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3D printed sliding titanium plate for internal fixation of unstable atlas fractures // GAO Bing', DU Jin—peng’, FENG Ming—zhe’,
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Abstract: [Objective] To introduce the surgical technique and preliminary clinical outcomes of 3D printed sliding titanium plate for
fixation of unstable atlas fracture. [Methods] From April 2018 to April 2021, 9 patients received open reduction and internal fixation with
3D printed personalized sliding titanium plate for unstable atlas fractures. As thin—layer CT scan of the upper cervical vertebra was per-
formed before surgery, the 3D model of upper cervical spine was reconstructed using the Mimics software, and then the data captured by the
Geomagic Studio software to design the C, posterior sliding titanium plate, finally the real personalized sliding plate was made by the 3D
printer. The posterior cervical incision was made under general anesthesia to expose the posterior arch of C;, establish the vertebral arch
screw path. The 3D printed sliding titanium plate was placed to fit the posterior arch, and then insert the screw in proper length. As adjust-
ing the plate sliding, the fracture reduction and compressive fixation were finished. [Results] All patients were successfully operated on
without serious complications, whereas with operation time of (66.5+7.3)min and intraoperative blood loss of (92.5+27.3)ml, and followed
up for 12~18 months. Compared with those preoperatively, the VAS scores [(7.1+1.6), (1.8+1.0), P<0.05], JOA score [(8.7£6.0), (16.3+4.7),
P<0.05] improved significantly at the latest follow—up. Radiographically, all patients had screw placed properly on images, without screw
broken through the bone cortex, while with satisfactory fracture reduction. Up to the last follow—up, all patients got fractures healing without
loosening or fracture of the implants. [Conclusion| The 3D printed titanium sliding plate for internal fixation of unstable atlas fracture is
feasible, safe and efficient.

Key words: unstable atlas fractures, 3D printed sliding titanium plate, internal fixation

DOI:10.3977/j.issn.1005-8478.2023.08.12

AEETE P EAREIHT 257 & B S RETF TSI H (45 :2021-02-22-016) ; BEPE 4 DAL (R AL 401 H (45 :2022A004) ; 7524211
BRI H (45 :21YXY]0024)

{EF RN vk, W FIT A B9S-SR, (FRLE) 17847697259 , (L -F-5 461 ) gaobing0118@163.com; L 1R 25 —1E# &R 4: M8 , =34 BEV , B 5T
Jrinl B HSNE, (R TE ) 13087540521, (FLF {54 ) djp18700171933@163.com

*EAEIEE /N, (FHIE) 13384980586, (HL {54 ) huangxq73@163.com; FFIBIS1EE  B1E 2%, (HLI5) 13700241328, (HLF {54 ) hebr888@163.
com

730



53145 55 8
202344 A

TSRS
Orthopedic Journal of China

Vol.31,No.8
Apr.2023

Jefferson ‘4T (Jefferson fracture) N FREMERT T
SEAT, S B Al 1) A B R ) B A AR
o EAME, B R R TR A B KA E S AT AL
Pr " IRIRRIAIMG G L HHER , LA IR 5
SRZE, AT I DL R S R R 2 T e
P, WERESE T BT P ET . RS S R
KA BeE P A A B AFaE T Jefferson HAT ', E45E
SRV S NS A S o N B N D S =R V8
B IREM-E-IXIX AR ENE 7, (HATELL kS A
PE ESUHERER SR TIRE 0 B4 ny By BON [ 2 7
PR TR AXHE A SR TR, Ik Y\ 1w )
R BK VR B R A DG AR E M Y L4
K, 3D STERS AAEVE 240878 OB # . 3D fTE]
36 FH G 2 SRR AR ARG = A ST A (R Sk ) B
%, BN HTHR . . ONESMNEFAE S A
Pl JF AE B S WT 58 AR B T AR 4 1 B
B R IR BORIEIR YT B ME T TR D5 AT Rt
FTENSERE MBI N [ e e, mT ARG E .
PEALI AR, FAEARRIE BT S . AP 2018
44 H—2021 4 4 AR 9 WA E B REAE A 4 A8
HRH] 3D ATER AT Sh ek N [, 0K AR EL
RGP RRCRAR AT o

