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[Abstract] Objective This study aimed to compare the biomechanical characteristics of different fixations for Schatzker type [V tibial
plateau fractures with posterolateral articular depression. Methods Eighteen synthetic bones simulated the Schatzker type IV tibial plateau
fractures with posterolateral articular depression and then divided into three groups on average. Group A were fixed with a medial plate; in
Group B, medial plating combined with posterior plate fixation was applied; and Group C were fixed with medial and lateral plating following
creation of a “bone window” on the lateral cortex. Static forces were applied by a testing machine. The load were recorded when the articular
surface collapsed and when fragments displaced vertically over 3 mm. Results The load when the articular surface collapsed was 1 715.0 +
52.1 N in group A, 2 631.7 £81.8 N in group B and 2 763.3 £51. 6 N in group C. There was statistically significant difference among the
three groups (F=486.183,P=0.000), and between any two groups (P<C0. 05). The load when the vertical displacement exceeded 3 mm was
2 360.0 £71.0 N in group A, 3 125.0 £104.4 N in group B and 3 418.3 £81.3 N in group C. There was statistically significant difference
among the three groups (F= 238, 140, P=0. 000), and between any two groups ( P<C0. 05). Conclusion The medial and lateral plating
fixation following creation of a “bone window” on the lateral cortex exhibited the best strength in treatment of Schatzker type [V tibial plateau
fractures with posterolateral surface depression. The medial plating combined with posterior buttress fixation was superior to the medial plating
alone in terms of resistance of {ragment displacement. Both fixation strategies could tolerate the load during walking in theory. The medial
plating displayed the lowest biomechanical characteristics, but could allow non-weight-bearing functional exercise.

[Key words] Schatzker type IV tibial plateau fractures; Articular depression; Internal fixation; Biomechanical study

_ ’ JEH VG a2 W T BT N E I, R
HEWH . FEA DA A T % R SRR AR H Schatzker ﬁiﬁﬂﬂd‘ Schatzker IV ﬂ%*ﬁﬁ‘j Vﬂf}”ﬂﬂ%

(20164Y0195) . .
Pttt 201799 Lis. S RkFBE SRS 0] 0 e or e BARET CT ARG R I R B
FRLCERE BB OB D 200233, bkt I Schatzker IVARIFRIT A IF IR S O T 5 I

55 N R EE B CE AU 2 MR LA REFRIE S TR 1 P90 37 B 1) 52 0 [
A R Emalls i@ 165 com AR 5 5 T 5100 15 6 48 0 190 5243 474



. 248 - EER AR 2E 20194 7 #540% 454 IntJ Orthop, July. 25, 2019, Vol. 40, No. 4

PRIE . S I BT AR XA 3
ORIEGE A B 3 3o B 37 ) Bt 52 AL i ] 56 5
TE & J 5 - 3 DAL O LA T 5 o R 30 3 A BRAET [ 7 5
I A 1) s @R G A B 2B B N
0000 A [ At i P S D0 409 A S T S Y T
(1Y 5 Q2R I P9 A B 388 3 S0 F- £ 4807
7 52 S O THT P A LASUE AR i (&T 1)

U IR SMUSE T B A0 Schatzker VLR - 6 7%
Priv 3 FrFEA R 2 X a IR E . AR R X &R
O ARPEEEP XLZBR PO EKRE XL R )
b. AN ARI AR [ 5 0 e D0 A A S P [ s, R CT 54 4% (Z8)
BARE X&R KD o SMUT-&8E )G HAMIT & B3R
A E s BB RET () AR R R & E (R AR
Ja (&)

AW B AL LA 3 ROy 2 AR AN 5
He AN [R) 1 7 =08 B A7 S O 1 T A M Y s
W o AL AN R & 7 X0k 56 Y [ a2 ) AR 2
1 #RE5FE
1.1 M AfisE

N LA RE S (1110 &, A5, #i 1 Synbone 2
"D LR EIEN 3.5 mm REHEERMEE, A TE
B E (2350 L, &, B+ Synbone A D B FH
RE#F RS2 5 L (Instron5569 %) |

