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3D FTE[ Frosch ABEHEE 5 7MURE & &3 52 A7 [ %

AR A, HZHE, FE, Ko
(JLEBEM TP ERE R, YIVEEM 341000)

HE. (B8] 55T 3D ITENEEI KR 5 M G BT Frosch AR 85877 ik RO E A SEmE S50 [ A5k [ml ik
S3HT 2021 4F 1 H—2022 4F 2 HARBEFARIGIT Y 43 GUIR B RAMISE- & B4 & . IRIEARATEE VR MA5 R, 21 IR 3D 1TEN4H
% Frosch ABSYITFE AL NEE (Frosch 41), 22 BRHZFI MUK S G SMU Carlson SAFEYIFFE AN EE (RIE41) . HE
P FARE . BV LG a6hr . [ER] MAEZLIAZRTAR, PWHTAREBE, TIOSRKE, Ak, Ro ik
B, AEBRA Y 22 F RS i L (P>0.05), {H Frosch ZH N #4778 I 1] & 35 B T 5 4H [(8.4+0.3) d vs (14.5+0.3) d, P<
0.001]c SARJF 3 HME, KKKV, PIALBF IR VAS WE4r. HSS WE4r. EMdE ROM #5883 (P<0.05), AHIWHTH
1, Frosch 4189 VAS W45 [ARJF 3 N H, 2.2+1.1) vs (3.9£1.7), P=0.039; K KFT, (0.9+0.7) vs (1.8+1.4), P<0.001]. HSS PE4 [A
Ji 3 H, (62.5£6.2) vs (58.1£6.3), P=0.026; K K1), (88.8+7.5) vs (81.6+9.2), P=0.007]. M) ROM [R5 3 I H, (91.7£3.2)° vs
(87.623.8)°, P<0.001; RIKFE, (120.624.3)° vs (116.93.5)°, P=0.003] ¥ BE M THIGH. [45iE] 3D FTEVAHBIEC S Frosch ABSH]
VIEWE MR B EAMIE- &84T, ARURE S, ETHNEEEA, RO, FE TGS, ThReikE Hir,

KR REFEEYT, 3D FTENGHE), Frosch A%, JFE A AE e

FESES: R683.42 XEktRERD: A MEHRS: 1005-8478 (2024) 08-0673-06

3D printing assistance and Frosch approach for open reduction and internal fixation of posterolateral tibial plateau frac-
tures // LI Shi—liang, QIU Zu—cai, DU Lan—xiang, LI Shi—jia, ZHANG Tong—hai. Department of Orthopaedics, Ganzhou Hospital of Tradi-
tional Chinese Medicine, Ganzhou 341000, China

Abstract: [Objective] To explore the strategy and outcome of 3D printing assistance and Frosch approach for open reduction and in-