1 FAREKR
1.1 RATHES

RuTsZ B A, Wiz (E la, 1b). AR
FHAGEGATHE RN 3~5 kg BBEES], ARG
il s A= 5 A . 1T LEIMHEE)Z CT 94, R
Mimics B4 B & =4 AL, 5 A Geomagic Studio
BAR T As =8, RN AR S
PrE B E e, MRYEE A, B MEIL e
JEAR . WEIRREE, ARSI ) e B L AR T
Il % A7 ) o P H 3D ST ENHIL £ s BRARAIAH R AE
SEIIAR (L, 1d), HEEE .

1.2 JFREE SN

BEERE BRI, TRReaE T T # 5 2 AR
B, BB E T Mayfield S48 F {3k 5305 AL
SRRV VA
13 FAREAE

FIRESRDIO, AME R T &R C
%, K% 8 cem. BIZVIIFHUG Rk . KT AL A
M2, T B Iiias, BRI B T R B HE
L, AT E I P ZETE, e B #E tha KALs

% EMEE S o BB EMES S T RS PR
JE, BORE LUK AT BRARAT A SRET I E TS iR, (Rl
BRI U HESI DK S Co i AR S AEATHE KA . i
IR AR I, SR FH A g Vi 408 JELZE 1

FRE AR BRI (A2 5, K 3D FTENWE shik i
IEFEA, NS ERESWEE, micHESETA
AL, BUH R . AET SR BHES 5 Th RS S5 T
18~20 mm, HES T4 42 2 mm 40, H 1.5 mm %
S BL I SET I, FTIE Sy 5°, IRJE 26~30 mm
(K 1e). BRAEMINETIAETCEE, FREF 3D FTENME shEkiR
Wb T2 IS 5, WP ETEI AR EE MRS T, H
LA AR 5T RS, (5 BP0y P2 AL,
[ R 300 2o 4 S 5 e SR PR A 40 8 R B R A0
SE A Sh B BT, SERE e (B 1) . B
INEHTE A K P o B . B TR, e S
Wi, BRSO, JCRECRHIN R,
1.4 ARJF4bFE

AL B ], REEL B SI A, RE
24~48 h WBRTIAE . HAETGATHHEEMIG X 4 M
CT ¥y, MEGPENMLNEEEN. A5 3d)E
DR ) 286 S L Hb 3% 2 348 5 5 0 RS DU B T
sl Zho A5 H RTHEFT U R A4 ST T A AU A i
EEEaR, REIERADIREIRSE , IFxHEFE T . Rt
NI T AT REHROE . Z RSl iR A T
TR RS . Y. EERAEEE, PR E DiEek
oo TSRk S S B BB A

2 IEARER

2.1 — ek
2018 4F 4 H—2021 4 4 H R H 3D $TEN¥E shik
M [ AR B REME I TR 9 il Hoh B e f], %
345 AFHE 24~56 &5 BRI 2 Bl s EhTE, 6
SPGB A AN R R
SUHEPCIR AT Bl 32 PR E A DU ORRAR TE 7 . ASBiFoE 38
T VGG A TE K R A B BB 4T 45 IR B PR 2 AR P B 2
it (201800023), Frf BE A EMIER 4.
22 PIEEER
SRR IFTE T A, TS Ikl 2R 1
W, FARMAB (66.5+7.3) min, A 2k i &
(92.5+27.3) ml, R EOREHTCEH KM, YA
— WA, TR BV TR ST A, R E
B ] 5~7 d.
BEBIR 12~18 AV . SRR, KK
731



553145 55 8
202344 A

T LSRR S
Orthopedic Journal of China

Vol.31,No.8
Apr.2023

BT VAS $F43 [(7.121.6), (1.8+1.0), P<0.001] F1 JOA
P43 [(8.7+6.0), (16.3+4.7), P<0.001] ¥ i 2 ik 3% .
ASIA 7 AT D 92 2 . E 97 i, YEERK
Bl U7X R B S o AR UK BE U5 I SHE JE A TS 3l BE
(80.6+21.6) °. JighkiGshE (148.5£36.5) °©

