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lormal group Aspiration

group
% %
Sex Males 41 3203 52 7429 <.001° (x* = 3076, df = 1)
Females 87 6797 18 2571
Age (years) Mean + SD
All 6116 + 13.00 72.30 + 1203 <001¢
Males 63.27 + 13.57 7225 + 11.68 .001¢
Females 60.16 + 12.66 7244 £ 1334 L001¢
Comorbidities
Overall (Male + Female) Neurological disorders 17 (13.28%) 18 (25.71%) <001 (¢ = 36.10, df = 5)
Gastrointestinal tract and dental disorders 3(2.34%) 12 (17.14%)
[ Respiratory disorders 4 (3.12%) 9 (12.86%)
Other site cancers 7 (5.47%) 3 (4.29%)
Aging-associated disorders 12 (9.38%) 8 (11.43%)
No medical conditions 85 (66.41%) 20 (28.57%)
Male Neurological disorders 5 (12.20%) 11 (21.15%) .002¢ ()¢ = 18.54, df = 5)
Gastrointestinal tract and dental disorders 1 (244%) 12 (23.08%)
Respiratory disorders 2 (4.88%) 8 (15.38%)
| Other site cancers 2 (488%) 2 (385%)
Aging-associated disorders 5 (12.20%) 6 (11.54%)
' No medical conditions 26 (63.41%) 13 (25.00%)
Female Neurological disorders 12 (13.79%) 7 (38.89%) 140° (¢ = 831, df = 5)
Gastrointestinal tract and dental disorders 2 (230%) 0 (0.00%)
Respiratory disorders 2 (230%) 1 (5.56%)
Other site cancers 5 (5.75%) 1(5.56%)
Aging-associated disorders 7 (8.05%) 2 (11.11%)
| No medical conditins 59 (67.82%) 7 (38.89%)

“Sex and comorbidities were analyzed using the chi-squared test, while age was analyzed using the Mann-Whitney U test.
"To eliminate sex bias, male-only and female-only models were constructed.

“Dysphaga is a condition commonly found in the elderly, and efforts were made to minimize age bias. Nevertheless, participants under the age of 40 were not included in order to remove as
much age bias as possible, despite the remaining age distribution difference between the control and aspiration groups.

“The presented comorbidities show possible diseases that can come with dysphaga, revealing clear differences in disease characteristics between the normal and aspiration groups. This table is
adided 1o choasty and beicliy dow theso comerliity profile. Bic-antlyiis:
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Sex Learning Results Accuracy Sensitivity  Specificity  F1 score PPV Train  Train loss>

rate accuracy®

Male | 500005 2 Mean o7 817 9110 7095 08509 s0d6 939 002 10000 02005
O%C) | (O750,08715) | (027,6918) | (261,10019) | (87,8313 | (07771,09247) | (274.8819) | (529,925 | (03593, 04500) | (10000, 10000) | (01979,02030)

Max 09654 9630 10000 9571 09187 9250 10000 0535 10000 0206

16 Mean os2s 8566 20 35 ose2 8137 an o 10000 o1s
O CD | O7761,08716) | (BL86,6945) | (5563,9920) | (613,8339) | (OS041,0918) | (450,8825) | (507,975 | (03172,04275) (10000, 10000) | (01346,0.409)

Max 0924 9306 10000 9500 o9 9115 10000 0535 10000 o1

3.00c05 2 Mean s s %09 459 0ss19 5093 %039 04356 10000 02133
O C | (O7576,0879 | (9059124 | (07310108 | (00,8718 | (07673,09369)  (7226,8961) | (2949825 | (03822,04889) (10000, 10000) | (02415, 0451)

Max o901 9395 10000 9179 09167 9502 10000 03967 10000 02168

16 Mean o819 567 046 7592 083 su2 997 099 9400 01954
O%CD | (O7825,08811) | (G125,9009 (295,975 | (6649,8530) | (0779609270  (247.893%) | (529547 | (03997,04465)  (S422,10078) | (01924,0.1983)

