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3D printing technology assisted the preoperative planning and application value in adult kyphoscoliosis deformity
JIANG Wei-li ,NIU Guo-qi,ZHOU Gong,CHEN Hui,LIU Tao ,NIE Hu,LIU Lu-tan LI Chao ,and ZHOU Qian-kun. Depart-
ment of Spinal Surgery ,the Second Affiliated Hospital of Bengbu Medical College ,Bengbu 233040 ,Anhui,China
ABSTRACT Objective:To explore the application value of 3D printing technology in preoperative surgery plan and intra-
operative auxiliary operation for adult kyphoscoliosis deformity. Methods: The clinical data of 12 adult patients with kyphosco-
liosis deformity treated from September 2017 to January 2019 were retrospectively analyzed. There were 3 males and 9 fe-
males,aged from 21 to 63 years old with an average of (47.67 £13.32) years old. Among them,4 cases were congenital
kyphoscoliosis, 2 cases were old tuberculosis thoracolumbar kyphosis;2 cases were idiopathic kyphoscoliosis,4 cases were de-
generative kyphoscoliosis. The CT scan data of the patient’s spine was imported into Mimics17.0 software to establish the three-
dimensional model of the spine,and the spine model was produced by 3D printer. Using the spine model simulated operation,
preoperative surgery program planning and formulated a precise surgery, and further analysed postoperative imaging parameters
improvement. All the patients were followed up for more than 1 year. Before and after operation and at the last follow-up,the
scoliosis Cobb angle , maximum kyphosis Cobb angle ,and coronal plane balance (distance between C; plumbline and center
sacral vertical line,C,PL-CSVL),sagittal plane balance (sagittal vertical axis,SVA),pelvic parameters and other related
imaging parameters were measured to further evaluate its orthopedic effect. Results : Twelve patients with spine deformity were
treated with different osteotomy and internal fixation fusion methods under the guidance of a 1:1 spine model (pedicle screw
placement of 4 patients with severe deformity were assisted by pedicle screw guide plates) , nail placement and osteotomy have
good effects,no major tissue damage such as blood vessels,nerves and spinal cord during and after surgery,no complications
such as cerebrospinal fluid leakage and infection. Preoperative Cobb angle of scoliosis was(56.5+£22.5)°, Cobb angle of kypho-
sis was (65.2£19.5)°,C,PL-CSVL was (45.8+16.9)mm,SVA was (48.7+25.4) mm. Postoperative at 4 weeks, Cobb angle of
scoliosis was (20.8+11.5)°,and Cobb angle of kyphosis was (22.0+6.6)° ,with correction rates of (65.1+9.7)% and (64.6+
10.6)% ,respectively ; C;PL—CSVL was  (22.3+8.9) mm,and SVA was (23.3%£13.1) mm,all of which were significantly im-
proved compared with preoperative results. The mean follow-up time was (18.5+7.9) months in 12 patients. At the last follow-
up,the Cobb angles of scoliosis and kyphosis were (22.2+10.8)° and (23.6+7.7)°, respectively ,C;PL-CSVL was (23.5+10.8)
mm,and SVA was (24.7+£12.5) mm. The results were statistically significant compared preoperative (P<0.05). There was no
significant difference at the postoperative at 4 weeks and the last follow-up (P>0.05). Conclusion:The 3D print model can vi-
sually and clearly show the vertebral morphology and structure of adult kyphoscolisis and its spatial relationship with the adja-
cent vertebrae, blood vessels, and nerves,which provides a good and intuitive stereoscopic anatomical structure observation for
the individualization of the surgical plan. Pre-simulation of operations to determine the internal fixation,fusion segment and os-
teotomy orthopedic way,may to provide a reference for actual clinical surgery,and can improve the accuracy and safety of
surgery.

KEYWORDS 3D printing technology ;

Kyphoscoliosis deformity;  Osteotomy
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Fig.2 Preoperative planning and simulation of spinal orthopedics
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Tab.1 General data and operative information of 12 patients with kyphoscoliosis deformity
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Note : IS, idiopathic scoliosis; CS,congenital scoliosis; TK,tuberculosis kyphosis; DS,degenerative scoliosis; SPO,Smith —Petersen osteotomy, PSO,

pedicle subtraction osteotomy; VCR ,vertebral column resection; T,thoracic; L,lumbar; S,sacral; I,ilium
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Fig.3 Female patient,41 years old ,was admitted to the hospital for "more than 30 years since childhood spinal deformity with chest and back pain and
discomfort" ,and was diagnosed as congenital kyphoscoliosis deformity ~3a,3b. Preoperative standing total spinal X-rays showed the maximum scoliosis
Cobb angle was 49° and the maximum kyphosis Cobb angle was 70°  3¢,3d,3e, 3f. Preoperative planning for osteotomy and orthopedics. A 1:1 deformed
spinal model was printed by three-dimensional CT of the cervical spine,and the shape of the model was carefully observed,compared with imaging,and
preoperative surgical simulation was performed. The posterior thoracolumbar osteotomy and orthopedic fusion were performed ,and the kyphosis position,
shape and the anatomical relationship with the surrounding structure were consistent with the printed model. Pedicle screw placement and the location and
scope of osteotomy and orthopedic were performed quickly according to the preoperative simulation , and internal fixation was performed with bone graft fu-
sion and screw rod  3g,3h. One month postoperatively, standing total lateral spine X-rays showed the maximum scoliosis Cobb angle was corrected to 8°,
and the maximum kyphosis Cobb angle was corrected to 36°  3i,3j. One year and 6 months postoperatively, standing total lateral spine X-rays showed the

maximum scoliosis Cobb angle was 8°,and the maximum kyphosis Cobb angle was 36°
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Tab.2 Measurement results of imaging parameters of 12
patients with kyphoscoliosis deformity before and after

operation (x+s )

i H AR ARJ5 4 JH RUKKEYT
™y Cobb ff (°) 56.5+22.5 20.8+11.5° 22.2+10.8°
Jei ™ Cobb 1 (°) 65.2+19.5 22.0£6.6° 23.6+7.74

C,PL-CSVL (mm) 45.8+16.9 22.3+8.9~ 23.5+10.8*
SVA (mm) 48.7+25.4 23.3+13.1° 24.7£12.5*

s 5 #, ©=10.062,P<0.001 ; %1=8.329,P<0.001; *1=7.193,P<
0.001; °t=4.663,P<0.001.° 5 ® [t &7 ,1=1.685,P=0.120, 254 % ,t=
1.345,P=0.206; *5*H 4 ,1=0.884,P=0.395; ° 5 * It % ,1=0.983,P=
0.347

Note : Compared with preoperative data, “¢=10.062,P<0.001; *1=8.329,
P<0.001; “t=7.193,P<0.001 ; °t=4.663 , P<0.001.%vs®,1=1.685 , P=0.120;
Sysh 1=1.345,P=0.206; “vs*,t=0.884,P=0.395;“vs*,1=0.983,P=0.347
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