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Case-control study on accuracy and safety of patient-specific drill-guide templates used in scoliosis cases ZHANG Yu-
peng,SHI Y a-min, WANG Hua-dong,and HOU Shu-xun. Department of Orthopaedics ,the First Hospital Affiliated to the Gen-
eral Hospital of PLA , Beijing 100048, China

ABSTRACT Objective:To evaluate the accuracy and safety of pedicle screw insertion with the aid of novel patient-specific
drill-guide templates in scoliosis cases. Methods ; Ten patients with scoliosis were selected to participate in the research (the
observation group) from December 2013 to December 2014. The data was obtained from CT scanning,and put into the com-
puter to perform reconstruction of spine,simulation of pedicle screw insertion,and design of patient-specific drill-guide tem-
plates with software. The templates were made with rapid prototyping technique. After sterilization, the templates were used to
aid the pedicle screw insertion intraoperatively. The blood loss, operation duration,change of creatinine level pre-and post-op-
eration,and complications related to pedicle screw insertion were recorded. The location of pedicle screws were graded so as to
evaluate the accuracy. A comparative study was then performed with the data of ten scoliosis cases operated with free-hand
method during the same period (control group). There were 5 cases of idiopathic scoliosis and 5 cases of congenital scoliosis in
the observation group, including 3 males and 7 females. Their average age was 11.9 years old (ranged,4 to 18 years old) ,and
the average Cobb angle of main curve was 54.9° (ranged,42.1° to 78.4°). There were also 5 cases of idiopathic scoliosis and 5
cases of congenital scoliosis in the control group,including 2 males and 8 females. Their average age was 12.6 years old
(ranged, 6 to 17 years old) ,and the average Cobb angle of main curve was 56.6° (ranged,38.2°to 93.4°). Results: A total of
167 pedicle screws were inserted intraoperatively , with 138 screws (82.6%) in grade I ,26 screws (15.0%) in grade I ,4
screws in grade Il (2.4%) ,but no screws in grade IV according to the CT image. There were 29(17.4%) screws perforated ,and
163 (97.6%) screws could be accepted. In the control group, a total of 165 pedicle screws were inserted intraoperatively , with
98 screws (59.4%) in grade 1,39 screws (23.6%) in grade I ,21 screws in grade I (12.7%) ,and 7 screws in grade IV
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(4.2%). There were 67(40.6%) screws perforated,and 137(83.0%) screws could be accepted. The grade distribution of screw
position, ratio of perforated and accepted screws were significantly different between the two groups respectively (Z=-5.013, P=
0.000; x?=9.347,P=0.002; x’=20.242, P=0.000). The correction rate of Cobb angle were (74.1£10.0) % vs (69.7£17.6)%;
blood loss were (455+447) ml vs (415£389)ml; operation duration were (163.5£53.7) min vs (164.0£48.7) min; and the
changes of creatinine level pre-and post-operatively were (=5.3£3.2) wmol/Lvs (-3.4+3.1) pmol/L; all above data had no
significant differences respectively (1=0.696,P=0.496;1=0.214,P=0.833;1=0.022, P=0.983;:=1.375,P=0.192). There were no
complications related to pedicle screw insertion in each group. Conclusion; The novel patient-specific drill guide template can

be used to assist the insertion of pedicle screws in scoliosis cases with much higher accuracy than that of freehand method and

fair safety.
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Tab.1 Comparison of clinical data between observation group and control group of patients with scoliosis

21 51 %k 7 HRB) x AR (xts, 2 %%Tiﬁ%ﬂ(m ;‘%ﬁﬁ AR Cobb £ (xs,°)
pUE=S2) 10 3 7 11.9+4.2 5 5 54.9+12.1

X HRZH 10 2 8 12.6+3.8 5 5 56.6+20.7

oL oA(ER - - 1=0.932 - 1=0.228

P - 0.652 0.364 0.385 0.822

T “="FR H Fisher B IMEZ12:, B HE

Note ; ‘—’means there is no statistical value due to the using of Fisher exact probability test
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Tab.2 Comparison of the accuracy and safety between observation group and control group of patients with scoliosis
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Fig.1 A 14 years old girl with congenital scoliosis 1a. AP view of the spine revealed the failure of segmentation of T¢—T; and T;—T, vertebraes,and the

