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Staged external fixation and percutaneous plate for fixation of open fracture of the forearm // YANG Jun-sheng, LI Ying, YANG
Zhi-wei, XUE Qing, TONG Liang-cheng, WANG Jian-ling, SUN Zhong-yang, WU Fan, HUANG Yu. Department of Orthopedics, Air Force
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Abstract: [Objective] To introduce the surgical techniques and preliminary clinical results of staged external fixation and percutane-
ous plate fixation for open double shaft fractures of the forearm. [Methods] A total of 12 patients were treated with staged external fixation
and percutaneous plate internal fixation for open forearm double shaft fractures. In the first stage an external fixator was applied to maintain
fixation and forearm alignment, while in the second stage, two minimally invasive percutaneous "windows" were made on each end of the ul-
nar fracture and the radial fracture along the long axis of bone, separating the muscle and tendon to the periosteum. The periosteum stripper
was used to separate extra—periosteum to make a "tunnel" and the plates were inserted from the distal "window" to the proximal "window"
respectively. After further reduction under fluoroscopy, drilling and screw placement were carried out. Early postoperative rehabilitation of
forearm rotation function was performed. [Results| All the 12 patients had two stages of surgical procedures performed successfully without
serious complications with an average interval between the first and second stages of (21.1+6.1) days. All patients were followed up for 12 to
26 months. The radius got healing in (4.3+1.1) months, while the ulna was of (4.0£1.4) months on a mean. According to the Grace—Evers-
mann criteria, the clinical outcomes at the latest follow—up were marked as excellent in 9 cases, good in 2 cases, and fair in 1 case, with ex-
cellent and good rate of 91.7%. [Conclusion] Using the initial external fixator to assist indirect reduction, the percutaneous plate fixation is
safe and reliable, and does achieve satisfactory clinical efficacy for double shaft fractures of the forearm.

Key words: open forearm double shaft fracture, external fixator, minimally invasive plate osteosynthesis, staged treatment

Pz g g E”, g E A “BRE” ST E T
W5E, e AT BV R, WP ARAI,

WA H AR (minimally invasive plate osteo-
synthesis, MIPO) EA FARQIG/N . X E4ris Tk

IR, H 1996 AEHES R H DIk, HIE R A KT
PR, R . B . T B i
BUS TR RIAT TR 1, MIPO 5 A 3o e 25 Bt

DOI:10.3977/j.issn.1005-8478.2023.23.12
AEETE 2 45 BRI H (455 : CKIWS221J006)

Xt I B R AR U4 ) AT A — 7E B4
RE X #RT, SCikrh MIPO HAR R FH F i &4 i
RIEIL SR R T AR BT =, i ELBCA A B AT XL

TEE R AR, W EATEEIR W57 17 Q%5 518 sh B2, (HLiE ) 13913881536, (FLF{54H )yjs454@126.com

*BEVEE T, (H35) 13611515681, (L T{E4 ) yingd547@163.com

2179



314 5523 )
2023412 H

T LSRR S
Orthopedic Journal of China

Vol.31,No.23
Dec.2023

BT BT EIIGIRIRGE . FAME SR B A PR 2R A
[P, AT BT T It B A I s [, B4 &
T TR TR BRSNS A S S AR o 3
P AR 2017 4F 3 H—2020 4 3 A 12 il
HEACHT - 0aTT, B TR M e 24
Bl MIPO A ' S FAREAR S DI R BCR R E
wrs

1 FRER

L1 —HFR

LRV AR ZE BRI BRI, SF-Fibo HE O IR
THRI, B AR AN B R S 2R, b
Tk — APt R Ry . AR AT . AP .
B F R 8 25 00, RS -XGARL, %
POMEER . iAo e R REE Y T g
FEA 1K 3.0 mm 5% 4.0 mm 5, mdEEr S A
RO sy, AT R U T 0 W 2 DG T LASE, %%
BHAT4.0 mm HE, WEE SAHBEZY 1 em, iE$E
MR, MIBOSCFTE, PP TRAH B2 5L 90°
o

