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PRINDASANTICHATNGAM: THE EFFECT OF NUMBER AND PATTERN OF
POSITIONAL SCREW WITH LOCKING PLATE IN CALCANEUS FRACTURE DURING
WALKING PHASE: FINITE ELEMENT STUDY.Thesis Advisor: ASSOC.PROF.SUPAKIT
ROOPPAKHUN, Ph.D., PP.53

Keyword: Sinus Tarsi plate, Calcaneus Fracture, FEM, pattern of positional screw

The Sinus Tarsi plate is the standard device for treating patients with
calcaneus bone fracture, which is widely accepted to reduce complications with
minimally invasive surgery techniques. However, there is still contentious regard to
biomechanical performance being appropriate among the fixation device used to
stabilize calcaneus fractures. This study aims to evaluate the biomechanical
performance of the Sinus Tarsi plate for calcaneal fracture stabilization in various
screw fixation patterns. A total of six design scenarios of three-dimensional Finite
Element (3D FE) models for fracture calcaneus stabilization based on Sinus Tarsi
plate (5-holes, 6-holes, and 7-holes) was performed. The FE analysis was performed
based on three-phase of walking stance conditions: heel strike, midstance, and push-
off. The biomechanical performance included the equivalent (EQV) stress, and the
total elastic strain at the fracture site was evaluated. The results showed that the
maximum EQV stress displayed in the implant which higher than surrounding bone.
In the push-off stage, the magnitude of EQV stress exhibited higher than those of
midstance and heel-strike state, respectively. However, it did not exceed the yield
strength of matérials. Comparatively, the risk of implant failure during Sinus Tarsi
plate stabilization was decreased when the screw fixation pattern at the anterior
bone location was considered,‘espedially in the-7-holes type. For the result of strain
at the fracture site, the Sinus Tarsi plate with 6-holes and 7-holes revealed the
calcaneus bone fracture stabilization exceeding 5-holes. The screw fixation pattern of
Sinus Tarsi plate stabilization significantly affects the biomechanical performance of

the calcaneal fracture.
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SINITMnulaendeunIngalate(insertion)lugigasu(Origin)
2.1.1 nsEanvin

Whveaywdusznoumiensegn 26 Ju wialu tarsal bone 7 1 metatarsal

5 YU uazphalanges 14 Fu nsggnindawuseanlailu 3 dw fie

2.1.1.1 Hindfoot Suduiivawuazduanivona Tarsalaurina(nssauiuYes

998 talonavicular way calcaneal-cuboid) UsgnaumeTalus wazCalcaneus

2.1.1.2 Midfoot SusufvesiaTarsaliuvinuagauanfimetatarsal(TMT)usd 9
MidfootaziifasiaunnitdiuHindfoot uitasawaiinisindeulmniiinnssanves

MidfootUsgnause Cuboid, Navicular wag Cuneiform 3 %u(medial, middle wag lateral)

2.1.1.3 Forefoot Usgnausie Metatarsals, Phalangesiiay sesamoidsnignn
dForefootaziludiuanvhefionTuainiussninansiu Insegniiaiun 21 Julu

[y

Forefoot® metatarsals 5 ¥u,phalanges 14 ¥ Laysesamoids 2 Fu laeilsisazidensail



1) Talus Wunszandruvuiian(neUszana)vesyin esndugaideuse
flunsegeings 70%ves Talus Jveviumenseanasulusila(Hyaline Cartilage) nggni
Weusariu Calcaneus MeganuldrnuSubtalar Joint wagiawsiaiu Navicular {1y
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al 1y a ' v [ . a s
WesaiunsegnTalusazgniseninyindiunas(Hindfoot) nsegn Calcaneus Sty
90nY1 3 dan@Eunii, dwnan, dunaddadudiuiienlisesiunsggn Talus fuuu
\WausaNuSubtalar joint Wagnszan Calcaneusduauiunsegn Cuboid H1uCalcaneal-
Cuboid Joint

3) Cuboid JunszgniuaiviaendnsaagsnudialLatera)vaain fidesavanfe

@7 Calcaneusi¥ausiaiunsegn Cuboidi1uCalcaneocuboid Joint

4) Navicular LﬁUﬂiz@uﬂﬁL‘?ﬁaWiaﬁU Talus W1UTalonavicular joint @ulany
Y9INTEANIBNAUNTEAN Cuneiform(§URn) 3 Fu drunaraminuinaMedialdeuiiu

Posterior tibial tendon#iTuberosity navicularLLazﬁLﬁa@mﬁmmsg}ﬂﬁaa

5) Cuneiform au1sanuseandu 3 Ju As 1.Medial 2.Medial(Intermediate)
3.Lateral Cuneiform #anszgninaniazideniudulvin(plantanuas dorsal ligament
A5719ANUIUAT AN UL

6) Metatarsal finszqn 5 3u {13 FuilognsnaruasBauiuningn 2 fu
Fudne drufidioutuwin Midfoot 13un tarsal-metatarsal(TMT) joint %3 Lisfranc joint &4
fanusunsnnnilifisusdusudefiufusuidadumsznszgnMetatarsalil 2 gnils
iillunszgnCuboidasananailesSeulitsuiuadudug Metatarsaldstaduiiaiivh i
%’Uﬁmﬁﬂimwé’mLﬁuqmﬁﬁamﬁ’umiz@ﬂ phalanges 1380 metatarsal-phalangeal(MTP)
joint

7) Phalanges Usnausne altlwide hallux lunssgniinduifend
Usenoufenszan phalanges 2 Tu luvngitadudn 4 th wwusznoudenszen
phalanges 3 %u YsinIzIngphalanges 158A interphalangeal joint wuadu proximal

interphalangeal joint (PIP) itag distal interphalangeal joint



Fibula

Lateral Malleolus

(part of fibula) d ' (part of tibia)
: Talus
Caleaneus Navicular
Cuboid Lateral Cuneiform
Middle Cuneiform
Medial Cuneiform
Lesser (2nd - 5th)
Metatarsals
1st Metararsal
Proximal Phalanx
(2nd - 5th toes)
&M:‘:dlﬁ;:; Proximal Phalanx

Distal Phalanx
(2nd - 5th Toes)

Distal Phalanx
Great Toe

(Fin: https://orthopaedia.com/page/Anatomy-of-the-Foot-Ankle)

