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3D mirror printing combined with minimally invasive percutaneous plate osteosynthesis in the treatment of adult me-
dian clavicle fracture MU Sheng-kai,HA O Lian-sheng,LIU Jun ,and TIAN Hong-lai*. *Department of Minimally Invasive
Orthopaedics ,Shandong Provincial Hospital of Traditional Chinese Medicine , Jinan 250014 ,Shandong,China

ABSTRACT Objective: To retrospectively analyze clinical effect of 3D mirror printing combining with minimally invasive
percutaneous plate osteosynthesis (MIPPO ) technology in the treatment of adult clavicle fracture. Methods : The clinical data of
32 adult patients with collarbone Allman I displacement of fracture who had undergone the combination of 3D mirror print-
ing with MIPPO technology treatment were collected from October 2019 to October 2020. There were 19 males and 13 fe-
males,aged from 19 to 55 years old with an average of (34.12+16.42) years old. According to Allman classification , there
were 14 cases of Allman I b and 18 cases of Allman I c. Fracture occurred on the left in 17 cases and on the right in 15
cases. Postoperative complications,operation time,incision length,intraoperative blood loss,the number of fluoroscopies,
fracture healing time of all patients were retrospectively analyzed,and the curative effect was evaluated by Constant—Murley
shoulder joint score before operation, 1 and 6 months after operation. Results: All the 32 patients were followed up for 6 to 8
months, with an average of (6.67+2.13) months. All the patients did not have postoperative complications such as incision in-
fection and skin numbness in the operating area. The operation time was (35.37+4.28) min. The incision length was (3.78+
0.45) cm. Intraoperative blood loss was(37.23+4.76) ml. The number of fluoroscopies was(3.12+0.47) times. Fracture healing
time was (8.18+2.58) weeks. Constant—Murley shoulder joint score of the affected side at 1 and 6 months after operation was
81.08+3.92 and 98.03+1.05 respectively ,which had a significant difference compared with 54.62+5.25 before operation (P<
0.05). According to Constant—Murley shoulder function score at 6 months after operation,30 cases were excellent and 2 cases
were good. Conclusion : 3D mirror printing can effectively assist MIPPO technique in the treatment of adult clavicle Allman |

displaced fracture. It not only has the advantages of less trauma and fewer complications of the MIPPO technique, but also can
further shorten the operation time and improve the operation maneuverability. It is a better method in the treatment of adult

clavicle Allman I displaced fracture.

IRAVEH : H>K  E-mail :tianhlai@163.com
Corresponding author: TIAN Hong-lai  E-mail : tianhlai@163.com



<776 « A 2022 4F 8 H 5 35455 8 1 China J Orthop Trauma, Aug.2022,Vol.35,No.8

KEYWORDS 3D printing;

thesis; Clavicle; Fractures

BB BT IR RO, A BiE o B i i
WL, BRSO, BiEEITaRkrEKs, i
Allman" 43 BUR F#E Z o %F T8 Allman T BUES L
HI, WIKRZ RTFARIBYT, BVIIT S A0 A 9 [
TE o B AR 02 ] B A RS, BB 28 B B E
B 1 E LT AR5/, AR, B s g
A IFRIE KA AARSEL AL, 32 B BOR B AR 1)
R 5 (X BARAETEAR P WY AE T AR
AR ESR R A TR R H T N XU B A8 % B, 3D
BRARFTEN B A R A% F 08 1t iz e 2B A 808 40 i ) — 4
SEARGE R, ARG A0 B OB IE R AT [ AF 2R AT AR
HMELAEL A5 Gl 28 K 9 AR P [ ZE (minimally inva-
sive percutaneous plate osteosynthesis, MIPPO ) K i
7 B T B AL I i R R ROR T . AWFSE A
2019 4 10 A & 2020 4F 10 A, %A 3D SR 4T EN S
£ MIPPO $ RIAJ7 B B E Allman T %8S {57 B 4
324, BRI T .
1R
L1 ks

AFRUE: (DAFERES18 2. ()P H BB TR
Allman 7379 Ih  Te B, (3)iFdmli<idd, (4)F
ARMAH) 56 B, T F I RAE o (51 PR BRS¢ 5 o HEBR
bt s (1) BEPE BT o (2) TR BT (3) & I 4%
R4 405 o (4) 8 I 7 B A% BB AN BEMN 52 TR
o (5) FARFRALA RS, o (6K M2 BV
L2 RS

A 3261, 19 B, Lo 13 45 AR 19~55
(34.12+16.42) % ;s 24 Ry B h Bog i i o 2t
21 ), 8kt 7 B, vk 5 4 o 2 Allman 43 L,
I'b A 14 %), Te B 18 i, 2] 17 4], 4500 15 4] 5
Z A EF AR 1~7(2.88+1.56) d,

