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arudusinuazinguszasd : wiwkiuda PHILOS anifufifondmiunmssnwinsegnindrutalug
voanszgnduuy uikuBneiailildgnesnuuuaifiesnwnseanviailasianty nisfnuid
Inqusrasdifioinnzsitanasmaniveusiudn PHILOS ameldlssnsevimusssumdgegaainidu
Supraspinatus wa Infraspinatus Lﬁaﬁqaﬂdw WNUEAPHILOS @ansavinlilAnn1sauulku Primary
bone healing lunssnwnsegniindrudalvgvesnsegnaunuula

AWandunsIde : 1B sTeeauulludiedwudlunisiaszd lneivuausinsgyinainiau
Supraspinatus wag Infraspinatus 71 200 N wag 100 N a1uddiu AATIENANUAUIDUT AGER Y
spuu ussisuwdulng srogvinauazaneSongeansvinedunsgniuaniin

NaN15338 : Anineulageaalussuudien 675.2 MPa Ssniussumunesisiudn lasanndy
Teuilagegansatuiansiuviisinfian ussisuudulvaien 46.88 N SeninAussgageiiuiu
Sauazidulnununiuld svevviauageuAengeanseietunsegniiunningien 0.54 fadluns
wag 0.004478 audwiu laedlenszezindazanunesengaaiosndt 1 daflunsuay 0.02 Ay
s Fadudrmnzaslunsanuveanszgn

aqu : maenAfeduandidiuiiueubn PHILOS uaznaudeduluamsanumuseussnssyh

AIUSIIUYIRGIANINOU Supraspinatus wag Infraspinatus lnedsldideaninvesian waziian
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Abstract

Background and Objectives: While PHILOS plate is popular for treating greater tuberosity
fractures of the proximal humerus, it is not specifically designed for such a purpose. The
present study therefore aimed to analyze the biomechanics of PHILOS plate under maximum
physiological loadings from the Supraspinatus and Infraspinatus tendons to determine if the
plate can indeed promote primary bone healing in greater tuberosity fractures.
Methodology: Finite element analysis was employed, applying forces of 200 N and 100 N
from the Supraspinatus and Infraspinatus tendons, respectively. The maximum von Mises
stress in the system, force on the suture, and maximum displacement and strain between
fracture fragments were analyzed.

Results: The maximum von Mises stress in the system was 675.2 MPa, which was lower than
the plate's yield strength, with the highest stress at the lowest screw head position. The
force on the suture was 46.88 N, lower than the maximum allowable values for the plate
and suture. The maximum displacement and strain between fracture fragments were 0.54
mm and 0.004478, respectively; both values were lower than the displacement of 1 mm
and strain of 0.02 thresholds suitable for bone healing.

Conclusions: This research demonstrates that PHILOS plate and suture construct can with-
stand maximum physiological loadings from the Supraspinatus and Infraspinatus tendons
without material failure. The strain and displacement values between bone fragments (0.54
mm and 0.004478, respectively) are conducive to promoting bone healing.

Practical Application: The findings from this study are valuable for improving the design of

new plate types aimed specifically for treating greater tuberosity fractures of the proximal
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humerus, potentially leading to better clinical outcomes.
Keywords: PHILOS Locking Plate System, Biomechanics, Finite Element Method

Introduction

amensvgninveensanuinalulvgvesnsegniuiuu (Greater tuberosity) \unsegniin
ilomilsiianunsanuléduszanal 14-20% veanszgnitnunaiuuy (Proximal humeral fracture)
(1, 2) wuldialugineteguiivonaneuangtivnguus warludtiogelodainiaaing i
Taiguusa [3] wu nsdn Wudu wasdnnusiudunmsiianmsvgauestolne Inelgifniseiuszana
30% vosithefiiinnzdolnangn (2, 4) s‘z’iamwﬂig@jﬂﬁﬂﬂigmwﬁuﬁqmaﬁiammmmmﬁuaﬂmi
Tsmvestelua suniusensdidutinusydrfutazmsiay Tnsanzedisdagaslungud
Fodldnudelvaludnuaesfideenwuuniefisey (1, 5] wu Tniwiens 9 lidasduinuuaiiusy
dninuila dnuiaiauea Wniuauea [Wudu wielunguansauendny 99l Freneasne

