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Abstract

Background: Distal radius malunion may result in wrist pain, decreased range of motion, midcarpal
instability, and affect the quality of life of the patients. There are many osteotomy techniques to correct
malunion of the distal radius. The usage of a volar locking plate can also avoid extensor tendon
irritation problems. To date, no previous study has mentioned about relation of gap size and radiographic
parameter after corrective osteotomy, leading to the question of this study. Objective: to determine
whether the time to union and the post-operative radiographic parameter changes were affected by gap
size in malunited distal radius patients who underwent opening wedge osteotomy with volar locking plate
without bone graft. Method: Retrospectively and prospectively analyzed data from 24 patients, including
gap size, union time, and three radiographic parameters (ulnar variance, radial inclination, and volar tilt).
The three radiographic parameters were collected at preoperative, immediate postoperative, and at the
union time. The average follow-up time was 6 months. Result: The average gap size was 4.7 mm. The average
union time was 11.2 weeks. No significant loss of reduction was found regarding the three radiographic
parameters. All radiographic parameters were improved. No correlations between gap size and union time,
as well as the three radiographic parameters, were found. Preoperative volar tilt had a moderate negative
correlation and time from injury had a positive moderate correlation with the union time. Conclusion:
When performing corrective osteotomies of malunited distal end radius without bone graft, increasing
gap size was not correlated with delay union time nor radiographic reduction loss. Decreasing
preoperative volar tilt and delayed operation may negatively affect union time.
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ANA: N1FRRRATUYRINTEANISIAYAdIuUA"Y
(distal radius malunion) dsalvigUeiiainisundedls,
fduvastoanas, Wanunsamilelaan dwasionisviau
wazAuNNInveUae Meifiaunlun1znsEgnAnke
sUvesRgaaunsavilananeds nmsiisialagld volar
locking plate aggwantaymin1suinldures extensor
tendon 91015l dorsal plate asle nsAnwTirLAN
laildndndsuavesteriunszen (gap size) Antu
189911 opening wedge osteotomy INHANNEURUSAY
SNYULNNNINSIEVBY ulnar variance, radial inclination
war volar tilt w3ely Fahurgdrarusuided
mgUszasd: Anwirnuduiuisenitvuintasing
nsgANI1dNafe ulnar variance, radial inclination
uay dorsal tilt v3elsl 33n1s: shansifudayaanits
fUheimuazitheln ldsumsidaudlunniznszgnin
AngUveInszanisiigadiutaelaglily bone graft 3au
24 Ay lngUseunnaneneded, Invuintesinansegn
(gap size) viasdinnszan, AT ulnar variance, radial
inclination, volar tilt AouNIfALaznSEFARsYey
7114 9 JWNTLANFAA KWA: YUIAVBY gap size vdsdnnde
4.7 mm, szEznafinszgnAneds 11.2 dUansi linuaina
Fuussening cap size funmswasuulaseanmgnema
SddsnamMendnsHdnIunsEgnia linuaLuan
seeeitfudfymnadfvesnsiUdsunainmenena
S9@we49 ulnar variance, radial inclination wag volar tilt
RINSHIARAUNTERNAR waglinuauduiussening
gap size AusTEzRATInsEgRAn WU volar tilt riou
NFAdAUFu TSy WaTNUIITEEIATRLA
vinuaulasunsiidafinuduiusidsuiniusvey
nafinssgnAslusesutunans egnailduddnymisedia
a3U: evihmsindaudluniiznszgnininguues
nszpnisheadulaelaeldlyd bone graft, vwinves
gap size fundu Lifinasonisngavasnszgnaiends
nsHdnegadteddynisads Lifinasesyeznand
nsgaANAn wagnudl volar tilt fivprasnoursn, svey
naiuInduaulasunsRIsaTiuITY anediwald
naﬂumiamaqmz@ﬂwé’qNﬂé’ﬂﬁuwuﬁﬁu