1.2 BFHERHE

AR B Y- 37 7 Schatzker [V 8 $r 5 L i
1o o KRR SCHR T B A5 /N T I 9% 25 SR L F2 B R
BEFHE T O ELF I LM (NI &5k
S G R e M) 84,42 °+6. 48 s QNN
Profeey BE Ciy e dR a a3 56 9 18 0 1 B IR B
(57.21£7.89) mm; @ N MI& Pr P 557 T 5 %4>
B AT AT A R 59. 76 % 3. 79% s @ J5 AMill 35
B T T 5 S & ST T T AR B S 17, 56 % &=
8.31% ;@ J& &M B3 B & 19 1T A K B Ol (11, 76 &
3.53) mm; ©7E 281 5 18 W 7 AL bR &R L Be B OC
T PO AR AR B R T A BR (14, 68, —5. 651,

IR ERTE A 45 R A N T A RS B
HE2 M B B Schatzker IV B 1R B F & B3 &
F O TH 3 B 0 B T GE 1 AR R BRI R B oG
TN b A 3l 13408 ] 3 o 000 4 e (I8 220 5 H
U A OIS 88 e U T et Bl Sk T A B8 B G Y
DI 10 mm X3, 3T mE R 12 mm (& 2b) ; &
J& o U T B BB B DR T T S 2.5 mm 5 [REF AT
L BIR AT A I 35 I OG5 T 5 J) L AH i B 5T
B EE A1/ 20 “(E] 2¢.2d)

B2 5 HMU ST 38 A 19 Schatzker IV B2 45 F & 45 74
Bl a VITAMBYIERITE b, FT%8 BB R OCTT I
U100 mm R IR e FEJRE T B OG0 I AT Y 5 B
KNG RE TS d. 38K T 55 )8 A I Bz 5t
A IR A/ T 20 °

1.3 FHyER AR
Feihil £ 18 BB PR AL R B BE LS 4 3 4.



EBRE R Zet 201947 A 45 40% 4 4 IntJ Orthop. July. 25. 2019, Vol. 40. No. 4 . 249

SRR 3 A I E T R E o A R AR A i i
A 3.5 mm G0 ) B BE e A E . R E AT
IR ALG A ARCE TS & A T
FLI7 ) 3 BT B Pk RASC BT I I [ 2 72 B A 4k
G i LA R BT I R s B B B A R A AL L U
TR LB RT3 BRI e AT L BE [l €. B A
PR [ R () A2 A A B S 0 S A A
B, BT )5 75 i A B R 22 3.5 mm i i
B A i 1 MCBRET A4 007 B0 A FT A SR B O T TR

A%

T7 B BT AL B SR T [ 5 . C 2 A P 0 4 A [
S S b 3 3 SO B AR S
SCHRM J7 B A < SR ol SRS AE SN &5 B HEAT
TR R 4 5 B S 1Y AT LR T B B RS T Ak
PR . AR oA A I B 2 O ik TR] A
4D RIS TESMUGE AT 2 MR o FQ AT 28 AR O o o FR
FL 1 P [0 R DA 0 R 0 M A 8 o 4 O S ) i 5 A B
Ao TR 038+ A2 30 R BT[] S A A AR AL T U
P B0 2 T AL R S B IR BT I E . LI 3.

B3 A.B.CARHNEZETR

1.4 A4 FaR

BUHIAVELF Bbm A [ F 7 e b RSB AL 1 Oy
BRI DG F T 3 3 N T A ) R A vty 2 AT B
Tl far IR . AR ar R SR A B3k O 2L D
700 NG 77, ENAH Y T 70 ke (Rt AR 1T
R 5695 T 7R 32 1 3K 5 SRS DLAE 10 N 3, )
T 15 8 DG 1 TR 5 ] LA % R SO O R ) 2 e R
PiA% >3 mm B (AT . 35 B DG TH 5 S FELAH 3
B 114 7 2R FH K A O 5% 3 o B 7 AR O T T 4% 5
PR L ) B2 Joi 347 DBy 24 5 7 L7 B 0 >R P I o 9%
A IG S T 7K S-S SR E L B9 BE DG T B AT — B
KFEKTF 3 mm BB I H AL >3 mm, id LU
B B % A A S R A
1.5 %tk

K SPSS 19. 0 MUK A4 i A7 G ih 2% b 3t
OB AR+ bR 25 3ROR AL LU BCR T 5 2203
Brs iF— 25 W W L 5 OR L LSD+t 36 (JF 22 5%) 5
Dunnett T3 ¥ (J5 2R 55) . P<<0. 05 N BA G il
%5t
2 #8]

