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Abstract
Background : The distal radius fracture is a common fracture in adult patients. Operative treatment with
variable-angle volar locking plate is become increasingly popular and has shown good results. After
variable-angle volar locking plate fixation, the most important complication is extensor pollicis longus
rupture. Screw penetration of the dorsal cortex is most common cause and may result in tendon irritation
and rupture. Therefore, we are interested in optimal screw length for distal radius fracture fixation. The aim
of study is postoperative complications prevention.
Methods : 10 pairs of fresh-frozen human cadaver wrist were used for this study. The variable-angle locking
plates (APTUS Radius 2.5, Medartis, Switzerland) were positioned to the best anatomical fit and proximal
from watershed line 3 mm. We labeled variable-angle locking plate holes with number of screw positions.
There were number 1-3 in distal row and number 4-5 in proximal row, arranged from lateral to medial.
All screw holes were drilled through dorsal cortex with k-wires. Distal row was drilled 90 degrees
perpendicular to variable-angle locking plate and proximal row was drilled 15 degrees distally vertical to
variable-angle locking plate. A vernier caliper was used to measure screw length between screw head and
dorsal cortex for each hole.
Results : 20 specimens were tested successfully. The mean of optimal screw length of No. 1 screw was
20.8941.48 mm, No. 2 screw was 22.48+1.38 mm, No. 3 screw was 21.51+1.35 mm, No. 4 screw was
23.74+1.03 mm and No. 5 screw was 24.14+1.03 mm. The most of mean of screw length in distal row was
No. 2 screw and in proximal row was No. 5 screw. Gender factor and wrist side factor were no statistically
significant difference in screw length in all screw holes of variable-angle volar locking plate.
Conclusions : Using variable-angle volar locking plate in distal radius fracture fixation, the most screw
length in distal row was No. 2 screw and proximal row was No. 5 because the direction of screws were near
the convex dome of Lister tubercle at dorsal cortex of distal radius. We recommended the placement
of optimal screw length wasn't longer than 24 mm. length size both distal row and proximal row. This
knowledge could be applied in all patients because gender factor and wrist side factor weren’t correlated
with screw length.
Keywords : distal radius fracture, variable-angle locking plate, optimal screw length
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nevaaslating sw.ginaaqagiay NsuUNNENIISEINMA
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enadlusnuazanughagaslyw : navgn distal radius Lﬂu@hLmeaqms@ﬂﬁﬂﬁwuVL@”ﬂaa MasNNAREAENT
w'wé’mi%lt&iﬂammmﬁz@ﬂsﬁﬁmﬁf;ﬁa@ (Variable-angle locking plate) lAHa® WM& IGAMNNAMIINHMAS
sdemurhiimasumnsndoudowdiuumntueiiailene I@amqumimy’wudwLﬁmmﬂaﬂgﬁﬁmmz@ﬂ distal radius
ngrlasing dorsal cortex AR extensor tendon iritation kay rupture M s eAsemualalu
Gosem m’aﬂngﬁﬂa@@ﬁ UUARYELAYLY variable-angle locking plate GL%ﬂa;Nﬂiz‘mﬂiﬁl’]‘lﬂ AR LYY
NI TG
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plate 923 distal row TUranea 1-3 uae proximal row Turanela 4-5 158900 lateral VIJJ medial &4 K-wire
LLGiaWhLLWN‘UmﬁﬂﬂME%SQ dorsal cortex 1At distal Tow A¥89EN 90 DN variable-angle locking plate
e proximal row Vﬁlgll 15 mmﬁm%ﬂ.ﬁma distal GL‘SI vernier caliper IANNENTRY K-wire mﬂgﬁﬂgﬁmﬁﬁwjﬂ
dorsal cortex Lﬁaslmilm”@hmmmaﬂﬂgﬁﬁaamﬁa
NAMSANEN : @hm?\'wawmmmmmaaﬂgﬁm’;ﬁqﬂmﬂﬂmq dorsal cortex lwnsEianstgn distal radius
UGAYENUNINLY variable-angle locking plate Fuke 1 A9 5 Aenwhiy 20.89+1.48, 22.48+1.38, 21.51+1.35,
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AanuAYasTYMLAZN289 U3y (Back-

ground and Rationale)

nmavgn distal radius Wuehumiaansegniin
finuletion LLaswudwﬁqu"amitﬁ‘naamsﬁ’mﬁ'umn%u
mumqLﬁaamnmansx@nﬁamaa loadhvansvasms

