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Tnséwss Android 1 1a%8929mulURD alignment guide 337iwasld 2 IﬂiLLﬂ‘iNﬂi“‘ﬂﬂ@ﬂ%IﬂiﬂWVl
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. . S e o o Aa .
cup orientation) Lﬂuﬁﬁlﬁlﬂmmywwwamami
HndallfoudiaazlwnLiiss (total hip arthroplasty)
nifdumaafanlnizesde, naefeunganiy
WRINTHGA, NIFNnIauadIaqIadLin (poly-
ethelene wear) waznsuiuveathas lwnisy

(cup migration)(1'3)

mm@;ﬁﬁ'}ﬁmﬂaamnw
whazlnnifouAadunis (malposition) lawA
m‘nﬁmmaaﬂs:@m%oﬂﬁmaasjﬂamfia%’mh
wouUwAgstanrdauazimsiadauudulen

& (4)

WwupmHnaa? TunianuaaatafawuaInig

IFgunsalifaumivmzinga®®

Taom ludrdasunndazinsdnunis
wWhazlwniioalasls alignment guide 289
vismgniadaifion nsdromoanliuninam
maamiﬂammwmu"l,ﬂﬁuLLméﬁﬁwaogﬂw
waziulan Finlsenudy insertion rod fyuiia
Huu% (inclination) 45° wazaunae ldunii
(anteversion) 20° (3‘1J°7i 1) ‘%dLﬂ%&lq&lﬁﬁaULLWﬂﬁ
IR auwa lususinga (L’%ﬂﬂ%a’jwu operative
inclination LLRZ operative anteversion @1’1&1§’1<§1’U)
Tuwmsidunsisvasthas Innidoufitaunzay
ﬁmﬁa%mnmwﬁwsl%faﬁmiﬁuqu inclination

40°+10° a2 anteversion 15°10°
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NIANENEBIINLI sz Innifsusasas
25.7-70.5 anaaludunsafnnzanlulau

aanan®
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Waaadwuiiazlwnifisunniiiae
Funig 39leamainaaNRItaasuNTIEENTa
f§13UN1SHIAA (computer navigation) TIHA
nsnmlugihowuidanuuaugindinisly
alignment guide n3aaaaziua8a18a1”
1a931n computer navigation 1uﬁﬁlﬁgﬁ'uﬁ
Tadszanm 8-10 sunn Inslgauelu

Tsawenuna binusludsene lng lamanuwenenu
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Turdalapfaailusunsnyszand (application)
WNBLANNAINNRINIINVIINTENYT BANIRIIAN

\ A Voo S A \ A o
laiuwsuaznida el Fedanuinaulanaziin
NN TIdwAsILTE Iwni

Peters LLﬂ:ﬂmz(m VL@ﬂ“ﬁ accelerator
function madiﬂiﬁwﬁ iPhone lu Level Indicator
application #1781 NHUAYY inclination lagin
INIFW 129 unuUaudY insertion rod 1%
L2819 40° LLaﬂ‘f camera functionsl,u Protractor
application mﬁ’mﬁﬁ‘mu@ls;m anteversion lag
19N NN a8 INTANYIANNAT WL BRI N
= 1 % % dll %3 6 o o
LAHINNG® ’Lmammumaﬂmﬁwwmqw 15
N1 insertion rod Uzt WHAGIIANNSIFRRINIAG
WU inclination mauﬂwaﬂwmﬁwlugﬂ’m
50 TaRALARY 40° LAz anteversion a%islwﬁ’m
IV RELE R el 289 13AanILE smartphone
application U84y Peters LRZALNALAILUITEY
insertion rod lae 414 alignment guide 18L& 317
3; £ Y Y A g 6
LRETh @lﬂdi“ﬁl}d“]j’)tl 2 awilalnIdny iPhone
2 103847111 2 application WiaW gAUIIAZUAIHEN
WATTHIIAIATY (real time) HITBAINUWIAAT
Myn M InsdwiaIaaaeIna 1 application 114
ymu'luAy alignment guide azlwanauaingnlu
My I AL U LA NIRRT B bl
a o -jl/d A o 6 :; =4 ] )