ArdAY: NszANIRgadIulaiy, nIzaAnAn
HAgU, MIrdnUTunsegnuuuinges

unun (Introduction)
n1sAnRAIUvRINTEANLSIAgadulaty (distal
radius malunion) d@waligtheieinisuindedle, fide
Yo3veanad, Waunsanlislaan dwwason1svinnuwag
AN NTInveEUle Tagainn1sdny wudinanene
mefeEntanuduiusivoinsvesthe oua ulnar
variance, radial inclination, way volar tilt lngianiz
sgsBmngthedmmiiaunfvesnmanemsseddana
w2 Setulu
mafnuilinMEnsEINAARATUTBNSRgaAN5D
lananedd n1svi open wedge osteotomy Tnelalldy
bone graft agviwanllyul donor site morbidity
sianmldinsuazszeznainisiidiaasenaini
nsHdnlagly volar locking plate agtisaniyn
N15UIALAUYBY extensor tendon 21ANTSIE dorsal
plate aslg
lunsidaunluniznsegnininguvausifva
Taglt volar locking plate 1ngldld bone graft,
Mahmoud® uagamgiin1sAnwigdae 22 518
wudl functional outcome ﬁﬁ%u, laiwu non - union,
AUy 1 senuMsIABULUaes radial tilt 910 -5°
waan1skRn Uy -15° ﬁ]ﬁﬂﬂ?Wﬁﬁﬂ%ﬂd%ﬂﬁﬂ%ﬂ@@ﬁﬂ&J
Aoul Ozer® wayAmzyinn1sAn®y laslUTouliioy
fUhe 2 ngu (nguaz 14 Aw) sninangudild bone
allograft (allograft bone chips) LLasmjmﬁiﬂ% bone
graft NANISANWINUIN functional outcome, time to
union lidAnuLanatsegslitedAyn1sadfsening
doenau dunnangnesidndansdalussezusniigy
fummanemssdaavinemeiduasuiilindeundas
agslsfinunisdnuitinuanldldnaniaunves
1899190520 (gap size) FiRaTundai opening wedge
osteotomy I¥KaRBN1INIAFITRINTEANVTEL Fati
1gmanuanuAseiin vnavesosinansygnuUIAeng g
Jrdmasiensisuulamesningiensddves ulnar
variance, radial inclination wag volar tilt #aINISHIAR
Tuszezusnifisuriunmaenssedanvheidensegnin
waol

108 o1sarsnsunisiwng UA 49 aUURA 2 IWueU - Dauneu 2567



Sanus:avAvavlAsvNIS3vY
(Objectives)

1. ilefnwianuduiusseninagesinaeanszgn
(gap size) funnsiasunla®es ulnar variance, radial
inclination Wag volar tilt :MNAMENENTIENEVEINT
rdnluszezusnuaYsEaTgavneilensegndn

2. \lofnwiAruduiusTeninesreEvinasEning
n3zQn (gap size) ﬁ’mwmmﬁmz@ﬂam (bone union

time)

Ja0Na:dsn1s
(Materials and Methods)
Muidedldfunisiusesanniivssyuane
NITUNTI3LEIIUANTINE Lsanerunas1vin tnewdunns
Anwwuu bidirectional cohort study lagvinnisiiu
%}agaﬁﬂﬂﬂg\‘iéﬂ’mLfﬁ’lLLab’ﬁﬂ’JEﬂWJ 1AgIINISEUAUIIN
uteyanyssilougiisuenuasnzilouviewindn lny
inasinisdadenidide Wuftae sn 3Rz
AadunnensEanAndngUveINTEANSIRad U Yin
dorsal malunion #ifle1n13 (symptomatic malunion)
wazlAsuNINIFNA2875 open wedge osteotomy Tngl
volar locking plate waglild bone graft @utneusinis
AnidonsanfeliefidslifinisUnues epiphyseal plate
viorUhefininnsnsIaRnmuaunsEgnAna NN
N19598 (radiographic union)

N13HAA1EI5 open wedge osteotomy lmaly
volar locking plate wazlyld bone graft lngunnd
p05l5UANd aua1vIgadaunITuLaEAasNITUNIILe
(one surgeon) AILNAHIFANIIAIU volar AINLUA
#17 (longitudinal incision) USHIUALKUIUDY flexor
carpi radialis tilasia wrist crease, nglud1szning
flexor carpi radialis Avu radial artery, nSaLm
pronator quadratus, 11N1% osteotomy Iﬂﬂﬁlmmﬂ )
fixed-angle 2.4 mm volar locking plate AU distal
fragment 1agld two parallel pegs/Kirschner wires
mﬂﬁ?uﬁ”l osteotomy M9 dorsal cortex lagly
osteotome, USusiifasnsufily v sagittal uag
coronal kazasiadeulagly fluoroscope, Ba plate fiu
ns¥an radius $18 2.4 mm cortical screws, WuUARINTA

wdansidnazdanisiadeulminesdeiions
short arm volar slab (Wuszevian 2 dUami aanti
sdinluy wdddiisunsndoulmvesdeiioldasd
A13ASIRARINT 2 way 4 FUAIILINVAINISHIRR

