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Clinical observation of 3D printed external guide plate assisted percutaneous pedicle screw fixation in
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[Abstract] Objectives: To observe the clinical effect of 3D printed external guide plate assisted percutaneous
pedicle screw fixation in the treatment of thoracolumbar fractures. Methods: A retrospective analysis was
performed on 47 patients with thoracolumbar fractures who underwent percutaneous pedicle screw fixation from
August 2017 to August 2020, including 13 males and 34 females, aged 21-69 years. The patients were all
single—segment fractures, involving T12 in 11 cases, L1 in 26 cases, L2 in 7 cases, L3 in 2 cases, and 14
in 1 case. 22 cases were treated with 3D printed customized in vitro guide plates made before surgery in
simulating screw placement and assisting placement during operation (guide plate group), and the other 25

cases were treated with freehand screw placement under X-ray fluoroscopy (freehand group). The operative
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time, screw placement time, intraoperative X-ray fluoroscopy times, intraoperative blood loss, and postoperative
complications were compared between the two groups. The Neo classification was used to evaluate the grades

of screw placement in the two groups, and the accuracy of screw placement was calculated. The anterior
height of the fractured vertebral body and the Cobb angle were measured on the preoperative and postopera-
tive X-ray images, and the sagittal plane index of the vertebral body was calculated to evaluate the reduction
and correction of the fracture. The visual analogue scale(VAS) score, Japanese Orthopedics Association(JOA)
score and Oswestry disability index(ODI) were recorded before operation and at 1 day, 7 days and 1 year af-
ter operation. Results: The operative time, screw placement time, intraoperative X-ray fluoroscopy times, and
intraoperative blood loss of the guide plate group were all less than those of the freehand group, which were
63.57+12.18min vs 85.56+16.27min, 23.69+3.63min vs 41.36+8.12min, 15.26+4.15 vs 26.93+6.93, and 48.82+
13.72ml vs 74.35+18.64ml, respectively, and the differences were with statistical significance(P<0.05). The ac-
curacy of screw placement was 97.54% of the guide plate group with 119 screws of grade 0 and 3 screws of
grade 1, which was higher than that of the freehand group of 92.09% with 128 screws of grade 0, 10 screws
of grade 1, and 1 screw of grade 2, and the difference was statistically significant (P<0.05). The anterior
height of the vertebral body, sagittal index of the vertebral body, and Cobb angle of the two groups after op-
eration were improved significantly compared with those before operation(P<0.05), and no significant difference
was found between the two groups at the same time points(P>0.05). The VAS score, JOA score and ODI of
the two groups after operation were significantly improved compared with those before operation(P<0.05), and
there was no statistical difference between the two groups at the same time points(P>0.05). The injured verte-
brae in patients of both groups achieved bone healing after operation, and no postoperative complications oc-
curred. Conclusions: 3D printed external guide plate assisted percutaneous pedicle screw fixation can achieve
good results in the treatment of single—segment thoracolumbar fractures, which can improves the screw place-

ment accuracy significantly, shortens the operative time, and reduces the intraoperative radiation exposures

comparing with freehand percutaneous pedicle screw fixation.
[Key words] Thoracolumbar fracture; 3D printed external guide plate; Pedicle screw; Minimally invasive

[Author’s address] 1. Department of Orthopedics, Guiyang First People’s Hospital, Guiyang, 550000; 2. De-
partment of Orthopedics, First People’s 563000; 3.

Hospital of Zunyi City, Department of Laboratory

Medicine, Guiyang First People’s Hospital, Guiyang, 550000

AR R YT DA I B B e o WL AR
EFRE T ARG . ZMES RIRET 8] 2107 i 2
HEA YT B T TR TP SR, A 4t i Il =X
FARGIOER ARG DMK , 5 >4 Rif 1) PR R
SRS B B AL R PR B KR, 28 B A
5 RRBRET A i A il REEAFE - 3 )T POk i 22
B PR 5 A e RS, L 28 R AME 5 AR IR ET P [
i EAE X BT B 2 A B AR R R A B
B, LURA DR A S AR R BT A R ME R PR, 3 T
REMEE WL RN, B R ELT
A RERR AR AT P 5 8, 2 i i ] Rl
25 s L A5 051 0, AT HRE BRI B AL A0 AL
e N U2 A S AR R BT A AT AT R A S AR
BRET BN MR P22 AP (HAe o i 2R R
JRATS, TR —SE BRI e Bl PR A R X R ik i IX
MELUHET B . 3D FTERAY 51 AR n] L2 4>
Tl il B A S AR MR BT DS [ AR G O R