ternal fixation (ORIF) of posterolateral tibial plateau fractures. [Methods] A retrospective study was performed on 43 patients who received
ORIF for posterolateral tibial plateau fractures in our hospital from January 2021 to February 2022. According to the preoperative doctor—
patient communication, 21 patients were treated with ORIF of 3D printing assistance and Frosch approach (Frosch group), while the re-
mained 22 patients received ORIF via the anterolateral combined posterolateral Carlson approach (AP groups). The documents regarding to
perioperative period, follow—up and images were compared between the two groups. [Results| All patients in both groups had corresponding
surgical procedures performed successfully, without significant differences in terms of operation time, total incision length, intraoperative
blood loss, intraoperative fluoroscopy times, hospital stay between the two groups (P>0.05). However, the Frosch group resumed walking sig-
nificantly earlier than the AP group [(8.4+0.3) days vs (14.5+0.3) days, P<0.001]. Compared with those 3 months after surgery, the VAS
score for knee pain, HSS score and knee extension—flexion ROM were significantly improved in both groups at the last follow—up (P<0.05).
The Frosch group proved significantly superior to the AP group in terms of VAS [(2.2+1.1) vs (3.9+1.7), P=0.039] 3 months after surgery,
[(0.9£0.7) vs (1.8+1.4), P<0.001] at the last follow—up; HSS score [(62.5+6.2) vs (58.1£6.3), P=0.026] 3 months postoperatively, [(88.8+7.5)
vs (81.6+9.2), P=0.007] at the latest follow—up; the knee ROM [(91.7+3.2)° vs (87.6+3.8)°, P<0.001] 3 months postoperatively, [(120.6+
4.3)° vs (116.9+3.5)°, P=0.003] at the final interview. [Conclusion] The 3D printing assistance combined with Frosch approach can explore
the posterolateral tibial plateau fracture directly to facilitate effective reduction of the articular surface and placement of internal fixation im-
plants, reduce operative complications, regain ambulation early, and achieve better functional recovery.
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W R R AU B B 2 s Re A G R
XSG D REA W3R o TR S AMIN A 25 A
S MEESL . MEERRE . e s bk pHes,
ARUEF | BRVE2S EAHXSATBR , -4 8 SO
BOWBET- B0 T T BRI AL, LARESR S
BIOIMEICTT RI A A=, A a] S8 G-, i 88 111 F M
P, AMTEA, BEANEEY, 20 REm
— HRF IR, mRHGE 1 H HARAE L A
B HEE Sk TR AR . BTAMUEX A Carlson A B
S ol KR & HARBA, (HIY T BEAEE R TR
PRSI BOR  FIBT A UE . 05 A
SRR, B 3D ATEREARN 2 A8 B F 5 B3
MRAYT, X TARFEAITIESA BTG, X TR
MRS, NEEEAGAEEREFEL 7Y,
Frosch AR H—A~F- AU T AR~ FA % AH B
&, B NERURSMISE G0 BEE . ZACFEE, AH
XFR s AW SR R M- & B o)
SR FH 3D FTERAHBIZ: Frosch A BN & 2 5 4 hip /M
A JEAMU (Carlson) BUARBE N ETRYT, HEH I
PRILHRCR , BN RIS T T R R S

1 #REFE

L1 A SHERRPRUE

PIABRUE: (1) FR2EMIE P K e 5 4h
MREEEdT (2) SETNEYT, S TERE>2 mm 5
BEZAUM a1 RS >5 mm S A FH RS B 45 S s o
>5°; (3) BEAETCHEOCT FAR KA L .

HeBRARUE . (1) FF O sl 03U 2 5 & B 3
(2) BIFRERERRAS B, NS5 . L sl 3
(3) AGM R BORBRIE B S mME LA BIRYT -

12 —fBwek

AHIF ST R I BRSNS, e AT 2021 48
1 H—2022 4% 2 AFF G ADRE 43 51585 1 im R 5%
Bl IRPEARFTEE By R, KR E S N 21
152K 3D FTER i Bh 28 Frosch AR&YIIT B AL N [E 52
(Frosch 21), 22 >k & R AMNERE S J5 M Carlson
AU AN E (RS2 . P ARHT— M 5T
BEULZR 1, PRALAERS . PR . BMIL i 2 F ARt
8] . B0 A) . Schatzker 73 B 1Y 22 R LF 1472
SL(P>0.05) . ARWFFRLEERCHEZE bt (L
GZSZYYKYLL20220007), A #3448 A A 5
+e

674

® 1. MABRERT—RAMLER

Table 1. Comparison of preoperative general data between the

two groups
tobi Frosch 21 GIVEE:! P
(n=21) (n=22)
AR (B, X ) 53.4+13.8  52.1+12.8  0.741
TS (1, i) 12/9 11/11 0.639
BMI (kg/m’, ¥ +s) 24.5+2.4 24.0£2.6  0.434
P BT AR ] (d, % +s) 6.5+£10.6 524113  0.698
PO (151, 22047) 11/10 12/10  0.650