SCHG R R A IRET SRR T R . SR OC T S
JEL D MR 5% B T BT S4B T N 2R 6 A e o A 4]
(1715.04+52.1) N BZH(2 631.74+81.8) N.C 4
(2 763.3+51.6) N, A5 3 4154 i 2 1555

BT SR 0T By 22551 T O 2240 A o 3 2T 2k
M2 S (F=486. 183, P=0. 000) ; ik — 3 %
FH LSD-t 4T W W H %8 Pag=0. 000, P e =0. 000,
Py =0.003,3 2 [ 40 B AFAE 25 5. B BE Q1 M
T B 7 >3 mm B4 5 A 41(2 360. 0+
71.0) N.B41(3 125.04104.4) N.C 41(3 418. 3+
81.3) N. &Kl 3 4 Bl wh & IE &3 #r &k A
FEFE. T ESNBR 3 4L AT 7775 2 7
(F=238.140,P=0.000) ; £ —# R H LSD-t %47
Wi H %8 Pap = 0. 000, Pae = 0. 000, Pye =0. 000,
3 EH [|] B fer B AEAE 22 5
3 itig

& & V& & A W e )12 1 7 B J2 Schatzker
HA7 4, Hoth Schatzker [V 2 N2 & F & &
Pro T tE A BT AL, FEE AR CT K2 )iz b
FH 251 R I 43 Schatzker IV #4547 7] £ 4Mil) 5F
GO WA . HLER a6 T AMIUE & b i sl s
33X 25 TR S A [ A ok — R

TR B B [ 3 J& R 97 Schatzker [V A &
P &7 =02 A B W] B 2R NI & B P,
FEHW T4 E AL E E ARX F A7 1R 5 S & 35
B A B FE 2R [ b A A A — o RME T s
SMUET T A AL BAE F R P R AR EEN . A
25NN AT o A B T T P () R A A TR



* 250 -

EFEERE4d 201947 A #40% 4 IntJ Orthop. July. 25. 2019, Vol. 40, No. 4

SR 5 I T 45 T2 AR X 2 T &A% f5 A 56
T A A U ) B A AR N e
EHT AN T 15 F ] OC 5 R AR B 48 A
& & I % . B Schatzker IV B 7 ¥ b h
Schatzker V AU, 38 33 3 09 5 4 %1 &2 057 J5 S0 15 4
Yoot DIAMUB AR B ™ . EA ¥ EARE &
PRI A B 4 B 2R i A i 7 k1A
D712 i A0 R JS 00 S 7 A0 A A S R it
TG ) S 4 R ax 3 PR AR O U A s s L H
¥ JCAE W) 3 2 I A B AT I 1 T A A

AT T B R B K oA [T 5 7 2R A ALl AR 45
VE. BIFFEEE R N ] 53 B e 1 DAY A
XA [ 7 o 2 LA A A0 A I 000 Sz 42 8 Al [
SE 5 BE S AR S DA A A A I 5 L 3 ARl ] s T U
[F) 22 4 Sy P49 PR O B AR [ 7 . FRATTBIE 5 05 % S 5 J
AR AR S 0 B AR O i 3 AR BT Hh i 2 ARCRT DA
TSR OG0 T 07 kA7 345 Horb 1 Mo i
Bk o 1 BOE S % . AH LG T B Al 00 4K i
(6] 5 O P i 000 S 425 B i T 5 1 000 9 Al e 30 i )
1 AR BT o W] AT A B B O 35 11 1 U7 s A G HG g 27 i
JEEA . T LA P SISO AR [ 5 B A ) ) o o R
i FC I PRTE T MO0 AN Bl T i A 2 AR ET AT AT A
BaBe T R Oy, Rt e 2 WA 4 BUBET X 556 B OC
TR B SR AN T T A A
N RERAE H o SIS0 AR ] 2 1) S S R T 34
FREAFTEAR BT 90, B0 2 — i 4T A KR T IS Gill
W70 mm) , Jy — Uil R JC AT ARKIRET . fESE R
rh R AT S A R R B AR B AT R L L 8 P AN AR
A7 B W AP T A5 Al