MMl TagUszadiNadnmANILLREN
Tuwnrvsdrunsatszlnnifsuaron15le
smartphone 2 3588 35u3nl4 application 1&e1
Tulnsdwriszuudians Android 1 1A384
Namuldny alignment guide wagdsAwasls
2 application MslnI@W iPhone 2 La389719N1L
11Uy insertion rod (lag'laild alignment guide)
LLﬁaﬂizLﬁuwa@ﬁﬂmﬁ@gumnmwﬁw%ﬁ
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U 1 msrduniseaazlnnifisuluringdasueuazuasiionasnninaiuadan

operative inclination (Ol) ﬁa&qlmz%i’]d insertion rod AUNWlan (alpha), operative anteversion

(OA) fayuszwiamuILAULERLWIAIM IR (beta)

sUf 2 lavsnszgniBanmunana@ndanuifesdaog1wnanluim lateral decubitus Aiudnuib

W1 x-ray tube 1%3zU1L anterior pelvic plane AIANMLULY x-ray tube (FUE18) UAzUU?

teardrop line asaNAuARlanlasaaINLNad long K-wire Tunw3ad (3uu)

(>

dauazisnig

W un1373981BInanay (experimental
study) laglilassnszgnianmunanadnawa
a3gn Jarvinldinleunudiiouauazuad
(lateral decubitus) AN THAAIINULALILALTA
URINLTAN x-ray tube TH3=111 anterior pelvic
plane (M#“®AN 3 Tgﬂﬁa anterior superior iliac

spine 2 PIURZVOURUVDS pubic symphysis)
F9aNTUUWI x-ray tube @@ long K-wire 13y
aTumnTsRa1smndn 1 lwunlIves K-wire
gsanniuiulan (aeldliTazauinimeias
1961989) UAZHIWVOLUATIVEY medial wall of
acetabulum "Fly'\‘i 2 19 (teardrop line) ‘WaaLﬁja@
PMNATNIIR (gﬂﬁ 2)
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;U4 farpaufigasinlnidwy iPhone 8nialainitsdallaldiu Protractor application
(3Ude) angruiuayy anteversion laguasnwlunaas lnsdnranneuuuasuNNwdes
LB uYaUa1ITaIntna Insanwrauwlunuveuifss dauuwnngady insertion rod

T sz ulAI B ULWILE 20° ALAKIINKINDD INTFNT

'ﬁnﬁﬁﬁomﬁzﬁmﬂquimoﬂs:@ﬂLLa:
Wizt lanzuTnaiaslnnliialonvme
N160339 UTznaua1udu insertion rod LINL
cementless cup ﬂluﬂﬂLﬁuN’mquﬁﬂmd 50 Y.
Iweasunndanisniin ldnewuuunuiazlnn
] o s & d{ dj
gmmumnuﬂmﬂww iPhone LASa4n%t9
Fadlaltau Angle Pro application (5FUF5 Co)
1429 uny insertion rod L8814 45° (gﬂﬁ 3)
.. 4, . o P
;dmalﬂuwaaamimﬂww iPhone ANLATAIRIL
%uﬂ@l"ﬁmu camera function 1% Protractor
application (iTech Developers Inc) 41972 alunng
Uy anteversion 20° lapnasnwlundad
INIFNANNAIULURINANULADS (top view)