ABOTH, A BRI EALCE R, T IR
FIVIREMAT B o, I Q. AWK, B
AREBFTEERS, SEERE 3~6 ~H; R
LN ERRZ) . Wi SRR LA 1g, 1h,

K1 g, &, 36 %, SHERTr CRRSE Jefferson BIT), ITREMEBITRIEE A RAEANEEAR  la: =4 CT B8 G IS &

P 1b: KRG CT R CIRSHEYT 1e: AR 3D TENE S ERAR

lg: AJF I8 MAMGL X LR R W EE LB REF, Bish, o@a

U, MDA E

3 3% i

ARFARR FHAIRI L5 R W] . 3D FTENNT BBk
I E AR E B REMEE T EoR Al 4T, Zeamisi, AL
FAT (1) FM T —HERURSIE B RIRRE], %4
ARATEATERALAE S TR AT WAL 5 (2) AMEARE
HAETHRRSE, BEMRFRET A RS S B B ib e
W), W T BB e xR (3) Wbt
i, ARTEPTE AR E; (4) FxTE s
(ERZVIE 31 B W L (RPN TR Bt DD S T B N
P EETROMER AR 1 5 (5) G TR g R
B, EORIRHA ORI, AR FER AR
YSEE RS 37 NI T B N E i DR
732

1d: FHIEECAYIRET  le: Rpifl454TIE

1f: ¥ AR [ 72 58 K
lh: RJ5 18 A~ H B CT B R B S4B

3D T EPFA S —Fh LU R R S,
AR B TIB)ZATED, HERURIT R TSR, X
PR AT TSI Bl 1 2 585 M 1 38 1 Py 3 3D A5
BB AT RE o 3D AT il PR B 2 v 8 o7 R AS W I B
WAL E AP RIS VR AL O 25 R B AL
B A BTN ALAE T, BRSO
gl AL, 3D FTER &AM Al DIAR 4 28 % 0 i
FIZEF LR FARFNEY 1 2 BRI, 30 AR
DRSS U B P, BRI P RS T 12
B 3D FTER AL AN [ E iR PR a - B E
Pri T 5 5 TP ARE TS ST o U5 3 8] e
ABEBRINEERM, BAREERL, B
Lysholm 43 . HSS PFor¥ym THMFARA, E7A
Gl B KBS 2 I T T 3D FTENZ LB



53145 55 8
202344 A

HIEBHE MRS
Orthopedic Journal of China

Vol.31,No.8
Apr.2023

Bufs S 18 F I BERS REPE 4 5 0 B S B 00 25T
IFUESE T 3D FTENZ ALk G & 5028 / Mt — IR L EA

PRAAE R A AEY) 22V ERE A AR AR AR A,
AR RS E PERE RS I R NIRAE W) 122K, AL

PRE G SREBAVCERE S, WBIEE SRl
REESSs 32 3004 SR E A SEA—S, IR
TG EE I B T B B AR AT
5 ERMTE = YA SEAE bR R A R 5E Al
PR VCHCRE , i BEAIRAR — i P F) M T 2 e S A
BB A Y . AR K 3D ATENH AR AH
TP AR ALK

3D FTEREARR Tl RABUE : (1) 3D FTEPHE
B A PEAG 58 Hil BRAR AR & 525 (2) Wil FE A I
(3) HVELRIRT L, ITENRCRICIET RS

[1]  Geoffrey J, ZEE G . Jefferson ¥
2011, 19 (10) : 807.

[2]  Landells CD, Van Peteghem PK. Fractures of the atlas: classifica-
tion, treatment and morbidity [J] . Spine, 1988, 13 (5) : 450-452.

[3] Kakarla UK, Chang SW, Theodore N, et al. Atlas fractures [J] .
Neurosurgery, 2010, 66 (3 Suppl) : 60-67.

B B R SRR 2 AR,

[4] Kesterson L, Benzel E, Orrison W, et al. Evaluation and treatment
of atlas burst fractures (Jefferson fractures) [J] . J Neurosurg, 1991,
75 (2) : 213-220.

