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Development and clinical application of a new transverse process retractor based on computer-aided design and 3D
printing technology LIU Tao ,NIU Guo-qi* ,ZHOU Gong,LIU Lu-tan ,and NIE Hu. *Department of Orthopaedics ,the Sec-
ond Affiliated Hospital of Bengbu Medical College ,Bengbu 233002 ,Anhui,China

ABSTRACT Objectives: To manufacture a new type of transverse process retractor by using computer-aided design (CAD)
combined with 3D printing technology and investigate its clinical application effect. Methods: A new type of transverse protru-
sion retractor was developed by CAD combined with 3D printing technology. From September 2018 to September 2019, the new
transverse process retractor was applied in clinic. Sixty patients with lumbar single segment lesions who needed treatment by
pedicle screw fixation,bone grafting and interbody fusion were divided into new transverse process retractor group and control
group , with 30 cases in each group. There were 14 males and 16 females in new type transverse process retractor group , the age
was (68.0+4.3) years old on average; lesion segment of 8 cases were L; 4,9 cases were Ly 5,13 cases were LsS;;5 cases of lum-
bar disc herniation, 20 cases of lumbar spinal stenosis,5 cases of degenerative lumbar spondylolisthesis ; new transverse process
retractor was used to pedicle screw placement. While there were 15 males and 15 females in control group ,with an average age
of (69.2+4.5) years old ;lesion segment of 8 cases were L; 4,10 cases were L, 5,12 cases were LsS,;5 cases of lumbar disc her-
niation, 21 cases of lumbar spinal stenosis,4 cases of degenerative lumbar spondylolisthesis ;the traditional lamina retractor
was used for soft tissue pulling and finished pedicle screw placement by freehand. The length of surgical incision, the time re-
quired for inserting a single screw ,fluoroscopy times,the times of adjusting the positioning needle or screw in insertion pro-
cess,and the visual analogue scale (VAS) of surgical incision 72 hours after operation were compared between two groups.

Results: Using CAD and 3D printing technology,a new type of transverse protrusion retractor was developed quickly. The

i H . SEIPEAEBE A ARG I H (45 BYKY18152) 5 35 1€ 2 e M0 B BHOR BT ¢ 55 0 8587 AT A (45 %5
BYKC201911)

Fund program ; Natural Science Foundation of Bengbu Medical College (No.BYKY18152)

HIRAVEE A4 EiE  E-mail : ssngq@163.com

Corresponding author: NIU Guo-qi ~ E-mail : ssngq@163.com



HEE A 2022 4F 5 A5 354555 51 China J Orthop Trauma, May.2022, Vol.35,No.5 + 455 -

length of surgical incision, the time required for inserting a single screw , fluoroscopy time,and the times of adjusting the posi-

tioning needle or screw in insertion process in new transverse process retractor group were less than those in control group (P<

0.05). There was no significant difference in VAS of lumbar incision pain at 72 hours after operation between two groups (P>

0.05). Conclusion: Using CAD combined with 3D printing technology to develop a new transverse protrusion retractor has the

advantages of convenient design, short development cycle and low cost. It provides a new idea for the research and development

of new medical devices. The new transverse process retractor has the advantages of easy operation,reliable fixation,less dam-

age to paravertebral muscle , convenient pedicle screw placement, reducing fluoroscopy time and so on.

KEYWORDS Computer-aided design;

JEAEEME =5 AR BRET P 18] BEAR = A MR p i B
AR Z —, HA) 12 N T MR
P A T B A 3R A8 R o 1) T RGBT R
TEAT HEAEME = AR ET I [ 2 TR B, T AR 4K
L LV R R DX I R 45k IR M o T 5 AR MR T 11 A
B —E MR QBT B A, TSR A [
FE R R A A R 2 K I i T ] OF R
FE S WAL Bl A Bh R A R 22 TT AR AL TR i
PR E A B ANME SRR ET , — B AR SMELEE
5% TR [A)BE, AS IR A 28 5 X S ) S 3 A
) H S TR R 15 SR AR L 2 R B R A T SR L 1Y
JEnb b, 2 AL BT (computer-aided de-
sign,CAD) 254 3D JTERH AR BTl /E T —Fp LA
HERE 28 0 [ 5 S 5, ISR A HES ARIBET B A S
T 30 T PR LR S P4, ARAR T RS R L A
(L F]5 .71 2018 2 1729099.9) , 4% 3 %} 2018 4F 9 H
2 2019 4 9 H SR FAME =5 AR SR AT [ 3 A 8] fil 5 2%
77 AR YT I 60 1 JEAE 54T B AR F8 A I IR
GORMHEAT BUBUPE 53 B, P07 28 58 B 7EAE AR
IRETE AR RO, I S gHE S AR IRET
BT LT X AT o
1 #RS5HE
1.1 kst

