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Abstract

OBJECTIVE: Tibial plateau fractures are more prone to postoperative complications and adverse reactions. At present, the most commonly used surgical
methods for the treatment of tibial plateau fractures are open reduction with internal fixation and circular external fixators. There are few comparative studies
on the prognosis of the two surgical methods. There are many controversies about the choice of surgical method. This article evaluates the clinical efficacy of
open reduction internal fixation and circular external fixation for tibial plateau fractures through meta-analysis.
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METHODS: From 2005 to 2020, PubMed, EMbase, Cochrane Library, Wanfang, CNKI, and VIP databases related to open reduction and internal fixation and
circular external fixation in the treatment of tibial plateau fractures were searched by computer for clinical randomized controlled trials and retrospective
cohort studies. After reading and screening the literature, in turn, the retrospective cohort studies that met the screening requirements were evaluated using
the Newcastle-Ottawa Scale. The risk of bias in the randomized controlled trials was evaluated using the Cochrane Handbook standard. RevMan 5.3 software

was used to conduct meta-analysis of the data.

RESULTS: (1) A total of 11 articles were included. Among them, 374 patients used open reduction and internal fixation; 316 patients used circular external fixation.
Two randomized controlled case trials mentioned random methods. Nine retrospective cohort studies evaluated the literature quality according to the Newcastle-
Ottawa Scale, including 3 articles with 8 points, 5 articles with 7 points, 1 article with 6 points; the quality of the literature was good, and the data had good
authenticity and reliability. (2) The results of meta-analysis showed that the range of motion (MD=-4.83, 95%Cl:=7.01 to —2.65, P < 0.000 1) and postoperative
infection rate (OR=0.22, 95%C/:0.13-0.40, P < 0.000 01) in the open reduction and internal fixation group were better than those in the circular external fixation
group. The length of hospital stay in the circular external fixation group was better than that in the open reduction and internal fixation group (MD=8.01,
95%Cl:7.05-8.96, P < 0.000 01). (3) There was no significant difference in poor postoperative healing, postoperative osteoarthritis, postoperative knee varus, and

RSS score between open reduction and internal fixation group and circular external fixation group (P > 0.05).

CONCLUSION: In the treatment of tibial plateau fractures, compared with the circular external fixation, the open reduction and internal fixation has a lower risk of
postoperative infection and better postoperative range of motion, but patients repaired by the circular external fixation have a shorter hospital stay.
Key words: fractures; tibial fractures; tibial plateau; internal fixation; open reduction and internal fixation; external fixation; meta-analysis; circular external

fixation

Funding: the National Natural Science Foundation of China, No. 81772415 (to WL)
How to cite this article: YANG RJ, JIANG LK, DONG ZQ, WANG YF, MA Z, CONG LL, GUO YJ, GAO YY, LI PC. Open reduction and internal fixation versus
circular external fixation for tibial plateau fractures: a meta-analysis. Zhongguo Zuzhi Gongcheng Yanjiu. 2022,;26(3):480-486.

0 5| Introduction

JBH S AT B R R LT
HHrZ—, BE PGB PR E X,
LR AL AN 20 23 RO AL AN R R
Jil S 7 5 R O R A TR LB
HEZIRIE, WRKHLR . B A
Pt 2T 9 14 e LA B IA ) R 8 M R 56
TiAkasE P LT IEF ARSI IT R T
fai . TR, (e HEE
M, BXZHBREFEEMHEETTFA
97 M. YIFFE AL [ 5 (open reduction
with internal fixation, ORIF) FIEATE 4h[E &
(circular external fixators, CEF) i& Eﬁﬁ‘]‘ﬁf
BB e B HFEARTR Y, R
M, AT F AR N 5B BRI a7
CRATRSATAEE R AL VITFE AL N
[i5] 7€ — AR FANAR AT [ 8, W R A R 4T
T EAL AR E N, BRI
JYRUR, (R & B4 B8 B IrmiR
Prin A DAR R OGS B /KPR T 4
RN TT 7 llizarov HEZEER T AN 52 28 H
M TEIEAMNE AR, o E i T 2407,