2.1.2 nfuilauasduduusiunssgnduio
nszgnduvindindanilouasduduinunilsiineades

2.1.2.1 Ligaments

1) Calcaneo Fibular ligament (CFL)E]gjéf’lu Lateral vasdaii 5uan

dumensegnueslumusnudniLateralvasteinuayduaniinsegnaduvin(Calcaneus) 19

¥

Tunrsaumunsiaiesnautwaslglun1snse AU

Lateral Ankle Ligaments

Anterior TaloFibular
J Ligament (ATFL)
Posterior TaloFibular, :

Ligament (PTFL)

CalcaneoFibular P,
Ligament (CFL) www.footEducation.com

E‘Uﬁ 2.2 Lateral Ankle Ligaments

(‘17‘im: https://orthopaedia.com/page/Anatomy-of-the-Foot-Ankle)



2) Deltoid ligament flanwaugiduiiliaidoneiiu(Connective Tissue)
sUmagiu Medial vestaiinsunuaINMedial Malleolusasnfisnsegn Talusuae
Calcaneus duidawiunuindieg Talus luvagiidunnitniuagegiunitegi

Calcaneus YNAUNAFIUNIUNITTAINLIN

Deltoid Ligament
Deep component:

1. Posterior TibioTalar Ligament
2. Anterior TibioTalar Ligamen

(largely hidden)

Superficial component:

3. TibioCalcaneal Ligament
4, TibioNavicular Ligament

Spring Ligament Sustentaculum Tali

15t MTP Joint Capsule www.FootEducation.com

E‘U‘ﬁl 2.3 Medial Deltoid Ligament
(ﬁm: https://orthopaedia.com/page/Anatomy-of-the-Foot-Ankle)

. Y I3 & =~ o a a
3) Spring ligament L JULOUTATILTINTI L3UAINUIIU sustentaculum
tali (NszgnNBuaBNUYBINTEANAUVIN)SPring ligamentazunsnlUunadunatsdvinves

Navicular sinthilfuanunazsessudiuivesnsegn Talus
2.1.2.2 Muscle and Tendon
néaieUsmdasEsauUseanidu 4 dau o
1) Superficial posterior compartment
2) Deep posterior compartment
3) Anterior compartment
4) Lateral compartment

AANULHBYY 4 @73U 158NIINANLLBAEUBNIN WS IZLSUINNAIUVILADUAITLNN



Feluaruues superficial posterior compartment HuinauLiie2 sinlugiAs Gastrocnemius
way Soleus 119MINULWILTIV Uazipusiaiudu Achilles tendon Fudeuludinsegndu
Wi

Calf muscle tear

— Area of the lesion

— Gastrocnemius

— Achilles tendon

gﬂﬁ 2.4 Calf muscle tear
(‘1'7llm: https://upswinghealth.com/conditions/gastrocnemius-tear/)

naLaUT AW Sndrudevuiaidnsiuiuannanalulumin dehevduiiiwazyin 17

'
al

whniluag e 2 nauLiamuuifteguULYeI Ae extensor hallucis brevis wag

extensor digitorum brevis FansgiliduUszamperoneal AsaUAGY IAUTTAIRNANVES

v & & A = a v = v o . .
nawilensaesfediglunsmbuailuvinesndmssinunu flexor hallucis brevis wag flexor
digitorum brevis M1agustadUlAEW wazglunse Tl LA EVNETINAS
gnidulszamdvindiunsinanaseunauPlantar Fascia tuldldduussam idudu vise

1Y & g & Ay a a Y Y oy oy = - LA
nawsewsduilagadulelagsuaniinsegnduwiaulim luiaguiiavihmg 5 17 e
AMATN08NNNUITLNINNITAUILAI Plantar fascia vibilimsTudmidurinugudnaindnas
wiasasfudlawan Inensinwssegseninansegnduiniuimnseanid i

U5Ingn13aiilizendn windlass mechanism



; ) Plantar Fascia Plantar Fascia
//‘V Origin

www.FootEducation.com

g“dﬁ 2.5 Plantar Fascia

(Fi: https://orthopaedia.com/page/Anatomy-of-the-Foot-Ankle)

2.2 nswaasulnivawiniuigdnsnisiau
Fpdnsmisiuanunsouuadu 2 92emdn fe 919n158u (Stance Phase) Aatiaiaanii

Wneguuiiu Lagd1an1sunds (Swing Phase) Aatiaiaiiinegnalieinie
2.2.1 Weight acceptance (0 - 12 %)

UTTAARD ASNENAAYT ,AATULSINTELNN kag Sne1N13ALUTav
anunsauvadu

1) Initial Contact (0 -3 % ) asdwiiagtsumyuduyTYNTIULURUNY
wiuludnemih

2) Loading Response ( 3 —12 % ) 1W19atantogiiioSunsInssunnaInng
WBEUAINULAT A1 UED TN INNBNITASUNRLNUILALY

2.2.2 Single limb support ( 12 - 50 % )
dWonmsimludrwthuasiaaesnmnisasivein
1) Midstance ( 12 - 31 % ) vy bugemi

2) Terminal stance ( 31 - 50 % ) AAUINANIATUNITINTUNA FUT
gNTUIINTHU

2.2.3 Swing phase ( 50 =100 % )

PUTEAIARRTEEENIUBIVINAUNY ndanluiunidy uasinseuine gy
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1) Pre-Swing (50 — 62 % ) Wunmswasuainnistuniiniandianin winay

AULATENDBNINTY

2) Initial swing ( 62 =75 % ) @xlnn 141 uagtawinazweiiiosudundauld
YU ASITLHLINITEWINWIINAUNY

3) Mid-Swing ( 75 - 87 % ) wvduludramin dumisiunntiagngen

4) Terminal swing (87 — 100 % ) wihudswdudunisgavhewiaduly

ALY initial contact LialsudnInnsiilm

BAC 1 BAC 2 BAC 3 BAC 4 BAC 5 BAC 6 BAC 7 BAC 8

{

Double Support | Single Support |Double Support |||

Initial || Loading Mid \_:erminall Pre- IJ Initial | Mid ‘ Terminal

Contact ||| Response Stance Stance Swing Swing Swing Swing
Stance Swing

Stride
(Gait Cycle) |}

« B -

E‘Uﬁ 2.6 Breakdown of the gait cycle into phases based on the work of Perry and
Burnfield (2010)

(Fa: https://www.protokinetics.com/understanding-phases-of-the-gait-cycle/)

= 4 %4
2.3 YINAAEAIVDINT
%ﬁﬂﬁﬁ?ﬁ@l%ﬂ@%ﬁ’]ﬁ’]ﬂ’]’iﬂLL‘UIQE]E]ﬂL‘ﬁuaﬂﬁﬂigﬂaULLUU@QﬁLLﬁ%E}QﬁU’i%ﬂE}ULL‘UU