BOEARYE B B R WL S BT0, B 2L ER
BEIRFNUPA, 5 D02 AR 5 AR BT B A A HETf
P, A0 ARCEADTH N BRIL 25 B R X, B 3%
TH % B DROE 2 2 S BURFT B A 25, 22
AT ERIFCTAR, 12 A E 5T T AR b H
B SCRE A D . FeA i T B HY CT AR &
P BLit it 3D RSN ARKY  FTENH 3D R AL A
SNTHR, EILHE BT BEAT 28 B ME S ARIRET B AT
AU T B BT R, B A i IR

1 #RERE
1.1 A L HEBR bR

ANAKRUE : (1) F0 3 1 Hla AR 47, Wl A
FE A B8 B4 45 & B T 4 (thoracolumbar injury
classification and severity score,TLICS)=5 4}
JEHE B P2/ 70 Z2 153 (load sharing classifica-
tion,LSC) <6 75 (2) 575y B EME-5- 4 5 (3) B H



706 o[ R 2L A 2022 4EA 32 4255 8 1Y)

Chinese Journal of Spine and Spinal Cord, 2022, Vol. 32, No.8

W P2 55 HEBR AR AE - (1)5 )™ 5 B b
AE 5 (2) B I E M S E IR I 5 (3) e B
HITHE
1.2 — PR

2017 4F 8 J1~2020 4% 8 J1 LAy 47 Hi4F 45 4
N5 HEBR ARV Y B A - T R AE S B TT A — A
RERBAT 2 B HES RIRET N B EAR , 5 13 1], &
34 AE 1 21~69 % 5 1 0 B Be B A, B TR
fr.T12 11 %] ,11 26 ], 12 7 ], 13 2 {],14
1 ], ¥ T E A 2R R, Forb 22 filR
H AR 3D AT ERMAAL A A S A, R BT B AT,
AR EET (AR ) ;25 BIAR TR AT X LB
WO BAEAE T EAT (T4 . AL B
PO AR PR R B (BMI) | VoA B BT R A I
TR R F S (R 1,P>0.05),
1.3 ik
131 R  BE ARS8 5 AR S
ARHTAS A, WA O3 HE Ko R A SRHEIR  PPH R A Y
Ol T BB O T AR S T AR Al A7 R AT H AR
‘B B} P2 (Japanese Orthopedic Association,JOA)
Wy . PR M s LI 20 i R (visual analog
scale, VAS) 1 43 Fll Oswestry JJ g b 1% 45 %4
(Oswestry disability index, ODI) P4 & & A Hif #if
ZLUIRE P AR SR A D RE R A A O

3D RSN ARG AT ER : (1) AT AR

Fx1 FHBE—RARIL
Table 1 Comparison of general data of the two groups

of patients

Shal RTA g
Guide plate Freehand
P value
group group
T (B 1)
Sex(Male/Female) s 619 >0.03
e
CR&) 47591835 49424692  >0.05
ge(years)
b 2
gxﬁfﬁé&(kg/m ) 22.7122.67 21.69+3.41  >0.05
{5 T 005
Number of screws placed on injured vertebrae :
1A% 1 piece 10 11
2 M 2 pieces 12 14
HY B Fracture segment >0.05
T12 6 5
L1 11 15
L2 3 4
L3 1 1