AARRUE . ZIEFOR IR TT B AR DL B R ROR
A TRy R FIME 5 AR BT [ 5 I HE 8] #5715
P 2 HEAE BT B 7428 5 JC )™ B R LN , RE T
ZFAR

HEBRARIE : R 285 IERLORSFIR YT 5 IEHE XUy BRI
L BUWAS s 5 T I RGN , AR 2 FAR

Printing , three-dimensional ;

Lumbar vertebare; Pedicle screws

L2 ¥R

AZH 60 5], AR 5 2 A5 o FH BT B A S 148 43 R
RURE S8 i B 2H FXE BRAT, B4 30 5] S A4 58 437 44
W5 14 4,22 16 191 ; 4F-1% (68.0£4.3) % ;154 8 i, Ly s
9 i ,LsS, 13 5] 5 HEHE [m) % 28 3 5 ], A 45 M 7
20 1), 3B A5 A W R 5 5] 5 A B A 2% i 4 0E
TTHE S RIRET B A . XTHRALEE 15 f4], 2 15 fi] 5 4F i
(69.2+4.5) % ;154 8 i , Ly s 10 1], LsS; 12 5] 5 JEAfE i)
Fro i 5 B, MEAME R BeAE 21 ], AR AR 1 A T
A 5] 5 i AL G W HE A T B4 R AT B AL B A T I Bk
FHE S AHRIRET B o P E AR T — R} L3R
2R LG FE L (P>0.05), L3 1,

1.3 ¥

1.3.1 ARG R B 254 B s AR o
“L7IE ey A 2 R 90°, e v ) bR B . hr iy
A BETF OB TE FF 11, FF TR EE Ry 10 mm ), 5 %8
S i BE VETC o AR Y U B0 T B 5G5S Al 4%
BEZE B 5 A8 B T 048 R o 0 4 Hs, AR R A R
Ui 2% B AR R 28 B AR FOR, SR 20064 L
R 200 mm, 75 30 mm, ¥R 100 mm, [5] A% 57
BRSO A HE D AR R ET B A S e, e
HAR 10 mm (& 1), BB SR 5 1 2 DL IR 2,
1.3.2 CAD ## f&% 3D #ARITED AR 48 s it BB %
FH CAD B 22 i RURE 58 417 4 dwg A% X 481 1
K, 5 A SolidWorks B4, 15 & R 5 38 18 X 5% L Hi
fift UIBR S5 Ay 2 AT = 4R (LR 3) , 4K J5 LA STL
M 2T & 3D T ERALAT BN 5 L B A4 50 2 A 98 ik
PRI (UL 4) o AR B 3 2 2 e 2 — B i I e B
BHE B i O IEHE =4k CT K A 04 (128 )23 )2

1 HABEHEETRFATEEAT —RABILR
Tab.1 Comparison of preoperative general data of patients with lumbar single segment lesions between two groups
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Fig.1 The design of the new transverse protrusion retractor. The arrow of
1 refers to the double tooth tip of the transverse protrusion retractor. The
arrow of 2 indicates the guide channel of pedicle screw. The arrow of 3 in-
dicates the body of the transverse protrusion retractor. The arrow of 4

refers to the tail of the transverse protrusion retractor
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Fig.2 Entity picture of the new transverse protrusion retractor by front

view and side view. The arrow of 1 refers to the double tooth tip of the
transverse protrusion retractor. The arrow of 2 indicates the guide channel
of pedicle screw. The arrow of 3 indicates the body of the transverse pro-
trusion retractor. The arrow of 4 refers to the tail of the transverse protru-

sion retractor 2a. Lateral view 2b. Top view
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Fig.3 Three dimensional modeling drawing of CAD software for the new transverse protrusion re-

tractor  3a. Oblique view  3b. Perspective view
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Fig.4 3D printing polylactic acid (PLA) material new transverse process

retractor model  4a. Lateral view 4b. Top view
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Fig.5 3D printing 1:1 scale polylactic acid (PLA) material L,—Ls vertebral body model = 5a. An-

terior view  5b. Lateral view 5c. Top view
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Fig.6 Intraoperative use of the new transverse protrusion retractor 6a. The two-tooth structure of

the head end of the transverse protrusion retractor mounted on the transverse process,and the direc-
tion of the head and tail of the retractor was adjusted to make the retractor body horizontal and verti-
cal to the longitudinal axis of the spinous process  6b. Position the needle by placing the pedicle

screw under the retractor into the guide channel
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Tab.2 Comparison of perioperative observation index of patients with lumbar single segment lesions between two groups (x+s)
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i 4.496 22.886 20.522 4.496 0.095
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