NaIR
las9aauuuAsi Usenaudig nsegn Anuaennnedveintese Loudn wavwaia

lassasiawuunadn Usenaueie lsataindonrainsean Tarsalbazn1svinauvenaiuiie



11

2.3.1 lassasqunuuned

al q' Ao a Yy
NALNN1TLAAUNILUUAINSURAYBUNSAANOULII U LaLAwindlass effect
YDIHUNIHAUSIUA I, AUAIUNIUABLSIRIVDAD U way beam effect VB9

metatarsals U AINUADARADIVDIRITVDHD

Windlass

gﬂ‘ﬁ 2.7 Windlass effect

1 v A a { ¥ 1 o 1 1 Y =2 = A a X
LLNUWQN@UiL’JﬂAN’]LW’]@%W}LL‘WLN‘V?EJE]‘LJI@EJLV]’]L‘UUﬂ@'N(ﬂeutraU 2.AIMUNILATYANLANNVUUDN

LHUWIRAUS AW Watinumdensenazendiulasmsinaraiielvdsainmanisnae
(ﬁll’] : ROBERT DONATELLI, et al.,1985)
2.3.2 1AS9ES19BUUNAIN

wuaidu Pronation wag Supination dadunisiadeulmdessly 3 szunu
fagnau Pronation Usenaumignisiaaaulnasianiglussunuves abduction
,dorsiflexion Wag eversion Fahnswedoulnng 3 11a1nsEunUtransverse ,sagittal ey
frontal AUAFU 8e19l5ARUNIILBNUVRITOAD 919 3 SEUNULTULUIRLEILTEUIUNY 3
) al cs' . . i . o a X Y 1Y)
Y893INE N5LAABUNYDY abduction ,dorsiflexion Way eversion IWNAVUNTDUNUY
Supination Wunisiedeulnizszunuuszneunie adduction ,plantar flexion way

inversion

E‘U‘ﬁ' 2.8 Open kinetic chain pronation and supination
S-Supination 2 Ty 3v@3aNeutral N-Neutral ,P-Pronation 1Ty 3 vaeNeutral

(ﬁm : ROBERT DONATELLI, et al. ,1985)
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Y t%4
2.4 NITONAUNILAN
9 v v - o A = a D
msuaninvesnsegnauin Wunsegn Tarsal Auanvinuesigauazilnauneives
funisidutheuasanuiinislussauas amnseldadesenisaren nssd@nwineae CT Scan
Fegndusenismaununisindn nsiiansanindesidavielil gainmsiafouwaznisin

Fundinsggniivin msviaiureileefiieitesar ladeideeitae

AUTOLUINTHANTINYBINTEANAWWINLA 2 Useian Aewientesriu Subtalar joint (Extra-

articulanuazlyiifieadeaiu Subtalar joint (Intra-articular)

NSUANYINYRINTEANAULYNTINEIBTU Subtalar joint aunsaldvianginaeilunisuus 1w

Essex-Lopresti ,Sandersilay Beavis

Essex-Lopresti anunsauusnsuaniinuasnsegnduineeniiu 2 Ussinn lnegsesuanain

wueu(Lateral) Ao

1) WUU Joint Depression HAMUALITDINUDIFNVDITDADUAL NITLARDUATLNULT

N UAYITDIDYILIN

Depression-type fracture

AO

’g‘dﬁ 2.9 Joint Depression type fracture

(ﬁm . https://surgeryreference.aofoundation.org)
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2) wuu Tongueagilunisuansinfidunasieneonduaosdiy

Tongue-type fracture

AO

gﬂﬁ 2.10 Tongue type fracture
(i - https://surgeryreference.aofoundation.org)

2.5 msshwnseanduvinnan

1) wuulasngn

Tllensegnivinlaiiinsindowiivaiianisin Insiwenyssann 6 G 8 dUani Ll

AR MTNIWINAUNIINTEANALEARANY
2) WUUHR

Percutaneous screw fixation AonsniaunavuinLan wiemnnszandulugifiensssionin

walvilvgUuualdansiiawmdluluunafinaivedanseanivinid1sie iy
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JUN 2.11 M3snwwuusdae)nsegninkuuinisiafeudd (¥31)5esunnilszesiauad

LaENTEONOYALMUITIgNABIINNTEAMEEAN]
(#1311 : https://orthoinfo.aaos.org)

Open reduction and internal fixation (ORIF) {hdinlUaunalildniseensyanAUALMLL
gNADY UAIBAMBUNULNARLATANT

JUT 2.12 N32nQNIRITENnINAILULEIEARIgUNUNAALAZAN]
(#1311 : https://orthoinfo.aaos.org)

2.6 nszuqumsﬂuﬂjwmwé’amwﬁﬁﬂ

AuMImThveiansinwkuuliidauagnsida e dnTuaIun TN

Calcaneus 53AN5EARSINTEANKUUALANLAEN ININTIARBULIT I SNED T

Y
(% 1%

31918 luAnuasanginasivesnssnyiuuliiidauasuuuiidaiinnuasiendeiu fag

e

wintnszuaunsiuyianelugied 2 uay 3 veangnaeinisiedeulmdiasniveilu

Y
Y

I9NENSINTS N UUlLRFRYS anSHNdRtuaLN TS suis ukazasunglaeadl
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29l 1 : FUAT 1- 4

Wy

1) muqmmmimuﬁw wazALAIUUIN

2) Uaafunisuaninvisegadenissnuiatiosn nvenisiisa

3) aANSAYFINITNINULAEANUNUNUYBITEUUT LT aeniFen
113309

1) Medailusunsfunasuasundsadorindwdnios

2) vyuidug

3) Davnlassenazindaulmdewi (dorsiflexion tag plantarflexion)-wug i Tivin

ALHAIULINIAINTTHIAA
4) 189910 2-45 Telnpukuulddinvdnlngldsgieiursanisenmuse ey

5)@RUNS YT TIALYIAILATIM TN AN DINTAAM g9 U I A
LS I AU NI 5909

6) AOUNTRONMHINIBULUUATOUAGUUAZRDNING NI lIka naaadian tnglduyuan
dnuuusarduanlingtes

[y

7) suainauiledeegdniu (@xlnnuazin)
1 cl' 5 o‘nl'