— P AR ENIRIT e, HAME EHE

WBEE SN ENIIERS, E iR
WF AE A FLIBE G B L SRR B SR,
ARG R A1 [ 8 7] b B 2R
(RGN, (R 5 R A kg 2,

SCEE I AR Y) T AL A [E E L ER
ﬂ/%.ﬂi/’*fﬂx’m’”‘*”%"TEFEFJEETIETJ

AREER, REEEAR. BRTRKE
RN Hﬁ?%éllj‘]%ﬂ%\ RSS P70 HRISTIIE B E
BFREEAT Meta 2087, DA IR &

FEE T B E T ART Ak
iR T A il 5 PO R -

BRIF55%E Data and methods
1.1 Lkt & Rk
111 WREF HEE.
1.1.2 ¥ E i HHL K %R PubMed.
Cochrane Library, EMbase, F1EAIM. /5
113 R hXkEi: “UFE
LN E . RS E . RE TS,
1= = T I ol T F

Fixators, Open Fracture Reduction,

“Internal

Tibial Fractures, Tibial plateau” .

114 RRFRGEE BHFEELEEZR
2020 4F 11 H.

115 HURERZRER L3806 + 5
WSS AT R, kR [EH “OR”
o “AND” #§%, LA PubMed NI, WLE 1.
1.2 AAFe AT

1.2.1 PNARME OB RS VITFEN
W[ & 53R AR 8 107 BB 6 3Tk

N, PRI, @Eﬁﬁi%i IU‘ILXT
PEAREG . RURETE . ol 5 s A X HE
OF it iti: 641N llizarov *E;&%ﬂ%

HMEE, XTRRAERYITEE AL A [ E, N
BRI, ANER BT IR @Sk
HHEE PTG @4 R AR PR A BEET
WA RJGBRERESR, RGEESR
ARG B HRAT A ARG A A BHAT RSS 143
©® % B #1 Fl AO/OTA 43 A4 B, Schatzker %) 7!
HEAT A2

1.2.2 HiBRbRE O UREHEA 21 STk
Q@Z KRR BTN R AN .
1.3 BRI RIOCHEIT AR R A
[F) 350 e P ) SOk, DR BR AR DGR STk, 1)
LA H i ZE G HAH DS BR m p SCwk, d

#1 Internal Fixators [Mesh]

#2 Fixator, Internal [Title/Abstract]

#3 Device, Internal Fixation [Title/Abstract]

#4 Internal Fixation Devices [Title/Abstract]

#5 Devices, Internal Fixation [Title/Abstract]
#6 Fixation Devices, Internal [Title/Abstract]
#7 #1 OR #2 OR #3 OR #4 OR #5 OR #6

#8 Open Fracture Reduction [Mesh]

#9 Fracture Reduction, Open [Title/Abstract]
#10 Open Fracture Reductions [Title/Abstract]
#11 Open Reduction, Fracture [Title/Abstract]
#12 Reductions, Fracture Open [Title/Abstract]
#13 Open Reductions, Fracture [Title/Abstract]
#14 #8 OR #9 OR #10 OR #11 OR #12 OR #13
#15 external fixation [Title/Abstract]

#16 circular [Title/Abstract]

#17 circular external fixation [Title/Abstract]
#18 #15 OR #16 OR #17

#19 Tibial Fractures [Mesh]

#20 Fracture, Tibial [Title/Abstract]

#21 Fractures, Tibial [Title/Abstract]

#22 Tibial Fracture [Title/Abstract]

#23 Toddlers Fracture [Title/Abstract]

#24 Tillaux Fracture [Title/Abstract]

#25 #19 OR #20 OR #21 OR #22 OR #23 OR #24
#26 Tibial plateau [Title/Abstract]

#27 (#7 OR #14 OR #18 OR) AND #25 AND #26

1 | PubMed HIEEKR R RIZ
Figure 1 | Retrieval strategy of PubMed database

T B A SCERE OSSR TR B PR A
JBE RS REARRARE S, K AER I [A]
{ﬁZijh RIFEGRER, REBERR.
RIGHRTR RGHEENT. RSS IT5
F TGS Excel AT HEL,
1.4 SRR or e EIEUERA S 7 il
FH Newcastle-Ottawa Scale (NOS) &% 34T
VA, NOS &6 Sk it & PR A T
BRRGEMEEAEN, #Haoho R, B
P AR SR ks, — s UL
SCHRON TR RESCHER, TN Meta 0T