NI A lFuTaUa1IeInIne InTEniauu
lufuveuidins (UM 4) dasunnduiy insertion
rod Tuwsd s ulAUmuAULUILER 20° AL
nnineelnsdwd drunniedlasinszgnlu
. a R . "
WY AP view @RULNNEGY insertion rod LA
cup aanantthazlnn walsinlunslnaidae
ADNILTULANURZEILNITNIIFTIAUATY 5 A9
v XK dl . .
ua2991188uy DI Angle Pro application 970
45° \fu 40° uazyuved Protractor application
210 20° 131 30° GUATNIIRTIABATL 5 A9
[ g; =3 d' < [ 6 dl o
nRsNBWILRewmdudasunndani 2-10 i
LTULALINUIUATL 10 A% (81NTTUNNE 5 A%,
uwndralinu 5 au)
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@@ pelvic alignment pin ﬁﬂwﬂizg]ﬂ
anterior superior iliac spine (U3:@ Hﬁjﬁnﬂ Schanz
pin Lz long K-wire L%awaﬂﬁ'mﬂugﬂﬁa T I
UWILUUUDY K-wire B IBNUBaLLALY Usznay
insertion rod LAY cup LAz alignment guide
(Zimmer, USA) Tdasunndauusniinlyneld
wpunuihaslnn gududuliiun alignment
guide (G'f%dizqsgu operative inclination 45° W82
operative anteversion 20° %38 Ol45°/0A20°
NNUIBNHNAA) VWIUAL pelvic alignment pin
T8 Insdwy Oppo (3% Find Piano) Faila
T Spirit Level application (plaYaid, 3‘1]"7'1' 5)
e uldun alignment guide TWLwILEY

3‘1]“71. 5 Spirit Level application lulnsdwsiszuy
U7j17@n"3 Android (Oppo) LL&@N&J&JI‘% 3 3euu
lawsaunude s=u1u coronal QIMNAUAUVDI
WH9LUIYINY, TEUU sagittal QINANEVVDY
WYSUWITILAZ TN transverse QINGAAY

LLmuuq@ﬁuaﬂmmm A NNA

d! a; [ % 6
Asnasfdsinguuniisalnsd@wruazuug
284 guide TOUNUNUAREALIAT FARLLANESUET
v > Z QI v 1 g:
mmwuaoluummlugumaummmmuu
Y (% 6 & 6 dl 1
ﬂmﬁlaimﬂwmﬂmamguu FUN 6) thunw
e a o &= e &
saaimam:g]ﬂ Aasunndesgdnyalnivaa
aananszlwnuasinlu9lnadrea5n13
LT ULANLRZENEANWIIRTIAUATY 5 ATILAD
39auau inclination 90 45° 1w 40° uaz
anteversion 310 20° 1w 30° (O140°/0A30°)
I@lsmm”’lu%’uaﬂuumawum:ﬁmwauwia
WWIFIUWAYIa INTFNTiNa T w -5° wazueiu
Tunwinawlinissnunrinlweddufaunwniinagg
Insénriifouluanidn 10° Uit 7) dhonn

gﬂﬁ 6 Aasunnguguauduliim alignment
guide LLag pelvic alignment pin YUIUTI Q’“ﬁ’m
W lnsdawe Oppo IWMUKIUK alignment
guide LLéﬁmﬁuﬁwu%’uéuaﬂmmaﬂﬁqmaa
LwiaLLmév'auu%ﬁfwaimﬁwﬁlﬂmamﬂuﬁlﬁa
Iwldidnya 0145°70A20°
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sun 7 welwlaanyn 0140°/0A30°
daounndnaduivasluwuifsliyuvouns
g: % Qs 6 & o -
LIGIUWRUN NN -5° uazuduln
LW LUNIa AT IR LT uAAL U Rt
TUanni@a 10° 1w a1nfie 258°W 11l 268°W

v A "o’ g; > g: = dl I
FIRT1AUATU 5 A3 WAIINUUINLURD WL
a & A o ' a [
ARUUWNNIAUN 2-10 VINLTULALINWIUATU 10 A%

la R aUBAIWTIFNT 200 AN gt
laptinisinaiia 2 audugianuas 2 aTavineiu
1 §anvienaldsunsulu PACS (picture archiving
and communication system) 33 radiographic
inclination (RI) 7@37N teardrop line ﬁﬂyuﬁu

o 4 »

LEwNINa9lINwau eIuay acetabular cup
Laedd radiographic anteversion (RA) 13504
Hassan uazame™ (3U 8) duwrnlanldgas
anteversion = arcsin [h/D / (m/D - m*/D%)"]

'31,@131:1?7@1"1m'&'wawﬂuu@iazmﬂﬁﬂ
mMINathaslwnfs N IFRauNngns 10 an

=) = 1 v . .