%’ﬂl:ﬂﬁaﬁ'@l,%&ldﬂiz@ﬂ distal radius lﬂilﬂy anatomical

reduction e Wimsvhiuzastaslenalsnamwlnaifes
Unfsnnfigauazanlamamaindaifenluawen loelu
napwasmainuulaisfiag (Unstable fracture) Mashun
medtmaridansmslfunulanzamnszgneiia
v & ; Y a A Vg
WIaaA (Volar locking plate) lanad Wiosnmaehda
ManndnEensEanuaLATe T uavuniulane
MANITYN wewaan (Volar locking plate) &390
2 z [ o) !JI ° 2w
femashunszgmiindbehasiuns YbiEhesnsnsamenm
Nuuyfrasmareinleiisa

Tugrammedfirun meshda distal radius
fracture shems diulavzesnszgnaiiewidian (Volar
locking plate) 1@?‘1.1@’3134*@&134 Lmsﬁmsﬂ’@mgﬁuuumm
unulanzamnszgnafiovhion liansnsoususmdale
(Variable-angle locking plate) 33visUlWLUMT fixation

4 A 9§ wa < F1
9896 distal fragment e Widanmudausanniu
usmasfamunananymaINENU AN NZININTaY
ﬁad’mﬁumﬁmﬁ’ﬂﬂa‘mm (Rupture.of extensor pollicis
longus tendon) lnsamafiouvimsanuiinanang
ﬁﬁﬂﬂ‘i:ﬁ@n distal radius wzzqﬁaeﬁu dorsal cortex ¥
A extensor tendon imitation WaLIA tendon rupture
naan®?

asanlessasismhdarasnszen distal radius
fanwousidusasmu scaphoid fossa, lunate fossa
WA sigmoid notch WarANWMAL3LI19789 dorsal

v v ! a a

cortex Winlnsyuaauiifiusas lnefidmiimngaoes
Tossiathinazgn lister tuberdie wawdifhisatli extensor
pollicis longus tendon W% FINVINANBALMIANN
WUl dorsal comminution yhlWiaamemanglay
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depth gauge {Ren1Sm dorsal cortex WALLTAYING
ANETIENZINKARRAE fluoroscopy Yhinennuaslsi
usiueh Sovinlsiangtusnliufinsmeq dorsal cortex
TaguiufinnamensnavanedAs lumaaalama
naNAANgNE dorsal cortex BUAATMIAANNETIFNG
Iitauasniiiialdidatlasiudngneg dorsal cortex
finle intraoperative fluoroscopic view ¢4 5] Lﬂllm%ﬂ
ANNEMIENG ustnrneslinsnsnasasen emain ™
othalalioed pjﬁﬂmmm@mmﬂnﬂngﬁﬂaamﬁml@iaz
SN distal radius fniufistAsdienssula
fsdnnam m’:ﬁngﬁﬂaamﬁuLL@iathmmuumz@n
distal radius Tunguisznnmhluderlgdeddlums
KAUAEAANIEWINTOUNAINSHGR

