o A A A 2% R 2020 4E5S 30 B 55 9 1 Chinese Journal of Spine and Spinal Cord, 2020, Vol.30, No.9 791

s R 25
3D ATEP ERIAR A AR A BB S RO F A
) o4 v T 08 9T P 6 R R

B ORI F R, E KR, AR, TRIFEMRE
(bR B =EREER BRERFRIL T EALhE B5XTHEEYSEB TES L 100191 J63T)

(FE] B89 RS TTBORIG I 5 TAE SUHE O (™ 6 F R 3D 1 BN AE il B 5 4 il i BT M 7] B2 4 7T
TR At JFAT A B D97 20 77 3% 12019 4F 7 J1~2020 4 1 1, 1 T — WA AR B6G A B O 45 T 3D 4T ED
SE il BR 7 xRl AR BT ME ] BRIR ST 7 005 KA SUHEN (R TE J & 55 4 ), 2 3 {05 4R I 6~15 %/ (9.023.0 %),
S A PEWTIE 8 Klippel-Feil Z5 &1L, 1 B SAHEZZ MM L B AR R 1 608 C4 15 Bea MR, 2% TR
P[] AR Hp L A R TR 2 U AR D) PO SR IR R E AP AR RO . ER T Bl
GMA) ST AR . 6 Bl A7 H 00 AR 5T, 1 4] 035 4 52 B XU BEARETT . TR I E] 326~756min (502.4%
149.8min) , A 12 1fiL i 100~600ml(341.4+205.0ml) , HE A 1] B A 5 4% 5 2 2 5~10mm (8.0+1.8mm) , /N 45
[E3] B A7 T il 5 4% 985 S 7~12mm (9.5+1.9mm) . B A7 (R S TR IF ZohE e 2B o 3 0 8 35 AR Hh B 2 AR T fE i
i, R B B C5 PRI RERE AT, b 2 4 [N, 25T 8 37 M 2 S DD REBR IR YT, 2~6 I AL AT R AL 5
1 BITE S, 2R 5 CT A2 2 SR BT O B (3, A7 G TR PR B RS T (07 B n L A2 . Bii 7~13 1~ A (10.6%
2.5 ) R UCKE VT I RS B 200E S i X A K CT 278 3D #1 ENGE il Bk & S il & 4% 5 80s T 1%
JoT B 2 ) i SR, R L AE SEA  R DL R fR LB AT UL N TR A B X RAF JERA B RIAS AL, AR OC 1Y T A
e TR LE 440 64.45% o S5 38 N FH MU 3 TR AR VA 7 56 Kk S50HE AU 1™ s JE2 SR Y 3D 4T EIVSE il BR 1 5 i 5 e
P TR 0] LA e B4 T AT R e A Al PR B U 4 2R R

(REIA] SR PEFMEMY ;3D FTED  8L5 G i s ; M3 T H0 R

doi: 10.3969/j.issn.1004-406X.2020.09.04

hE 5 %S :R687.3,R318.1 XEkFRIREG A XEHS ;:1004-406X (2020)-09-0791-06

The application of 3D printed customized titanium alloy cage in the treatment of congenital cervical
scoliosis/XIA Tian, SUN Yu, ZHAO Yanbin, et al/Chinese Journal of Spine and Spinal Cord, 2020, 30
9): 791-796

[Abstract] Objectives: To explore the safety, feasibility, and short—term outcome of applying 3D printed cus-
tomized titanium alloy cage into intervertebral space, in the surgical treatment of patients with congenital cer-
vical scoliosis. Methods: Between July 2019 and January 2020, seven patients with congenital cervical scolio-
sis underwent distraction technique of concave side and treated with 3D printed customized titanium alloy
cage. 4 were males and 3 were females. Age ranged between 6-15 years old (9.0+3.0 years old). The prima-
ry cervical spine deformity was Klippel -Feil syndrome in 5 cases. Of the other two cases, 1 was with
malplasia of left lateral mass in the atlas, and the other was diagnosed with C4 right hemi—vertebra. The du-
ration of surgery, estimated blood loss, perioperative neurological, vascular and wound related complications
were recorded. Preoperative and postoperative appearance and radiology were observed and compared. Results:
All patients” surgeries were completed successfully. 6 patients received single site distraction and 1 patient
received distraction in two sites. The duration of surgery ranged between 326-756min(502.4+149.8min), and
the estimated blood loss ranged between 100-600ml(341.4+205.0ml). The height of 3D printed cage applied in

the anterior column was 5-10mm(8.0+1.8mm), and the height of that applied between the facet joint was 7—