Y9N 2: dUa1un 5 -8

wuung

H [ z-:{' A oA 14
1) AIUANBDINTITUINUN LLﬁ%ﬂ’J’W@JL"\]UU’J@V]LM&E]E]QWﬁE)G]ﬂﬂ’N

2) UaafunIsUIALEusT BSeN1EININgauYaINISHANTNIAsNISSUT N laog1e
Jaonny

32) Jasiunisrasamuazeaaulmdnasaidasadawin/Avn
4) aANSAYFINITNINULAZANUNUNUYRITEUUTLLaEaeniFen
A155A¥N

1) vyuings, Yssaudu waznmstuwinmuanudindudmiuineidesiurieudns
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[
Ly

2) %18991n6-8 dUMAENITLIAETY YiSoLATRITIERY

3) 13UAUNNTDBNNNAINEN LTS ILaEYIBINStAd Ul a U Lar SAYINIS
wasulmvesenvun: Tasenseanuds, subtalar, midtalarwagiiaminsiudiagenis

a 1w

WA ULMNAAU I TUUS LN AULNNLAZ N1599NANSINERUUTT RN AU D WUUAIUNIY

4) ANUAUNUILALANNIUNITEDNNBINILVIBUUU kALEBNNAINIILLAZIABALADN
9819ATBUARY

Y299 3: FUAT 9-12
v

1) ANUAUTTNYDIEIUNNTUISUUATN

v

2) uUnANNNURY

3) fufumaiadoulyfuziiuy

0) WuAuauudouss

5) augmlinaudaniunisalniaunaumiin
N330

1) 8997 9-12 dUani aeunsasmtinuuuwuntminfuuninsengunsad
FrewdeivuzaunuANg Y

a N

2) AANIUAINUAUNTIBALAANNAINEIUITVITDME subtalar Tun1sUSURAILAIN

(%
[y [y

UYnIURITINA LRI sEaukas llasawe
3) msirdeudensludlanaHypomobile Miviun $a384: tibiotalar, subtalar,

midtarsalkazIasaiin

4) mswdeuuiilaidossuluduilaiohypomobile U89 gastrocnemius complex,
plantar fascia #IsiiloldoduilluuNzaw

5) MsLEsUANLTILsBINasiilagastrocnemiustunsIETan,AseRNfdIne
wuultiudn, msiiusuuldwinwgey, Tuladu/as,nsnselandunsaniseaninadnig

plyometricdus,mMssoniiainigluase wazfanssudundue

6) TUsLNTUNTDAANITUNTLEASUAS19N1TNIUYInauLbaa linduluniaula
S¥MING 13-52 dUani
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Y
= G =
2.7 NEHANNLATIATDINTTHUY
nsiniuvensenazliiinduledinunseaunniiuluseninesesunnvenseen
@nswmdeuiaziiull) $1eneazasie Soft Callus (Nszaninlnaindanisin) dntuiive
anA1ANATEATILAATY 2INN1TBTUIEVBIPerrenANUIATEAUSIINTOEVNTBINTEYNIL
N3EAUNITATI Soft Callus Uawiile Soft Callus s TO8UANYBINTEANITLATOUNT YA
o § v = o v o § ¥ a 4 a o a &
linuasgatosasiie wagyinlviiinn1sweniniuvensean wWasuainSoft Callus 1Uu
Hard Callusngufjiiaslirssldnaliiosesunnuau AeluiuinindusssunnikuufedNia
AINUATEAZY LaYTOEUANYAIEN Beaunsanseanen1sniountudsesunniignsaglavinli
a 1 = ] | 1 = - a o a
WinFAaasealuldazsaswan danalviSoft Callus dn1siWeudniuvensegnuaziuls
< A v A
LNV TUAULAAIVDINITAUY)

2.7.1 Arpnuaseauniuly
1) pallsisiunsgeanndesinaveasesunn vidednuwazn1sBarienszgn
2) Uanensggniianisuruaen(Hypertrophic nonunion)
3) $nwlagnsifinauiuad disanAiAuATen
a) Callusvzidousauazifnlamsud
2.7.2 Apnuasentaeinuly
1) Yesi19vessesuantgiiuly vienstansenseanidunaiuly
2) Callus luiiAin Wiatinioy
3) Yangnsegnau(Atrophic nonunion)
a) $nwlaensanaaudua ielimAnnisads Callus

5) OR Eliminate Yosinssesunniieliinaiuiaien waziiansiuyilewiy
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TYPES OF NON UNION

Vascular/Vital Avital?

Hypertrophic Oligotrophic  Atrophic Necrotic Defect

JUT1 2.13 wllannsAnvesnszgnuuy Non Union

(i - orthopaedicprinciples.com)

Bony
callus of
spongy
bone

Internal
callus

(fibrous
tissue and

cartilage) |

@ Fibrocartilaginous @ Bony callus @ Bone remodeling
callus formation formation

g‘dﬁ 2.14 Fracture Healing

(‘1'7llm - www.orthobullets.com)

2.8 suilguisinludediug

Flyiludleduwust (FEM) 1TuFSnseeadeslunsudaunsidsoyiudidenad
Aatulunsadrewuusrassmdmnssuuasadamans Jaminluiivhaula tdud ns
Arseilasaadns, mashemanudou, nslvavewedlua, msduasiiow wazudindnlnd

FEM 1uiSnmsidsiniaviludmiunsuiaumsidsoyiuddeslumuusuinlias svioau
wUs (u dymaveuwnuisedng) eudtam FEM asuisszuunwiaivgjoanidu
duden fssuhenindeniiludeduud fddaunsailslnenmsudueniiuiiageniy
Tuiioana Fadidiunislasmsaininevesing: Iowudiavdmiunmsuidam dadqa
Tudia nmsmvualsinludedmudvestymarveundimaliiinss uuaunsivALe



19

Tufian Fmsiuszanaailanduiilusinuulawn aunisiies idraesesdusenaulnlud
& Y & e 1 =) o 1 ]
wiahflaggnusgneuldndussuvaunsitvgnidadusuudnasswestdymniun aniy

FEM agUsvanaidsunlamnlaenisanilanduderanaiafiiesteddivdetesaasiu
UARANAUBINTUUTHY

= A a 6 6 Y v A ! a 6 3 (3 a (3
nsAnwwseIATIERUTINgNSalMme FEM inendinisiasieiesausenaulnludiefuud
(FEA)

Quadratic Tetrahedral
Elements

e
7\-\\;/ i

Mesh
Geometry

JUN 2.15 msuendmmasviadad niumsiiasigritnludiodisud

(ﬁm:https://wwvv.mathworks.com/discovery/ﬂnite—element—analysis.html)

D.