lastUSouiauTenINanT e alignment guide
U INIAWY Oppo 1 1A384 (1 application) AL
M3EINIFWY iPhone 2 La389 (2 application)
733 O145°/0A20° Laz O140°/0A30° Lf3nLfieiy
sznininguanstunndnunguunndsald
NuAUHA t-test WAz Mann-Whitney U test
Aanzianuideiiavesiiziliudrsauin
LRZAULALINY (inter- and intra-rater reliability)
@28 Pearson’s correlation coefficient LA The
fRAN9EHaned1 p<0.05

;sa.lﬁ 8 radiographic inclination (RI) ﬁa&gmz‘ﬁ’i’m teardrop line nu long axis Pa9LawlIn

UaU acetabular cup ﬁLﬂugﬂ’Jﬁ (3U48), radiographic anteversion (RA) fMUIINNEATUD

Hassan uazame (31221)
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M3ld alignment guide TINAUINTANA
Oppo V‘iﬂﬁLﬂ"}a:Iwmﬁwﬁyu 0145°/0A20° &
mmﬁ'waaqw RI aninm sl nsewy iPhone
(44.9°+ 0.6° vs 45.8°+ 1.1°, p<0.001) UaAF"
Lagwamw RA innninadinufanesha
(12.6% 2.6° vs 11.0% 3.1°, p=0.009) iiaL/atn
yuihwnaneiis 0140°70A30° wuin smartphone
¥ 2 mﬁ@ﬁﬂﬁgw RI LAz RA laiuanendnu
(p=0.524 W& 0.526 MUAIEL, A13197 1)

mynainse i ﬂ&lﬁ%alll 0145°/0A20°

lavarasdunnduazunndsaldnuilyy
radiographic inclination Inalfesiuann (p=0.929)
udlunguananstunnd iy anteversion 1N
nanunngralinueni iy (13.0° 2.8%vs
10.6%+ 2.7°, p<0.001) LfiaLﬂEi"ﬂmgmﬂmmy
1w O140°/0A30° wudmﬁmauﬁwaz‘[wmﬁw
lunduarvsdunndunnninduunndoalinu
asi’ldﬁﬁfﬂﬁ’lﬁtyﬁd&lq&l inclination LLa2 anteversion
[43.7°+1.5° vs42.7°+ 1.4°, p=0.001 LLaz 18.2°+2.9°
vs 14.3% 3.2°, p<0.001 WG] (A397 2)

= . C , a o . o
M13719N 1 LY radiographic inclination LLaz anteversion LU38ULN HUTEWININNT LT smartphone

2 3a ?ﬁﬁLLuﬂW’lﬁJ&J&l Ol uaz OA 2 Lihnangy

yavadnazlnnias iPhone Oppo A p
34 O145/0A20 29A1
- radiographic inclination ( °)
mean + SD 458 + 1.1 449 + 0.6 <0.001
min-max 43.0-48.1 42.8-46.5
95% ClI 45.5-46.1 44.8-45.1
- radiographic anteversion (°)
mean = SD 11.0 £ 3.1 126 £ 2.6 0.009
min-max 4.0-18.4 8.5-18.8
95% ClI 10.1-11.9 11.8-13.3
33 Ol40/0A30 23N
- radiographic inclination ( °)
mean * SD 431 £1.7 433 +14 0.524
min-max 39.7-46.3 40.7-46.8
95% ClI 42.6-43.6 42.9-43.7
- radiographic anteversion (°)
mean + SD 16.0 £ 3.5 16.5+ 3.8 0.526
min-max 7.4-22.4 9.5-24.0
95% ClI 15.0-17.0 15.4-17.6
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a . . . . - P , ' & &
13791 2 Y4 radiographic inclination LLa< anteversion Lﬂi&l‘umzli_li:WJ’NﬂQ&la’m’l‘imewal