Max 05317 9536 10000 9179 09673 10000 05153 10000 0209

Female | 50005 » Mean 07331 w7 5609 9053 04972 s6as 5850 o016 9667 01299
OS%CD  (06244,08118) | (5629195  (537,7681)  (8524,9581) | (03102,0683)  (225.8071) | (947,9813) | (02821,05211)  (9013,10320) | (0.1266,01331)
Max o688 9.43 10000 10000 09677 10000 10000 07187 10000 ouan
16 Mean 078 826 sia1 9125 04581 s007 92 o215 9500 00612
(©OS%CD  (06053,05200) | (7ABL9170)  (OSL7LSD (86719579 | (029%,0627)  (991,7023) | (RN7,9767) | (02064,05967) (5520,10450) | (0.0584,00640)
Max 05375 9886 10000 10000 09333 10000 10000 09755 10000 o719
300c05 2 Mean 07204 B s653 8934 04607 4436 8077 04165 10000 oasse
OS%CD  (06164,08020) | (7635,9120)  (3388,79.19)  (S417,9451) | (02740,06473)  (2656,6215) | (8150,9803) | (03065,05265) (10000, 100.00) | (0.1828,0.1881)
Max o018 9545 750 9651 07778 8438 %72 o077 10000 01965
16 Mean 0675 20 o9 o151 03860 a9 w2 0316 10000 onn2
(OS%CD  (05844,08105) | (7288,9013)  (371,727)  (§795,9508 | (02389,05331)  (1039,5860) | (7579,9861)  (02708,05925) (10000, 10000) | (0.1139,0.1208)
Max 09192 992 10000 9780 07179 739 10000 L0260 10000 oa
'AUC (Area Under the ROC Corse), PPV (Positive Prdiciv Valu

Loss function: Binaey cross cntropy with logisloss unction
Bt o TPl Ak sl ok Lt it romaihn abveni: thi ha it b e TN il i Al

. NPV (Negative Predictve Value).

i U T e A S et i k





OPS/images/fbioe-12-1433087/crossmark.jpg
©

|





OPS/images/fbioe-12-1433087/fbioe-12-1433087-g001.gif





OPS/images/fbioe-12-1433087/fbioe-12-1433087-g002.gif





OPS/images/fbioe-12-1433087/fbioe-12-1433087-g003.gif





OPS/images/fbioe-12-1438839/fbioe-12-1438839-t003.jpg
Normal group vs. all-inside group 40 0053

Normal group vs. traditional group 13 0165

All-inside group vs. traditional group 0.001

Abbreviations: normal group, normal model group; all-inside group, the ACL was reconstructed with the all-inside technique; raditional group, the ACL was reconstructed with the traditional
technique.
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ation method

nside technique (MPa) nal group (MPa)

F=134N 149.384 19.644
External rotation | 71011 [ 10.184
Internal rotation 70.461 11.992
Valgus 346.363 [ 15.944
Varus 308.221 24.020
Flexion 168.034 15.194
Hyperextension 190.285 92.298

Mean (SD) 186.251 (107.166) [ 27.039 (29.145)

Abbreviations: mean (SD), mean and standard deviation.
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Tissue

Young's modulus (MPa)

Poisson’s ratio

Cortical bone 15, 000 032
‘Trabecular bone 100 03
Cartilage 20 045
Meniscus 55 03
ACL and graft 64 045
Posterior cruciate ligament 67 045 i
Medial and lateral collateral ligaments 61 045
Interference screw 1,200 033
Plate 110, 000 03
Loop 12,500 03

Note: ACL, anterior cruciate ligament.
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Normal group (MPa) All-inside group (MPa) Traditional group (MPa)

| F=134N 1949 ‘ 1303 8750
‘ External rotation [ 2305 ‘ 1137 [ 5012
‘ Internal rotation 2474 ‘ 0705 8273
‘ Varus 16686 ‘ 3.465 5806
\' Valgus 18302 ‘ 1672 121
| Flexion 5626 ‘ 1464 [ 6656
‘ Extension 16204 ‘ 0992 59269
‘ Mean (SD) 6587 (6.891) ‘ 1534 (0.908) 15.124 (19.606)

Abbreviations: normal group, normal model group; all-inside group, the ACL was reconstructed with the all-inside technique; raditional group, the ACL was reconstructed with the traditional
technique; mean (SD), mean and standard deviation.
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Avgof CoD (BL) SD of CoD (BL) Time [GIEL Constant

constant (BL) value (BL) value (BL)
A (Fixed) 0775 0.097 - 0725 0725 0085 0076
A (Free) 0824 0075 - 0.79 0796 0.107 0.089
B (Fixed) 0348 0150 8803 | 0.051 | 0392 0133 0213
B (Free) | 0377 0188 49122 0542 0232 0.146 0193
c 0.600 0.098 20171 0.430 0592 0121 0,093
D 0516 0114 - 0553 [ 0553 0143 0171
E 0523 0157 5842 0.128 0477 0037 0043
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Avg of SD of Time Initial Constant
CoD (ADP) CoD (ADP) constant (ADP) value (ADP) value (ADP)
A (Fixed) 0.358 0138 - 0451 0.451 0144 0263
A (Free) [ 0.380 0.150 - 0319 0319 0112 0135
B (Fixed) 0.549 0.181 - 0214 0.214 0.122 0372
B (Free) 0.451 0133 49285 0458 0205 0132 0588
c 0.670 0163 - 0503 0.503 0132 0234
D 0.631 0.140 - 0309 0.309 0150 0473
E 0.455 0.147 - 0283 0283 0095 0213
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Avg of SD of Time Initial Constant
CoD (ADP) CoD (ADP) constant (ADP) value (ADP) value (ADP)