1

2.9  9MUIWNNIVDY

Aav aad

2.9.1 "uATengfiunssinszyinvazagludnginsnisiay
Virginia, et al.(2000) lavinsfnwiioUsediun1slaiusinuaamnnisniins

N5LIANAUAUNAENSESIINNTAUEDITDAD LOUTA LAY LEUDY BAZAIAIIUAUYDS
n5EAN
Y
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Ml
J |l 4
£ Walking Running
k-cor— impact  20% 0% 0% 0% 8%  Impat  20% ar% 0% 80%
Cineradiography results
011 034 073 0.85 089 095 028 042 068 081 0.91
Inertial frame
F. (BW) -0.09 -0.15 -0.03 0.08 0.22 0.27 —0.05 —-0.07 0.05 042 0.51
F, (BW) 0.75 1.24 0.89 0.93 117 0.93 1.52 1.60 2.53 245 123
FEM model parameters
Foot frame
F, (BW) -0.09 -030 -024 -0.33 -048 -0.48 -0.13 ~0.26 -048 -0.31 -0.19
F, (BW) 075 121 0.86 0.88 1.08 0.84 151 157 249 247 131
R (M) 0.11 0.0 042 0.50 0.50 0.50 0.014 0.06 0.30 048 0.60
M, (BW-) -0.082° 00 038 047 060 0.48 0.02 0.09 075 12 08

o LWRARAR L4 LLZ

‘B=104\ =97 1[3:92 ;3:101/ il P8 .
9=0 g=7 014 ©=26 ﬁ=102/ 0=46 GB;§4 B=91 |p=78
9=35

A:BS

0=7 09=12 ﬁ=70 6=31
0=17

COP, center of pressure; F,, horizontal reaction force; F,, vertical reaction force; M., moment about the ankle joint.
The Achilles tendon Is slack at impact.

JUT 2.16 waansdmsuiuUsaaueansuazaaumansuandlilaunP uar nssedewin uae
HUVBAYIN-NTII MITHMBFIINNTIATIEN FEM Aansudas GRFLUNLATHW, Tusde

9

Wi, TUUA GRF, R waskulauddusosnig, .
(#1311 : Virginia, et al.,2000)

finsihdeyanausssumdadugung dimidn 675 N diugd 1.73 m a2uenawin 0.24 m
UUNAS1UUINADILNDAATIE IS

Plantar Fascia \\\ 4
AL L
Fmeta (t=20%)

(‘1'71|m : Virginia, et al.,2000)

U s

FauaansnleonundunsBody weight) fie LWasiduivesindnsnisiau
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8

7t -.a-Wﬂlk{ﬂQ ,A\
[ runnin .
§ 6l - g ; <
325 - -
gg 4 - 1
EL 3 P a R
5 o s 12 walkin
&= g I N tmnmr\g ..
3 & ] § 10/ Bmwoningwith .7
o 3 g _ high impact g~ .
obpmn” . . 38 = 8 ’ ‘i
= i[ P Es 2y
5 _ " % [ & &
Eo ¥ " &gl 3 a- .
%S. al S N e ¥
Eg 2 " s i o 3 % 10f 4 walking R
28l & i Ay iy B 2 -® unning e
at 1 e < & |8 Lnnngwm 0 |
ol_ -2 . . = o £ 0.75-  highimpact ,’ L9 {
. é af e & . [
2 r . ol | - = ’ \
8 3 ! s
EE3 o - Z° I . £ % * .
- @ 2| < . 84 AL N B 3
ﬂ§ - oA s B4 4 -a” By S 0.5k a |
51 PRSI S < | ’ A-— k-
B 2-- 3 2 - g 4 el R
% 13730 30 40 50 &0 70 80 90 100 o i > E u| I Py e
8 % 20 30 40 50 60 70 80 80 100 0 10 20 30 40 50 60 70 80 90 100

Percent of Stance Pércant of SRnGe Parcent of Stance

UM 2.18 wssdndiiusiazgavesimisnsiiu (eusdududosmne, Buihwih uagisiln
USRI VU889 FEM SenInahiu %QLLazm’ﬁﬂﬁﬁLL’NﬂiszﬂQG (NANUSIENET
rutalocalcaneal wa TosacalcaneocuboidmuLUUS aBIFEM SEWiaiiy, Sauaznnsied
AusaNzUNNgs ()UuUUSIaeInsAIANIsalTeME I UAMALAT AT aAlY calcaneus

FEMINUAU  JUAZNTHNAUTINTZUNNGS
(11 : Virginia, et al.,2000)

Chen,Y-N, et al.(2014)lgvins@nwilaedynlszasifonisaidlunairinge
sufoulvludieduudiievlunagUiuvanid Uszneuseieindwiuuudu Solid
waziduievudeniionsnaguainssuesialindhnaenssezvoinsiuUnd was
wlsrasdsesfelIouiisunamaiteananlusinitindranudansealuisiaduin
Taonss Audwgruirnuaioaunaiiniidwharganindivih Pre swing 1nand
Midstance seminansifulinnagnasrstuanmslénmensisdnesiioame fveseds 30 T
TaglaifiuszfRemsuindufisnsmevieusnsdeazdssasonsifudugs 170 cm thwiin 70
kg)

plantar fasc

{a) Finite element foot model (b) Boundary condition of stance phase simulatio

JUN 2.19 wuudnaeanld@lumawuudnaearinssdeouisinludiediuuduseneumeden
n3zgn, Nszgnoew, Wleuiden uazisdnd i (b) veuadeuluvein1sinasigisnis
)

(31 - Chen,Y-N, et al..2014)
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FadlalanasnsaanuinainAuUSsuisuiuwIdeluefn

Force(N)
900

800

700

600
500
400
300 “ =#= FT- Erdemir 2004
’ = @~ FT- current study

200 __,v.'="r —te— GRF- currant study

o :‘_ZJ‘ - GRF- Erdemer 2004
100 - ‘__’-" e GRF-Sharkey 1998

83 166 25 333 416 50 583 666 75 833 9Le

% stance phase

JUN 2.20 Anuduiusseninnufweanainfiuksangn

(131 - Chen,Y-N, et al.,2014)

Time (% stance phase) 83 16.6 25 333 41.6 50 586 666 75 833 216

Applied Achilles tendon force (N) 0 0 210 420 528 560 700 980 1225 1120 509
Reaction force on superior surface of 604 692 797 9202 1079 1139 1238 1502 1850 IBIO 872
tibia and fibula (N}

Ground reaction force (N) 758 687 587 471 534 536 535 551 678 762 299
Plantar fascia tension (M) 27 73 116 159 206 221 291 359 464 493 77
Peak von Mises stress (MPa) 146 11.78 1244 153 204 223 2935 36019 4782 5083 268