WITF4EReaE e 0L, W2y, sl Il
BN, a8 GBS TRRERE S, R IE
HATEAE S, IR RSk R R TR
WL XHAE L . A F — 485 5 VSD 2 75 61 T 4E 1
P, AREWEEHE ., fi0 ., BB S AT RE
o
1.2 T ARARHEE

HMETEREH B, RATE AT ARG, 58
SR H LR A o D BA TR I I TR SN E A 1
HIE IEMIS, X iR (] 1a, 1b) T B8 4y
THOL, BRAREE- ST AL E SR IR . WGBS T
AL, ARIARARCRE | IRETRYECRE S50, Lheks
BRI Y R SS
1.3 RIS

T AR ZE BT IRR I, SERMY . BB AN TR
T A G o WAL F45 U Jl [ B PR B JBUPR A 16 0 R
Bigr.
L4 FAREAE

Hh I E R 5 AR B R T 2R, BT .
T FARMEAZESNEER . EIRHAE 3 min, B
SR TR

TERMEE Lister 2510 5k 4b FRGEL b, T
Wi 2 R VITT 29 2~3 em BT TR “& 017, TENLA
2180

WU 2Z 18] 73 1 2 JE i T 85 1 20 i) D
ST HEA, BESBCEATIRE RSN CBRIE”, %
I 5 0 B T A 22 7 DA (] 1e) o TERUE 2858
HREEEL E, TEIT P& VT K2y 2
em, DA JgE Ak L5 R A0 f Jf fift 22 i) S ST JEE A
“BEiE” (15 1d).

SR BEERE SN “BRIE” fE AR (B
BRI B S TS AT U ) o WO
-, —BIFHERITERE 545, X LEMR
T, H Kocher # 4 RFIE . i Mo B AT 0B &
B, BUR I WRIRE TSPt —0 5 AL, FAr B2 P
% 17 S EA 2~3 FURET . B A I E
YA, W & SRR RS (B Le, 1), #
BROME E 2R . KA ATV IR 3. M ki, K
RO BRSO, hkbin, Z)R4E 5 & MelT
AR w7, T ERHIEL.

L5 ARJFAbRE

ARG 24 h BT B I 2 25 B AR IR RAE IR S
TRAE . TP S f—ARBT A R AN 24 h, RJF
VKR A B o PRI IR I BV RTRA T HRE LIS &7 4
SRR, WRATINOGTT . DG AL/ NG 3
o, B FERTAE TG 8. HR4E Schemitsch FlI
Richards 7' A9 7 32: 00 & f KBEH 5 (maximum radial
bow, MRB) i KA 5 & i (location of maxi-
mum radial bow, LMRB) , B FrE M RE . R
2. 6. 31 A, RUGEATTZHV, E4& X4
FHZH@EA (B lg 1h), MADREIE AT -
BB e 1% 3h DL K ERIL I ko R Ok BE Vs 4 AR
Grace—Eversmann FryfEITAL FTE DhREMK 50 0 WL
FIEBAFTEBAE . A B RIE

2 IEARER

2.1 — R

A 12 4], Bo1oFl, 26, FEiREY
(50.4£12.9) %, 220561, 4761, 205k
TV HLERZA 5 B, Al bLasgets 2 7], FEFCZEACiH
FHCS B, e 2018 AEMEITRR AO/OTA 43253 B4
AP 2R2A2/2U2B2 AU 2 5], 2R2A3/2U2A3 #l 3
], 2R2A3/2U2B2 #4 3 fi], 2R2B3/2U2A3 #4 4 f4i .
Gustillo—Anderson FFHCE T/ . 1L A B 7 4], 1B
AR I R il = S iR R = /T W I
JitE a2 6. GIFEMPERSE 1 6], JehIFRTE
H I ELEA RG] AP BE B BRI T 23
fLHE, BT A B E A R SO B S R .