Chinese Journal of Tissue Engineering Research | Vol 26 | No.3 | January 2022 | 481



@7  PRERIEFS

www.CITER.com Chinese Journal of Tissue Engineering Research

BEALAT IR 5K Cochrane FHARAETE Ak
e U, PR I 2% BEHLP A=A 7 ik
SrRCREsE. EIEME . Y R E AT
W R REE, EBREHIE. KA
Tifs, BN STHRIR VKT ISE 7 A7 T N 253
TTVPAG, A HERfdR s LA E U AR R
S 25, LA 396 A2 %A DU Ay v DR O 35
Fr SCHR R R AR S R A8 1S B E I A N 4%
B WE Wy, SEA AN R, R
R AN B2 i e 3 AN
NGB, G, LB S R
RBER.

1.5 EZMRIEAF OHELIER: (E#H.
RFEM WEREI, PEER . BRI
BRI, BV RS, @4 )R TER:
Belf i, BN, REBRE R, R
WAENRE, RGHRTRKESR, K5
[ 56 A B0 K AR 22 A1 RRS 1757

1.6 %itF o4 i8] RevMan 5.3 #ff
(https://www.cochrane.org/) %} 3k R Ht
B R R AT Meta 20 HT. 1 58 S P
R4 56 %5 A0 N SCHR I 1 S5 SR M AT AT, 2
SCHRIF] S R N (P < 50%, P> 0.1),
KT8 5 2 AR B R AT A s 24 SCHR R
SRR (17 > 50%, P < 0.1) BT HU®
PO M H T R RN, 2R
TIAFETE, R B AL RN B B 14T 49 BT o
BELLVE SR bR SRR 3 #7 (difference in

F= 1| NSTEREFAE

Table 1 | Basic features of the included articles

means, MD) HRUBITENR, 3 RIahn
Bl FH £ %5 B LR (risk ratio, RR) 2% LUAR L
(odds ratio, OR) SN RUF& %, J 7 1 5
1 95% FI{E X A] (95%Cl), P<0.05 N
HREER .

2 258 Results

21 Ak r4gR LK EF 1057 5
SCHR, AR SO St 852 B, TP e
JE 205 G, i ) 1 S0 4 06 O 26
T, AR D BR NN BRAE K SCIR T VR
W, ATk 11 R R A b v
f Sk B o 2 B B LG R 4] 3
oy B o B A AR A T,
LA 2.

ji it 46 % PubMed, Cochrane Library }z EMbase %
5 P AT A 6 SCHR (n=852); i ik 4 2% o [ AR
T3 77 B B PR AR A AR DG SR (n=205)

el

53 Wi 2 2 SR J A5 3 ) 52 AFHISCICHR (n=0)

LN 694 1l 71 T & B I i,
FRaf N 1155 SCHR I BE AR IE B, W3R 1.
2.2 AL BRIFIEBSL IR A 2
TS BEMLSC BRI K B 7 v 0, MR« fh
B BV TR, PPl 45 R WE 3. Xt
9 o[BI SC AR NOS 26 14T SCRIR R
VR P, 3584y, STy, 146
gy, WER 2.

F 2 | PANFATIRRZRHY NOS T4 4551
Table 2 | Newcastle-Ottawa Scale results of
included cohort studies

FEH RFE WO THHE RER RS
FiF ] ks
1234 ABC
BERVEN" 2018 * * * * * ok — 7
BOVE"! 2018 * * - * * * ok ox 7
KARTHEEK" 2017 * * * * * *rxs
ﬂ:&/ﬂ( [21) 2017 * * * x x * ok kg
DANOFF™ 2015 * * — * * *k_ 6
?Eﬂ‘:?ﬁ[m 2013 * * — * * * ok k7
CHANW] 2012 * * * x x * ok kg
BACON"®! 2008 * *x * x * ok _ 7
HARRIS"! 2006 * * - * * * ok ok 7

fik (n=739)

v WA 1 SR
i 25 (n=730) [l (n=717)

| B I (n=22) |l B 45 0 (0=2) A

I R EUH AR )5
[ 9\ Meta 4rp7 ik (n=11) || (0=9)