EETE 1 #0098 5 s ) 550 H (445 : 2161100000516004 )
FE—EHE NP (1988-), FIREIN, =W F5E T 1) - SUHE P

L35 . (010)82267009  E—mail : anthem0316@163.com

BIRAEH . PNF E-—mail :sunyuor@vip.sina.com



792

rf R A R B 2 R 2020 AR5 30 245 9 )

12mm(9.5+1.9mm). No intraoperative complication occurred. 3 patients developed C5 nerve root dysfunction af-

ter surgery, with 2 patients on the concave side, and the other on the convex side. In 1 patient, revision
surgery for screw adjustment was needed, and got fully recovered after revision surgery, and the other 2 pa-
tients recovered by conservative treatment. The follow—up period was 7-13 months(10.6+2.5 months). During
the last follow—up, the cervical scoliosis in all patients was corrected significantly. Dynamic X-ray and CT
scan showed intact binding between 3D printed cage and cortex. No translucent zone, subsidence, loosening,
or migration of prosthesis was discovered. No pseudoarthrosis was discovered. The correction rate was 64.45%.
Conclusions:  The application of 3D printed customized titanium alloy cage in the treatment of congenital
cervical scoliosis was with good feasibility and clinical safety. Short—term follow—up showed excellent results
with a promising future.
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Table 1 General demographics of patients
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No.  Age(years) Gender Primary cervical deformity Distraction site i A 7] i JIN 37 i B concave side
Intervertebral Facet joint

% C4 BT AE . 6 o
1 ? Male C4 wedge—shaped vertebrae C5-6 10 No
S Klippel-Feil £ A1k 7
2 10 Female Klippel-Feil Syndrome C4-5 ? K No
5 Klippel-Feil £ 4 it <D =
3 15 Male Klippel-Feil Syndrome €3-5 10 8 Yes
A . 7 Cl MR A AR . 5 #
Male Left lateral mass dysplasia of atlas No
Klippel-Feil £ 4 1iE T
5 6 Female Klippel-Feil Syndrome -6 9 1 No
Klippel-Feil £7 &1 ® 7 e
6 9 Female Klippel-Feil Syndrome C4-6 7 Yes
7 7 % Klippel-Feil £ 4 fE C0-2% C0-2 9 C0-2 12 5
Male Klippel-Feil Syndrome C7-T1 C7-T1 9 C7-T1 12 No

T :(DCA A HER IR ;205 AR I ;C1 Bk K 7

Note: (DHemivertebrae of C4; @Hemivertebrae of C5; @ Lateral mass dysplasia of atlas



794 H A R A 2R 2020 AR5 30 4556 9 W)

Chinese Journal of Spine and Spinal Cord, 2020, Vol. 30, No.9

K3 PR F ARG AT AR D R AT, YR
AN C5 2 AR Dy g A, o 2 4 R M 45
TE SR RO R IR YT, 2~6 AL A AT IR
50150 1 R ATENIN, 2R 5 CT & BIEET {7
BEAE AT B TR SRR AT B S5 WL R Bl
Ui 7~13 A~ H (10.6£2.5 4~ H ), R KKl U5 B, &} 50
W I e, 3h i X 26 &% CT K R 3D 47
B TR A Bl 4 5 J0H T KRR 22 TR 4 fi 2R
BRI ST AR IR AR AL AR UL, P
B R, A s MRS 7, LR & AL,