A (Fixed) 0.563 0211 - 0595 0595 0144 0246

‘ A (Free) 0.540 0.158 - 0707 0.707 0111 0.167
‘ B (Fixed) 0.804 0.081 - 0246 0.246 0098 0453
I B (Free) 0518 0137 35115 0480 0.184 0.108 0375
c 0.623 0136 - 0267 0.267 o111 0175

D 0.632 0.168 - 0372 0372 0.109 0358

E 0732 0127 - 0344 0344 0076 0255
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VEPFX VSTFX VEPEX VSTEX CoD angle (FX) CoD angle (EX)

A (Fixed) 1.946 2435 1.694 3237 099 0979 3 2

A (Free) 1.069 1275 1.035 1.867 I 0992 0.995 3 3
B (Fixed) 0901 2566 oms | 2am 0999 0688 (0.995) 4 5
B (Free) 1013 3.004 o 1.943 0999 0.999 3 3
C 1354 3.189 0917 [ 1883 | 0999 099 [ 6 2
D 1354 2.066 0.759 2.098 0999 0886 (0.988) 3 4

E 4.130 3.226 2,054 5.981 0995 0534 (0.996) 5 4
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Avgof CoD (BL) SD of CoD (BL) Time Initial Constant

constant (BL) value (BL) value (BL)
0791 0051 - 07m 0711 0074 0.108
0818 0.041 - 0.767 0767 0.105 0.106
0516 0114 14.786 0.061 0607 0136 0.145
0518 0.156 - 0531 0531 o0 0196
| 0677 0.080 8480 0415 0657 0097 0073
| 0622 0120 - 0540 0540 0111 0229
0617 0131 15.548 0.249 0488 0023 0,066
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Foot shape Group Prediction Classification and

variations comparisons clustering
Describe foot variation 7 1 2 4
Linking to subject characteristics | 3 20 4 5
Linking to subject behaviour and health 12
condition
Custom products 1 2 1 2
Definition of product sizes i i i 4
New measurement system 1 4 2
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Age

BMI

Ethnicity

Foot problems

Toes 2 1 Hallux valgus, Toe deformity, Swollen foot 6 High-heeled shoes, Frequency of sport activity, Different
bearing weight, Shod and unshod runners
Forefoot | 1 5 3 Hallux valgus, Toe deformity, Swollen foot 9 | High-heeled shoes, Geographic region, Frequency of sport
activity, Different bearing weight, Shod and unshod runners
Midfoot | 2 8 2 Hallux valgus, Toe deformity, Patellofemoral pain | 13 Frequency of sport activity, Geographic region
syndrome, Osteoarthritis
Heel 1 3 1 Swollen foot, Patellofemoral pain syndrome, Arthritis, | 5
Osteoarthritis, Diabetic foot
Ankle |1 2 1 ‘Toe deformity, Swollen foot, Patellofemoral pain 4 Frequency of sport activity

syndrome, Arthritis, Osteoarthritis, Diabetic foot
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Foot lengths

Foot widths 13 19 6
Foot heights 16 18 6
Foot circumferences 10 14 ]
Foot angles 7 13 2
Foot indexes 10 2 3
Plantar surface 1
3D foot shape 16
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Foot Subject Subject behaviour Custom Definition of New

variability features or health condition products product sizes measure.
System
Foot length 6 10 5 4 2 3 2
Ball 3 2 5 3 1 2 2
circumference
Heel width 1 2 4 3 1 1 2
Instep height 3 10 3 2 1 1
Ball width 2 9 3 1 1 1
Lateral metatarsal 8 1 1 2 1 1
length
Ball height 7 3
Instep length 6 1 1 1 1
Medial 6 1 1 1 1
metatarsal length
Arch index 1 5 3 1
Heel 4 1 1 1

circumference

Arch length 2 1 1 2

Hallux valgus 1
index
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References Bone type Comments Density Compressive Poisson'’s Yield Ultimate