[5]  Dettling SD, Morscher MA, Masin JS, et al. Cranial nerve IX and X
impairment after a sports—related Jefferson (C,) fracture in a 16—
year—old male: a case report [J] . J Pediatr Orthop, 2013, 33 (3) :
€23-217.

[6] PR . AL EHE B IR IR

743, 2016, 32 (7) : 595-601.
[7]  Hein C, Richter HP, Rath SA. Atlantoaxial screw fixation for the

RiZyr a6 (1] el

treatment of isolated and combined unstable jefferson fractures —

experiences with 8 patients [J] . Acta Neurochirurgica, 2002, 144
(11):1187-1192.

(8] Wik, WK, 158, 4 . J5 B -1 A [ REUIRT A RE

PR T AR AT (] . b A AR RS AR, 2015, 25

(4) : 349-354.
[9]  BRHK, A1y, DU . BME Y [ RVRY T AR B M YT
MRFFFEEJE (1] . Efﬂ"éﬁlﬁ Zkidi, 2017, 33 (4) : 368-370.

[10] Ruf M, Melcher R, Harms J. Transoral reduction and osteosynthe-

sis C; as a function—preserving option in the treatment of unstable

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Jefferson fractures [J] . Spine, 2004, 29 (7) : 823-827.
Tekkis NP, Richmond-Smith R, Pellino G, et al. Facilitating the
adoption and evolution of digital technologies through re—conceptu-
alization [J] . Front Surg, 2022, 9: 840595.
Tack P, Victor J, Gemmel P, et al. 3D- printing techniques in a
medical setting: a systematic literature review [J] . Bio Med Engin,
2016, 15 (1) : 115.
Wurm G, Tomancok B, Pogady P, et al. Cerebrovascular stereo-
lithographic biomodeling for aneurysm surgery. Technical note [J] .
J Neurosurg, 2004, 100 (1) : 139-145.
KRB, BN, R, 55 3D FTEROARTE B BHIG K 5 SL6L
mﬁmmmﬂ%uymm%%%ﬂTMszm@%mm
814.

AN, B, 2506 . 3D TEIBORTEA LS e i B 3
4k 1. PEBIESFIRE, 2017, 25 (15) : 1405-1408.
Shi G, Liu W, Shen Y, et al. 3D printing—assisted extended lateral
approach for displaced intra—articular calcaneal fractures: a sys-
tematic review and meta—analysis [J] . J Orthop Surg Res, 2021, 16
(1): 682.
XFRAE, BRI, SR3CIE, 45 . 3D T ENHARTE & e ik 42
EDCT B P AT ()] P S O i 2%, 2020, 35
(4) : 346-349.
Hung CC, Li YT, Chou YC, et al. Conventional plate fixation meth-
od versus pre—operative virtual simulation and three—dimensional
printing—assisted contoured plate fixation method in the treatment
of anterior pelvic ring fracture [J] . Int Orthop, 2019, 43 (2) : 425-
431.
Cecchinato R, Berjano P, Zerbi A, et al. Pedicle screw insertion
with patient—specific 3D- printed guides based on low—dose CT
scan is more accurate than free—hand technique in spine deformity
patients: a prospective, randomized clinical trial [J] . Eur Spine J,
2019, 28 (7) : 1712-1723.
Li Y, Zheng G, Liu T, et al. Surgical resection of solitary bone plas-
macytoma of atlas and reconstruction with 3—dimensional—printed
titanium patient= specific implant [J] . World Neurosurg, 2020,
139: 322-329.
BRAGIE, 45, AEE, 25 . 3D JTENS PR AL B AR N I8 2 1697 ™
HEREFAEI (0] RS AR, 2021, 36 (10) :
1087-1089.
TR, RHCE, 0, 45 . 3D TEN 2 LKA — PR A
MBS BER TR 45 9T B BRI BB 5E (]
‘B0, 2019, 32 (5) : 469-474.

(Wichii :2022-11-15 {11 : 2023-03-02)

(FATTEE R fhvokdE & 51
(ARSCHwtE: EER)

733