ﬁUﬂQNLLWﬂg"HQI"fVJ% "ﬁ’]LL%ﬂ@n&J&JN Ol uaz OA 2 1iwung

¢ ¢
B9 NNE

yuzaanalnnifies wwndzalanm A p
3 Ol45/0A20 D3¢
- radiographic inclination ( °)
mean £ SD 454 +£1.0 454 +1.0 0.929
min-max 42.8-48.1 43.0-48.1
95% CI 45.1-45.7 45.1-45.7
- radiographic anteversion (°)
mean + SD 13.0+2.8 10.6 £ 2.7 <0.001
min-max 6.0-18.8 4.0-15.5
95% CI 12.2-13.8 9.9-114
3 Ol40/0A30 29¢
- radiographic inclination ( °)
mean £ SD 437+ 15 427+ 1.4 0.001
min-max 40.7-46.8 39.7-45.0
95% CI 43.2-44 1 42.3-43.1
- radiographic anteversion (°)
mean + SD 18.2+29 143+ 3.2 <0.001
min-max 11.8-24.0 7.4-22.3
95% ClI 17.4-19.0 13.4-15.3

mﬁmﬁzﬁmmmL%aﬁamadgﬂsuﬁu
FNIABNHULASALLALINWALE Pearson’s correlation
coefficient (A1 r) wuiwayﬂmzé’ugamﬂﬂdnﬁa
MITI0YH RA 1161 r=0.957 Uaz 0.953 MUEAL
yu RI {61 r=0.903 Uaz 0.911 auaGY

a 6
Y1

yu Rl gaatiazlnnifivafinnglasly
. A . . 1 s s 6
iPhone %38 alignment guide 33NN INTANY]
Oppo Aelnaidssiuyy Ol 45° Afwuaidu
1ihwaune (iPhone 45.8° Llaz Oppo 44.9°) nanade

A e Maa . o

anuamainfeuntadaniwliin 1° lusmeiyu

RA ﬁ@hﬁamﬂ’jwu OA (tihwnune 20°) §i9 9° lu
Naw iPhone uaz 7.4° luﬂﬁjw Oppo ANULANGIH
atueldanaunisaslnuifuas nomogram
289 Murrey'"™ ﬁLﬂ’%UULﬁﬂugumaaLﬁwaﬂwn
RECREY operative LY radiographic definition
I@ywudmw Ol 45° 1Llaz OA 20° Q:Lﬁﬂﬁugm RI
46.7° uay RA 13.7° é’qﬁvfmg]u RA lunga Oppo
ﬁﬂﬂﬁl,ﬁmﬁumﬁﬁﬂmmmamwﬁmﬂﬂdwmju
iPhone %ﬁ:a’ﬁlLﬁa\m’ﬁl’mﬂ’mﬁmu’s anteversion
18 camera function b iPhone ML § U8 Y
sgvasninannsanwrawwlufuvauidoein
‘ﬁ'gﬂﬂ@&lﬁuﬁ’;EJN”TJqJJLaﬂdﬁﬂﬁmﬂﬂdwmﬂﬁalﬁ
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alignment guide ﬂluﬂuﬁu pelvic alignment pin ‘ﬁl
1“51%?’1&% Oppo mimm anteversion fanuaana
maaumnmmu inclination uaaaASaIALKA
NNANENVaY Peters wazame' ﬂl‘ﬁ iPhone
m*‘ﬁ’mﬁmu@gwﬂ Ol40°/0A15° Lmeud'}gu
RI wisrndiadidniado 40° (Rdn 26°-45°) o
088 46 ﬁmmﬂmmﬂﬁiamaoyw RA 1°-2°
wazSasas 22 fanuaanainaausiud 3° 3wl
GaRTalouniTnan1sAnERANLIN iPhone
ﬁmmﬂa’mmﬁama‘é"waww RA 9° 94019
ANINITRYULEIT0INTEANLEINT UV Y
Nﬂwvl,ﬂmm’mmwmmmﬂ m’meaiwn
agfluml,mm‘nmgu anteversion WagaLiiafiey
ﬁums%’mhmmgmmaﬂmam:gnhmuﬁ%’sﬁ
ﬁﬁ@m‘%&nngm%@mmﬂﬂ&ilﬁmﬁau"l,m
Lﬁmﬂﬁw&;mﬂmmmﬂu Ol40°/0A30°
WU smartphone 119 2 e yuihazinn
Aoulaiuandnafiugm RI (43.1° vs 43.3°) az RA
(16.0° vs 16.5°) 1ilaaBLnadoaumIes Inndifiuas
nomogram 283 Murrey'> ﬁwuim&l OI40°/0A30°
UYNALYY RI 44° uaz RA 22.5° flaziinledn
Yy Rl mnm‘m”]ymw%’aﬁﬁa‘lﬂﬁlﬁmﬁuguﬁ
MUIININ 1) (@anulaiin 1°) u@yN RADIN
msn"]slmw%faﬁﬁdﬂ&'uﬁaUﬂdﬂﬁuguﬁﬁﬂmm
mannefis 6 Sefdshisunsnatueld
\iaanangla aeinglsAaufanseufioy
ﬂﬂiﬁﬂdLﬂﬂﬁzIWﬂLﬁﬂ&Jﬁ&lq&l 0145°/0A20° N
0OI40°/0OA30° LLa”'smiﬁﬂmfyqud'uﬁaam;w Ol
a4 5° w%auﬁmﬁmgu OA 4% 10° azﬁwlﬁgu
RI 8989 2°-3° uazysd RA AT 4°-5° nEd
ﬁaﬂizmmﬂ%‘mﬁamaaqu OIRI Adaswly
wonnimnRanTandedunisuasiazlnn
Lﬁwﬁmm:aw%amsﬁw Rl 40°+10° W&z
RA15°£10° L& miély’mmﬂ’mm ﬂﬁ 0l40°/0A30°