Cobb angle of main curve was 45° 1b. Lateral view of the spine showed lordosis of thoracic spine 1c. Segmentation and 3D reconstruction of each single
vertebrae was performed with software. In this case,T;—Ty were treated as one level as the failure of segmentation 1d,1e,1f,1g. Simulation of pedicle

screw insertion was performed in coronal (1d) ,axial (1e) and sagittal (1f) view,which was confirmed in 3D view(1g). The virtual screw was marked red

which was indicated with blue arrow

X BT HE PR 1 il — e 52,
3.2 iRES

F A A e - PR g A 2 4%, BT ST
5 R Rl B e 22 S ) LI 5 M4 e | e i R sk
TR TR R K R EE R I AhE (B
WA SRR T HHE S5 T oAl 2R B e T, e
T EEAR RRRFE 1 e T H 5 B 235 4 1 O R 5 %8
B, X BRG] BRI T B S Ak 55 Y R Y
RAAD, R, AR BT S R0 2 2 — e BT
ARLGIR R BT, XA RELRIE— 7 A M
BELEM, 3 —J5 USR] BeRE AR B 55 3 R A B
SUEHLT W SRR R AR AU 4
T BR BCRE AT REXT B E T HER R A BRI

TERA AR, CT Bk AR THE AL P
WIEHLE FIA AN I S —E w2, AR CT
Bl R AL B MBS, AR a8 BOAH A7 B G
R RAENAS, (R SR LA BEi T o s ARy
TR BMEIR ST A, AN R R ARk

M4, R TR R S G R 2, AR5 R
HT B AR A SR vk CRSEE RT3k
0.025 mm) , W] R BREEREARM RR ZE | [FIRT, 285
Fo T A BRI AR ik 27 i FH S AR A Bh B AT, 45
B 17 4% IEET 28 I, RIS S A AE— 8
W2 N T BB AR AR SRR iR 22,
FHETE 32 HRRA Lk T €, Fil C, ME 5 AR IRET
BE, BEARJG PRIZETURET SO A B SR AT T
PHARVEET SR AR B UEA T X L, EE AT SR 22 0 0.01~
0.20 mm, f JE IR 210 0,120, P R 2278 AT 432
ZAEEN, BALT AL R g EX A A
A E RS R WLARGE . T — RS Y
BEARFTBET AT AT S S ARG LR S T
X, DIFE 1R 2, LA A e alise s S s,
3.3 LV

AHEFE R, WELLH 5% BR2H A8 1l fe: AR B[]
FUE ST AE LB 225, ST
BEEIAHLL, AR B BT A i H i AT AR B



R E A5 2015 4F 10 H 5 28 55 10 China J Orthop Trauma, Oct.2015, Vol.28, No.10 + 949 .

B1 & | K Ty UM REAMIRET B £ 52 58, W R S ITR WIRET L8 10, 1), 1k, FIVERLISAR , 32 B0E
EE T MRS, AU (1) 5 FEIGE R PDUBRE T A6 i BB A TS0 (1) R S5 B E DB IE 25, IR AT E (B 68 Sk IR ) A e (41 6 K T
AR AU AR (1k) 1 AT PRE BT TR, A ol Hosl B AR N Y BRSO Tl A B AT AL R E ST 1m, RS IE
X &R AR EACR R In. RJSIAL X 27 7R 500 ABRRERTI VS 21 FIE 1o AJS CT B8 T, ZEMIRET 2 &TEMES R 1p. A
J5i CT IR Ty BUMBRETEI7EHE S RN
Fig.1 A 14 years old girl with congenital scoliosis  1h. Simulation of screw placement was performed. The left virtual screw of T; and bilateral virtual
screws of Ty were indicated with blue arrow  1i, 1j, 1k. Generation of virtual template. Dorsal anatomic information of the vertebrae was obtained, and then
used to generate the base of template(1i). Screw tunnel was obtained surrounding the virtual screw(1j). The base and tunnel was combined ,added with a
box (yellow arrow) and three connectors(red arrows) ,then the virtual template was obtained (1k) 1l. Template was made by rapidform machine preoper-
atively,and then placed on the corresponding part of the vertebrae to aid drilling and placement of the screw intraoperatively ~ 1m. Postoperative AP X-ray
showed a favorable result on coronal plane 1n. Postoperative lateral X-ray revealed partial correction of the lordosis of the thoracic spine  10. CT showed

the left screw of T; was in the pedicle completely 1p. CT showed the bilateral screws of Ty were both in the pedicle
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Fig.5 Immunofluorescence staining of ADAMTS5 (200x) 5a. The expression of ADAMTSS in the control group  5b. Nuclei staining in the control
group 5c. The merge of fig. Sa and 5b  5d. The expression of ADAMTSS in the experimental group 5e. Nuclei staining in the experimental group
5f. The merge of fig. 5d and Se





