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Finite Element Analysis on Sanders II and III Calcaneal Fractures
Treated with the Novel Composite Locking Plate
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Abstract; Objective To study the stress distribution and biomechanical stability of the long-type composite
locking plate already used in clinic practice and the novel short-type composite locking plate for treating Sanders
type lla, llb and lllab calcaneal fractures. Methods The three-dimensional (3D) models of Sanders type lla, Ilb
and lllab calcaneal fractures were established, and the force conditions of calcaneus in neutral standing position
and under 20° dorsal extension were simulated. By referring to the physical form of human specimens, 500 N
vertical axial load was applied, so as to study the displacement and relative displacement of the fracture block
under the force, and the force conditions of bone tissues and internal fixation were analyzed. Results For
Sanders type lla, Ilb calcaneal fractures treated with long-type and short-type composite locking plates, the
stress concentration positions of the plates and calcaneal fractures were basically the same. The maximum stress
difference of the two plates for fixing calcaneal fractures with the same type was smaller than 5 MPa, and there
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was no significant difference in the maximum displacement of the fracture models. For Sanders type lllab

calcaneal fractures treated with long-type and short-type composite locking plates, the maximum stress

concentration occurred in the forearm of plate screws, indicating the risk of metal fatigue. The maximum stress

difference was up to 12 MPa, and the maximum calcaneal displacement was up to 9 um. Conclusions The long-

type and short-type composite locking plates showed no significant differences in treating Sanders type lla, llb

calcaneal fractures. For fixing Sanders type lllab calcaneal fractures, the long-type composite locking plate was

superior to the short-type composite locking plate.
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A E TR R WA BT, e S E T
1% ~2% , %7 R FHHEAT 60% , 2 WFFER B TIEA
e, 2208 i A A A | SR I A7 7 o e o TR
2947 75% BRE-E T OCT NE T IR I SR
FTUS P2 AAS RS, 45 55 4 I 1 AR 3 4 R AN
12 2R PHE NN, Sanders 4356 ERAS-B 4
(36 I7 18 B K W00 H A B I R e (E
Sanders/r AUl i CT fe Ak iRa wihrah [ ~ IV
B Hor Sanders 1T TS B ki W, H RTIR IR 2R
P2 B B 52 10 U0 IF 52 460 N [ 1) sk 2 O =Xk A7
BT

A BRITIT AT 7 V5 2 — Fh W A ) ) A
TR AT DA 5 A8 25 Wy A AN TR 4804 T Y
T3 AR FIE RS RAED A BRI
B BIARIRYT Sanders IV AL ER 58 47 19 F A Jr Uik
TR A S8 TR S5 B 403 P O 1 48 1) 28 i KUK
AP R A m K T1697 IR B i 4 10 508
A AR T SR 38 3 4 N AR B 2B
AT AR BB, (E 25 U6l F9 Al 1< 2 5 B0 T
Z IO . PRI AR SCE a7 R O N T
AR IR #R3F Sanders 11 T 7Y 8 -8 318 37 v
(RN 3 53 At R B R ) g 2 R

1 HR5HE

1.1 &

VEFE 1 45 28 SR B E A, B 176 cm,
TR 69 kg, WEAE JC 2 B 5, X 26 ) CT ke ok
R FRARIR AL s T . W 35 GE A F 64 HEIR
JE CT, ¥y AAKE Wi i UZEE 0. 6 mm JZJE 0.6 mm
B L X 5B M R A R AR AT IR A A5
| 337 5% CT JE4R & R, i % I R F A R0 84 5Kk IA]
TR