aguszaenzaslasims (Objectives)
Q"@qﬂszaeﬂ‘wé'n (Primary objectives)
WT“U%T@]Q?WNE]TJGT]E“?; UTQﬁq@I@ﬂ‘lﬁwﬂa
dorsal cortex unsEianszqn distal radius WARLAUI
Ut variable-angle locking plate
'S'quﬂizm@f‘a‘m (Secondary objectives)
WhsusuTadbiens o) 1w el srastadle
Pilnasiarany EI"I’JHT]E‘?‘II e gausazenurlau
variable-angle locking plate w%a‘lsi
AMINIUIY (Research question)
wneeTmemEngemigalaglingg dorsal
cortex lumstianszgn distal radius WHALFUMLM
variable-angle locking plate slumjuﬂsvmni awhls?
am{ﬁgm (Research hypothesis)
LT]H’]N’]SQV“]‘IJ%’]@@]T}NEl‘l']ﬁﬂz’?;&l‘]')ﬁfj@I@]El
Taineq dorsal cortex Tumstianazgn distal radius udia
FuMUILY variable-angle locking plate 1aemTin
ANNYMIFANIUUNIEGN distal radius UeN cadaver ‘ﬁ‘lhm
Anwrwneduils
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Surgical factors

Prevent complications

—_—) -

Extensor tendon irritation

variable-angle locking plate

- Extensor tendon rupture

Good effectiveness in maintaining

reduction for distal end of radius fracture

gﬂﬁ 1: NFOULWIAMIIUASY (Conceptual Framework of the Study)

€M o o . e
ﬂsz‘[amﬂmmmmﬁw (Generalizability)

1) PTumneenNemsngiemigaleslingg
dorsal cortex Iwmstianszen distal radius WAL
U variable-angle locking plate NEAANLNINTN
vasmsrhdinuazlamamseheag

[ | ! v v A A

2) uAdEsha o) Lo el 9vastiadie N

NAG UM AANNEIENTNLNMFA Ueiazehumiaun

variable-angle locking plate ‘1/1%9\134'

Uszansh@n (Study population)

Cadaver ?‘ﬁﬁqwmmaa;vhmrﬁai ammane e
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6 @ LY aw
WA NISA AL NN ﬂﬁk‘ﬁ"l‘[ﬂﬁﬂ n19938
(Inclusion criteria)
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mimmm?mmmmm (Sample calculation)
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P
Z
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E 1
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n = WIUGIDENINNRINTANEN
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anHiun15338 (Materials and methods)

1) Lﬁaﬂ Cadaver “7;%’1 N']ﬁﬂﬁ:f’ﬁﬁim']ﬂ
ﬂmuLLW'V]Elﬂ']ﬂ@% QW’]ﬂQﬂim%W%‘ﬂHWﬁHW%@IﬁQWEJ'TU']ﬁ
ﬂ NWﬁa(ﬂ VLA TﬁN LA ElV]“Iﬁ'ﬁ@'m']ﬂ I(ﬂ ¢ Cadaver
mm@mammmm%m inclusion criteria k&% exclusion
criteria

2) MNENUMUN variable-angle locking plate
(APTUS Radius 2.5, Medartis, Switzerland) GL‘MWBQI
ﬁmawuuquﬂ distal radius GL“I/LLLWJ coronal plane
I@] Elﬁ'm‘l/l:(ﬂﬁ]q@ﬁﬁﬂa’m‘ﬂaﬁﬂ'ﬂ’mﬂ’.ﬁﬂﬂigﬂﬂ distal radius

o z.// v Pl z.// LA
PMUIB 3 90 mﬂuummﬂumﬂmmmmmﬂm GL‘ﬁLﬂ“l/L

radius

gﬂﬁ 2: ummsﬁaan;me Proximal row
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ﬁmﬂmmmﬁy’qmmLﬂusht,mmaﬁaﬁﬂumim variable-
angle locking plate I@Hﬁdﬂmﬂlm variable-angle
locking plate DYARTUIHUIDS

3) MG variable-angle locking plate
Thean watershed line 3 AaGwa3 wasiTUAUKE
ﬂﬂimmﬁ double-tiered subchondral bone support
(NTL]“H 1 I@]EJLL‘H:’]&NETHTHBG distal row @G%’lﬂ 90 B3¢
il variable-angle locking plate LLﬁ&LLm&NﬂﬂEﬁlm
proximal row 'thqsd 15 mmﬁm%ﬂﬂma distal MU
variable-angle locking plate WAZSNURUIRALILED