1597 1.1 U390 RFUBUO UM LASHATNSUDIUTIENTUTIURIUUYRINTZYN Tibia Way
Fibula,Ground Reaction Force, mmﬁwmﬁﬂﬁﬂ, Fascia Peak von Mises Stress 984

ANSAN®NY

(31 : Chen,Y-N, et al..2014)

Fascia
tension(N)

600 206

500 156

400

300
1322 1381 1607

200
100 ~fascia tension
0
0 1000 2000 3000 4000

Foot loading(N)

JUT 2.21Auduiusseninausaivin(uswenduduiosneuasnadnsveusansuiiom
HIUNYBINIEAN Tibia WA Fibula) uagANNRIUD NN

(31 : Chen,Y-N, et al..2014)
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Iteasuinnuudiasavi FE Minausannsadiaemainssumadinamansvesisindin
sgwhavimemadu inanansouandliiiuisaufaaionfifutusasusinagaanuoaiein
stuhaimemsiiusarlutisiausiMidstanceda Pre SWiNgANNAITAUNUAINETD NITAALT
WufosveuaznsUuressULuUM AU 1WU Husensiileandui sedunmgs
YI0EINTBIYINLUNAUE198198ANTENINAR YN

Aav oo [ o EAY)
2.9.2 MUAYMNYINULTINTLIN IUTTHSHINVDINITHUAD

a

Haowei Zhang, et al.(2020) flgnUszasAfoas1awuudnass FE Y93naunand
wihdawhuasUsuiuasuluguuuunisuansinge MIF(Minimally invasive fixation)uas
FuipdauNIsIaeIIvaUALazRoulunIsInanvadukazAuNaNna NMInsEay

o A v a - o I3 , a
ANUASEANIANANTTRLLT NSAGeuUNLANYN Yavadluiaas(Bohler's angle)uasyuvasdanyy
(Gissane's angle) UszillunasiUTouiiguseninanseanduinildyuaansfuiuuiuanyn
Tunafifidunou MIF 159sauufigiumaansvesdanardiuusiduauiazenanuzil 9113

Suthwtdnlugrsiunisitugaussanimieodnbivangas

JUN 2.2240u91899mM 4 3IAdInUe1: (N) Wedouradv-aiwin-iwi; (b) n1suanvinves
wAATENLAY () N13939NSEANIAN (d) ABNWMANTYI-Tawin-windenisasiamesh

(‘1'71lm : Haowei Zhang, et al.,2020)
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SU# 2.23 feulumsfunssuarreuiunves
(a) heel-strike instant; (b) balanced standing wag midstance (c) push-off instant

(ﬁm : Haowei Zhang, et al.,2020)
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U7 2.24 Von Mises Stress 383 38auuy MIF
(a) balanced standing(b) heel-strike instant (c) midstance (d) push-off instant

(ﬁm : Haowei Zhang, et al.,2020)
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WufsevmeuasialadwindieSnvialiosnmueansegnduinnganin MIF waznuse

AINULATEAG Aamaniiazih ThAnnuesenunniing plantar fasciitis uazazunsNYay

au 9 AsdumImanaesnsiuyaussanmnsSudmnlussezusnnas MIF
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2.9.3 uTeNNgUNITHUFAITaBUANYRINTEAN

Stephan M. P. (2002) ”Léfﬁﬂmdwﬂizmum51‘7’(Iuéf'ruamsz@ﬂﬁmfu§uﬁu
anmwndenynadinamans lunsaifidanszgaiinuuuliuiusuiuluasyinliAanssen
YosnsEgnuAada (Callus) Weusatosinassninesesunn lumsnduiu nadifidanszgnuiiy
Aulvazvilinszgnuaadainioas Ssasuoenundunguiirdanueioniinanonisde
suth dwmasenisiluruasiadosnmuaansegn i

Strain 0% Strain > 10% Strain 2-10% Strain < 2%

no callus tolerated by tolerated by tolerated by
induction cartilage woven bone lamellar bone

’E‘Uﬁ 2.25 Perren’s Strain Theory

(7 V Glatt, et al,2021)
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M1319% 3.1 audAanavesian

Material Young’s Modulus (MPa) | Poisson ratio Yield strength
(MPa)
Cancellous bone 1,107 0.42 7.5
Cortical bone 1.89 x 10* 0.3 115.06 + 16.36
Callus 28 0.4 -
Plantar Fascia 350 - -
Titanium alloy 1.16 x 10° 0.32 896 to 1034
Cortical Bone Callus

Cancellous Bone

JUN 3.5 FovasusazdiululuvReINTEYNAULNT

3.4 mynasananuludassvasuuaeiiug

NNNsIIsanAPLAUTINNTignYeve e syateyalUS BT uAuagLiiuindosd
AuAsuulasinnafuiiteindt 2 Wesidud figuil 3-6 laelisuiuvesediuudeg
5813 193,709 to 353,451 oAk kagdaugn(Nodes) s¥1i19 316,282 to 564,388
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9724 Aa Push-off, Midstance wag Heel strike 89F19890YNNA9NUYBILARLVINN9AD -11°

L 0%, +11° TABLSINAILINITATUINAIANSIN 3.2 Ineazilkssanndiuwad Achilles Tendon

MgNIENeYAUVAIUBINTEANAUI ILIIdENBUNGUIINAU (Ground Reaction Force)

¥N5¥YINN Subtalar Joint TunsaiveaniaMidstance 9¢IN15NTLANULIIVEIUNU AL IR

Yo usafinszangluusnansegnduinvztuidu 40% veanseviaiun uarludiuves

Plantar Fascia #uazldn1s8niidiulate wazldnaautfianduTruss

115199 3.2 A1seludenIsiiundIuloluauide

Force \Stance | Heel Strike[N] | Midstance[N] Push Off[N]

Achilles Tendon 480 550 1100

GRF 770 (110%BW) | 665 (95%BW) | 805 (115%BW)

Plantar fascia Truss element (Tension/compression)
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Abstract

The Sinus Tarsi plate is the standard device for treating patients with calcaneus bone fracture, which is widely
accepted to reduce complications with minimally invasive surgery techniques. However, there is still
contentious regard to biomechanical performance being appropriate among the fixation device used to stabilize
calcaneus fractures. This study aims to evaluate the biomechanical performance of the Sinus Tarsi plate for
calcaneal fracture stabilization in various screw fixation patterns. A total of six design scenarios of three-
dimensional Finite Element (3D FE) models for fracture calcaneus stabilization based on Sinus Tarsi plate (5-
holes, é-holes, and 7-holes) was performed. The FE analysis was performed based on three-phase of walking
stance conditions: heel strike, midstance, and push-off. The biomechanical performance included the
equivalent (EQV) stress, and the total elastic strain at the fracture site was evaluated. The results showed that
the maximum EQV stress displayed in the implant which higher than surrounding bone. In the push-off stage,
the magnitude of EQV stress exhibited higher than those of midstance and heel-strike state, respectively.
However, it did not exceed the yield strength of materials. Comparatively, the risk of implant failure during
Sinus Tarsi plate stabilization was decreased when the screw fixation pattem at the anterior bone location was
considered, especially in the 7-holes type. For the result of strain at the fracture site, the Sinus Tarsi plate with
6-holes and 7-holes revealed the calcaneus bone fracture stabilization exceeding 5-holes. The screw fixation
pattern of Sinus Tarsi plate stabilization significantly affects the biomechanical performance of the calcaneal

fracture.

