods on Foot and Ankle Joint
Kinematics in People with Flat Feet: A Systematic Review and Meta-Analysis

Ali Esmaeili!, Amirali J afarnezhadgero2
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Background and Objectives: Despite numerous studies on the effects of foot orthoses on lower limb kinematics, findings in
individuals with flat feet remain inconsistent. In particular, the influence of fabrication methods (custom-made vs. prefabricated) is not
fully understood. This systematic review and meta-analysis aimed to determine the effects of different fabrication methods of foot
orthoses on foot and ankle kinematics during walking in adults with flat feet.

Materials and Methods: Five electronic databases (Scopus, PubMed, EMBASE, PEDro, and CENTRAL) were systematically
searched from inception to April 2025. Grey literature sources, including Google Scholar, ScienceDirect, Clinicaltrial.gov,
PROQUEST, and the reference lists of the included studies were also reviewed.

Results: Nineteen studies met the eligibility criteria and were included. The pooled results indicated that foot orthoses significantly
reduced peak rearfoot eversion (p<0.001), rearfoot range of motion in the frontal plane (p=0.030), and peak ankle eversion (p=0.0003),
while increasing peak ankle dorsiflexion (p=0.002) compared with the control conditions. Subgroup analyses showed that custom-
made orthoses were associated with significantly greater peak rearfoot inversion (p=0.009), peak ankle dorsiflexion (p=0.007), and
frontal plane rearfoot range of motion (p=0.003). In contrast, prefabricated orthoses significantly reduced peak ankle eversion
(p<0.001).

Conclusions: Differences between custom-made and prefabricated orthoses, such as increased peak rearfoot inversion and ankle
dorsiflexion in custom-made designs, highlight the importance of individualized fabrication in optimizing foot motion correction for
adults with flat feet.
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Funding: This study did not have any funds

Conflict of interest: None declared.

Ethical Considerations (Code of Ethics): Not applicable.
Authors Contributions:

Conceptualization: Ali Esmaeili, AmirAli Jafarnezhadgero
Methodology: Ali Esmaeili, AmirAli Jafarnezhadgero

Data collection: Ali Esmaeili

Formal analysis: Ali Esmaeili, AmirAli Jafarnezhadgero
Supervision: Ali Esmaeili, AmirAli Jafarnezhadgero

Project administration: Ali Esmaeili, AmirAli Jafarnezhadgero
Writing - original draft: Ali Esmaeili

Writing - review and editing: Ali Esmaeili, AmirAli Jafarnezhadgero

Citation: Esmaeili A, Jafarnezhadgero AA. The Effect of Foot Orthosis Fabrication Methods on Foot and Ankle Joint Kinematics in People with Flat
Feet: A Systematic Review and Meta-Analysis. J Rafsanjan Univ Med Sci 2025; 24 (9): 851-80. [Farsi]

1- PhD Candidate in Sports Biomechanics, Dept. of Sports Biomechanics, Faculty of Educational Sciences and Psychology, University of
Mohaghegh Ardabili, Ardabil, Iran
2- Associate Prof., Dept.of Sports Biomechanics, Faculty of Educational Sciences and Psychology, University of Mohaghegh Ardabili, Ardabil,
Iran, ORCID: 0000-0002-2739-4340
(Corresponding Author) Tel: 09105146214, E-mail: amiralijafarnezhad@gmail.com

VE+F Lo 8 oylad (YF o) 93 Oloridy (K 3y p she K15 dlons

CCBY-NC.4.0 DEED AN


http://journal.rums.ac.ir/article-1-7729-fa.html
http://www.tcpdf.org