Ao o 4
YDIFENFANMUAAIFLN 2

iﬂ”(l 3: ﬂﬁtkﬂ%ﬂﬁﬂ'\ﬂkﬁ‘ﬂ‘ﬂl@iﬁﬂi

4) 83 K-wire udiazshumisaasganglsineg dorsal cortex laevhmsflann drill sleeve Ikimams

a v a aa a 2 o dl
Elﬁﬂﬁﬂ“]ﬁ']Elﬁﬁl@ﬂ@nﬁﬂﬁm(mll‘ﬂa 3 (NE‘L]‘VI 3 LAY 4

WwIM4S89 K-wire 1% drill sleeve

51U 4:
U

224 distal row

WwIM4S8s K-wire 6% drill sleeve

51U 5 :
U

289 proximal row
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5) 19 Vernier caliper A menaas K-wire angangauiiads dorsal cortex 1ag K- wire doslsingg

dorsal cortex YmsBauaziaanmemesgi s uas 6 lnawismsinaantdin 2 wu e wuusninaNETIENgIDS

cadaver WRenuflsuiuaasefidinm uasuwuiidasinanaenianyd 2 033 aredagindduas Toeassil 2

WHINASININ 1 Tl

U1 6 : 3dAANALMANZY2Y distal row

728 vernier caliper

6) Yufindayazamyinusiaczass uanhdays

AT NIYNIETE

ﬂ‘liLﬁﬁJ‘i’JﬂJiw‘fl'aaga (Data collection)

Thsufidasmsdinw (Study factors)

mmmmm&maﬂgﬁmf;ﬁq@%m‘lﬂmq dorsal
cortex Tumstiensten distal radius UsAZFLMAILL
variable-angle locking plate

MSIANAYINSTAE (Outcome measurement)

Intra-Observe Reliability : 102W41AAINET?
anglaerfvisuies 2 p%s myineSafisemhenasauan
1l

Inter-Observer Reliability : 102410AINEN7
aNgu89 cadaver 1t Tnanfiuiumasdilinm
NVeed

Primary outcome

mm@mmynﬂﬂgﬁm’;ﬁq@%ﬂﬂmq Dorsal
cortex lumsfianszgn Distal radius ustaeshumisL

Variable-angle locking plate

ado

WINANNENHNFVRY proximal row

5UN 7 :
U

#28 Vernier caliper

Secondary outcome

adeehee) 1w e T19e0sadle drasaume
AN m’aﬂﬂgﬁm’aﬁqmwiaz@hmeuu Variable-angle
locking plate ﬁ%a»LN'

6 .
M3ATI1EUYYA (Data analysis)
a 6 %
N199 ms'lww"au“aﬁugm (Demographic
analysis)
‘l/‘l’:’]Lﬂ%a‘ﬂyaﬂjﬁi%EﬂLLUULLﬂ(ﬂGGﬁ’W%’J%{BHﬁz
AuadauasdnudenuuneTIYL
a 6 aa
N1391 mswww"wﬂamaanm (Statistical
analysis)
YA v ° 1% dl v Aa 6 v
E;JI’JQEI%’]‘UBSAQV] @N’]’JL@?’]&W@’JHIIJ?LLTWN
ﬂamﬂ’;maé SPSS for Window version 25 Hjﬂﬁ
’j"mmmﬂa@ﬂa”m (Agreement measurement) U89
MyinANNEIENg @Iealid Bland-Altman Plot and
Analysis ¢ intraclass correlation coefficient
A a U 1% 1 dld | = v
LLﬂELﬂiHULWHU‘UBQ&ﬂﬁQ’QH@HG 9 NHNNINDMNFTFANTNAY
Independent t-test WMEMyUATERLIEEFUMIFHa