Schatzker 437 (3], /I/II/V/VI) 0/8/5/8/0 0/9/5/8/0  0.674

1.3 FARIE

Frosch 41: ARHFIT X k. CT #Z2FH, HEdE
FA Mimics 17.0 x4, @rJRa-F-a88, FIH 3D
FTENEEARFTEDRLRY , AKHEBATHRRAE, BIHRIETE,
WA, WA SR TR, A
PIFAR, JC T HARARIRET B RS R R B
B EMY, BB b, F AR R AR R LA 4 1k 1
o RHIMI Frosch A%, FHHESFE4E 5 cm, #F
RS U IO 1) F St eSSk B2, 2ol sk
HAMIZE [T S E R 15 em BRSO, PITFAGIE S
PEME SR WU S AR B HE SR 28, AMINTF- AR 0 8
MU, HEAEE IR FORIBE Sk, T DI IR s 2
B =S URT S AR, 1B Gerdy 2515 15 M ZF 4k,
FIFRAMUNSCA 4, i J5 AT 1 DI 5 B AR
B 2 mm 247, FH 2~3 REELE ML AN, J54MI
FARGE BEEM, marEpiE s, §n s
WML AN b H LRI AT R, 2 B TR L H 4
WUVUIE kAT, Bk IE e SR EE AT WAR gk, HEA
HE LI ) 3 s 2 7, P26 BT TR B DD T L B
AL, BRI )S, LR b ) s v 1 25 2 JHE
HHKF-. SMUE G IMUE A ORI B, ARIER
FITE 3D FTEAS AL RO Dl B A ST T, B i e
AR U BT, FeREAU T AR AR EI T, Rk
ATERRAFIIRET ;. AAMIAES (7 1921 A AR 5 ml AR A
KWL E B . KEFUGIMIEPrE7E 1~2 P F %
B, G A T AT IR [ 52, 17 05 SR
M4 HR J SMUIR - 5 DR S , AN fil e
e WMEEAMUSE G TFRE, RJFRHA LIESUE#
M “HEET” BESMUTEG, KLk H A LE B ] 35
KT, BEA AR AR A A, ke ek o
R

B2 BUUEM, B L, TR ORBRAR
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FALE AT o RJHETSMUEE S S SMU Carlson XA
B, HRLRTAMUA B B S AT AMIIE B 5 s A B
WU ZAE “S” B0, ARz, e, 3
5 ARV R WU MISK BB e, =Sk
S ME Sz AMuAR L, HER LM Sk ) A2
SEFLUE R AMUSIRK, o) BRI AR U, RS AU
Yoy, WEEOCTH ., HAT AL, B R
TR E LG T 7 B[R M e B S, A I
JE o
L4 PHTERR

IR P ARMBERE, G T ORMEE . AR I
O UIOARKE . RIIfRE . DI AE oL, T
FraE IS 1R] Sz LB AR A 5 SR 58 42 5 HE 16 S ]
YR M AE AL (visual analogue scale, VAS), 3¢
[ 45 A 48 B EE BE - (Hospital for Special Surgery, HSS)
TRy . BT isEsh g (range of motion, ROM)
TN IR . T8k, SR Rasmussen T
LV BT R AL R . MRS WA (posteri-
or tibal slope, PTS) . NN AE & T4 5 (medial proxi-
mal tibail angle, MPTA), WESAZEYr @A)
15 geiteEdiik

KM SPSS 23.0 GEi T A TR R o B, THEBE
BHA s 8, BORMF G IES RN OL T, P2
FEBCR I ST REAS K305 THECPERER T X A 30 5
Fisher 5K o SF000 R 2 H SR ] Mann—whit-
ney UKir. P<0.05 WZESALSIT#E X,

2 & =B

2.1 FEIFARBIFN

PRI TFAR, R AR Em e . #ee
it eI R . PILEBE B F ARG LR 2, W
HAEF AR, PIEERKE, RApkia, RhiEd
UCBURAE B sf (] FL A 9 22 S B RG24 L (P>
0.05), Frosch 41 A7 ERS R &R T4l (P<
0.05). W4l B 2 FIAR 1R B i Rt 2
Wi ¥R g, WA O m A g 22 R E80 T
RS (P>0.05), WAARGYIR LAY, Mk
FIERAE
22 FEVIESR