L4 1 0

(IFEML ), 58 AR JF- AR T B B IEAE CT 3
FEH RBURH CT 24, LA Dicom #% X AEAE
() FE B A5 YT 3D BLAY B ATACLUE T, 2k £ il
EEEY, #E 3D BRI R o E AT
FORE T SRAH DCEUE, 3T 35 1 H S8 i F AR T
2 (3) 3 H R0 8 A B (E J 43 b AT = e
WAL 58 BT S HL = Y 5 A N A Ak ST
AL BT B AL = AR R AT 1 — AR A Ad
P AR TR TT, A S AR AT D
A5 M A7 A SLA A 5 AR I i 2k Sk X T, LA 5%
OO Y Bl BEAT S AROECE X A, TR
KEUEE AL, DAIHE S b HE S DL AR 3
TR =LA, B RS A 5 B
JoR .50 W B iR AT AR AN SR BT A AR AN T =
Yt i A | DL STL A8 NORAF . (4) ¥ AL s &
AE| 3D FTEPHL (F 5 . Ultimaker 3D, H1 [ ), T E}
# A 2R 0.lmm, B R AL B RHTETH 101
SR (E 1) ARTE S EEE S L (5)XF 3D &
B AT 400 R T 7 AT, 7™ e 3 57 TG T i
132 FARFTE: RAAEHE 2R EMLH
HUEE D e, S AL e CE IR 3D RS S AR
FGEAL R G RVE BT a2 0 MRk A ([R5
B 15 1B A ), XAl T 1 A b A7 A A U e 5
M2k Y B T3 ET 1 B g ol £ IF
WA AR B JER G B R 40, 3D AT ER AR 51 5
FE 56 BT A PR A 28 il 0 25 37 AR DA BT A
1E 3D AT EN IR S St i Bh 51 5 R AR B A A
TERNET G B 375 B TA 25 2 R a5 2 SRR R
W, WRIREAN L, KR BHRAERIEH T4
BEHES ARRET & A (K 2) B AL [ E TR, B
FHTE G R BEWEN T, T HEL L E AT
FIEF G AV 75 WA DA 25 2 i i R0 2 0 % B v
WU NG 22, RBRZERES , H AT 28 B ME 5 AR R
I8 AL EE F A, WHTF ARG HE—T
AR F B St , = 70 A [R]— B B e A B AT BRI
1.4 JTROTH R

1Sk FARB ] CEETHE ] R X 4B ik
BRI REIFRAER AR ARJGH 1K,
1JE 1 AFE AT VAS P45, PPAR I S s 0
Wi JOA P4 AT ODI P-4k 838 D RE G 1 0 . R
JG 1 AT X &R CT K, iFAlHE 5 AR IZ AT B A
T 0L (R I Neo 43 Gbr ) HE R 17 % 5 1 28 4k
HEAA S IR 18T 15 3% (sagittal index,SI)  Cobb 1 %F IE



of A HA A 2% R 2022 AR5 32 B85 8 1 Chinese Journal of Spine and Spinal Cord, 2022, Vol. 32, No.8 707

SRRE
Ed L

B 1 3D AN R ATENE R ab B 4T 3D BEALE T ST od 7EBH 47 3D BEAL v ME S AR B AT EIE e
VA AfE b (57 AR A RSO 75 AR b Gk B 260 XAl DUBCSR Pt 00 Y Bl A G (2 B E £ R Dk B 0 R A A B 3D AT
VIS G A T L (5 (0 S0, SR O K2R ) g 3D FTEDAR S AR IO e S B A 5 A, S R B Ik A T B

Figure 1 Construction and printing process of 3D external guide plate a,

b Front and side views of 3D fracture
model ¢, d Establishing pedicle screw channels on the 3D fracture models e Taking the line connecting the upper
edges of the pedicles on both sides of the upper vertebral body of the injured vertebra as the X-axis and the center

line of the spinous process as the Y-axis to make a positioning needle channel f The skin interface attachment guide

plate production and back view of 3D printed in vitro guide plate (purple, the guide plate, and green, the skin) g

Side view of the 3D printed guide plate h The printing mode of the guide plate without skin
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Figure 2 The procedure of 3D printed external guide plate assisted percutaneous pedicle screw placement and effect a

