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Biomechanical analysis of combining distal radius plate with transfixation screw for Sanders 111

calcaneal fracture
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Abstract: A combination of distal radius plate (two-point fixation mechanism) and transfixation screw for the treatment of Sanders
III calcaneal fractures is proposed, and its biomechanical stability is evaluated. Based on the skeleton-muscle finite element model
of the lower extremity, a model of Sanders III calcaneal fracture is established, and then fixed by distal radius plate (two-point
fixation mechanism) combined with transfixation screw. The biomechanical performances of the fracture model during static
standing and 3 gait phases (heel-strike, mid-stance and push-off) are analyzed in terms of stress distribution and fracture
displacement. The stress of the calcaneus under load condition concentrates on the junction of fracture end, calcaneus and Achilles
tendon, with a peak value of 96.92 MPa, while the stress of the internal implant concentrates on the position where plate screw
is in contact with sustentaculum tail and calcaneal tubercle, with a peak value of 883.20 MPa. The posterior articular displacement,
Bohler's Angle and Gissane's Angle all maintain at a good condition. The combination of distal radius plate and transfixation screw
for the treatment of calcaneal fracture has the advantages of sufficient biomechanical stability, minimal invasion and simple
operation, and it can further facilitate early postoperative rehabilitation training. The proposed approach can serve as a new
recommended fixation modality for the treatment of Sanders III calcaneal fracture, worthy of clinical application.
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Fig.1 Geometry model of calcaneal fracture and internal fixation

b: IRE B AEEHRTEE

and its finite element model
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Tab.1 Material parameters

R E/MPa v plkg-m> R F/mm?
Ak 7300 0.3 1 500

JEJR AR 350 - 937 58.6
At 260 - 937 18.4
KA 110000 0.3 4540

M Y 17000 0.1 5000

TR C,;=0.085 56 N-mm?, C;,;==0.058 41 N-mm™2,

C,,=-0.03900 N-mm?, C,,=-0.023 19 N-mm?,
C,=0.008 51 N*mm?, D,=3.652 73 mm?*N"!
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Fig.2 Skeleton—muscle geometry model of lower extremity
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Fig.3 Stress distribution of internal fixation
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Fig.4 Stress distribution of calcaneus
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Fig.5 Displacement distribution of calcaneal fracture model
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Tab.2 Displacements, Bohler’s angles and Gissane’s angles of calcaneus
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i A AR B A AT B BB N B E R GIRIT IR 31 FISTEERTTIRE BT EAE S

Ir, B I8 T ARG IR 28, B0 1 B Pt i PLIT BT — Bl 00 37 8 5 T 2, n] DLl
FESE SLAE B R W B E W) 0 2 Rk O R TR R L B e A . AEERE B TIRYT L B
JrARBE TR LA A= W) 1~ HlE FTHORAML T WOR ) BRET 28 B 4559 5 O BRRE 1



4 I, AF B E N AU 47 £ T 1 2 YT Sander 1T YR B 37 B A2 W) 122 23 Hr - 509 -

T E A IR R RO [ g . 7R
ARG, FRAT LB 6.5 mm %5 0T JE—Fhi A i
() [T 28 Ak o 3K 2 PR Ay A B 37 v A R AR I I,
M A 55 R il R P T R BN, 2 8
mm 7247 SRET T R A B T AR B ARG R AR
FEH R A TE 5 B R FT LR | BR B A 35 235 44 AR v i
M, AR TE X —#AE . G TIRET A 1] , 2 10 )
i385 L I A= W e S o B 3t VA N DIk E i
K, TR AE IR ETHERE ) o
32 R ASTEERITIREEBITNEN IEENX

A=Wy D1 RIS UE BH B D7 ET AT DAAT A5 i R
HHIIGIT W AEY 1550 . Wang 551l i Ar A
SEI AT N BT ET IR YT IR T R B AE W 2R
FENE R B IE 5 B T T IR ST 0 R I 48 fap 24 Ry
ZHAR A 1 R Y 3.5 A5 o N AR H A T e A A
P ET LA RRE PET I A B 0 8T (it I 1 1 P9 T [
FE RS R NIRE B RR e, IR R
P ITET AT LAAT 50 o 1] 2 AR kL BRI N T B
AP AR R G it B AR K S H TR YT BB
BT, BTERG A B E RGN RRE T, B IR
N T AN N [ R GE N T AL . [R5 ¥
S R U RPN FA AR B 7 2 N 575 < - NS R E
SV 3 8 104 Jm) 50 MLV A PR , e — o R A Rk
RS5O 1 RGN AE