PIZL B 3R BE DT 12 S H LA L, SP3BT A]
(13.5£1.5) MH, MAHRETIZERILZE 3. Frosch 5%
2 E G S E R R TR A (P<0.05), 5ARE
3AAME, RWRBEVIRT, PR E B VAS W5

BEW> (P<0.05), HSS #F4r. BEME ROM i
W (P<0.05); ARG, Frosch Z1BRR VAS 1
g1 HSS BT TIReIr o . s ROM ¥ 50T
RG24 (P<0.05). BHVIBIN], WHLH B AR K EN
FEMZh . Wi, B2 ERFEE .

R2 MABREBFARHARMLE

Table 2. Comparison of periperative data between the two groups

. Frosch 21 4 il
(n=21) (n=22)

FARBE] (min, x +s) 74.3+25.3 70.9+21.9 0.639
YIEO B (cm, & +s) 14.8+3.2 15.8+2.3 0.262
AR M (ml, 7 +5) 123.5+11.6 125.5+10.6 0.572
ARHBEREL (IR, 7 +s) 8.1x1.9 7.7+0.8 0.335
FHATERE] (d,  +s) 8.4+0.3 14.5+0.3 <0.001
I as (i, H/2.0) 21/0/0 20/2/0 0.488
{EBERTTE] (d, % +s5) 12.31.2 13.0£1.2 0.063

R3 MABRERBER (r+) SHE
Table 3. Comparison of follow—up document between the two

groups (X =)

seopr Frosch ZH A 20 P
(n=21) (n=22)
S4B H G S H] (d) 53.248.3 66.7+9.2 0.015
IR VAS BF4F (4)
ARG 34 H 22+1.1 3.9+1.7  0.035
RIKBEVI 0.9+0.7 1.8£1.4  <0.001
PH <0.001 <0.001
HSS P43 (43)
RJg 3 MH 62.5+6.2 58.1+6.3 0.026
ERIi] 88.8+7.5 81.6+9.2 0.007
PH <0.001 <0.001
JEEAHJE ROM (°)
KR53 1H 91.7+3.2 87.6£3.8  <0.001
ERIii] 120.6+4.3 116.9+3.5 0.003
P <0.001 <0.001

2.3 ARG
WAL E AR AL TR L3R 4. {K 3% Rasmussen
BRI, Frosch 4B &2 A it i b & 0 T Je 41
(P<0.05). SARFEDZIME, RKBEVIE, WABHE
PTS. MPTA JCi #7481k (P>0.05). HFHREa] 5, P
40 1A PTS. MPTA Y 22 R ¥ git =2 L (P>
0.05) . W4l BHEIERE 3~6 > H NS B R
G, WA RS IE 25 L7 2 L (P>0.05) .
WAL BRI 1,
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K 1. mELrE, 56 %, REFE Schatzker V RIE T, 17 3D FTE) Frosch ABSYITFE AN EE . 1a, 1b: ARJ CT B HR )5 Fh
M- & FYRE S I T Edr; e, 1d: RJG CT HEURJGIMIT- G2, FIrEMI; le, I K5 3 MAEE X 4
RRTTFE, BPrEm; 1, th KRMVIR®E X &R aXT P, g9ratas, ghEait, NECYITnms).

Figure 1. A=56 years—old female received open reduction and internal fixation under 3D printing assistance through Frosch approach for

Schatzker type V fracture of the tibial plateau. 1a, 1b: Preoperative CT reconstruction showed the posterior lateral platform collapsed frac-

ture with metaphyseal fracture; lc, 1d: Postoperative CT reconstruction showed that the posterior lateral platform was reduced excellent

with smooth articular surface; le, 1f: X-ray films 3 months postoperatively showed that the fracture line was blurred with articular congru-

ency remained; 1g, 1h: X—rays at the last follow—up showed a smooth joint surface, bony union of the fracture with no loosening of the in-

ternal fixation.