MniuRensRsmANN 1 WeuauAsy 6 Weu i
nszgninluedieifes Ingaslimsaranmmessduvesde
119 (fitm wrist PA, lateral) nﬂﬁ%y’qﬁmwammu
yhmsfiudeyanily, lsaussdrdavesiiae,
maqqu%‘l, izszLamé?nLwimmﬁmuié’%’umishﬁm,
American Society of Anesthesiologists physical
status classification (ASA class) Usziiulaidydunng
ﬁ@LLasﬁﬂaa, iz83Laaﬂﬁﬂsz@ﬂamamymﬁmﬂm‘wma
15548 (radiographic union) Tagfainnszgnamiled]
ﬂiz@fﬂ,mjLﬁwﬁuautﬁuﬁmdwmnﬂﬁﬁw osteotomy,
YUINYDY gap Size 5’mmiw$maﬁmaﬁqizij
proximal Wag distal fragment ‘Ua&ﬂﬁz@jmﬂaﬂﬂu
1 lateral view, A0 INaeN19398 loun ulnar
variance, radial inclination, wag volar tilt 189z in
Apumsnidaundle, ndsnisedinfiszezusn (immediate
postoperative) LagMaINSNIARTEELAD 9 UNAUNTEAN
fin mwmww%’ﬁﬁwmmﬁwﬁmﬂaLLazi’ﬂwamu picture
archiving and communications system (PACS)
msieszideya TaeranisAnwvaniduaiy
Fuusueasening gap size funssuutavas ulnar
variance 7 wé'qmiméfﬂiuizamwmﬁauﬁmﬁaﬂw@ﬂ
Ain wan1sANwIsEIlaLA izammﬁﬂiz@ﬂam WazNT
Wasuulas 909 radial inclination, wagvolar tilt lng
Wigusuluwuaniafeaiu ulnar variance, 5189914
walneld Anedsuazdudsavunnsgiu Wisuiiey
Joyanaueing 9 lngldatinviin paired t - test, Pearson’s

correlation uag linear regression analysis

Wa (Result)

fthevianun 27 98 Adrgnisidelunoududn
fUaeeen 3 918 1ne 2 518 llinasiaianuniulin (e
TeuInATIRnauAssaaTned 4 i Tefiaeinsie
Anmunsaaarined 6 dUa dudtienefiauioumeg
Audufiorts 2 draduiiul 7.7 aninweemedsiny
mevinesangsmfulinisiadeunes plate liunisrsa
unlelaglalld bone graft WulAN wasioudn 4 §Uasi
fthedudBneds uarldsumarindnseuiianlagld dual
plate 53uUNSIY structural bone graft Fsgnreen
NNNUITY

ajﬂéﬂaaﬁﬁwmmﬁmﬁﬁaﬁy’ & 24 510 (s 17,
18 7) ongade 47 U (@idy 17-78 T) (M39fl 1 uae
3197 2), 22 ERUMNTINYIEESlaNdR, 1 51
Snwlagld Kirschner wire uag 1 57185nwlag volar
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Locking Plate, nnenen1e§sdnousndn (115197 3)
ulnar variance 1adg +4.28 mm (W&o +10.1 9 (+)0.5
mm), Radial inclination 1y 15.0° (Ade 27° &«
0°), az volar tilt \ade volar tilt —3.5° (Ade volar tilt
(-)53 813 volar tilt 34°)

dlevinisHadn osteotomy wuia gap size
WAy 4.74 mm (fide 2.0-12.1 mm), svEzLIa7i
nszgnAnde 11.2 dUansi (Wdy 3.9-23.9 dUnw)
ANANENIISIANSINTHIARLUIZEZUSA (immediate
postoperative) ulnar variance \de +0.78 mm
(fide (<)3.2-3.7 mm), radial inclination Laag
20.7° (de 15°-27°), wa volar tilt 1ady 7.17°
(W& volar tilt (1)12°-volar tilt 18°) \iefnniuay
ns¥ANAANUI ulnar variance wie + 1.18 mm (ide
~3.2-8.2 mm), radial inclination Lads 20.3° (de
15°-25°%), uag volar tilt W@y 6.75° (e volar tilt (=)
10° -volar tilt 18°)

