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ABSTRACT Objective:To systematically review the clinical outcomes and safety of conventional surgical methods assisted by 3D print-
ing technology for treatment of complicated calcaneal fractures. Methods: All randomized controlled trial (RCT) and non-RCT articles about
conventional surgical methods assisted by 3D printing technology for treatment of complicated calcaneal fractures included from January 1,

1998 to October 31,2021 were retrieved from Wanfang Database, China National Knowledge Internet, Vip Database, Chinese Biomedical
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Literature Service System,PubMed, Web of Science , Embase and Cochrane library through computer. The patients in 3D printing group were
treated with conventional surgical methods assisted by 3D printing technology , while the ones in conventional surgery group merely with con-
ventional surgical methods (internal fixation with steel plates or screws). The articles were retrieved and screened and the information was
extracted independently by two researchers according to unified literature information extraction table and evaluation indicators, and if any
disagreement was found between them, discussion was conducted or asked for another researcher for making a final decision. The methodo-
logical quality of researches in the RCT and non-RCT articles was evaluated by using Cochrane bias risk assessment tools and Newcastle —
Ottawa scale( NOS) respectively,and then a Meta — analysis was conducted by using RevMan5. 3 software. Results ; Four hundred and twen-
ty-six articles were searched out. After screening,16 articles(835 patients) were included in the final analysis,415 patients in 3D printing
group and 420 ones in conventional surgery group. The results of Meta — analysis revealed that the postoperative calcaneal width was smal-
ler , the postoperative calcaneal height and postoperative Bohler angle were larger, the postoperative American Orthopedic Foot and Ankle So-
ciety ( AOFAS) ankle — hindfoot scores were higher, the operative time was shorter, the intraoperative blood loss was less, the intraoperative
X-ray exposure was fewer and the postoperative complication incidence rate was lower in 3D printing group compared to conventional surgery
group(MD = -0.76,95%CI( —1.28, —0.24),P =0.004;MD =0.69,95% CI(0. 10,1.28) ,P =0. 020; MD =0. 51,95% CI(0. 17,
0.86),P=0.003;MD =3.07,95% CI(1.90,4.25) ,P =0.000;SMD = -2.43,95% CI( -3.00, —-1.85),P =0.000;SMD = -2.42,
95%CI( -3.10, -1.73) ,P=0.000; SMD = —-1.25,95% CI( -1.54, -0.96),P =0.000;RR =0. 52,95% CI(0.35,0.77) ,P =
0.001) ,while there was no statistical difference in postoperative Gissane angle between the 2 groups (SMD = -0.02,95% CI( -0. 25,
0.21),P=0.890). The subgroup analysis was conducted according to the surgical approaches,and the results showed that there was no
statistical difference in postoperative Gissane angle between the 2 groups( L-shaped approach:SMD = -0.21,95% CI( -0.51,0.08) ,P =
0. 160 ;sinus tarsi approach;SMD =0. 25,95% CI( - 0. 14,0. 65), P = 0. 210; percutaneous leverage: SMD =0. 21,95% CI( - 0. 19,
0.61),P =0.300) ,whereas the operative time was shorter ( L-shaped approach;SMD = -2.83,95% CI( -4.06, —1.59),P =0.000;
sinus tarsi approach:SMD = —2.53,95% CI( —4.96, - 0. 11),P =0. 040; percutaneous leverage: SMD = —1.92,95% CI( - 3. 27,
-0.57),P=0.005) ,and the intraoperative blood loss was less in 3D printing group compared to conventional surgery group( L-shaped ap-
proach:SMD = -2.69,95% CI( -3.97, - 1. 41), P =0. 000; percutaneous leverage: SMD = -2.16,95% CI( —3.87, -0.46) ,P =
0.010) . Conclusion : Available evidences suggest that the clinical outcomes and safety of conventional surgical methods assisted by 3D
printing technology is better than that of conventional surgical methods alone in treatment of complicated calcaneal fractures.
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HHF 390
E@$2018 1287 49 25 1264 6.5 25  9.0% 0.39[-0.17,0.95] ™
Fro)gj2018 1214 68 26 1206 71 23 9.0% 0.11 [-0.45, 0.67] T
Subtotal (95% Cl) 51 48 18.0% 0.25[-0.14, 0.65] »
Heterogeneity: Tau®= 0.00; Chi*= 0.48, df=1 (P =0.49), F=0%
Test for overall effect. Z=1.25 (P=0.21)
Zhang2021 1258 65 31 1218 7.9 41 10.6% 0.55(0.08,1.03) =
JFEFb2021 120.81 89.22 30 12056 952 32 101% 0.03[-0.47,052] T
fEBR2021 12485 576 15 12534 6.27 15 6.7% -0.08 [-0.80, 0.64) T
Subtotal (95% CI) 76 88 27.5% 0.21[-0.19, 0.61]
Heterogeneity: Tau®= 0.04; Chi*=3.13,df=2 (P =0.21), F= 36%
Test for overall effect: Z=1.04 (P = 0.30)
Total (95% CI) 284 301 100.0% -0.02 [-0.25, 0.21]
Heterogeneity: Tau®= 0.07; Chi*=19.13, df=10 (P = 0.04); = 48% Ko + 5 t 10
Testfor overall effect: Z=0.13 (P = 0.89) 347 :
B 5 ARJG Gissane f§ Meta 27 ZR #K &