elastic modulus ratio stress compressive
strength
[g/cm?] [MPa] [-] [MPa] [MPa]
Current study
SYNBONE 2350 artificial cuboid 017 +0.02 707 +123 032 £ 040 181+ 234 £020
10 mmx 10 mm x 4 mm 022
SYNBONE | artificial 0.13 £ 001 322101 026 £ 0.05 095+ 12£023
1D2350 018
Sawbones 1130- | artificial 0,05 + 001 88+ 173 03 £007 028 + 029 £0.02
213 002
Sawbones 1130~ artificial 007 + 001 209 £ 61 031 £ 005 063 + 070 £ 0.11
218 023
Sawbones | artificial 0.14 £ 001 487 +294 030 £0.12 | 08%031 092 £ 0.40
1130-192
Marter etal. (2019) | artificial cellular PU cuboid 0.12 £ 001 555 + 83% 041 + 0.08% NA N/A
foams 51 mm x 51 mm x 38.8 £ 300 0.33 + 0,02
Sawbones code 40 mm, yield stress taken
1522 for maximum force | 020 + 0.02 1600 64 0.39 + 0,02 N/A N/A
two directions of 1200 £ 3.6 031 £ 0,019
compression (x), (y)
024 %002 2120 £ 38° 0.34 £ 0029 N/A N/A
164.0 £ 2.5 0.31 £ 0,019
Patel et al. (2008)  Artificial PU foams Cylinder 0.09 0.3 £027 N/A 002+ N/A
from Sawbones ®9 mm x 3. mm @ 0.7 £02 0010
9 mm x 7.7 mm @ 0.04 +
002
0.16 19 £ 30 N/A 10+ N/A
413 001
11£01?
032 66 £ 130 N/A 36+050 N/A
145 + 6% 3.3£09%
Calvert etal. (2010) | Artificial PU foams Cylinder 024 134£9 N/A N/A 48 0.1
from General @7.55 mm x 15 mm
Plastics, 030 216:£17 N/A N/A 8503
Tacoma, WA [ T
032 206 £ 12 N/A N/A 8204
040 356+ 25 N/A N/A 135£02
0.64 752+ 43 N/A N/A 246 £ 0.3
Palissery et al. Atificial PU foams Cylinder N/A 39612 N/A N/A 064 + 002
(2004) from HEREX 15 mm x 17 mm cyclic
C.7055 loading
Liand Aspden Human Cylinder 0.18-039 75425 N/A 07£02 N/A
(1997) osteoporotic ®9 mm x 7.7 mm
Metzner et al. Human Cylinder ®8 mm x 03-085 647 £ 300 N/A N/A 6131
(2021) osteoporotic 16 mm
Buccino et al. Human Cuboid N/A 55%1 N/A 35+ 13 3812
(2021) osteoporotic 4mm x 4 mm x 14 mm
Sunetal. (2008)  Human Cuboid 106 + 339£178 N/A N/A 5323
osteoporotic 10 mm x 10 mm x 0.13 (BMD))
10 mm
Ceynowa et al. Human Cuboid 12 mm x 100 £ 0.06 N/A N/A N/A 3005
(2020b) osteoporotic 12 mm x 27
Liand Aspden Human healthy Cylinder ¢9 mm x 021-042 115 + 40 N/A 11£03 N/A
(1997) 7.7 mm
Metzner et al. Human healthy Cylinder ¢8 mm x 067-116 604 = 200 N/A N/A 141£73
(2021) 16 mm
Martens et al. Human healthy Cylinder g8 mm x 8 mm N/A 900 £ 710 N/A N/A 93+ 459
(1983) The direction of 811 % 604 102 339
compression: (x), (y), () 404 + 66 4.9+ 139
Buccino et al. Human healthy cuboid N/A N/A N/A 5537 61£40
(2021) 4mm x 4 mm x 14 mm
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Grade Designation and density Requirements for compressive Requirements for compressive
strength modulus

Minimum Maximum Minimum Maximum Minimum Maximum
density density compressive compressive compressive compressive
[kg/m?] [kg/m?] strength [MPa] strength [MPa] modulus [MPa] modulus [MPa]
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App. Density Tensile elastic modulus Poissons ratio Yield stress o Uttimate tensile strength
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fglem’] Mean(SD),[MPal ANOVA  Post-  Mean(sD).[MPal ANOVA  Post-  Mean(sD).[MPal ANOVA Post-  Mean(SD),IMPal ANOVA  Post-
hoc hoc hoc
p-value  p-value p-value  p-value p-value  p-value
SYNBONE | 015 001) w2 705 | w4 | o = o310 | oa — w2 e — [ o =
2550 w2y 69 | @ 09 005 o | 04 | 016 039 020 029
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SYNBONE | 014 001) w5 as a7 | oao - osss — s e ae e — w2 2w o -
tozsso 69 132 | 80 © | 09 08 o s | @)
Nes | Nes | Ned Nes [ Ne4 | Ne4 Neo | Net|Net
Sbones | 010 001) osi = osss - o - s =
e o) 000
N-3 -3
Sbonss | 005 000 o7 = oaz — o oy oe |em - Joe as0s -
s ©09 | 000 | @om o)
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Geometry