Sothdeyauiiiaszvinuiy dewFouifisamdne
efadndeidalussezusn Weutuden naeniedsd
nszgnAnuan linudndnisninveinseannendnis
Anagalided1Agyneann (no loss of reduction)
(miwﬁ 3) suaﬂ‘ﬂxd ulnar variance, radial inclination, ag
volar tilt (p = .07, .18, .20 u&6v) wazilewSeuiiou
HAveINTSHIfANAlunEnsERningy TnaiIeuiliey
Agensadneunsingn Wsutunwenenissdiile
ﬂiz@ﬂamé’awuiﬂ ulnar variance Laﬁ'aa@ad?\nﬂ 4.28
mm 101 1.18 mm (p < .001), radial inclination \deLiy
Fuann 15.0°1fu 20.3° (p =.002) kg volar tilt \deiiy
Fuan volar titt (-)3.5° 1 volar tilt 6.75° (p =.021)

Tinupuduiussening eap size Auszeznai
nsganan (p =.057,r=.39) (M37371 4) 2dslsinund
FUTuS 581I9 gap size iU NMINTAVBINTEYNAENA
MERAvRY VB9 ulnar variance, radial inclination,
wag volar tilt (p = .42, .74, .58 AIUAGIU)

p819lsAnunUIT volar tilt ApuNIdn A
FuudiFaduidsaufuszoznaiiinsegnanlusefu
Uunany egrslitedrAgnieada (p = .007, r = —.534)
d9u volar tilt fiudly (degree of volar tilt
correction) imnuduiusiBsuInfussogianiinszgnin
Tusyautioy egnslitsdAgynIeeadia (p = .030, r = .443)
(Munewe ; preoperative volar tilt wag degree of
volar tilt correction dANuduiusBausiafiuluszaugs
p <.001, r=-972)

wenanifmudn sreznatnualdiuuinduay
Tasunisidaunly darnuduiusidsuaniuszezign
finszqnanluszivuiunans sgrdidodrdgyneaia
(p =.012, r = .506)

dovhmseideyadie multivariable linear
regression analysis (1157971 5) WupMUELRUSTEWIN
volar tilt flousndin waz szeznmsusldsuunEuay
I¢5unssindn Idesareszegianinszgnin

ognslsfinunugtne 1 efuiinsygnanniely
20.9 dU9i wsinuindin1sngnves ulnar variance MEva
msridawdly WudUaewie 01y 54 T lsauszand lown
fusniausied sandunMziunds, WU wazuziss
Taudu (Fsumssidasufuansias 3 Srowidanszgn
siivaduae) Tnsteunthilftagldsunssnvinseen
wnlaen1swdnlagly volar Locking plate Inadagunne
Vinudu AeauInudninszanfAnrasU (ulnar variance
+8.3 mm) waglasunsinfna osteotomy Tu 9 iReumeIN
(immediate postoperative ulnar variance + 3.7 mm)
Lﬁaﬂiz@ﬂam‘wudw n1513Ave3 ulnar variance (ulnar
variance + 8.2 mm) ustlsllgvhmsshsnudlagen iesnn
Lsauszdivesitieugas wagkiedeTinmelsalen
Andelunaidewn (10 Weundmisidaulunszgn
Sihadulany)
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ans1of 1 Tayanily

‘ n ‘ %
Sex
Female 17 70.8
Underlying Disease
yes 14 58.3
ASA class
1 9 37.5
2 12 50.0
3 3 12.5
a4 0 0
Smoking
yes (> 10 pack year) 5 20.8
a1s19A 2 Fayanisuiausaznisiisn
‘ Mean ‘ SD ‘ Minimum ‘ Maximum
Age (years) 47.13 15.04 17 78
Time from injury (month(s)) 9.5 12.05 1.5 60
Gap size (mm) 4.74 2.66 2.0 12.1
Union time (weeks) 11.2 5.82 39 23.9

1S10A 3 ARABUDININAIENINSIENTZUZIAINN ¢ Larn1SUABULUAIOININANINSIE Aeundang

a

ddinlussezusniieuiuillensegniin (immediate compare with union) uagneuddnaiuiuliianszgnin

(preoperative compare with union)