dnuaiznsinueinsegn Greater tuberosity aunsauusliilu 3 4fia Ao Avulsion, Depres-
sion ua Split 1InAsAnwInUIdlgURn1sallunisifnvia Spilt annige wavanndia 419 vesduay
Viavun [1] WINNTINWINTINYBINTEAN Greater tuberosity fvanssnuleensindauazlsl
st mssnwlnensldrndnginagyilunsdifingzgn Greater tuberosity vindulsifimaindeud
vidselndeuiiiisadniios [6, 7] lnodlsmAdeRFnwiusuiisunaresnsinuszninamsindauay
Lyishdinlunsean Greater tuberosity fitin nuitkavein1ssnwlaenslinisnagldnavesnissng
ﬁﬁﬁaamﬂsaﬂé’ulﬂi%mulé‘lﬂélﬁmﬂﬂﬁiumgﬁﬁﬂizaﬂ Greater tuberosity 7ivniuiinsindoutios
i1 5 fadmns Weuiulunguuesnuimly uasfinsiedeutiosndt 3 Tadiums Weudulunguves
fuelunguidestdnutendludnuasiifesenurumilofisus (Overhead activity) Saduitunues
fovslunisinda 12, 5, 8-9]

Whmnevesnssnw AemsBarsnsygnuiteliiAnanneuanzaslumsauuvesnszgn i
AMspAeuUsasassa(Fracture gap) Houndn 1 Hadwums [10] SRR AT NeTe
18 (Interfracmentory strain) geanilliioidensegnanusnauuld do tesndn 0.02[9-11] lunszgn
dnisndudosliiinnsauuuuy Primary bone healing adudssnduiiaildlunmsdne as
desfinnuiunaazudausafivme deussisndunmuilva daduussnseyimusssund way
finsedoulmvesiunszgnoglunasivaiza

NSHARSNYINTEAN Greater tuberosity 1in dvannuangds [2-3, 5-6, 8-9, 12-24] Wy N158

p3INsEANAIEEAN] (Screw fixation) nsBamsssiewdulu (Tension band technique) lnensiu
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Souidulnueududu Supraspinatus waznszgNAUUIL (Proximal humerus) N138ARTIAIELE
1M3JLLazmm (Suture anchor) fenALiAcIg 9 1w Single-row technique, Double-row technique,
Double-row trans osseous equivalent technique nsdansamemanuii (Plate fixation) Wugu
uiludaqgtufssliiislaiifumnsguvesnissng (Gold standard) nsvgniinussinmnil

nsBansanszgnanewsiulave Wumsinwifensnniisnsinwdu q [5] lnelamiznis
Towsiulane Tungduunugn (Locking plate) Lﬁaqmﬂﬁﬂ’]iﬁﬂmwuinmsﬁﬂm%mzaﬂé’haLLsJuETmﬁ'ju
Tfauudausennndd3su 4 (201 wiuBedithanldtuiiaumanvanstuegifuuunn arumeu
uazUszaunsaivesunndingn enfegrsitanldiutes Ao wiuda PHILOS (PHILOS locking
olate) Fslinaveanisindaiia