1.2 SLEERRES

B0t 2E S5 1 CT B R LA DICOM #% 30 5 A
Mimics 20. %A, A 45 4 2H ZLF0 B % A W) K FE AL,
SRR G TN 52 WS A0 BR AL ) D B AR SR
Ja ULz S0 R T A Geomagic Studio 12. 01 {4
XIRERIEAT 55| 22 30 T8 1 760 By B 114 Ak L, SXof A 75
PEAT 2 0 K- SR A . BB B step %2
S SRR UG 12.0 w78 IR B A58 S IR 1
R S O A L AL SF X R O 3 AR T,
S3BITE 173 .2/3 FRic g A 1 B[Rl PR EE T 2k
FRICN C, 15 T 3 4 F-AT4R, X B A 1
T B A PR N7 3 AR . A 2 A RS P Sanders
Mla %, B 2 R ERE & 31 Sanders [Ib %Y ; C 4H Ky iR &
‘BT Sanders lllab &, BB AR AL A 47130
FFE A A R A9 5 ( Long ) 41 A A8 E B
(L DRI A A IR R LS 2120142
0269654.X) FI R K J Y 4 84 ( Short ) 21 7 X BIE 79
B, PIANEN A 12 23 391 e iR 2% T2 B9 A RS AR E
AR RL, R 1.5 mm, 56 13 mm, {58 1Y
A3 4L, KREHEGBOENRFTE K 42 mm, JFH
* 39 mm,ﬁﬂgﬂé\ﬁ@lfﬁ%*ﬁﬁﬁ%ﬁ 42 mm,}a%ﬁ
129 mm, BRI 2SS AR i, AME T
KOk, B A HEIE o 45 G i — AR kol A VR R
L YRR ELAT [ 5 B9 A B (130°) 5 95 — MR S el bR
BT AR REME IR A IR RS G v VA RS Y i R
BT I e AR R ) Db g A A (LR 1)
TE =4 FBL A UG X B B A 78 0E 47 4K A 1)
B,
1.3 BRTERET

B2 it i AR L S A HyperMesh H1# 7 A FR T
RREAY H b LR A% 23S B BT R (JEBE 2 mm ) FIFA
i SRR A O TR A PO A, B AR S 7S T A R A%



BHE, % FHAASAPIENEIAST Sanders [ 2R M B R B BN ERITHH
GUO Wankai, et al. Finite Element Analysis on Sanders Il and Il Calcaneal Fractures Treated with
the Novel Composite Locking Plate 403

(a) BB B Sanders7H BB £ 0143

N

#4

-

y

(b) RABFHC R A& RYEEUR

=

() FARKAE

o

(d) Sanders T aZ fRE-HH#r

B 1 SefEEEss
Fig.1  Establishment of the entity model

(¢) Sanders T bEIFRF-H47

() Sanders TabZd B-E-HH7

(a) Dividing the fracture line of Sanders type calcaneal fracture,

(b) Unassembled long composite locking plate, (c¢) Operative effect diagram, (d) Sanders Ila calcaneal fracture,

() Sanders IIb calcaneal fracture, (f) Sanders Illab calcaneal fracture

HAMPEE TS BN T - J BB JPERL R 10 GPa,
THAN L 0.3; A8 BT B s B i 1,45 GPa, JHM L
0.2, WM 512 ET 09 M B K& 4, oM R
200 GPa,jAMALE 0. 28
1.4 1=BYAYPR §Il K2 hn £

[P B G 45 S R G T B AR s 45 U7 ol A
B READL R RR G SRS o 3l ST A AT S A8 2415 R A
FE 3 B )R 250 43 A n#k 500 N, ALULE H AR

JitE,
2 #R

2.1 REBNERITER

£ A 2H A A 2 B [ %2 7Y Sanders [la 7 ER 7
BT, A SR BATT 245 269 T 5 628 322 4 4
RIZH G ABE AR [E € 1Y Sanders a Y ERE-H-4T,
He AR BATT 252 059 AN, T A 644 662 >,

KAV A U IR E RE 1Y Sanders [Th AU IR &
BT, A USRI 255 483 A, 5 45 653 477 4~ 4

T 2H A 20 B M [ 52 1Y Sanders b BYER 5 37,
A RSEAR T 254 991 /4>, 15 4 651 950 4,

KA A B AR 5] E 7Y Sanders lab 74 #R
BT, R R BT 255 483 A, 1T 4N 653 477 4
e A A U E A [ %E 1Y Sanders Mlab 78R F
P, A IR BLIT 254 991 A, 45 1 651 950 A4~ (I
#1),

2.2 RERNEENEASHEMAHE

H P 2 TR, G R 2 S B A R T E TR
7 Sanders [la YR BB AT ARG AL, PIAL AN MR FE
Sl SE A RN LN 7 38 AR R TR AR Y A
5 R ETIREE B8, H 200 T AR K13 35
[, 2 S MR T 0 7R 52 BRI I ), A A A e
AR SR R A 1 g G A e X ) IR R KL )
PRI T BR B i e et o, HL 85 KL g s /DS,
X B Ry % N ) JC W s e, R AR 2 A KBl E AN
BIGST IR BB b, BB B T4 A SR B R S d
R 5 e A0 21 G 2 AR T TR T IR B AT R