Keywords: Sinus Tarsi plate, Calcaneus fracture, Finite element analysis, Screw pattern, Biomechanical

performance

Generally, calcaneus fractures often occur by falling
Lintodlesion from a height, sprained ankle, or accident. The intra-
Calcaneus fractures are significant tarsal bone articular fractures are approximetely 70-75% or 1-3%

fractures that cause inconvenient patient moverment. oFall, raetures (L' They siatisties tnf atleqs
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Maharat Nakhon Ratchasima Hospital (Nakhon
Ratchasima Province) regarding the treatment of
calcaneus fractures from 2014 to 2018 showed an
increasing trend in the suffering of calcaneus

fractures of 10.9 % per year, as shown in Figure 1.
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Fig.1 Picture of calcaneus fracture case in Maharat
Nakhon Ratchasima Hospital in 2014 to 2018

Open reduction and internal fixation (ORIF) is a
widely known operating method for calcaneus
fracture treatment [2]. One of the conventional
surgical techniques is using Sinus Tarsi (ST) locking
plate screws to stabilize the bone fracture. In general,
the type of bone fractures, including the number and
placement pattern of screws used, affects the
performance of bone fixation depending on the
surgeon's _consideration [3]. Post-operation, the
patients €an use bearing load on the fracture side
foot in the early stage of bone healing from 9 to 12
weeks [4]. The bone union time at the fracture site
depends on the performance of the fixation device
and the individual's rehabilitation conditions.

This study evaluated the biomechanical
performance of the ST locking plate for calcaneus
fracture stabilization under the three phases of
walking stance (heel strike, midstance, and push-off).
The equivalent stress and the total strain of the

fracture site were considered according to the effect
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of the locking screws-plate fixation configuration
using Finite element (FE) analysis. This study
hypothesizes that the ST locking plate configuration
variation exhibits a different calcaneus fracture

stabilization performance.
2 Materials and Methods

2.1 Three-dimensional (3D) model

This study used Computed tomography (CT)
data of a 36-year-old male (Body weight of 70 kg)
who had ne musculoskeletal disorders, pain,
previous foot surgery, or osteoporosis. The three-
dimensional (3D) models of calcaneus bone were
reconstructed using the medical imaging processing
software (MIMICS 21.0) and the reverse engineering
software (GEOMAGIC DESIGN X). The segmented 3D
CT model consists of cortical and cancellous bone,
as shown in Figure 2. The 3D calcaneus bone model
was used to create the Tongue type fracture,
considered callus bone with a gap distance of 0.1

mm [4].

Fig. 2 The 3D model of calcaneus bone consisted of

cortical and cancellous bones.

The calcaneus fracture bone model was
then virtually assembled with the ST locking plate
stabilization, consisting of 5-plate, 6-plate, and 7-
plate holes models. A total of six design scenarios

for the different number and screw placement
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pattern was considered and established, as shown in
Figure 3. The yellow color represents the position of
the screw placement, while the white color
represents the blank of the insertion screw. In
addition, the 3D line model was created for the
Plantar fascia ligament consideration, as shown in

Figure 3.
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Fig. 3 A total of six design scenarios of screw

configuration were used in this study.

2.2 FE Modeling and Simulation

The 3D FE modeling and simulation were
performed based on the FE simulation software
package (ANSYS WORKBENCH 2021R2). The plantar
fascia ligament was created as a two-node truss
element, while other parts were assigned a six-node
3D tetrahedron element type. The ground was
considered a rigid body, an eight-node integrated
hexahedral element type. The screws were tied to
the locking plate for the contact condition, and there
was no interaction between the bone and the plate.

The surrounding region between cortical and
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cancellous bone, including the inserted screw, was
considered with no sliding or separation. The study
performed the mesh convergence test based on the
different percentages changing of maximum EQV
stress not exceeding 2%, as shown in Figure 4. The
total number of elements and nodes of the FE
model was around 193,709 to 353,451 elements and
316,282 to 564,388 nodes in Figure 4.
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Fig. 4 The mesh convergence test according to the

result of EQV stress

2.3 Material Properties

As shown in Table 1, the material properties
were assumed as homogenous, isotropic, and linear
elastic for the bone and plantar fascia ligament,
according to the data from the literature review [4-
9,18]. The locking screws and plate were assigned
with a titanium alloy material (TI-ALLY-MEDG-SCREW).

Table 1. Material properties [4 to 9,18]

Young's
Poisson | Yield strength
Material Modulus
ratio (MPa)
(MPa)
Cancellous bone 1,107 0.42 7.5
Cortical bone 1.89 x 10* 0.3 115.06 + 16.36
Callus 28 0.4
Plantar Fascia 350
Titanium alloy 1.16 x 10° 0.32 896 to 1034
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2.4 Boundary and loading conditions.

This study simulated the three-phase of
walking stance conditions: heel strike, midstance,
and push-off. The angle between the foot and
ground of the heel strike, midstance, and push-off
was +11°, 0°, -11° respectively [15], as shown in
Figure 5. The magnitude of Ground reaction forces
(GRFs) corresponded to 110%, 95%, and 115% of
body weight applied to the subtalar bone joint for
three walking stances of 770 N, 665 N, and 805 N,
respectively [10-11]. In the case of the midstance
phase condition, the GRFs were shared between the
anterior and posterior sides; therefore, the calcaneus
reaction force was applied with 40% of the total
loading [12]. The applied force for the Achilles
tendon according to the three-phase heel strike,
midstance, and push-off conditions was 480 N, 550
N, and 1100 N, respectively [13-15].