Materials

Application

SYNBONE
2350

Length: 460 mm. Condylar width: 85 mm. Neck angle:
120°. Anteversion: 18". Head diameter: 49 mm. Canal
diameter: 10 mm

Cortical/soft cancellous bone

Screwing and plating, nailing

SYNBONE
LD2350

Sawbones
1130-21-8

Sawbones
1130-21-3

Sawbones
1130-192

Length: 460 mm. Condylar width: 85 mm. Neck angle:

120°. Anteversion: 18", Head diameter: 49 mm. Canal
diameter: 10 mm

Canal diameter of 16 mm and an overall length of 47 cm

Canal diameter of 10 mm and an overall length of 47 cm

Cortical low-density/soft cancellous bone

Solid rigid foam cortical shell
Femur with 7 PCF (0.11 g/cm®) cancellous inner
material at the proximal end. Distal end with standard
cancellous material

Solid rigid foam cortical shell
Large left with 3 PCF (0.05 g/cm’) light-density foam
‘The femur includes 3 PCF cancellous material in the
proximal end and standard cancellous material in the
distal end

Solid rigid foam cortical shell
The femur includes cancellous inner material

Screwing and plating, nailing

Works well for broaching and
insertion of implants. Ideal for short
stems.
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Peak (average) stress (Mpa)

Stress index of collapse

area®

Collapse Lateral Central

area® pillar pillar
Healthy model 272 (4.16) 5.19 (1.5) 519 (1.74) 512 (1.73) 242(07) 0.031-0.052 ‘
308 27.45 (423) 12.22 (1.72) 583 (1.85) 12.22 (2.07) 3.67 (0.81) 0.073-0.123 ‘
DHS+CS 50.54 (4.38) 7.89 (1.72) 551 (1.85) 7.89 (1.96) 436 (1.05) 0.079-0.047 ‘
ENS 46.66 (4.36) 7.63 (1.7) 55 (1.83) 7.63 (2) 451 (0.91) 0.077-0045 ‘
3CS (bone graft) 2844 (417) 10.23 (1.6) 578 (1.82) 10.23 (1.97) 3.32 (0.76) 0.061-0.103 ‘
DHS+CS (bone 4632 (4.33) 682 (1.58) 553 (1.8) 6.82 (1.86) 3.89 (0.9) 0.041-0069
graft)
ENS (bone graft) | 4474 (433) 7.26 (1.58) 555 (1.8) 7.26 (1.93) 2,97 (0.86) 0.043-0073 ‘

“The collapse area is the collapsed necrotic region that typically occurs in the femoral head, involving the lateral, central, and medial pillars.

"Stress index = effective stress/yield strength. Microfractures form in the collapse area when the stress index is >0.1. In the Overall model, the peak (average) stress was highest in the DHS+CS
model, regardless of whether the normal screw hole models or the bone graft models was used, with values of 50.54 (4.38) and 46.32 (4.33), respectively. In the Collapse area, the peak (average)
stress was highest in the 3CS model, for both the normal screw hole models and the bone graft models, with values of 12.22 (1.72) and 10.23 (L), respectively. For the three-column regions
(Lateral, Central, and Medial pillars), the highest peak (average) stress occurred in the Lateral pillar for the healthy model. In contrast, for all other models, the highest stress was observed in the
Central pillar. The stress index of the collapse area in the 3CS configuration ranged above 0.1. Specifically, it ranged from 0.073 to 0.123 in the normal screw-hole model and from 0.061 t0 0.103

in the bone graft model.
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Matthew 2020 Node 1 Node 2 Node 3 Node 4

‘ FE model 1749 1.008 1561 0476 2954 2089 ‘ 1.103 0.694
‘ Cadaver 2081 0.84 2464 0256 3261 2792 ’ 1.369 0219

‘ Own 2053 0978 1911 0333 3102 2251 ‘ 115 0341
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Literature