EREYMAE $£35% £5H 202005104
404 Journal of Medical Biomechanics, Vol. 35 No.5, Oct. 2020

F1 K ENAAXHEWIREEREEHNNEEE N SEMRBARTE
Tab.1 Comparison of internal fixation stress and displacement of fracture block for calcaneal fractures with long-type composite locking plate

and short-type composite locking plate

2% Sanders [la Sanders I[Ib Sanders [lab

- Kt Jiti Kt St Kt Jiti

i~ A I KN 1/ MPa EP = 36. 36 35.02 69. 43 73. 88 47. 85 59.77

R 121. 80 124. 31 48. 81 52. 04 62.21 71.29

R A I KR 1/ MPa HEE R 11.36 11.38 27.63 30. 85 21.91 29.09

R 53.75 54.37 24.02 25.08 30. 48 34.28

Sl SE A e KA A/ wm RE 27.27 28.99 83.29 84.39 80. 14 89. 08

R A KA/ wm R4 13.15 14.92 37.09 39. 04 41.04 42. 41
i, By B AT RS BB AR A R RS TR PN A P 3 Al & AL A B AR [ 2 IR
BT A Ab  H P P R RE B AR, T Sanders [Ib 7Y ER & & Pr AR ARRL, P A A [
e L ST A R SRR KET—JIE_LLL ﬂ:‘ﬂ }:' {_L}_L‘jj Ig% EF' :‘F F] Efg‘ %Rl *ﬁ Y

RIZE BT RS G 88, B2 A0 TR I K- 43 307
6], 57497 Sanders [a 78 B B4 0 ) 43 A5 AHALL,
SRR AR TR A2 i B R ) i T
Sanders Ila BUPRB-Hr, B BEMARKZ N T) 500
B8], Bk BT AR S 0 B R /N T PR AN ARG T
Sanders Ila BUIRH-54r, PIANIRIGIT T B KAF8
Ab T BRI DA T AR B RGBT PR v 2
A 11 pm, 5 A ARBR R RS 222070 60 wm,
KA S5 £ B G

A Uk
Im L

(a) WAL S

(a) LIRS
(b) BEALRLA

e ‘P bp

(o) B (b) HHLL#
2 KUEBASKPENIRLEEEST Sanders Ila RSB = B3 K EHAEAHENEREEERTT Sanders Ib B R &
B=E
Fig.2 Nephogram of Sanders Ila calcaneal fracture treated with Fig.3 Nephogram of Sanders IIb calcaneal fracture treated
long-type and short-type composite locking plate fixation with long-type and short-type composite locking plate
(a) Stress under standing position, ( b ) Stress under fixation (a) Stress under standing position, (b) Bone

dorsiflexion, (c¢) Bone mass displacement mass displacement



BHE, % FHAASAPIENEIAST Sanders [ 2R M B R B BN ERITHH
GUO Wankai, et al. Finite Element Analysis on Sanders Il and Il Calcaneal Fractures Treated with
the Novel Composite Locking Plate 405

Hi & 4 mT O, A0 2 A 2l E ik iR T
Sanders [lab7 PR - 4745 0 A0 21 45 20800 40 e [
FERUCR A, PRZ A B ALE 3 57 57 AT e 62 1 g
AR TP T B A R v ) MR BT AR AU A
A AR P [ A5 18 R R B i T il ST A RN
e A7 1) e N 3 187 e T AL 2 5 X A A [
FERERY ] i e A 2H G 2B A AR T e R T
(B TR FR B R TR A A G = M AR N [
FEARZ, e R FE LR 90 wm , 157 8% 43 A DA 28k i 28
FH N ) SN2 B B AR, 40 A 2 2 5 Sanders IIb HY iR
HHEATAHEL