E 2 | ekt ZRIEE

Figure 2 | Flow chart of document retrieval

ik 1B E R TS 2 MRBIRENE: 308
XTREALIESE: 4 Juxtemiae: A s R I
B A iC FA AR [ 0 5 i e A6 HRAL SR R I R €A
Ri%es  “=7 RRIER

2.3 Meta o #74 R

231 FHFEREH ) E R N R SCER
A R SCHERAT T D) T A P [ e 4 AN
IRV A [ 5 4 A B ) 0% e 1S 2,

BAEH | RES Ui el 2H 5 PR () B 5/ ) BITREL/(BEA) PRIV () dRTERE [ii] & P2 Y
3 ", 2017 BEHLATIEIRGE  ORIF 42.85 35(20/15) Atk Ffiik ® 25T

CEF 40.25 35(22/13) Pl lizarov [f] & 42
CANADIAN™, 2006 ALY RS ORIF 433 40(23/17) V/VI(9/31) 24 00 i

CEF 46.2 42(29/13) V/VI(9/34) llizarov & & 4
KARTHEEK™, 2017 BAFIAIE F2 ORIF 44.73 15(12/3) V/VI(8/7) 14 DORE@®BOD  HiEdml

CEF 43.20 15(13/2) V/VI(5/10) llizarov [ & 42
ThEWK Y, 2017 BB 5T ORIF 44.34 44(25/19) IV/V/VI(16/14/14) 3 ©©) BEARBR

CEF 43.45 44 (26/18) IV/V/VI(15/15/14) llizarov [ & 48
CHAN", 2012 BAFIAIF 7% ORIF 45.04 24(12/12) C1-3(24) 12 B®@B® AR

CEF 52.03 35(16/19) C1-3(35) llizarov [ & 42
BACON", 2008 BABRT 4T ORIF 39.4 28(22/6) C1-3(28) 12 OB® R

CEF 323 14(12/2) C1-3(14) llizarov [ & 42
BERVEN™, 2018 BAHIAIF 55 ORIF 50.44 68(36/32) A2-3/C1-3(14/54) 6 2©BB®) A

CEF 55.74 62(30/32) A2-3/C1-3(3/58) llizarov [f] & 48
DANOFF™, 2015 BAFI 5 ORIF 43 10 B/C1-3(2/26) 36 B@ Gl

CEF 18 llizarov [# & 4%
HARRIS™, 2006 BAFI B 52 ORIF 40.6 63(38/22) B1-3/C1-3(10/53) 26 B@6) AR

CEF 57.6 16(7/9) B1-3/C1-3(1/15) LR TEALE E
Zepirk 'Y, 2013 BABIATE 5T ORIF 453 28(18/10) IV/V/VI(12/8/8) 12 0600 AR

CEF 435 30(19/11) IV/V/VI(8/12/10) llizarov [ & 42
BOVE™, 2018 BRI 52 ORIF 43 14(11/3) VI(14) 5 @ R

CEF 51 14(13/1) VI(14) llizarov [ & 42
RyE: OEREHE; @WEaIE: @OAREEG: @EAEAR: OF KL OB AR: @RSSPF4: V/VI Schatzkerv %! /VI iY; A/B/C Jy AO/OTA 43 %4; ORIF Jy )7

AL CEF NI TEAME &

482 | PELRRTIZHAR | 55265 | 5538 | 2022F18



PEAATERE @2

Chinese Journal of Tissue Engineering Research  www.CITER.com

SERPE M A B, P=94%, P < 0.000 01,
YN NF 5T 1) SCRR R M K (MD=8.71,
95%Cl; 4.54-12.88, P <0.000 1), 474
TN S BT 5 55 SCHR ] 5 I AR
=43%, P=0.17, i B[ & 2% B % R i3
T M, &5 R B oR: MD=8.01, 95%CI:
7.05-8.96, P <0.00001, W& 4, %%
BF BT 41 ] 5 2B A e 16 8] 20 T DI T E AL N
[ 52 2L B 1]