3 EAEG

BILL M9 % RILRIE 9 A Sk 1) 22
RS TR 7 G W S )= R 0= ok 1 I 3
4450 v T A2, A 0B AR R A (I
la), CAEREM 2 TN RER RS . RETRAZ ¥ BR C5,
TS A7 0 2 Al (A W T | C2—3 3 B A 4, T3 M) e e
(F 1b), AFISHEM ™ Cobb £ 26.1°, i HE It B
AW (B 1e), HBGBTTRTATEE C4/5 (4
) Ko C4/6 (ZE )M T BT BR 5 5 B A7 0 C4/5 5%
WO, M C4/6 /NI RN FETT ST S ]
Bt B A 3D T EE WK A A Al G A% 5 T C4/6 42
HE [R] B 8 3D T ER 2 il Bk & A il 7% (&) 1d~
i), AR H R LL A AR FARETE] 402min, AR H
eI 100ml, ARJ5 1d V522 4R FAE, Ak =
WU 3 9%, A DU WL D TR, T K 3R R L1k
A2 AIRTT UL = AU 8%, RS 6 A
EW . R 3AHEA X LA SR SEm ™15 2
U1 955 1E (18 1j), Cobb 2k 10.4°, 3k 11 #F # Hif B
BGIE (B k), ARJF 34 H HiME CT SRl &4
P8 R A, R WA B B BT UUIES: (B 11 m) .

4 itit

S RAESUMEM 2 BTSSR B S
T SO SN Y 38 E A R R 1, R B X
ZRh 2 HR AR YN 1/40000~1/4200089, 7F
AR Z AR R BE/NLNER RS, R0
IR, F 30 [ P AR T I Az B A K )
AN —B, B R A B NIRRT TR R
Ik B s M A AR A Y 10— 25 BRUR AN S
XU T B IXDAS X6 55 I 5 e 1 SO 3508 s 91 £ 7
AT RERERG AN, TR LB 23 sl 1k ™
HEZ I,

AT T E VAR IG YT E B A AT
BRIK G TR, UGk A A W I 5B ME I | 3 it
JA N, DGR BIEIE I H R, B TE C6 1T B
T LA b, FH T HE Bl K A A7 AR 30 T SR AR 1 M
BE R i HAZ B0 (8 A HE S ke 1T &
WHJLRE S U8 BB T TR A B A
B o o A AR A I N S 1T B S B0 U A
[FLBRZE B0 5 AH R 15 Bl 2 AR R 11 & A
2RI 5 Y A T BB E — A5 AR A A A
14 51 S T | AN I A O P A

AHIFE R 7 451 F8 A H R Y B MV 4 O
RIEATHIG B BB T FARMERE SR vRAh TR
HRRRMRNGEA L, R RO B 1w
B R TR E H G AR R EE i HA G
A PR AR BRI A AR R AR (1 i R IR AT A
BAREFTE) ., 7R R b P BT TR A RITRL,
e3F T 64.45% 1% IF %R

1 T3 SR ST 1Y) 32 295 BRI Al 2 TR A
o E AR R AT, PRI L AR AR AR 2
FETEWTIE (B T H LB R FN LA 2t A
SEAT o BV 043 LAt LA 380 4R 40 M R &
W4T, 25  FHAE 58 PEEK A4 5 HE 0] @l & 2% , 00 06
PR FH e S BS B AT AT B LU A N 4,
XA FRAE L BRSO I T F AR R), 5 0 DA R
KAk 5S¢ R AT MR . 345k 3D 4T EN 2 fL45
MW AE LR EHTERSEN R, S
FEAMBE, AT AR Hl £ A A 8 B2 45 A g it
Y HARAE B, AR P 5 36 Hb B AR A A o8 M
3D AT B E i 5K & 4wl & 4% R 1A A 2L 2 1L
SERG PR CAT 5 SR A AR ) 2 S A TRl el
e T AF GRS | 515 41 2 [ 1) BE 48 0 K, DR T A1
TRl E AR R LI KRS AR KRR AL T F AR R,
ML 5 48 o T Al G AR E o, PRIIE T HF IERL
E