Maximum von Mises strain

‘ San Antonio et al. (2012) (1) 0.002
‘7 San Antonio et al. (2012) (2) 0.0022
[ San Antonio et al. (2012) (3) 00023
‘ Yosibash et al. (2007) 000153
‘ Own 000229
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Literature Maximum von Mises stress

‘ Fu et al. (2012) 2
‘7 San Antonio et al. (2012) (1) 1795
[ San Antonio et al. (2012) (2) 17.49
‘ San Antonio et al. (2012) (3) 1805
|

Own 17.969
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iterature Stiffness
Papini et al. (2007) 0.757 £ 0264
Chen et al. (2019) 054

Own 0.5856
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Lateral pillar Central pillar Medial pillar

3Cs 3.14¢-003 2.31e-003 1.77€-003
DHS$+CS [ 2.94¢-003 [ 2.36¢-003 [ 221-003
ENS 2.91e-003 2.28¢-003 1.68¢-003
3CS (bone graft) [ 2.96¢-003 | 2.29¢-003 [ 1.63€-003
DHS+CS (bone graft) 2.79¢-003 2.35¢-003 2.08¢-003
ENS (bone graft) [ 2.75€-003 2.02¢-003 1.68¢-003

In both the sclerotic screw hole models and the bone grafi models, the highest strain was observed in the Lateral pillar of the 3CS model, with values of 3.14¢-003 and 2.96e-003, respectively.
Mt rurantt bnmir St SN Tasrisuniol b e alicaies otwan tho s i so L i s vl el o e Ladis coder st st oramnd Theilbosd of trfimis:
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Model Lateral pillar Central pill: Medial
Healthy model 2.93¢-003 2.03¢-003 1.67¢-003
3Cs 2.81e-003 4.18¢-003 249¢-003
DHS+CS 3.08€-003 3.12¢-003 3.14¢-003
ENS o7e0n 345¢-003 223¢-:003
3CS (bone graft) 2.81e-003 3.37-003 221e:003
DHS+CS (bone graft) 2.92¢-003 2.95¢-003 3.06e-003
ENS (bone graft) 2.95€-003 3.06e-003 2.12¢-:003

In the Healthy model,the highest strain occurred in the Lateral pillar, with a value of 293¢-003. In both the normal screw hole models and the bone graft models, the highest strain was observed
in the Central pillar of the 3CS model, with values of 4.18¢-003 and 3.37¢-003, respectively. Strain range": larger strain ranges, represented by the difference between the maximum and
N T L fo—
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Peak (average) stress (Mpa) Stress index of collapse

area®

Collapse Lateral Central

area® pillar pillar
3Cs 3957 (421) 17.54 (2.01) 85(2) 17.54 (2.49) 816 (0.93) 0.105-0.176 ‘
DHS+CS 5675 (4.45) 1612 (1.97) 863 (194) 1612 (2.31) 9.9 (1.19) 0.096-0.162 ‘
ENS 486 (437) 15 (1.96) 1076 (1.96) 15 (2.43) 6.98 (0.85) 0.089-0.151 ‘
3CS (bone graft) 39.48 (4.17) 1213 (1.83) 654 (1.93) 1213 (2.27) 7.18 (0.84) 0.072-0.122 ‘
DHS+CS (bone 61.23 (4.36) 14.6 (1.79) 606 (19) 146 (2.11) 9.95 (1.08) 0.087-0.147
graft)
ENS (bone graft) | 48.88 (433) 1436 (1.8) 1001 (1.94) 1439 (2.27) 7.49 (0.76) 0.086-0.144 ‘

“The collapse area is the collapsed necrotic region that typically occurs in the femoral head, involving the lateral, central, and medial pilars.
"Stress index = effective stress/yield strength. Microfractures form in the collapse area when the stress index is >0.1. In the Overall model, the peak (average) stress was highest in the DHS+CS
model, regardless of whether the sclerotic screw hole models or the bone graft models was sed, with values of 56.75 (4.45) and 6123 (4.36), respectively. In the Collapse area, the average stress
was highest in the 3CS model for both the sclerotic screw hole models and the bone graft models, with values of 2.01 and 1.83, respectively. For the Collapse area peak stress, the highest value in
the sclerotic screw hole models was observed in the 3CS model (17.54), whereas in the bone graft models, the highest peak stress occurred in the DHS+CS model, with a value of 14.6. For the
three-column regions (Lateral, Central, and Medial pillrs), the highest peak (average) stress occurred in the Central pillar across all models. In the Stress index of the collapse area, bold values
P SN ————
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References DHM: Presentation DHM: Tracking system/  Type of Type of Avatar (Designed/