mﬁlzmm:auﬂiﬁﬁqw 0145°/0A20° LNz e

xRl Indifinadnans 40° uazldyn RA s
Anang 15° Lﬁﬂﬁw%amUa@IaﬂﬂaLﬂﬁaum@
fastarzInn ldinnninlaganiziidalin i ge

1114 posterolateral approach
N1Ia948 Ol140°/0A30° Tl et
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Abstract

Background: Acetabular cup positioning in total hip arthroplasty is usually performed by using
alignment guide for cup orientation and often difficult to assess. Smartphone technology of the
iPhone and its downloaded applications were found to be accurate for improving acetabular
cup placement in the optimal zone.

Objective: To compare the accuracy of acetabular cup positioning between using single
application of 1 Android phone with alignment guide and dual applications of 2 iPhones without
alignment guide.

Material and method: An experimental study was conducted on pelvic sawbone secured on the
table in lateral decubitus position. Each surgeon (5 experienced staffs and 5 residents) placed
cementless cup into the pelvis 20 times by holding an insertion rod and orientating by two methods.
Firstly, handling 1 Android phone on top and parallel to the alignment guide and secondly,
handling 2 iPhones on top the insertion rod and parallel to table border. The target positions
were operative inclination 45°/ operative anteversion 20° (0145°/0OA20°) and 0OI140°/0OA30°.
AP digitized radiographs were taken. Radiographic inclination (Rl) and radiographic
anteversion (RA) were measured and calculated by using PACS program. Cup positions were
analyzed, compared between each methods and between two groups of surgeons by using
t-test and Mann-Whitney U test.

Results: Using Android phone with alignment guide at O145°/OA20° target resulted less average
RI than using iPhones (44.9°+ 0.6° vs 45.8°+ 1.1°, p<0.001) but more average RA (12.6°+ 2.6°vs
11.0°+ 3.1°, p=0.009). At O140°/0OA30° target, there was no difference between groups in both
Rl (p=0.524) and RA (p=0.526). Cups positioned by experienced staffs had more RA than by
residents (13.0°+2.8°vs 10.6°+ 2.7°,p<0.001) at 0145°/OA20° target but no difference in Rl (p=0.929).
At 0140°/0A30° target, experienced staffs positioned cups in more Rl (43.7°+ 1.5°vs 42.7°+ 1.4°,
p=0.001) and RA (18.2°+ 2.9° vs 14.3°t 3.2°, p<0.001). Reducing Ol by 5° and increasing OA by
10° resulted in 2°- 3° less Rl and 4°- 5° more RA.

Conclusion: Android smartphone with single application was more accurate in acetabular
cup positioning than iPhones with dual applications at 0145°/OA20° target but indifferent at
0140°/0A30° target.

Keywords: Smartphone, Application, Acetabular cup positioning, Total hip arthroplasty.
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