3D47ED {&8FA Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Daizo 4904 53 40 877 6.4 41 211% 2.70[0.14,5.26]
Ozturk2020 861 41 18 8445 449 19 163% 1.60[1.31,4.51] —
Zhang2021 933 45 31 8BE 43 41 325% 4.70[2.64, 6.76] —
zheng2018 876 76 35 858 9 40 98% 1.80[-1.96,5.56] N I
EEIE2018 842 8.3 25 8449 9.2 25 5.8% -0.70[-5.56, 4.16]
$4FER2020 87.82 51 17 8119 12.48 Al 4.0% 6.63[0.78, 12.48] *
&HE{F2020 4901 g 18 871 6.4 14 105% 3.00[-0.63 6.63] -
Total (95% CI) 184 201 100.0% 3.07 [1.90, 4.25] -
Heterogeneity: Chi*= 7.64, df = & (P = 0.27); F= 22% b E & : T
Test far overall effect Z=513 (P = 0.00001) TR 3DITE

Bo6 AREXERSRXTHEREFRITS Meta ST FHRMAE
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3D47Ep {E8EFAR Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

LYl
Ozturk2020 833 46 18 130 58 19  25% -8.70[10.89,-6.51] —
zheng2018 7.4 6.8 35 91.3 1.2 40 3.8% -2.09[-2.66,-1.52] -
FFEFa2021 4915 578 34 7459 6.22 32 36% -4.19[-5.07,-3.31] s
2k7A52019 1035 182 19 1394 267 20 37% -1.53[-2.25,-0.81] -
thiE4f2020 78.23 626 35 113.07 11.73 35 36% -3.66 [-4.45,-2.88] -
hESL2018 51.13 10.26 18 60.85 1575 18 37% -0.72[-1.39,-0.04] 1
#FBA2020 93.82 1596 17 109.52 2573 21 3.7% -0.70 [-1.36,-0.04] -
Subtotal (95% Cl) 176 185 24.5% -2.83 [-4.06, -1.59] <
Heterogeneity: Tau®= 2.53; Chi*=107.38, df= 6 (P < 0.00001); F= 94%
Test for overall effect: Z= 4.48 (P < 0.00001)

Y0
E#$2018 63.6 47 25 94.7 7.6 25  3.4% -4.84 [[5.98,-3.71] -
Flalgj2018 57 45 26 55 48 23 38% 0.42[-0.14,0.99] ™
&HEFH2020 794 155 18 120 11.3 14 35% -2.86 [-3.88,-1.84] ==
EHE#2021 95 76 23 120 89 23 36% -2.97 [3.83,-2.11) -
Subtotal (95% Cl) 92 85 14.2% -2.53[-4.96, -0.11] -
Heterogeneity: Tau® = 5.88; Chi*= 85.55, df= 3 (P < 0.00001); F=97%
Test for overall effect. Z= 2.05 (P=0.04)

BERE
Dai2021 46.7 7.2 40 55.1 8.8 41 3.8% -1.03 [-1.50,-0.57] =]
Zhang2021 39.8 157 ki 547 106 41 3.8% -1.13 [-1.63,-0.63] -
FFEFh2021 50.25 546 30 7217 6.08 32 36% -3.74 [-4.58,-2.90] -
Subtotal (95% Cl) 101 114 11.2% -1.92[-3.27, -0.57] <
Heterogeneity: Tau®=1.33; Chi*= 32.95, df= 2 (P < 0.00001); F= 94%
Test for overall effect: Z= 2.78 (P = 0.005)
Total (95% CI) 738 768 100.0% -2.43[-3.00, -1.85] L]
Heterogeneity: Tau®= 2.20; Chi*= 499.37, df= 27 (P < 0.00001); F= 95% [20 10 3 20’
Test for overall effect: Z=8.28 (P < 0.00001) 3DITEN 4

7 FARBEFE Meta 5347 7R K E
3DfTER 1E8EFR Std. Mean Difference Std. Mean Difference

Study or Subgroup  Mean SD Total Mean SD_Total Weight IV, Random. 95% CI IV. Random, 95% CI