) Difference
: Immediate | At complete
Preoperative : : : :
(Mean+SD) preoperative union Immediate Preoperative
- (Mean+SD) | (MeanxSD) - union p-value | -union p-value
(UEERESD)) (Mean+SD)
Ulnar

. 4.28+2.68 0.78+1.60 1.18+2.17 -0.40+1.02 .07 3.10+2.41 .001*
variance
Radial

15.0+7.8 20.71+£3.13 20.33+3.27 0.38+1.31 .18 5.33+7.29 .002*

inclination
Volar tilt -3.54+23.60 7.17+6.08 6.75+6.09 0.42+1.53 .20 10.29+20.32 .021*

*significant < .05




LY

15107 4 ANUFURUTITENINNIINIAVDINTLANAENTINTHIARLAE TEEEIANTNINTEANAATURIUUTHA 9

(Pearson’s correlation)

Loss of reduction (immediate postoperative-Union)

: Union time
Ulnar variance : R?dla.l Volar tilt
inclination

Age .059 .188 74 415 135 .530 .265 210
Time from injury 077 128 -.074 130 197 .356 .506 .012*
Gap size -.178 415 -.072 139 121 575 .394 .057
Preop.UV 236 279 .042 .846 376 .068 404 .050%
Preop.RI 321 135 267 .206 -.306 146 .103 .631
Preop.VT -.123 576 -.213 317 .050 816 -.534 .007*
UV correction (°) -.041 .856 .002 991 -.159 468 -.123 576
Rl correction (°) -.364 .088 -.317 132 199 352 -.203 340
VT correction (°) -.047 .833 .109 611 -.093 .665 443 .030%

R = correlation coefficient, Preop. = Preoperative, UV =ulnar variance, Rl = radial inclination, VT = volar tilt

*significant < .05

a1s10A 5 Multivariable linear regression analysis of the union time

Unstandardized coefficients standardized

variable(s) coefficients

Standard error

Preoperative VT -0.102 0.044 -0.415 .028%*

Time from injury 0.181 0.085 0.375 .046*

*significant < .05

391sau (Discussion)

MnuansAnwiinui madaudlunnenszgnininguesnsgnisiivadimtmelaglaly bone graft 1¥ia
mssnwludinvesnmenemeSa@fiaTy uarauwaes gap size funnty iaiﬁwasiaswmmﬁﬂsz@ﬂaﬂL.Laz"l,ajwumi
NIAVBINTEANMENEIN TN AR EEidyd Ayn1eadia

ihevnsesimsinvesnszgnneluszezing 24 dUnvi (sreganiinszgniAnede 11.2 §Unw) Tneuifinszes
nanfinsegnAndsnanagliduiusiunnuniiawes gap size uindunuin Volar tilt Aeurdadmudusiusiuszey
nanfinszgnisluseiutiunans dam yueamuas volar tilt fludluwuanuduiusiussesnandinssgnnlusesuties
uaz volar tilt fludlufieudiniusiu volar tilt Aeushdnluseugs Ssaguldhzeznailunisinvesnszgnituiuiy
hazfunaduitiesnain volar titt flanasdausineuihnga s dumannumesmisnntuainmsudla volar tilt
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a1l volar tilt Nfesasnaurdndwalinszan
THaanlunisfieunudu eraduanmgainnsiidensegn

U
(3

Foilolasuuiniu nsanawes volar tilt fiunntu Ustas
MsuInLiureInsEgnil dorsal cortex 1388Madl dorsal
comminution fiundu Fseraduannglaiinnsanas
yoududonusnaringn Wevhnmsidaudludasiie
0471991984 dorsal cortex Faoranduanimelii volar tilt
ﬁammdaumﬁmdqwﬂﬁmz@ﬂiﬁﬁnaﬂumiammuméﬁu
Fosndalumsined 1eun 1) Wumsenwiona
nameenesidundn Jsenaldduiusiuuennis
wseAnuiisnelavewitiy 2) Iuiugiieenaasddlll
WneiiauansdanuduiussenineiuUsty 1

1I9NaNso1vVaL (References)

asu (Conclusion)
dovhmsrdaudlunnznszgninfinguuesnsgn
sinsadiulanelaglily bone graft, uuInvBe gap size
fanniu sifiasoszznaniinszgniin uaglinunsmsn
YINTLANNEVRINTHIARBE T AN 19ada wel
ogslsfimaluftaefil volar tilt Aeurdafteevied
dorsal tilt Aeursn wieiiszernamusunduauds
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