CTR S SRS TR R BN R
IRYT RS . F A SR IR B R O g A R A S
7] LA g rPU R g i nie T B (R AT R
B, SR B 5 1 B B e 9 B U0V 2 AR AN AR LT B
Jrid T AT RETE R A R 57 s R . AR [R
T FLAE S W R 7T AT LAk SE Ao B e st 9 Al 1 1
J157WC o B JTET I E 5, AR A — 3 2 g 1 94 g
FYARIH R AR 1 T o3 A B R A AT B v T T E
BER SCT DA CER B A5 T, — e R s TR
B MR T BR R A5 TR RN T B T R RN )
K F 2 & Jm WA T fetE . AR 45 8 B 7E
TEATAE 3BT N L E £ GE 0 ) AR T4
& Wt 4 5 ) 13 77 U {F (883 MPa vs 900 MPa) ',
UK, BB R A 0l 37 B Y N ) W B3 N T 6.8 MPa, 7
ATk B

5 Gl R 1 370 B 4 AR [ A LE AR YR EL 4G SR
SR B AR G YN B 1 £TIR YT S , Bohler's
A LA K Gissane ffi B9 AR A2 M 488 /N S5 51 15 B A
0.059 mm JF/NE] T 0.030 mm™, X 5 Schaaf &7 k&
A L 513697 5 A I 0 s B T ) Bt o B —
o B TR AR AR A B AT ISR B B Al ] R B Y
2.50 mm g /NE 1.15 mm™ . FBBCA R I IRETIRYTY
Ji FE— R R LRI DG T AR B S AAROE AS A 2)

T AR ERFE N o T RIS R 7 A U ST
H R Y [ 57 B e 4 Ab TE BR B 51, FLER LGy
PR THEIE RS WA KA 2 & s B G
WIS/ N o XARHE— RS T B IR ETIR
J7 T DAAG 5002 S A8 B o B A X B 6 [
R
3.3 BHIEESIIZGFRBHITHES

MR A BRITE A, W S BEBR G P BT [ e iR
SITIRE IR RSy e R e, Bk,
Bohler's ffi Fll Gissane ffi 75 3 7. LA & 3 /47 & Bk 8] 1)
AR AL FERAR /I, HLYS A AR $ 0 B T 252 S N
FLVR 5 K5 e KALAS R 0.089 mm, 6 B 5G9 A
KOJREAAIRA . e, BRE 7E 6 A7 0
JIEAH 2 96.9 MPa, Ik T8 Jif IR ik B>, A7 FROT 45
FE— R B T RSB S v B AR I B R ET AT LAYR
7 IR BT, JF B SRR RO R & 18 2l i wT AT 1 L R
AR IRV R 3 P T o 53— T, A 3 i A Al
PrITIEETA DL A 5 — , ARG 0 BA% e i
AN R B IR N U T AR R B RIRBE LA K T
R BRYLR 5  R R AR B I AR AR 32 ity
BN 78T B S5 F LA S TF- AR AR P, PR 45 7 o
ANHTEFINERI

XA A LN LA R RYE . B, AR vk
IR I oA A N7 S AR I A5 AT T T R L B — 4
MIMTAR A TE A E E TR VE T o W LA & —
I ZAT y, FRATTHE O EL ok AR v g AT T T4k
BEAI 3T R 4 g ST 2 T TN R B9 DL B bR o o
AU SEPRIG T ROE S T 20, ok B B LAY
ARAS o BRI, AR B FE AR T DA B IR S AR
I T A VR B DL LR 3 ST RNATE RO AR 12 R R

4 45 g

T 3 i AR G P ETIR T IR B e —Fh
5 BR B i ) 2 A0 AR B 2R R R B I T
Rk, AP AR IR B IR B B T AR . 5%
GEYIFE A AR A [ A L iZ T ARG T B AR
SEVEGT  BEARNL S50 A0 34 5) IR TP AR T R 5 TR A
FI/IN A 5 3 AR S5 e Fn I K , AT AVE iR Y7 IR
‘B Sanders I B FHT A9 E L7 -

[5% xik]

[1] DHILLON M S, PRABHAKAR S. Treatment of displaced intra-
articular calcaneus fractures: a current concepts review[J]. SICOT J,
2017, 3: 59.

[2] CHEN C H, HUNG C, HSU Y C, et al. Biomechanical evaluation of
reconstruction plates with locking, nonlocking, and hybrid screws
configurations in calcaneal fracture: a finite element model study[] 1.
Med Biol Eng Comput, 2017, 55(10): 1799-1807.