Device Operating mode reality stimulation Scanned)
Perpina etal. (1999)  Computer Computer (2D mouse) Non- Visual Designed avatar (virtual
immersive VR character)
Kim et al. (2007) HMD 3 DOF Camera Fully- Visual and auditory Designed avatar (2D
immersive VR picture)
Hall et al. (2011) Computer Camcorder Non- Visual and verbal Designed avatar (virtual
immersive VR character)
Tsekleves et al. (2016) ~ Wiiimote plus video display | Vicon Mocap system with non- Visual Designed avatar (virtual
11 infrared cameras immersive VR character)
Keizer et al. (2016) HMD: Oculus Rift DK2 \ fully- Visual Designed avatar
immersive VR (personalized)
Nosek et al. (2016) Computer Computer (keyboard/mouse) Non- Visual and auditory Designed avatar
immersive VR (personalized)
Falconer et al. (2017)  Computer Computer (keyboard/mouse) Non- Visual Designed avatar (virtual
immersive VR character)
Nuic et al. (2018) Computer Kinetic motion sensor Non- Visual and auditory Designed avatar (virtual
immersive VR character)
Alemanno et al. (2019)  High-resolution LCD ona | 6 DOF motion-tracking system Semi- Visual and acoustic Designed avatar (virtual
large screen (Polhemus G4, Vermont, US) immersive VR character)
Booth et al. (2019) Immersive VR environment | 10-camera 3D motion capture Semi- Visual and auditory Designed avatar (virtual
(GRAIL) (Vicon Motion Systems Ltd) immersive VR character)
Kammler-Sucker etal. A four-sided CAVE Four-camera optical infrared system ~ Fully- Kinesthetic (physical Scanned avatar
(2021) A pair of active shutter Kinetic sensor immersive VR movement tasks)
glasses
Barhorst-Cates et al. VR headset (HTC Vive) ‘magnetic motion tracking system  Fully- Visual Designed avatar (virtual
(2022) (trakSTAR) controllers immersive VR character)
Zhu et al. (2022) Computer 12-camera motion analysis system  Non- Visual Designed avatar (virtual
3D Motion Capture System immersive VR character)
Sansoni et al. (2024)  HMD HMD Augmented Visual Designed avatar (virtual
reality character)
Xu et al. (2024) HMD \ Fully- Visual and tactile Designed avatar (virtual
immersive VR character)
Mitchell et al. (2023)  Computer Computer via camera Non- Visual and auditory Designed avatar (virtual
immersive VR character)

CAVE, cave automatic virtual environment; DOF, degrees of freedom; HMD, Head-mounted display; VR, virtual reality.
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Study Design

Case-contrl study

Case-contol study

Single-group longitudinal
study (exploratory study)

Single case study

Case-contrl study

Pre-post experimental study

Pre-post experimental study

Prepost experimental study

Pre-post experimental study

Case-contol study

Prepost experimental study

Case-contrl study

Case study

Cohort study

RCT

Prepost experimental study

Number of participants
(N) (Male/Female)

Participants
impairment

People with AN and BN
EG:N =8 (4 AN; 4 BN)
CG:N=5(3 AN:2 BY)

N=s0
EG.: N = 10 right hemispheric
stroke + left visual neglect

People with unilateral neglect
caused by stroke.

CGL: N = 10 HC computer-
unfriendly
G2 N =20 HC computer- friendly
People with mild to severe N=20(19)
intellectual disabilies
People with stroke N=1
People with AN N =59 (059)
EG.: 30 AN
CG:29 HC
People ith a physical disa N=19019)
chronic health condition
People with BPD N =15 (312)
Final sample N
People vith PD N=10(555)
People with chronic low back pain N = 20 (9/11)

Children with CP.

N =33 (627)
Final sample N = 30

Peaple with chronic back pain

People with left hemisphere stroke
18 (8/10) Stroke
12 (48) HC

People with HD N=20
EG:N

N

10 (6/4) HD
10(555) HC

People with type 2 disbetes N=300 (0/300) EG: N=146 CG:

4

People vith BN

o2

People with dyskinesia

)

Mean Age (Years)
(SD)/Age range

(Years)

EG: 1838 (29)
G166 (13)

EG: 514 (163)
CG1: 598 (50)
62207 23)
2050

3t

EG: 2203 (367)
G 2107 234)

2

043

6260

475053)

EG: 104 (29)
©G: 10 (3)

23062

EG: 618 (11.4)
G627 (112)

EG: 543 12.2)
CG: 7183 (1055)

EG: 5520 (96) CG:
5554 (115)

EG: 2925 (7.75)
CG: 2883 (648)

609 (113

Intervention

EG: Virtal environment +

training program + standard B

CG: Relaxation session + standard

Bl session

EG and CGI and CG2:
Virtual steet environment +
crossing street training

Virual hospital environment +
healthcre tour

Nintendo Wil + stroke

EG and CG: Virtual environment +
FBI + synchronousfasynchronous
perception conditons.