314 5523 )
2023412 H

TSRS
Orthopedic Journal of China

Vol.31,No.23
Dec.2023

B B, B, 61 %, WA GEZEMIT R ERTE S THYr, —WSMNERE, A7/ B 2040 Bh 2 B A H 8 i
WA THIT. la, 1b: —HIARJGIEMIN, X 26 7R 0 E 28 0 BT - SGHA BRI BT B BT A Lo, 1d: R R AMNEE S,
BN AL le, 1f: ARHIEMINA: X 26 F5 1g, 1h: RKFEVIEMIN X 28 A,

22 PILEER

ARG 12 FITF R SUET, — A 2
itsiil, Jorp v el, o I E LR A AR 6
34 (25.09%) FFRCG D ANEE B IR A . B
PETFARBIFEI A SEE (21.126.1) do AP E B4
P31 6 (8.3%).

IR E Y] DK EZ R (5.6+0.8)
em, JUBAIY) O EZ LN (4.6£0.4) cm;
FAREFHEY (59.8+11.3) min; RHEMIKECE
(5.4£1.3) W HimEF (91.7+27.1) ml. MRB -
¥ (15.120.9) mm, LMRB F¥ (60.4+1.4) %. A
JE R B RV EG 1 6] (8.3%), L4z ib3iy)n
wh. TEEmastmetl. BEARFHIR 12~26
ARV . BE IR IR A A RE (4321.1) A4
A, REFE@AnE (4.0+1.4) A, KK
W, BERTOEY (80.8+4.0) °, g5 1 (84.3=

2.4) °, R Grace—FEversmann PFFrifE: 6 9 4,
26, o 16, RRERILT%. FRER, KK
BEDTI BT A R B E I EE (K 1g, 1h), Tt
WARIEREE R E S 2.

3 3 i

MIPO S8 FHIr i F AT Nz —. BENET
BT RPEEIIFATZ 0 Je 55 2 Wik, W
HATRTRFIEREIKE , MIPO B ] T AT & T8
Pr, AHSEJA T AVE B, SO TR e
JE HER R BT, 05— S TR YA AL P [
TEA . H AT B & T HTVE XUR T B i it MIPO
TR SCRRARIE -

MIPO ¢ A 3 B fifp P A Fp [ 42 52 437 1) 7]
W G F A SO B MIPO J67 B e ) i

2181



531 % 5523 1
2023412 H

T LSRR S
Orthopedic Journal of China

Vol.31,No.23
Dec.2023

s R AT Y, IRE IR T o IR T I R R —
HHAIE E G B I [ E . — A e L R
B I SCE AT MIPO TR, HHLUR RS X
(1) SMEEZRAERF BRI (2) s A X
FERA L X I E AT, 25 IR R 1 # A
Z3(a] 5 (3) MhRREET 7 U5 BEF - XA Y, il
BT AP AT AGESy AR e A7, RS l PAXS
YA TR, AESR AU RN A

Hardeski 55 "' 2016 4F- 41 18 B I I A1 S 425 Dl
BETENEE TR, ROTEEE 5 IR ERA LR
TR, RFEPRAN SRS [E] -1 14 d (1~88 d),
UESSH MUH 7 A RE SR B B4 A [ TR o T
Ko AL AN 4T [ i (] AR T 14 d, H
M TR TARKEL, BRI g X A 2
etk ey, Hom 3 5 A0 AR i A8 B s T i ) 2
fii %, Schemitsch 1 Richards " 34% T 25 MG )7
BV BB ARG B DIRERBUN A 2520, R BLRR A
5 RIS FEPE M e AL T RE . A AR AR
TR E BT AL E IR 5 SO, LI ke i
P ARG W . Parr 55 1l AR ) 210 &
B, PSR BT A0 HA U 57 & e i iU . R
BB IRA R T B IS AIE L. Uygur 58 R, XF
() KPR BT SURAT S S, AT B B X
W o ASZE g 91 vt A A A T T 2R BT T IS
IFRAE