110% of Body Weight
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Fig.5 Boundary conditions under walking activity:

(a) Heel strike (b) Midstance (c) Push-off
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3 Results

3.1 Equivalent Stress distribution

Figure 6 displays the typical FE results of the
equivalent (EQV) stress distribution in the implant
and calcaneus bone. The stress distribution showed
the maximum value in the implant, a region adjacent
to the curvature area of the locking plate
component. At the same time, the high stress
occurred on the bone exhibited in the cortical bone,
which is the bearing area between the screw and

surrounding bone.

(a)

(b)

Fig. 6 The typical FE result of equivalent (EQV)

stress distribution: (a) implant (b) calcaneus bone

Figure 7 shows the maximum EQV on the
implant for calcaneus. stabilization with different
implant configurations in each phase of the walking
stance. The magnitude of maximum EQV stress was
exhibited in the case of a 7-hole plate configuration
(TT7-1, TT7-2, and TT7-3), which was 87.4 MPa, 125.0
MPa, and 187.0 MPa for the heel strike, midstance,
and push-off, respectively. Comparatively, the result
of maximum EQV stress was higher in the push-off
phase than in those other phases, especially in the
case of a 7-hole plate configuration. However, it did

not exceed the strength of the material magnitude.
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Fig. 7 The maximum EVQ stress on implants

Figure 8 displays the result of the maximum
equivalent (EQV) stress on the bone for calcaneus
stabilization with different implant configurations in
each phase of the walking stance. In the phase of
heel strike walking, the magnitude of maximum
stress was exhibited in the case of a 6-hole plate
configuration which a value of 80.9 MPa. In contrast,
the maximum stress in the midstance phase was 45.4
MPa, displayed in the case of a 6-hole plate
configuration. In the puss-off phase, however, the
maximum stress was revealed in the case of a 7-hole
plate configuration (82.5 MPa). Comparatively, the
maximum stress occurring in the bone was highest in
the push-off phase, especially in a 7-hole plate

configuration.
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Fig. 8 The maximum EVQ stress on the calcaneus

bone
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3.2 Total Strain at the fracture site

Figure 9 illustrates the result of total strain at
the fracture site in each configuration of calcaneus
stabilized for three-phase of the walking stance. The
high value of total strain at the fracture site means
low stability, whereas the low value represents the
high stability of the device. The result revealed that
the lowest magnitude of the total strain at fracture
sit was exhibited in the case of a 7-hole plate
configuration (TT7-1) which consisted of the five
screw insertions. In the heel strike phase of the
walking stance, the highest stability of ST locking
plate stabilization was disclosed than those of the

midstance and push-off phase.

0.120
0.100

0.080
0.060
0.040
0.020
0.000

Heelstrike Midstance Push off

ETTS MTT6 WTT7-1 mTT7-2 WMTT7-3 mTT7-4

Fig. 9 The maximum total strain at the fracture site

4 Discussion

The use of open reduction through a minimally
invasive sinus tarsi approach and stabilization with a
locking plate is now a widely accepted treatment for
calcaneal fractures [2]. The bone fracture pattern
and implant configuration affect the performance of
stabilization. In this study, we evaluated the
biomechanical performance of calcaneus fracture
stabilization under different ST locking plate
configurations based on the three phases of walking

stance (heel strike, midstance, and push-off).
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The results showed that the magnitude of
maximum EQV stress occurred in the locking plate
component than in the surrounding bone for all
three phases of the walking stance. Generally, the
push-off loading is mostly highest in the stress of
implants because of the 115% of body weight that
applies [10-11]. However, the result of high stress on
heel strike loading is because the difference
between heel strike and push-off loading is only 5%.
The result of stress on heel strike loading may be
similar to push-off loading. The boundary condition
of the heel strike is 100% loading, but in push-off
loading, the remote point in the front cause the
loading to transfer to the front. During the weight-
bearing period, avoiding or using crutches to help
walk is still necessary in the early stage of bone
healing from 9 to 12 weeks [4].

The magnitude of maximum EQV stress was
monitored at the point of failure risk. Comparatively,
the maximum EQV stress of the implant displayed
the highest value in the case of a 7-hole plate
configuration during the push-off phase due to the
high bearing load of body weight. However, it did not
exceed the strength of the material magnitude,
which is generally in the range of 800 MPa to 1,100
MPa. The risk of implant failure during ST locking
plate stabilization was decreased when the screw
fixation pattern at the anterior bone location was
considered, such as in the case of TT7-1. Therefore,
the number and inserted screw pattern of ST locking
plate stabilization affect the risk of implant failure.
The FE results of critical EQV stress in this study
exhibited a similar trend that occurs in the push-off

stage of walking as in the study of Zhang, H. et al [5].
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The total strain at the fracture site represents

the stability of the implant stabilization
performance. The result exhibited the highest strain
(> 10%) at the fracture site in the midstance and
push-off phases, such as TT6, TT7-3, and TT7-4. The
high strain at the fracture site indicated low stability,
whereas the low strain value demonstrated high
stability. Generally, the strain distribution should be
recommended to less than 2% of the fracture site
from a previous study for effective bone remodeling
connection [17]. In addition, the strain of the fracture
site level is between 2% to 10%, and the
fibrocartilaginous callus formation may take up to 4
to 6 weeks.

In this study, we considered only tongue-type
calcaneus fracture, which is the data of the highest
number of fractures from the data of Maharat
Nakhon Ratchasima Hospital. Statistically, Tongue
type occurs more than another type of fracture (Joint
depression type) in 61% of 2 years patients [Fig. 1].
fracture affects  the

However, the pattern

biomechanical performance of the implant
stabilization. Therefore, there should be suggestions
for studying the effects of other fractures. In addition,
this study is only a finite element analysis. Therefore,
further studies and  clinical trials should be

conducted.

5 Conclusions

The screw fixation pattern of Sinus Tarsi plate
stabilization significantly affects the biomechanical
performance of the calcaneal fracture. This study
evaluated the biomechanical performance of
calcaneus fracture stabilization under different ST
locking plate configurations based on the three

phases of walking stance (heel strike, midstance, and
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push-off). In the push-off stage, the EQV stress
exhibited higher than those of midstance and heel-
strike state. When considering the screw fixation
pattern at the anterior bone site, the probability of
implant failure during Sinus Tarsi plate stabilization
was reduced. The Sinus Tarsi plate with 6-holes and
T-holes revealed the calcaneus bone fracture
stabilization exceeding 5-holes. The effect of
inserted screw pattern on the Sinus Tarsi plate has
significantly to the performance of calcaneal fracture

stabilization.
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