3D printed extracorporeal guide plate after placing positioning needles b Placing the guide plate on the surgical area
and positioning with the help of the guide plate, where it attached well to the skin ¢ Establishing a channel with the
aid of the guide plate and placing a guide wire d, e After positioning with the aid of the guide plate, it could be seen
that the X axis was located on the line connecting the upper edges of the bilateral pedicles of the upper vertebral body
of the injured vertebra, and the Y axis was located on the center line of the spinous process of the screw placement
segment f, g G-arm images after guide-assisted diagonal pedicle screw puncture h, i G-arm images after channel

establishment and guide wire placement j, kK G—arm images after pedicle screw placement
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Table 2 The operative time, screw placement time,
number of fluoroscopy, and blood loss of the two
groups of patients
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D5 5T 44 1 P<0.05
Note: (DCompared with the freehand group, P<0.05
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the two groups of patients
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Figure 3 A male patient in guide plate group, 52
years old, L1 fracture, TLICS score of 5, LSC score of
5 a, b Preoperative AP and lateral X-rays of the lum-

bar spine showed L1 compression fracture ¢ Preoperative MRI sagittal, T2WI fat—suppressed image showed L1 vertebral
fracture and bone marrow edema d, e Postoperative X-rays of the lumbar spine showed that the pedicle screws and rods
were fixed in place, and the height of the vertebral body and the vertebral alignment were recovered compared with

those before operation f-h Postoperative one week lumbar CT showed that T12, L1, and L2 pedicle screws were well

positioned
x4 MABREREEBREMCRFERR (wts)
Table 4 The reduction and correction of thoracolumbar fractures in the two groups
S BT
Guide plate group Freehand group
AHT ARJE 14 AT ESERNG
Preoperation Postoperative 1 week Preoperation Postoperative 1 week
MEMR I 2% B2 (%) Anterior vertebral height 56.24+7.45 92.87+10.13% 57.86+8.26 91.68+8.677
HEMR IR 4640 (%) Vertebral sagittal index 59.44+5.68 85.84+14.64" 60.07+6.74 86.58+13.247
Cobbffi (°)  Cobb angle 15.14+4.15 5.02+2.237 13.85+£5.28 4.74+1.877

D5 AT L8 P<0.05
Note: (DCompared with preoperation, P<0.05
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ARBRET A VA 1A S S A 7 1 I A B 3 A7 22 B A 5
HRIRET P AR AR HACRIC R, Al 3 RBR B s A R

*®5 MARETFARAE VAS ¥4 JOA #4 %1 ODI (xs)
Table 5 VAS score, JOA score and ODI before and after surgery in the two groups
VASI4 VAS score JOATF4 JOA score ODI(%)
ERIE! HET-4H SR T4 AR H T4
Guide plate group Freehand group Guide plate group Freehand group Guide plate group Freehand group
AW Preoperation 7.86+2.56 7.75+2.14 8.96+1.28 8.87+1.52 86.69+12.61 85.27£13.85
AKJG 1K Postoperative 1 day — 4.12+1.43%V 4.34+1.92% — — — —
ARJG 18 Postoperative 1 week  2.68+0.237 2.81+0.647 18.12+1.98% 17.25+1.327 35.32+6.86% 38.65+8.32%
ARJF 14 Postoperative 1 year 1.12+0.227 1.15+0.19% 27.69+0.85% 27.52+1.12% 8.53+4.42 9.28+3.84"

D5 AT B P<0.05
Note: (DCompared with preoperation, P<0.05

-

]
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H
—

R

4 SWRALH, «,49 % 12 HERF I, TLICS W4 5 43 ,LSC W4 5 45 ab RN EMAL X & 7R 1.2 M 4
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A A g B B AR P U BOR TR AL £.g RIS 1 AR50 B AR AL AN 080 X 2k Jr /s e 75 ARET e T 7 6 O A Bl A A oo B
e H W AR A T e @A ha RJE 1 ER AR CT W/n L1 L2 L3 SRR R, Bifie s

Figure 4 A female patient in guide plate group, 49 years old, L2 fracture, TLICS score of 5, and LSC score of 5 a, b

AP and lateral X-rays of the lumbar spine before operation showed L2 compression fracture ¢ Preoperative MRI sagittal,
T2WI fat—suppressed image showed L2 vertebral fracture and bone marrow edema d, e Postoperative X-rays of the
lumbar spine showed that the pedicle screws and rods were fixed in place, and the height of the vertebral body and the
lumbar vertebral alignment were recovered compared with those before operation f,

g One year after operation, X-ray

images showed that the pedicle screws and rods were fixed in place without loosening, the vertebral body height and
lumbar vertebral alignment did not change significantly, and the fracture had healed h, i One—year follow—up CT of the

lumbar spine showed that the LI, 12, and L3 pedicle screws were in good positions and the fractures had healed
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