3% i

WRJE BRI G rmE, BTk R
Mg, MBS ShEp bk AR, AT ARLES | fffas
IR A R, AR i — A R BT IX . fE
TG A .55 S 0K W 2 DG T 45 A 5 Th e
ORI Y, A AR A B e B TE i ) 28 SR E 2
R S E TR T R, R BRIEIAT T i S
S

FRTIS B G AMI- & B AR EZA . (1) 5N
MR L7 AB& . 5 B AL DUE TR kAR
B, Sy ARG, KRB ArhZhiE
LR PR Sk A 38 A P i A T X, 2 Sy At ik
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M\

Jph RN ERK s (2) HEE SR TR AR B
HHEE T EHE IR S, ZEmARE; M
Sk E 25 it UM S 2 Ha B0, TGI8
K5 (3) BIAMUIERS Carlson ARS: ARG IEI 2
JETT Bk 3 ORI R, P32 s A 0 1t 4 28 RS
Wi, 5 FEL AN SE {25 [ ARARATBR 3 577 Buttress ¥
MRS B A E i R AMIN D e A, %
T BB RMUAR T W Z AL 5 (4) Frosch A
B —OIE . PR, HERXRE) R EMT
BAEE AL, BERRE TR AL R, NIE B AR
Gy AR g, A RAT O RE R Y. ARWER
Frosch 4lH T &2 fL5Tik . HSS ¥F4) . JaifH ROM 34 i,
FHTHGH, FEUE T AR, (H2ZRT
ST T 7 S i A A 2 A o, A BT ]
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Table 4. Comparison of radigraphic data between the two groups

Frosch 4 CIEE:!

fih (n=21) (n=22) e
BITEANL (1, P/ R/A]12E) 14/6/1/0 10/8/4/0  0.034
PTS (°, X +s)
ENEEE 7.2+1.5 75+1.0  0.466
ER/C ] 7.1%1.1 7410 029
PH 0.677 0.662
MPTA (°, % +s)
AR 85.8+5.5  86.4+6.1  0.735
ER/i] 86.3+4.9  86.2+6.0  0.946
P1E 0.721 0.938
wE W, <3 M HB~6 =6
o) 0/21/0 0/22/0 ns

3D FTENEAN 2 52 =it 31 5 B iRy T,
Wi 3D LA, RETAT DMARSMERLE AR .
I#] 7 e M RET A REOT ], AT B 8 2 [0 T
Wll AR DT S, B REAR, iR, R
AR AR BIRER S AL . REHEE A NS, #Ef
SIS T AR L B i B Gy e e

WM S I E- A B, IR
#, SPRAA R — R R B R, ARG
OCTTT, ZEARLRIE 100% 50207, Bl B Jr ik
SEE SR K B R, BIETIRRAMI — 2 e T,
EIRFE O TH , RJEAE ™. ARFSY Frosch 4145
SRR Frosch AR AMll % n] b 385 S Ml BE I il &
SCEENMR; AMINEAH S T e R RS MRS, ATRAAE
PO B PO R AEHEETIE E . AR5 i A7 e R M
Hr, WelLITEZE N, WAFARE ] LT
ST BRAE, SRR SMUE SRS . TS
SECE MR B B R, Eh
BAFENR A6 L7 BRI AT ECIRET Jo A Ak
JE o MRE R AT P B R R S RE SRR,
KT M T RE YNk 11000F, B AMIER & B 3
b ST B S R EEEArEe) , X e sy
Yy, &ERCEITRAAL P 7, ARBFSY Frosch 2 T b
Fr7EWFE] | RE ST TR T RS 4, RS T
3D FTENHTBIZE Frosch ABYITFEN A B EAR, E—
DNFARTIA TP TAREHER S, SERUSIMU-F-
BRELAEE, BA B

ZE LTk, 3D FTE] Frosch AT S0 FR

M, S5O IR E . PR, R ISC AR
[ 2 SR AT S LS, il ARG 7 25 i it
ARE% .
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