AW D32 ST B R S O il R R R B AR A
M4 Morrison' ™ [ #F 58 A J5 (B3 347 3 3h D g &
BRI T OG5 N g 29 S NAR BT 5 1 1. 3 A (R 5T i
70 kg#& 29 910 N, ifif A A7 5E Bif 2R b 13k i) #) Jgg O
Nyl iE AR B RE I 3.5 fF (PR B4t 70 kg H 24
2500 N) o AWEFE A, 45 B4 525 10 5 ) A O B o
W 224 Iy 230 7 e KR ZH PN 0 B A [ S 2HD) 1Y B A Ol
1715 N, R Al RA 2 A At 50 2l 75 22, i 5 A
2 CPN M A J ) S 45 4 A T 7 2 P A0 X4
MR I8 5 4D 1 67 fef (L8 B3 ATl R AT E R 2.

ABEFE R A Z AETE T B P 5 1l R DL AT
TE—E 2 5 . m PR 92 B B9 B O 1 T i TR R 28
FUI LRy i B AR LA TR 55 T 1R S L B Ba ok
9T 55 ] B2 U L — S 0 R V0B 4 R 3 Bl R

X AEN TR EJCE s . H A i R B2
X T RSB 5 3T IR T 22 R F AR W2 T E 1Y B
A& RIVEE AN A W) g 2 [ 56 BE () 15 0 PR 37 B
PrA B A B R E . RAEARTF IR R
LA P M0 R Al I8 2 A S T o ELTE I PR S B o
yits BE45 G P DL EAT 25 6 HI T

2 % X M

[ 1] Kfuri M, Schatzker J. Revisiting the Schatzker classification
of tibial plateau fractures[J]. Injury, 2018, 49(12). 2252-
2263.

L2] Xk BRAEATVFEEFFBITHEHRAESEELT] PesRg
AR, 2016, 36(18): 1149-1150.

(3] E3UE. ZAK, BISEE. 857 & 897 50 16 35 IR T i
FeikRE[T]. EERE R AR, 2014, 35(3): 147-150.

[ 4] Potocnik P, Acklin YP, Sommer C. Operative strategy in
postero-medial fracture-dislocation of the proximal tibia[J].
Injury, 2011, 42(10): 1060-1065.

[ 5] Berber R, Lewis CP, Copas D, et al. Postero-medial
approach for complex tibial plateau injuries with a postero
-medial or postero-lateral shear fragment[]]. Injury, 2014,
45(4) . 757-765.

[ 6] Sciadini MF, Sims SH. Proximal tibial intra-articular
osteotomy for treatment of complex Schatzker type [V tibial
plateau fractures with lateral joint line impaction: description
of surgical technique and report of nine cases[J]. ] Orthop
Trauma, 2013, 27(1): el8-e23.

[ 7] Wahlquist M, laguilli N, Ebraheim N, et al. Medial tibial
plateau fractures: a new classification system[J]. J Trauma,
2007, 63(6): 1418-1421.

[ 8] ZhaiQ, HuC, Xu Y, et al. Morphologic study of posterior
articular surface depression in Schatzker type [V tibial plateau
fractures[J]. Orthopedics, 2015, 38(2): el24-e128.

[9] Egol KA, Su E, Tejwani NC, et al. Treatment of complex
tibial plateau fractures using the less invasive stabilization
system plate: clinical experience and a laboratory comparison
with double plating[J]. J Trauma, 2004, 57(2): 340-346.

[10] Yang G, Zhu Y, Luo C, et al. Morphological characteristics
of Schatzker type [V tibial plateau fractures: a computer
tomography based study[J]. Int Orthop, 2012, 36 (11);
2355-2360.

[11] Higgins TF, Kemper D, Klatt J. Incidence and morphology
of the posteromedial fragment in bicondylar tibial plateau
fractures[J]. J Orthop Trauma, 2009, 23(1); 45-51.

L12] 89NE, Rt R, RIS SMMER W IR & F & 59 FRIG9T7
[J]. EFREREZ R, 2016, 37(4): 228-231.

[13] Morrison JB. The mechanics of the knee joint in relation to
normal walking[J]. ] Biomech, 1970, 3(1). 51-61.

(% 4%:2019-01-13)
RS S  BED