LYl
Ozturk2020 836 46 18 1051 56 19 51% -4.09 [-5.27,-2.92) I
zheng2018 2261 226 35 2887 348 40 57% -2.08 [-2.65,-1.51] -
AFEFa2021 2042 5.25 34 495 09.28 32 HBAH% -3.84 [[4.67,-3.01) -
2k7AT2019 538 957 19 736 1385 20 57% -0.16 [-0.79, 0.47) -
Hhixth2020 5553 7.25 35 9064 912 35 55% -4.21 [-5.07,-3.36) I
WhELL2018 56 13.5 23 90 198 23 56% -1.97 [-2.69,-1.26) —
Subtotal (95% CI) 164 169 33.0% -2.69[-3.97,-1.41] -
Heterogeneity: Tau®= 2.39; Chi*= 86.90, df= 5 (P < 0.00001); F= 94%
Test for overall effect: Z=4.12 (P < 0.0001)
Daiz021 143 57 40 187 6 41 5.8% -0.74 [-1.20,-0.29) -
Zhang2021 318 14 < 61 248 41 5.8% -1.38 [1.91,-0.86) -
FEEFb2021 21.09 5.27 30 5051 7.28 32 6.3% -4.55 [-5.51,-3.58] I
Subtotal (95% Cl) 101 114 16.9% -2.16 [-3.87, -0.46] <
Heterogeneity: Tau®= 2.16; Chi*= 48.94, df= 2 (P < 0.00001); F= 96%
Test for overall effect: Z= 2.48 (P = 0.01)
Total (95% CI) 525 561 100.0% -2.42[-3.10,-1.73] <&
Heterogeneity: Tau®= 2.02; Chi®= 318.69, df= 17 (P < 0.00001); F= 95% B 1 X 1 e
Test for overall effect: Z= 6.95 (P < 0.00001) IDITEN GEFAR

8 A M= Meta 43 H7 FxHE

2.2.8 AR X EMWE 4 ik GaE T
A X BB LU, A T 5 2 ) 1) 5 o 1 22
FHG2E T (P =16% ) o [ 52 %00 A5 R 43 B 45
RER,3D FTEI AR X LBERIEL FEE TR
F[SMD = -1.25,95% CI( - 1.54, —=0.96),P =
0.000]. W& 9,

2.2.9 ARIFIFRAERAS 11 g
TRIE A5 H KA K HE AR B HERR, 45 0T 5 2 18] 114 57 It
PERSF TG (P =10% ) o [ 7 AR AL S
HrEs R o, 3D FT BN ARG I RAE A2 R/ T AL 4
FARL[RR =0.52,95% CI1(0.35,0.77) ,P =0.001 ],
WLIE 10,
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3D4Ep 1&8F AR Std. Mean Difference Std. Mean Difference
Study or Subgroup _Mean _SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Dai2021 95 1.8 40 112 1.8 41 31.5% -0.94 [-1.40,-0.48] -
zheng2018 56 189 35 86 27 41 27.9% -1.25[-1.75,-0.76] 5=
FFEFa2021 7.47 526 34 1536 6.37 32 24.4% -1.34 [-1.88,-0.80] i
EmEW2021 4 15 23 8 29 23 16.1% -1.70[-2.39,-1.02] -
Total (95% CI) 132 137 100.0% -1.25 [-1.54, -0.96] ¢
Heterogeneity: Tau®= 0.01; Chi*= 3.58, df=3 (P =0.31); F=16% 5_10 5 0 : 10’
Test for overall effect: Z= 8.43 (P < 0.00001) 3DITEN 4E4

B9 K X Z&EWMRE Meta 53 H7 FR K E

3D¥TED {&8FA Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Daiz021 ] 40 B 41 9.3% 0.85[0.28, 2.58] 1
Zhang2021 2 M 11 41 14.9% 0.24 [0.06, 1.01]
zheng2018 i} 358 8 40 11.7% 0.86[0.33, 2.23] T
AEEFaz021 3 34 4 3z 6.5% 0.71[0.17, 2.91] - 1
SEEFh2021 1] a0 B 32 9.9% 0.08[0.00,1.39] *
FAEI2018 2 21 4 21 B.3% 05010010, 2.44] —
2kA2019 1 149 3 20 4 6% 0.35[0.04, 3.09]
FHi4k2020 4 35 14 3\ 220% 0.29[010,0.78] = X
HEEfh2018 4 18 5 18 7.9% 0.80 [0.26, 2.50] e
Flolgj2018 1] 26 2 23 4.2% 0.18[0.01, 3.52] *
FeHARz020 4 17 2 21 2.8% 2.47[0.51,11.90] ]
Total (95% CI) 306 324 100.0%  0.52[0.35,0.77] <>
Total events M 65
Heterogeneity, Chi®= 11.06, df= 10 (P = 0.35); F=10% ; I I !
Test for overall effect 7= 3.28 (P=0.001) el 1 3047 _->‘1 HEEF A 1 100

10 REHRERER Meta 3T FRWE
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