[3] ZHANG HW, LU M L, LIU Y, et al. Biomechanical analysis of



- 510 -

] 22

e
AR

538 %:

[11]

minimally invasive crossing screw fixation for calcaneal fractures:
implications to early weight-bearing rehabilitation[J]. Clin Biomech,
2020, 80: 105143.

FRAR, Bk, RE, S E R A = 5 B 204 77 SR SanderslIl
BB eg A dh ) Fres [T BN A4 A 5, 2021, 36(1): 55-61.
ZHANG HW, LU L, LIU Y, et al. Biomechanical comparison of two-
point fixation and three-point fixation in the treatment of Sanders I1I
calcaneal fracture| J |. Journal of Medical Biomechanics, 2021, 36(1):
55-61.

LEMMON D, SHIANG TY, HASHMI A, et al. The effect of insoles
in therapeutic footwear-a finite element approach[J]. J Biomech,
1997, 30(6): 615-620.

CHEUNG J T, ZHANG M, AN K N. Effect of Achilles tendon loading
on plantar fascia tension in the standing foot[ J ]. Clin Biomech, 2006,
21(2): 194-203.

YU J, WONG D W, ZHANG H, et al. The influence of high-heeled
shoes on strain and tension force of the anterior talofibular ligament
and plantar fascia during balanced standing and walking[J ]. Med Eng
Phys, 2016, 38(10): 1152-1156.

CHEN Y N, CHANG C W, LI C T, et al. Finite element analysis of
plantar fascia during walking: a quasi-static simulation[J ]. Foot Ankle
Int, 2015, 36(1): 90-97.

DAI X Q, L1Y, ZHANG M, et al. Effect of sock on biomechanical
responses of foot during walking[J]. Clin Biomech, 2006, 21(3): 314-
321.

BULAQI H A, MOUSAVI MASHHADI M, SAFARI H, et al.
Dynamic nature of abutment screw retightening: finite element study
of the effect of retightening on the settling effect[ J]. J Prosthet Dent,
2015, 113(5): 412-419.

NI M, WONG D W, NIU W, et al. Biomechanical comparison of
modified Calcanail system with plating fixation in intra-articular
calcaneal fracture: a finite element analysis[] 1. Med Eng Phys, 2019,
70: 55-61.

[12] NI M, NIU W, WONG D W, et al. Finite element analysis of locking
plate and two types of intramedullary nails for treating mid-shaft
clavicle fractures[ J]. Injury, 2016, 47(8): 1618-1623.

[13] OUYANG H, DENG Y, XIE P, et al. Biomechanical comparison of
conventional and optimised locking plates for the fixation of
intraarticular calcaneal fractures: a finite element analysis[] 1. Comput
Methods Biomech Biomed Engin, 2017, 20(12): 1339-1349.

[14] GU Z Q, PANG Q J, XIAO'Y, et al. Sustentaculum tali screw fixation
for the treatment of sanders type II and III calcaneal fractures[J].
China Journal of Orthopaedics and Traumatology, 2015, 28(1): 31-35.

[15] WANG C L, CHANG G L, TSENG W C, et al. Strength of internal
fixation for calcaneal fractures[ J]. Clin Biomech, 1998, 13(3): 230-
233.

[16] SITTHISERIPRATIP K, VAN OOSTERWYCK H, VANDER
SLOTEN J, et al. Finite element study of trochanteric gamma nail
for trochanteric fracture[ J]. Med Eng Phys, 2003, 25(2): 99-106.

[17] SCHAAF H, KAUBRUEGGE S, STRECKBEIN P, et al. Comparison
of miniplate versus lag-screw osteosynthesis for fractures of the
mandibular angle[J]. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod, 2011, 111(1): 1-40.

[18] SUY, CHEN W, ZHANG T, et al. Bohler's angle's role in assessing the
injury severity and functional outcome of internal fixation for
displaced intra-articular calcaneal fractures: a retrospective study[J].
BMC Surg, 2013, 13(1): 40.

[19] POTTER M Q, NUNLEY J A. Long-term functional outcomes after
operative treatment for intra-articular fractures of the calcaneus[J].
J Bone Joint Surg Am, 2009, 91(8): 1854-1860.

[20] FROST H M. On our age-related bone loss: insights from a new
paradigm[J]. J Bone Miner Res, 1997, 12(10): 1539-1546.

(%% . A &)