N33$NINSYNVeINTEAN Greater tuberosity Mmewsugn PHILOS lunsufjimdnaglaly
anglun1sBatunszgn Greater tuberosity fivnidnfuuiudalasnss Liosandunsegnitviniiusin
%ﬁmmmau%’wqLﬁﬂﬁ?iwzLﬁmmmL?ismﬁ%Lﬁﬂmiﬁmﬁmamaﬂ%umz@ﬂ Greater tuberosity [25]
wadlafilesliffensiidulmafauudusgs Wounadudu Supraspinatus wag Infraspinatus
Fududusuiidaneiuuing Greater tuberosity lurnBan3atuusnausugn fioBatume
n32AN Greater tuberosity fvinivegluily nzaunaghiliindeufioanlunariisinisudutelna

taqtiuns3nwInszan Greater tuberosity fvinflaldusiudn PHILOS finruudsusanniign
Ienan1ssnumdeindaiia (5, 20] widmudymluSomeshuuniuina vdshdaflidituasse
nszgnAukuy nelmiantaym Teriluanigluda (Impingement) [23] dlosanuwiuBa PHILOS 1

v

I¢oenuuuiiialdfumssindanszgn Greater tuberosity fiinlasiany Sniadsdisangs et
Wedsalafiazaauvudassadamans ilolinszianranduieuiia (Von mises stress) N
ATane3en (Strain) AAuUaandt (Safety factor) Tudusng q vesyausuda PHILOS difiels
dlangfnssutinamanifiintu Inslawiguinmusuda ang uandulu Wedudoyaiugiulu

MR arUTUUTUNUER dmSuBansansean Greater tuberosity lnglanizsely

Objective

afauuuiassndamansilofnuTnamans vesnsegniiinuing Greater tuberosity
uazidumuriluaununszgniivh muﬁu’ﬁﬂwmmauﬁaL%Qﬂasuaal,wiuﬁ@ PHILOS ang uagidulny
fianlilunsinndenszgniivinuina Greater tuberosity feszidouisnludiodiuud
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Materials and Methods
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Tunrsadanuuiassanudifvenseaniilva (Humerus) welndivun dadiu lassassuas

anwaznemenIneueninaldesiuauluede ssihdeyanneuldaswnaiiaduwuudnaes

anufflaen1slng CT scan waz MRl vasiiluasuuinvesiweaunmund oy 24 U Jadu
Inddayayiia DICOM unudaadulvduiin STL file lngldlusunsy MIMIC10.1 (US¥W Materialise,
Usge lwadew) ntutteyailaundnlusunsy SolidWorks (W38 Dassault Systems Solid-

Works Corp., Concord, MA, Useineianigoidsng) 1ieasnauuudnassanuia

lunsdraeanseanduivin ldns@nwineumind [1, 16, 25] uaydeyadin CT scan Lile

Taesgluuunszgnaufivin WWunsegninudia Split type Fallvuiawazdnvazanu Figure 1

Figure 1 3D model of humerus bone with split-type greater tuberosity fracture [16]

nsasadunyualug (Rotator cuff)

14 13 LY 1A A £ [y ] A o . a .
miai’mLaumgumlﬁa‘mLﬂ&l’s“uaﬁﬂumzﬂﬂmuwvmLL°U°U GT avulsion fracture U Split type

Ao Wumyuiilng Supraspinatus uae Infraspinatus Inevunauazdnduladayaainnsfinwinig

Me3n1Aes Curtis Wazany [26] Muanuiniiuidwidunyuilyg Supraspinatus wag Infra-

spinatus LN"eAuNsEAN Humerus Ay Table 1 S3uvialidayaniy MRI 1eUsEnaunIsasgiuy

91894

Table 1 Sizes of footprints and of rotator cuff tendons [26]

Length (mm)

Width medial (mm)

Width lateral (mm)

Supraspinatus footprint

23

16

17

Infraspinatus footprint

29

19

19
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n13a¥1eueuga PHILOS uageng
Tunsimuavwinkugn PHILOS lalitayaainuism DePuy Synthes kaztayan1snisany)
euntiil [27] anfilfiduuuunsanszuenlaifiindes vuna 3.5 fadwnsmunisAiny1ves Kaisidis

warAMy [21] way Fletcher wazmmy [28] Wunas19awuvInassauifneluswnsy SolidWorks
#1UFigure 2

U >

— Screw B 31
U >

ﬁr— Screw C 42.2 i
U >

Figure 2 Sizes of PHILOS plate, with screw A being 28 mm long, screw B being 31 mm

long, and screw C being 42.2 mm long, as indicated in the image positions
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nsaadulnailéidunsadunguilnddifuwsiuiia PHILOS