ARPEZEFI: (1) BEME “WwH” LT
Thompson AR b, ZEEERGTR T T KA
M SN, JCHAEREEIT 1/3 BER, —a 20
JE WU B IR e B R T i s (2) —BIFes i
HOIEMK, 76 MIPO FRHT, i H8aiEems H
TCEGAES s (3) AATATEER], ) 2 AR BEHAL AT
TR IR T ARG 4

R, AME E SR B MIPO 43301 A B I XU+
HAT, AL A 22 5 A 15 B AL A H A T
HCPERTE XCE T it T RIAT AR T R, CHGE T
Horh 2z — N ] B A i ]
S Ak
[1]  van de Wall BJM, Beeres FJP, Knobe M, et al. Minimally invasive

2182

(2]

(3]

(4]

[5]

[6]

(7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

plate osteosynthesis: An update of practice [J] . Injury, 2021, 52
(1):37-42.
Je KH, Sejin K, Woong CJ, et al. Minimally invasive plate osteosyn-
thesis of comminuted one bone fractures of forearm shaft [J] .
Hand, 2016, 11 (1 Suppl) : 55-56.
Baba T, Baba Y, Maki S. Minimally invasive plate osteosynthesis
for forearm fractures [J] . Orthop Traumatol, 2008, 57 (1) : 135—
139.
Buckley RE, Moran CG, Apivatthakakul T. AO principles of frac-
ture management [M] . 3 Edit. New York: Thieme. 2018: 75.
SRAFTRS, AL T, PhA IR, A5 NS R S AN T R i 3T
LI RIEE AT AR R SRR, 2020, 13 (2)
89-96.
R AR, T, A L AT IS R IR T R
Pt il B 2 S [I] . USRI AR 24K, 2020, 28 (16) : 1441-
1445.
Schemitsch EH, Richards RR. The effect of malunion on function-
al outcome after plate fixation of fractures of both bones of the fore-
arm in adults [J] . J Bone Joint Surg Am, 1992, 74 (7) : 1068-1078.
Grace TG, Eversmann WW. Forearm fractures: treatment by rigid
fixation with early motion [J]. J Bone Joint Surg Am, 1980, 62 (3) :
433 - 438.
Kellam JF, Meinberg EG, Agel J, et al. Fracture and dislocation
classification compendium— 2018 [J] . J Orthop Trauma, 2018,
8732 (1 Suppl) : 1-10.
Blazevi¢ D, Bengi¢ 1, Cuti T, et al. Intramedullary nailing of adult
forearm fractures: Results and complications [J] . Injury, 2021, 5 (5
Suppl) : 44-48.
Wt A, 20, B, 45 . A S B IRl HE 2 A7 MIPO YAYT IR
e AT (0] . EERIE MR, 2019, 27 (10) - 865-
869.
Hardeski D, Gaski G, Joshi M, et al. Can applied external fixators
be sterilized for surgery? A prospective cohort study of orthopaedic
trauma patients [J] . Injury, 2016, 47 (12) : 2679-2682.
Richard MJ, Ruch DS, Aldridge JM III. Malunions and nonunions
of the forearm [J] . Hand Clin, 2007, 23 (2) : 235243, vii.
Parr WCH, Wang T, Tan C, et al. Fatigue implications for bending
orthopaedic plates [J] . Injury, 2021, 52 (10) : 2896-2902.
Uygur E, Ozkut A, Akpinar F. Synostosis after fracture of both fore-
arm bones treated by intramedullary nailing [J] . Hand Surg Rehab,
2021, 40 (1) : 25-31.
(Wiehi :2022-06-08 &[0 : 2022-12-30)
(FATFCR A BA%, TRAR)
(RS Hkl . FIEARN)