2 BITHE
2.1 4TED 3D BfG A B A RiH

A CT Kdls 383 LA R ) B B 4
HEBEAT 11 BEAY 3D JTEN, RATTEZALAL X 45
MRIBIE , () i R G AT 0 K BT I
2.2 FARIE

AH 30 min FIy 1R AR 3R A Fh T AT R
TR, K0 S50\ RS A 228 BEL s SRR I i, >R P 20
far o, J8 I DR s S 9 RS . W M sl e
TFE N4 CIBH X LAk S I & A0 e,
vo B Bl IR ET - A S A (X T R AL)E AR
SE R BT A A ), 0 Jal 3 A B e T )
PLEATKY 2 om FARYIE, 1 & BB A T KT

Surgical procedures, minimally invasive;

Minimally invasive percutaneous plate osteosyn-

AL B R ) g S W E , FRR IO B B
M FY1 B b4 A E , 050 BRI B P 2 AL
RET, 00 BE I 35 P 5 30 R AT M0 R T VR o
KB A 3 MR IRET [ 2 . FRGEIESE B &
PO N R E A IS IR IR sE A DI
T BORHE o
2.3 Rkt

BN RTE R, TSR A R 24~48 h, R
JE 5 2 RIFIGJE 19 8 836 3,2 A JF G F 3h 8 ¢
I RE R MR 4 TR S A AOR I R S T R R A 4
fiE BB A o
3 &R
3.1 RO bR E

AT ARG 1.6 4H 2% Constant—Murley 5 577
P NP L P RETE Bl SR R IE B 4 AT
TAHEAT I PR IT 2P, W 43 100 435 543 90~100 43
FA,80~89 43k R, 70~79 43Ky Al <70 43K % o
3.2 WBITER

A 32 B B E RSV, B E] 6~8 (6.67+
2.13)MH o B BB ARG T T FEE KA DX RZ ik JRR
KRG RIE K AH T ARES ] (35.37+4.28) min,
P E (3.78+0.45) em , A I (37.23+4.76) ml,
B R B (3.120.47) ¥R, B W7 AL A ) [a) (8.18
2.58) 8 RJG 1.6 1~ H Constant—Murley & 3¢ 37 74>
41 81.08+3.92 98.03+1.05, 5 RHj 54.62+5.25
P e AT X (P<0.05), Wk 1, K5 64
JI R4 Constant —Murley JH 3¢5 T REVE 3 V1€ J7 AL,
584 30 ), R 2 . MRS LI 1,
4 itig
41 W

AT IE T BE B YT A bR ED . HAT 4K
TS o 1 B v BB 6 i T 48 SR BT O A2 A6 4 B Al MR
ETINE RS, ARG T 2 VI 5 # , X & H
T SR B A W S LR GHL L i il iz, SECE A A
FIAE IR A A AE 218 s B T2 AR, A4S A
FETEIE S AR FBRENZS, P ARAT ] —
Pl B AR RS TSR T B4 & Tala R, R
PEAE 5 2 FEAR 22 i) () 47 422 B Al 1005 A
F R EEA R B R IIE A — o ME R, B AR 2% 1]
Pl S B R LTSRS, FEE I
KAE, T TR LRI ], 5 1R R Rl 2 T
155 o A0 AR JE B I TR BN M R R JER R AR 114 ]
AT ZRUE, H EE R 2 0 5 BT Y] DO 8
AR IR G S D



A 2022 4F 8 H 2R 35455 8 ] China J Orthop Trauma, Aug.2022,Vol.35,No.8 <777 «

x1 BABEHREEH 32 61 FAHET/E Constant-Murley J& X 5 I B ¥ 53 (v+s5, 7))
Tab.l1 Constant—Murley scores of 32 patients with adult median clavicle fracture before and after operation (x+s,score)

i i) PR L1 iR sh J A 3 By
AT 6.76+2.24 15.92+3.08 12.31£2.02 19.68+3.54 54.62+5.25
RIg 14 H 12.212.45 20.03+2.36 17.68+1.78 28.33+4.02 81.08+3.92"
RIF 64 H 14.76+0.19 23.45+1.70 19.76+0.23 38.64+1.33 98.03+1.05%
FAH 145.012 76.041 194.291 283.958 1 043.569
Py <0.001 <0.001 <0.001 <0.001 <0.001

5 ARHT AR, Y1=22.845,P<0.001 ;%1=45.866 , P<0.001 ; V52 #5 ,1=23.627, P<0.001
Note : Compared with preoperative data, %=22.845 , P<0.001 ; %=45.866,P<0.001 ; "vs®,1=23.627 , P<0.001
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Fig.1 A 20-year-old female patient with the left clavicle fracture Allman type I b 1a. The pre-

operative AP X-ray showed a fracture of the left median clavicle with obvious angulation at the bro-
ken end 1b,1c. Preoperative 3D model was printed and simulated on a mirror model and the bone
plate was pre-molded 1d. Intraoperative incision picture:small incisions were made at the distal
and proximal clavicle respectively 1e. Left clavicle AP X-ray showed good reduction and internal fixation position on the 1st day after operation  1f. Three
months after operation, left clavicle AP X-ray showed that the fracture line was blurred ~ 1g. Six months after operation, left clavicle AP X-ray showed that

the fracture had bony healed 1h,1i,1j. Six months after operation , the function of the affected limb recovered well
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