T FR T B M4 2 AR A7 1 e S50 A1
WA T 0% IR I, 76 DL R 3R T . O T3 R
R TP HESh AR S A, AR R 5T 3 S
Sk CTA, WIBHESH KA AT BAF1E 55, 0
5 2 5% UV 5 7 S BAAR o B A T, ARAL 7
11 £ 35 LA R 2 4 BR AR AT I 43 TR R 1 280, R
R A ol Bk 405 e A, T DR T i X A A B
oK 1) AL A2 3 B T ()T BT UK I A gt oL B v 7E
Aab B ] B A, 0 70 43 B R AR AAAR R 114 A



o A A A 2% R 2020 4E5S 30 B 55 9 1 Chinese Journal of Spine and Spinal Cord, 2020, Vol.30, No.9 795

B1 BILaE, 9% a ARETRUKIRE WAL Sk 1w 22 i, B H A5 w0 L B RN AR b Bk CT el R A
L C2-3 3B AN 4x ,C5 A MPEHER IR TS ¢ ArEHIEA X 4 h Tl L PE R B, AR T ] e ™ e e d~F WL T
ML (A2 Al )42 TT 3D TN SE il BK 5 46 il 2 A2 C4—C6 /D T ) B FTHER (A B goh 3D FTEN&iME CT LAY . C2-C3
IyREAN A, CS A MR ME I TE & AR b MU CZ2 M) 42 5T 3D 4T EDE IR G Sl A A LM C4-Co /M TBL j RJE X
ZRAEAL R AT DA CA—6 A M K OG5 98 G 13 i 1 45 T BOR EA 3D FTENE RN LRl& % k ARJE 3 A B Rk
B R HASE A E, WIRZAKTE Lm AR5 3 BV HUE CT SR ARAL B e R AL 7T 0L 3D 47 B 5E il LRl & 80 7 R
U R ILAR S B R T UUESR

Figure 1 A 9 years old female a The figure showed cervical scoliosis, with head tilting towards left side, eyes uneven,
and asymmetric appearance of her face b Her cervical CT scan coronary view showed unsegment of C2 and C3 verte-
brae, and C5 right hemivertebra deformity ¢ Whole spine A—P view showed congenital cervical scoliosis, and no signifi-
cant scoliosis in thoracic region d—f Computer designed distraction of concave side(left side) and 3D printed customized
titanium alloy cage implanted into left C4-C6 facet space and disc space g, h 3D printed CT model. Unsegment of C2
and C3 vertebrae, and C5 right hemivertebra deformity i In the operation, distraction of concave side (left side) and 3D
printed customized titanium alloy cage implanted into left C4—C6 facet space j Post—operative AP view showed 3D print-
ed customized artificial cages implanted in intervertebral space and facet joint of C4-6 segment on the left side k 3
months follow—up showed cervical scoliosis was corrected, and her eyes were even 1, m CT scan of cervical spine at 3
months follow up showed the position of 3D printed customized artificial cages was in—situ, no sign of loosening, migra-

tion or subsidence was observed through sagittal and coronary plane



796 rf R A R B 2 R 2020 AR5 30 245 9 )

Chinese Journal of Spine and Spinal Cord, 2020, Vol. 30, No.9

A, e A T A R T 3 20 s, IV R
PR G Rl A A RS S TR Ak, PR R S TR AL
PR T5 G5 R I B 58 23 W BR /N O B, ARIIE
BT 5 05 A i G R R AR )T 58
SR, B AT IR TR SR T AR AT e
BUMERG E ki mT, AELATS L 7 B B aod A PRI £
£, 3t A 3 1 R DR B (T AR L AE S A B
TR, —THEERSREES R A RE
S, AR T S R BT AT AR PN 8 L B R
0 kAR L it e A 5 AR R BT 0 i R sl B 4 5 B
I RE o 55— T R AT AE 3D 3T EAR R AL
BEOLE, ARrhah G Lk S 7] 58 o E
BAE, BORBREZHLRIE T TR BEAS 1 IR A 14
PEAT  RAERHE R