Tunsnuniidentd @l FiberWire wes 5 iudulwuaiia Ultra-high molecular weight
polyethylene (UHMWPE) flvunadunngugnans 0.98 mm. [29] waginunsuhuunstnniesening
Wuyuiilua fuukuBa PHILOS munis@iny1ves Pisitwattanaporn wasAnss [25] Aakansny

Figure 3

Figure 3 3D model showing fixation of suture to PHILOS plate

duemau i vaslansine 4 Aldlunisiuinvesnmsinenil wlideyaveanisfinyimuTable 2 uag 3

Table 2 Properties of various materials used in the calculations

Structure Modulus of Poisson’s
elasticity (GPa) ratio
Cortical bone of humerus [33] 16 0.3
Humeral cancellous bone [33] 0.55 0.3
PHILOS plate and screw [27] 200 0.265
Novel plate and screw [27] 200 0.265
FiberWire No.5 [29] 8.5 0.39
Supraspinatus tendon [26] 0.168 0.49
Infraspinatus tendon [26] 0.168 0.49
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Table 3 Properties of stainless steel 316L [27]

Material properties 316L Stainless steel
Modulus of elasticity (GPa) 200
Shear Modulus (GPa) 82
Poisson’ ratio 0.265
Mass Density (g/cm’) 8.027
Tensile strength (MPa) 860
Yield Strength (MPa) 690

nstvusdeulwaun (Boundary condition) avldnsinwnneuntid Tunisfmuadouly
YouUsanel

- fvuannsBae3s (Fixation) 71 daugiuvesnszgn Humerus AUANSANITBY Pisitwatta-
naporn kazAue [25] AU Figure 4

Figure 4 Image of experiment by Pisitwattanaporn et al. [25] where the base of humerus

bone was fixed and force was applied
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[%

- muamduUszavsusadeaniu (Coefficient of friction) nszgniunsegnuaziuAIdY 1
WU 0.3 MIUN1SANYY Mantovani Wag Anlg [30]

- fmunnanslnanmumsenudeuninised fo ussnsyihinaindrulaneiuiiniinge
Youdunyunlua Infraspinatus tendon 100 N wag Supraspinatus tendon 200 N anugeiu [21,

31] FadulnangegaiiinTulanindurisaes uanwmny Figure 5

Loading condition

Fixation

Figure 5 3D model and boundary conditions used in the present study

dleadauuudiassanuifisaelusunsy SolidWorks (Dassault Systems SolidWorks Corp.,
Concord, MA, USA) udd3sdseanuwuudtassauilfinglusunsy Abaqus (Dassault Systems,
Waltharn MA, USA) Litea31aus (Mesh) mﬂﬁ?uﬁmuﬂmauﬁasuaﬁa@LLasﬁ'aulsusuamsumm 5 M3
fldnanuud uagshmseseimaneu Tnsfiedussaneunyuangiindinatiossnn dunals
Aaaduoulia (Von mises stress) pnanesen svezideussninesesn Mintulusuusiaes
yosyausuda PHILOS lunsdananszgn Humerus @auiiniuu GT avulsion fracture ¥l Split
type Inefinisusummuvnutuve s waydnalv auranafneuliagean Aflaasuudas
198711 1% (Mesh independence)
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Results
WUUINARIHUTR PHILOS Tkadnsidu A1auAulsulawasANiASen SE88anuseniIng
5089NANNITALINAINTELBUT Wl UAALLUG AllanInl Figure 6 fadl

S, Mises

(Avg: 100%)
+6.752e+08
+1.000e+08
+9.167e+07
+8.333e+07
+7.500e+07
+6.667e+07
+5.833e+07
+5.000e+07
+4.167e+07
+3.333e+07
+2.500e+07
+1.667e+07
+8.333e+06
+0.000e+00