232 FHWGEHEER NIEMCHF 4
i SCHROGT EG T YN B A [ 52 2RI 3R T 411
[ 52 4L B P 12 20 B S R A
B, P=83%, P=0.0005, #ZNAMF5 SRR
5 M B K (MD=-2.61, 95%Cl: —10.54~
5.32, P=0.52), FATHURMES TS & Sk
(&) SRR, P=0%, P=0.46, ik
] 5 25 R B AT 43 T, 45 R R MD=
-4.83, 95%Cl: -7.01 % -2.65, P <0.000 1,
LB 5, 25 Ut YT E AL A [ 2 4E S
FEAL TR A ] e 2 (5 B

233 FUHRFRPERERER NEMW
SCHRH 8 Fe SCk X B T VI A AT P [ e 2
FOFRTE A1 [ 5 A S e e AR A v 2572
SR PE > M4 B P=51%, P=0.05, ZHA
HIF S SCHR 7 i P8R (OR=0.36,  95%CI:
0.15-0.89, P=0.03), HEATHURNEIHT)G &
SCR 1A [ S 5 P BN P=31%, P=0.19, %
M 52 BNAR Y HEAT 8, R ER:
OR=0.22, 95%Cl: 0.13-0.40, P<0.00001,
WLE 6, IR RECNIRE, SR
AL 8 R AE AR S5 B D TR A ]
e

234 BHRGEEDREESR NER
SCHR 6 RS SCHk X EL T U0 2 A A E e
HEHEAEEHRERGEAERRT
fi g B 00 B M 4 B
1)<0%, P=0.43, 44 \NHJF FC 14 SCRIR S P2 /I8
WG W] 7 OB AT 4087, 45 SR
OR=0.54, 95%Cl: 0.26-1.14, P=0.11, W[
7, S5 RULAV)TTE AL e ST AL E
EHREEENRIENLREZER

235 BHAREHERWRRKAEREZER A
T IR SCHER 4 0 SCER B T YT R N
[i5] 52 ZH AN TR A/ 5 A G R AR 871 94
y B 272022 R S KT A B P=55%,
P=0.08, 4§ N\ Tt 5t 1) Sk 5 o1 1 B K
(OR=0.62, 95%Cl: 0.27-1.43, P=0.26),
HEAT BURNE 73 7 J5 %5 SCHR 18] 69 = 5T 1R 47

5]

a4
4
7

=
5

Allocation concealment (s

Incomplete outcome data

V000000
000000 e.:

Other bias

Randorm segquence genearation (selection hias)

elaction bias)

EBlinding of participants and personnel {permarmance bisas)

Blinding of outcome assessment (detection bias)

{attrition bias)

Selective reporting {reporting bias)

Random sequence generanon (sel2cion bias)

Allocation concealmant (seleclion bias)

Blinding of participants and personnel (performance bias)
Blinding of cutcome assessmeant (detaction bias)
Incomplate outeama data (attrition bias)

Sealactive reporting (reporting bias)