TE IS AT T, AR M BUAE R0 228 B
13 S hkA5 73 2 A v 9 R AR IS 3 49 S8 B
C5 MREZBRCHY LS TR o 145 P [ R AN R AT
K03 2 Bl B B M, 2 PRSP R T s A
T O . A S HUE RS KR T CS MR, R R
HL AT AE 5 SUHE IR B AR S CS #i AR BRIFAR B
AT A T, A T RERCE T AR I E
Tk Sy, MR A2 B A2 4L, R AR SR Bk L

o T ERE B AR AR S WL CT $14 A7 7
KA G DR XE LUVLEE Rl i PO 3 B Bl 5 1 O
(B AR 2H 5 1 A I BB U5 1 543 7 KA v, 3D 4T ER
JE il BR G 4 Rl AR 5 HOE R B R = (A 4 Ak
F A STUS 1% i QU B Vi 25 | I A VT S A
FE L E I R TR SR AL, $E78 3D 4T e il
Reemaa eS8 e, REMEL
N, ZALEHE BB 4 SO AT A T A I R
BF 3B oA B AR, A SR AT ST o 2 AL
3D TENER G R A B AR i o5 AL
W7 J2= A i B AR 3 i A S A 2 e (o B IR S Rl WL
FIRE A LR ABAY AN, H I AP
K1 3D ITELSE Hil Bk e Bl S A i B H P, o
IR G TR B O SC R Ak DT H B
W, SEIR G DA S SR 2 O ACRE 2 A ) i BE
P BEAR T TR RUBS: , 45 0 T A 5 K A2 B I 1] 9
BT BB,

Li BRTIR, SR TFEATA ST Se KA H

AN o™ by AE S8 I, T 3D T B ] BR  Rl
At LT HME ] BB AT B4 1 R AT PN 2 e i)
AZRAT G I TR ROCR O™ B AhE i 2k F
AR B R TS E T A UL L ]
/b, ELBE 5 I TR) A R R, 5 AN I AR 2 141 50 o
ARSI s s ], A BE A% 4K 45 W H 3D 4T B
il PR < Rl A I P 5T A SUME AN o Wi T 114 e
WIRCR

5 SEHk

. Klimo P Jr, Rao G, Brockmeyer D. Congenital anomalies of
the cervical spine[J]. Neurosurg Clin N Am, 2007, 18(3):
463-478.

2. Kumar R, Guinto FC Jr, Madewell JE, et al. The vertebral

—_

body:  radiographic configurations in various congenital and
acquired disorders[]J]. Radiographics, 1988, 8(3): 455-485.

3. 0hEE, sk, WK, AE. — TR IS A B B R T
e R ST Y (D] P A A 2R R, 2016, 26(9): 769-
776.

4. Yu M, Diao Y, Sun Y, et al. Evaluation of a combined ap-
proach to the correction of congenital cervical or cervicotho-
racic scoliosis[J]. Spine J, 2019, 19(5): 803-815.

5. Tracy MR, Dormans JP, Kusumi K. Klippel-Feil syndrome:
clinical features and current understanding of etiology[J]. Clin
Orthop Relat Res, 2004, 424: 183-190.

6. Tredwell SJ, Smith DF, Macleod PJ, et al. Cervical spine
anomalies in fetal alcohol syndrome[J]. Spine(Phila Pa 1976),
1982, 7(4): 331-334.

7. LMk, M, XU, SF. CFEMERL TR IR & AR S kE T
[J]. o E AR 2 AR, 2009, 19(4): 246-249.

8. Wang S, Wang C, Liu Y, et al. Anomalous vertebral artery in
craniovertebral junction with occipitalization of the atlas [J].
Spine(Phila Pa 1976), 2009, 34(26): 2838-2842.

9. Nune KC, Misra RD, Gaytan SM, et al. Interplay between
cellular activity and three—dimensional scaffold—cell constructs
with different foam structure processed by electron beam melt-
ing[J]. J Biomed Mater Res A, 2015, 103(5): 1677-1692.

10. #4, fafr, XBZE. #4120 3D T 1 A4 0 R k(]
e R 2 2= (R 7 R), 2015, 47(2): 203-206.

11. Yang J, Cai H, Lv J, et al. In vivo study of a self-stabiliz-
ing artificial vertebral body fabricated by electron beam
melting[J]. Spine(Phila Pa 1976), 2014, 39(8): E486-492.

(ks H 1B :2020-05-10 A& A1 H 191 :2020-08-03)
(EXLHF | 9R)
(AXp# FRHE)