675.2 MPa

Figure 6 Maximum Von mises stress occurring on PHILOS plate model

HanTins1emeseiloudshiludedumudvessiuga PHILOS Tun1s8ans nszgn Humerus
duiiinuuu GT avulsion fracture %ila Split type mmL‘q"aulmauLﬂumﬁ'ﬁmummwﬁagaﬁiﬁﬂénm
ué Fuwadldiamudneuliageanfiintuuuuuuaesiauinunsegn Wunyuiilvd ilu
uiiuBn PHILOS wazang Ao 675.2 MPa dafinfiuinanvesansiansgnnunin demnfiansan
AALFLNILNEATIN (Yield Strength) YedusuBaLaransAviean Stainless steel 316L fiAn
Wiy 690 MPa [27] Garanafneuiiageaniidualdfdmnindiauiuunisannues
wHugaLazang

drundulv wudfieusaianielugean 47 N Jadulv FiberWire wes 5 8l The maximum
load to failure Wiy 620 +/- 29 N [29] AussdsluiduFoniidunnldfiensiingy The maximum
load to failure veaidulya uansiusudn PHILOS ang uazdulyaluuuusiassdannsofuuss
N3zl

yanuUTIasausiuin PHILOS SdrmnsiaTon (Strain) uay szezideu (Displacement) 5eming
508%NANL Figure 7 lag 8 et
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0.004478 0.0013673

LE, Max. Principal

(Avag: 100%)
+4.476e-03
+4.103e-03
+3.730e-03
+3.357e-03
+2.984e-03
+2.611e-03
+2.238e-03
+1.865e-03
+1.492e-03
+1.119e-03
+7.460e-04
+3.730e-04
+0.000e+00

Figure 7 Maximum strain between fracture fragments

U, Magnitude
+1.671e-03
+1.531e-03

- +1,392e-03
+1.253e-03
+1.114e-03
+9.745e-04
+8.353e-04
+6.961e-04
+5.569e-04
+4.177e-04
+2.784e-04
+1.392e-04
+0.000e+00

Figure 8 Maximum displacement between fracture fragments

ansAnaieseteuislnludleduudvesyausiuin PHILOS wudrfirianuiaTengaan
(Maximum strain) fiAnTu ogjsesrssesuenvesnszgniindunszgn Humerus faniviniy 0.004478
ua 0.0013673 muddu Fediintutosndt 002 uasilrsvezidougeansswinesosvinminiy
0.54 fiadwms Fadumimanzay MvilAiAnnsauuveanszgnuln Primary bone healing [32]
uailfuanslifuiuuuansiiadnatu anmnsovilingzan Humerus dadivnuuy GT avulsion
fracture wila Split type AlF3UN1sEnrTafeyauiuda PHILOS awnsaauunsegniiviniuy

Primary bone healing ¢t
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Discussion
= o A A a ¢ a ¢ v ~ A ¢ a ¢ °

1NN5ANBIASIT WIp AT IEIiNan1eTInamansmeseideudsinluseduus anwuudiass
wHuEA PHILOS ang waziduluy wud svezifougegnsenineseeinfiinTuilaAn0.54 Taduns 574
TANANUATEAZIEATIIATUUSDMUNUTITOERBYRY USLININSEANYN (Interfracmentory strain) &
1 v 1 = 1w | < A . .
AUBEN3N 0.02 mmmﬂa’nL‘Uum‘vlmmzaﬂumiammmmz@ﬂLLU‘U Primary bone healing
[9-11, 32] ansafigauladuuudnassililiiAnnisauuiuy Primary bone healing 161

WeliansanaAIANUAwIauUlagegaiinduvedLuudnaeanud daanunulsullaaand
a dy & I a 1 U [} 1 = 1 I a a
AnTY 675.2 MPa ZalliAuAiAnudunIunIsasInveiaguwaudn uansinlifianisdeaninves
Tan MNNNTUANILUITRUUNUER PHILOS Wud’]ﬂ'ﬂmmLﬁmauﬁaqqqmﬁm 434.9 MPa @131158
AN AALUaRANY (Safety factor) vodududn PHILOS laviniu 1.59