Cther bias

\

0%

25% 50% 7a%  100%

| . Lowr risk of bias

[Dunciear risk of bias

. High risk of blas

B3 | IAXEEI A F RETN

Figure 3 | Methodological quality evaluation of included literature

A ORIF CEF Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random. 95% CI 95% Cl
Bacon 2008 102 165 25 114 132 13 11.9% -1.20[-10.86, 8.46] -1
Canadian 2006 234 38 40 99 186 42 31.7% 1350[12.23,14.77] N
Kartheek 2017 19.3 7.02 15 112 475 15 243% 8.10(3.81,1239) ol
FREH, 2013 145 186 28 64 22 30 321% 810([7.11,9.09] N
Total (95% Cl) 108 100 100.0% 8.71[4.54, 12.88] *
Heterogeneity: Tau?= 13.86; Chi*= 49.23, df= 3 (P < 0.00001); F= 94% k + t d
-100 -50 50 100
Test for overall effect: Z= 4.09 (P < 0.0001) ORIF [experimental] CEF [control]
ORIF EF Mean Difference Mean Difference
B
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed. 95% Cl IV, Fixed, 95% CI
Bacon 2008 102 165 25 114 132 13 1.0% -1.20(-10.86, 8.46)
Kartheek 2017 193 702 15 112 475 15 50% 8.10([3.81,1239) —
FER, 2013 145 16 28 64 22 30 941% 8.10(7.11,9.09] .
Total (95% Cl) 68 58 100.0%  8.01[7.05,8.96] |
ity Chif= = = -R= t + T + J
Heterogeneity: Chi*= 353, df=2 (P=0.17), F= 43% oo 20 0 2 100

Test for overall effect: Z= 16.43 (P < 0.00001)

ORIF [experimental] CEF [control]

FvE: P A IR AR E E 2LAE e 18] T U0 S A A [ AR eI 1) B Ju sl BRSCHR [13] Jm 4521
ORI AN e 2 e () 2> T U0 T S AL I i 2 A B R) ;- ORIF 9 fIIF AL N B %€ ;  CEF 934
Zalihd
E 4 | I EMAEEEHSIFRIMNEELEEFRATEE Meta 5347 FRAAE]

Figure 4 |

Forest plot of meta-analysis of hospital

group and circular external fixation group

stay between open reduction and internal fixation

A Control Mean Difference Mean Difference
Study or Subgroup  Mean _SD_Total Mean SD Total Weight IV. Random, 95% CI IV, Random, 95% CI
Berven 2018 1175 209 68 1075 19 62 259% 10.00(3.14,16.86] -
Canadian 2006 109 33 40 120 19 43 18.9% -11.00(-22.70,0.70] -
Kartheek 2017 1173 123 15 1246 104 15 240% -7.30[-15.45,085) -
B 2017 83.25 504 35 87.64 482 35 31.2% -4.39[6.70,-2.09) -
Total (95% CI) 158 155 100.0% -2.61[-10.54,5.32] >
Heterogeneity: Tau®= 51.03; Chi*= 17.87, df = 3 (P = 0.0005); F= 83% b p + J
-0 - -100 -50 50 100
Test for overall effect: Z= 0.65 (P=0.52) ORIF [experimental] CEF [control]
B Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95% Cl IV, Fixed. 95% CI
Canadian 2006 109 33 40 120 19 43 35% -11.00[-22.70,0.70]
Kartheek 2017 117.3 123 15 1246 104 15 7.2% -7.30[15.45,085)
B 2017 83.25 5.04 35 87.64 482 35 89.3% -4.39(6.70,-2.08]
Total (95% CI) 90 93 100.0% -4.83[-7.01,-2.65] ¢
i = = = R= t t t {
Heterogeneity: Chi*= 1.56, df= 2 (P = 0.46), F= 0% S0 20 ) 100

Test for overall effect: Z= 4.33 (P < 0.0001)

ORIF [experimental] CEF [control]

Bl B A AT E AL N E e H s SHIEAME e H o & 2 7 B SRR [22] 545 AL i
AR UL [ g S B T MO AME e 4 ORIF HYIFF AL B 58 s CEF 3T AMiE &

&5 | YIFEMNAEELESHFRIMNE ELERNE N Meta SHTFRIEE

Figure 5 | Forest plot of meta-analysis of range of motion between open reduction and internal fixation
group and circular external fixation group
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Figure 6 | Forest plot of meta-analysis of postoperative infection between open reduction and internal
fixation group and circular external fixation group
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Figure 7 | Forest plot of meta-analysis of poor healing between open reduction and internal fixation
group and circular external fixation group
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Figure 8 | Forest plot of meta-analysis of osteoarthritis between open reduction and internal fixation
group and circular external fixation group
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Figure 9 | Forest plot of meta-analysis of knee varus between open reduction and internal fixation group

and circular external fixation group
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Figure 10 | Forest plot of meta-analysis of RSS score between open reduction and internal fixation group

and circular external fixation group
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