p-value < 0.05 (95 % Confidence interval)
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HANSANI (Results)
NNMIANHINLD MITPBNAANNENIEN]
A A | 2
fienfigaloelsineg dorsal cortex Tumsflanszgn
distal radius nﬂ@hl,mmuu variable-angle locking plate
P A (R 1A A A
laerfidauazananditinnmudhdensahidatiolums
YasanaaasiulusyduAan (Intraclass correlation
coefficient ag/lugs 0.9 -1, 0.989 - 0.994) M9
2 ¢ Bland-Altman plot and analysis Lsiagslkizad
ang wuiwayaitin leaelugaslaiifiv limit of agreement
arhovipesaEay 90 TasTayaviNAaiRLiUARA:
44 duvs 4.9
gsanuemEngTemiigaiiale amummed 3 vhld
aplehmeiaannemangluudazeSmasidusinty
oA feenueassieaglunanitann (Amost

perfect agreement)

919 1 Demographic data
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@hmﬁwawmmmmmaﬂﬂgﬁmaﬁqmima
VLBJV]::Q dorsal cortex Glumiﬁmmsgm distal radius
UGIBLEILMAUILY variable-angle locking plate LT
109 5 fewhriy 20.89+1.48, 22.48+1.38, 21.61+1.35,
23.74+1.03 U 24.14+1.03 {8 TNENGL UALETIAIT
@'wmﬁammmaﬂngmn‘ﬁqmaq distal row @@
Ght,lmtqﬂﬂgéffaﬁ 2 LLaz@hmeqfiﬁ@hmaﬁlammm’;ﬂﬂ;j
mnﬁqmm proximal row ﬁa@iumuqaﬂgﬁaﬁ 5
dowRuudieutadeshe o) W el Peresdodiafian
%dq@iamm@mmm’gaﬂgﬁanﬁthﬂﬂmq dorsal
cortex nmfianszgn distal radius WUAWNENULS
9a98N3U variable-angle locking plate ﬂﬁ]ﬁ“fm“ém
wekasTetatle Biflanuuaneetiuaeditadny
mqaﬁmuﬁmﬂaé’ﬂﬁﬁNaeiasummmmmmaaﬂg
(P > 0.05) AT 5 WAL 6

Cadaver Number Percentage
Gender

- Male 10 50.0 %

- Female 10 50.0 %
Age Mean = 71.5 year SD=6.51
Wrist

- Leftside

10 50.0 %

- Rightside 0 m

50.0 %
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LAY supervisor el intraclass correlation

Number M.-w S — 95% Cl of SD Maximum - e
(Mean) Maximum

1 Researcher 20862024 1.51 184-231 0993
Supervisor 2091 +033 1.50 186-230

2 Researcher 22492022 138 206-252 0.994
Supenrvisor 22472032 142 207-252

3 Researcher 21502022 1.38 19.4-237 0.992
Supenvisor 2154203 1.37 196-236

4 Researcher 23752017 1.0% 21.7-253 0.989
Supennsor 23742024 1.06 218-252

5 Researcher 24132016 1.03 21 &—EG 0.992
Supenrvisor 24152024 1.06 219-260

519 3 ms'\mamﬂ'nuama"aamsﬁ'@mwsmaﬂg (3181.) 229 researcher Wag supervisor 6128 Bland-Altman

plot and analysis waeangu&iazﬁnmﬁaw variable- angle locking plate

Eland Alman ot Analysis [Soew 1)

i 8 O

DEFtRIAL

e

el

Bland Alman Plot Anabysts [Soow 3§

oy el Lo S ® G

efrpREnCE

Blans! Adman Plot Anabysis [Sorew 2)

B e

Biand Adman Plot Anabysis (Screw 4]

ey bt L Bt Dty

CAITERINCE

Bland Alman Plot Analysis [Screw 5)

- Upp e Lo

= Datn

DAFFTRENGL
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5197 4 ANNENIAALYDIANG (W3.) UARTELMIL variable-angle locking plate