SESL: Virtual ensironment +
avatar + group training.

EG.: Virtual environment +
avatar-MBT: MBT + adjunctive
avatar therapy

CG: MBT without avatar therapy.

Toap run video game (Anti PD
treatment)

3 motor rehabiltation games
+3 different scenarios

VRRS: Virtual environment +
sensorimotor rehabiltation trunk

EG, and CG: Walk on a dual-belt
instrumented treadmill + VR
screen + HBM/Avatar-based

5 MM bifeedback system

CAVE + HVD + passthrough
vision + imitate movements
4 avatars

Avatar I abstract stick person
Avatar 2: artoon character
Avatar 3:realistic character
Avatar 4 personalized avatar
designed from 3D scans

EG and CG: Movement imitation
task + Viral environment +
avatar + three point-of-view
conditions (fistperson view,
mirtoring, anatomical)

EG and CG: Ground walking.
toward the FLIR infrared camera

EG: Disbetes medical group visits
+ Virtual environment + avatar
CG: Diabetes medical visits + 2t
dlinics

EG: VR-CBT + CBT group sssion
CG: CBT group sesson

EMLCML
E-ME: Virtal environment + FBI
+ physical and virtual bar
stimulation + synchronous
visuotactle stimulation

CMI: Virtal environment + FBI
+ physical and virtual bar
stimulation + non-synchronous
visuotactle stimulation

v behavioral therapy; CAVE, Cave automatc virtualenvironment; CG, Control group: C- M1

Intervention
Frequency/Duration

Frequency:
EG.: Ix per week
CG: 1x per week
Duration:

EG: Ih/1x, 6 weeks
CG: 31, 8 weeks

Duration: 1 raining sesson

‘Duration: Unlimited, 1 tour

Erequency: 3x per week
Duration: 30 min/1x, 2 weeks

Duration: 1 session

Duration: 7 sssions

EG.&CG: 10 weeks of
introductory sssions.
Frequency: 1 per week
Duration: 40-60 min/1x, 4x

Frequency: 3x per week
Duration: 6 weeks

Frequency: 2-3x per week
Duration: 11, 125

Duration: 1 embedded training

Frequency: 5x each movement
Duration: 4 movements

Duration: 1 sesson,
12 movement rials

Duration: at least 1 valid enire
it ycle

Frequency: EG 165G 2 Ix per
week, 120minix
Duration: EG 16EG 2: 8 weeks

Frequency:
EG:

CBT groups sesion: 1 per week
VR-CBT: 5x per week

Gt 1x per week

Durations

EG:

CBT groups sessons 5 weeks
VR-CBT: 1h/lx, 5 weeks

CG: 5 weeks

Frequency: 10 secondslx
Dusation: 30x:35%

ontrol motorimagery task:CP,

Cerebral palsy; EG, Experimental group: E-MI, Enhanced motor imagery task FBI, Fll-body illsion: HBM, Human body model HC, Helthy controls): D Hemiplegi's discase; HMD, Head-mounted display; MBT, Mentalization-based group treatment; PD,
Parkinson's diseases RCT, Randomized controlled trial; SESL. Self-Esteem in Second Life; VR, Virtual reality: VRRS, Virtual reality rehabilitation system; x, Time(s).
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Study (yeal Reliability Measurement e Scorin Overall RoB EBRO level
Perpiid et al. (2009) D A A Moderate B
Kim et al. (2007) A D D Moderate B
Halleral (011) D 1A 1A [ High c
Tsekleves et al. (2016) D D D | Moderate G
Keizer et al. (2016) VG VG VG Low B
Nosek et al. (2016) D 1A 1A High €
rassama (2017) 1A VG 1A High e
Nuic et al. (2018) D o D | Moderate ©
 Alemanno et al. (2019) 1A D 1A [ High c
Booth et al. (2019) D D D | Moderate B
Kammler-Siicker et al. (2021) D D D Moderate &
Barhorst-Cates et al. (2022) D D D Moderate B
Zhu et al. (2022) D D D Moderate (o
Mitchell et al. (2023) D D D Moderate B
Sansoni et al (2024) 1A D A High A2
Xu et al. (2024) D D D Moderate ¢
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