A a = = = ~ = . % o= a

WeRasauIeuisunisinyilunisgassansean GT avulsion fracture feusugnyiln
Ag 9 meszdouislvludiediuud [21-22] wuir msAnwilldunisfnwusniiadenslddulyg
wazinuAuRluwUUIIaD4

Y o w = & oa o v oA v A oA = o v

TodnianisAnwil Aesuwuvaninldidenldanuuulaiiindey ieananududeunasssey

° = P v v a =3 = v 1% o P

Yanlumsiuin deinsanansiialunisiifingUiease uifaunsadenlilaaenndesiunisiinm
Aaununi [21, 28]

lun133nw GT avulsion fracture 1WlszasAnddgyAanunsadanianseanivinlyidaing

£y IS

A P .:4' A v a . . A A v !
fumsdinisindeuiidesianfinelyiiin Primary bone healing fafidn Fracture Gap weenii 1
a a & = v ' = = A oA v @
HAALUAT FINUMIANMUATEA UBENIN 0.02 [10, 32] FINTTANWINNIUNINUIT UNTTHINATNYINAEY
E‘ULLU‘U [2-3, 5-6, 8-9, 12-24] WU Suture fixation, Screw fixation, Tension banding, Anchor
sutures waEa1dn N1HIARABINABY 1Y Anchor sutures wiiNSHARdBINARIT N TNGR Wi
Asndudesonfensavanusyaunisaivesunndendin (Learning curve) wayistenaldvang fuiiu

Ao da | 2 Y = = U A 1wV iad & ax ad A
nszanvinidlvwnlvgjuastunseanivinuuuaziden Gedagtuiiondeldiniduitunsguismen
(Gold standard) EL‘IJﬂ’]ﬂ‘Z,Jj%Jﬂ‘UWﬂiz@ﬂﬁﬂLLUU GT avulsion fracture

= = & 1 v & A a ) | ) .

NMTANYITINaMERInaunin iU suisun1sSnekuuae 9 Tun1s3nen GT avulsion
fracture WuIYALHWER (Locking plate system) Tinanisvaaeafifianuudausanniigadefieu
AU3saU 9 mudredu [5] winnuilgmfiddyreswnudaluiegiusudaududea PHILOS 910013
Anw1ve Kim tagauz [23] wuannssnwinsurudn enavilmaatynise o wu nstniuues
widndnduiunsegn (Impingement syndrome ) wagn1siagundsifnladainvainvanemena
U vuNAkarerTIllaNAILYUNLEn kaznIEgN Humerus N5 LwLEnNlimnealy
nsedn sudasnsidnidndudesordenisdaunasunlugluniseidin
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MnmsAnuniEnuhanudueulisgaanifniivinaiangiiensan uwieudnoulauinm
duasaauarlagsouveusdn PHILOS fdmifioisuiuuinmdu feteyaluduiannsnluld
HuituguluniseenuuuusiuBasuuuulmllifianusimenzadunsinuinsggn Humerus dau
fiuuu GT avulsion fracturelngianny o19azeenuuulsilinunefiduasfioliunmsfkdnanunsn

v
oA

Uaunaiinas annizunsndouiiinainniswidin siudservdwalinanssnwgiienguisnvulag

q

faanunsaviliinnisauuesnssgnuazliidesuresian Tnsdndudesdimsfnviiiudusely

Conclusions

MnuaMsAnYILUUTIaes 3 SRfaddunasnsfInie FEM fgatvnanissualléi
nsldusiudn PHILOS ang wazidulnuBasianszgn anunsasilynzgn Humerus dwfiinuuy GT
avulsion fracture %fin Split type \AANISENIULUU Primary bone healing lalagdsliiiinniside
sUveiugn ang waziduluy aenndesiunmsfnyinisliuiuda PHILOS Tunissnwgtienseen
winusnlulnginszgnauwuumanitinlueis
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