Number Length of screw (Mean = SD) Maximum - Maximum
1 2089+ 1.48 18.5-230
2 2248 £1.38 20.7-25.2
3 2151+135 196-236
4 23.74+1.03 21.8-250
5 2414 £1.03 21.9-26.0

191971 5 ANALIRFVIENG (WK.) Uiaze kLY Variable-angle locking plate W3euifiBuANNUANGETEWING

LNATELLASLNARES
e Me::t:";e"' Length of screw | | Maximum - | Independent

(Mean) Maximum t-test

1 Male 2092 + 040 1.80 185-230 0.909
Female 2085+ 025 1.11 19.0-226

2 Male 22772025 1.13 21.2-244 0.374
Female 2220+ 035 1.57 20.7-25.2

a Male 2168+ 031 1.39 20.0-236 0.627
Female 2136+ 029 1.33 196-236

4 Male 2369+ 024 1.1 21.8-252 0.817
Female 2380022 0.98 21.9-251

5 Male 24.09 £ 0.24 1.05 223-254 0.836
Female 2418+ 023 1.04 21.9-26.0
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1191971 6 ANEIANG (31%.) WGRENUIIUY Variable-angle locking plate t3euifiguszundannuuand199Ewig

Y a L Y a
VNATLLASVAINDY

Number Wrist Length of screw S 1 S Maximum - | Independent

(Mean) Maximum t-test

1 Left side 2085+ 0.31 1.43 185-225 0.938
Right side 2092 £ 0.35 1.57 18.7-23.0

2 Left side 2258+ 0.30 1.38 20.7-252 0.753
Right side 22381032 1.41 20.7-25.1

3 Left side 2142+ 035 1.55 196-236 0.759
Right side 2161 +0.26 1.15 200-236

4 Left side 23.76 £ 0.22 0.99 221-26.2 0.943
Right side 23.731 025 1.10 21.8-25.2

5 Left side 2431020 0.90 223-26.0 0.479
Right side 2400+ 026 1.14 21.9-255

anls18 (Discussion)

LﬁmﬁﬂﬂIﬂNﬁ%ﬁ‘ﬂmﬂix@ﬂ distal radius A%
dorsal cortex \udnwaziiuleayusduiuduses
ﬁifmﬁwﬁqmaﬂwﬁaﬂmﬁz@ﬂ lister tubercle Wag
L’J%Lﬂuifaﬂwy extensor pollicis longus tendon MUGRE
I@Nﬁ%ﬁwaqu@ﬂ distal radius fifiaNBULANE
fanam yhlvinsehedadansegn distal radius FReENGUH
variable-angle locking plate ﬁqﬂamﬁﬁﬁﬂwﬁﬂg MR
dorsal cortex LA extensor pollicis longus tendon
rupture

mMsRnmiiniidaa HIWIAANNENIFNT
ﬁﬂﬂﬁthﬂ‘lﬂmq dorsal cortex hmﬁﬁmmz@ﬂ
distal radius WSIREENLAUILIN variable-angle locking
plate Fumie? 1 A9 5 AWy 1.0 MmNy
ﬁmmmuﬁqm 20.89+1.48, 22.48+1.38, 21.51+1.35,
03.74:+1.03 UAY 24.14+1 03 33 LAaRONINAILRAL
PDIANNENFNTNUNN @hmemmﬂﬂgéff;ﬁ 2 Tu distal
row LLafzmmmfaﬂﬂgﬁﬁaﬂiﬂﬂwﬁﬁmm@Lﬁu 24 WA,

! 13 1 (Y F-; = ¥ a o
daushumisrasangdnd 1 uaz 3 Sawalnaldesiu
wasipuNENIeaN 2 uavshumisasangdaf 5 A
AmEMTiga LU proximal Tow WavAMMEMANGAAEN
Iglslansfamneiiv 24 am. iwiv duaningiviliang
Funefl 2 uae 5 emfigaLitasandIusiins dorsal
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