WA & BRI FE A A R AR

(a) ¥hSLALRL

¢

(b) BHNH
B4 K EHASABENIREERST Sanders b B EREF
h=E
Fig.4 Nephogram of Sanders Illab calcaneal fracture treated
with long-type and short-type composite locking plate
fixation (a) Stress under standing position, (b) Bone

mass displacement

3 e E%it

A BRI MR P12 322 5 3 ) ek, Wik
57777 Ky B ) LA — iRl A4 RS EOR A 7 ik 9
ZHTERHEY =058 456 IBRIE CT [
F, T RUEE G 3t 2R SR B0, W 52 2% 1 L AR 4 47
REARF S AR B 08 A2 ) T 2 e R S A BROTASE
B b ] RO A A, A S A

Y LS E  SE AR AR

PR R 0 A ) 25 A SRR R | S B R A
HLIT K AE — B WL PR B2 AR By [ R, X1 52
LIS G YT 89 ] Sanders 1T BUER B B B # )5,
P& 28 B Fe kA0 A5 O AT N BT E IR YT Sanders 11
W B ER a3, WD 52 00 B AR AR ET N [T 1) TR
T 2, B 4 B TR I ) 0 ARG R 20 2URN IR A AR
P BFICED WIS R, 1A O AT 2K
A = S B N RE s AU A N K e O | SR A
VORI R IR AT IR A T R R
GF A I PRACR AV N B O RO0E  (H B BA
M 14 [ R R A AE L

X F Sanders Il 4 DL b ™= R a-E- 47, H T2 40
B A F2 5k R YT 2 A Bl MR T L RS
FARI AR AT SN L T 0, 0 55 oA
BT R | E N AT R A B A BE N R TR
ST I T AERBOC Y o (HLR B ] Rl A S
i /b BT B KA R H D, MR A2, T
IEEITA B R meE RS, BT ERAL MK £,
Dy IR T A G 58 I, 5 e B S R R Y B R
Ak, DIAEAEGE T AR SMU L 2491 1 %5 5) 4505
BNk R HL 3 S 4 2 A A , ELAR b oK Y
R R B, S — B T K i 5 Palmer
SR B B R ST A AR R B 82K 6 em
OBV A7 T HEB R R UL, 7T DA 20
RN BRSO R A L%

ATV e PR b P B A 2 00 10 K B2
E NIRRT E B T B Byt (R
I3 BN T ERER AR SR 22 | B IR B M N AU
S, KR ] W ik K B AN, 2 5 o | S SR AR A E &
B JRAB ST o [R) IS i R T A v 20 2R R 6% 4 Jo A9 Al <
B AT — 2 U SR BN BRI, A SORE B 4R
i PR el FH 68 2H 4 =X B B Al 1) T A Al G B i
114k, AIRIT/Hr 45 R R, Sanders [Ta 78 B F
HATRRARL e IO 403 A TETE AR Y BUZE A
PVETAREE &5 &8, J5 B i 32 18 3 43 A 459 4T AN 48R
SRR R AR = W N g (B 3 3 A Bk
A AR b B S8 I MR ET B R A2 R g, T
SR, (R P P 5 K 52 1Y S R ) 457N
F Sanders IIb %4 X Sanders lllab 7Y R & & Pras A v
VA [ 5 T 7K 32 W B KW 77, Sanders [Th 29 #RH



EREMHE $£35% F£S5H 2020510 A
406 Journal of Medical Biomechanics, Vol. 35 No.5, Oct. 2020

PRI eh | P N R RE AR b T R AN AR Y B4
SUETARES G F8 , (H 53 A SN 5, WA Py [ 7 7K
N IIAR I, B | A 2 G = E AR 4 i)
TEIRYY Sanders Ila, [b Y B H & Py vp 2R o B B
25 Sanders Ha. IIb & Sanders Mab A ¥R &3
R R BB R o0 A ¥4 5] | B8R Sanders 1la YR
B AT i RN ) T 100 MPa, {H 5 K 7
FRALAL T BB B I R AT 2, Y8 HL/N X TR YT AL
RICH W, A IS BB By i G, N
7 B8 182 3 A O] G120 B % 1Y 1 ) 0 A
AN ¢ N i el N S o S 2 VA N
z25 K EREE NG B Sanders Ila, ITb
RUBRE AT 32 073450 O A AR R A BE A
1T Sanders 11 781 P R B-E- 41 i G BH S22 il

K AR A e AR IT Sanders [llab %Y
BB E T I T i e 2 e ) MR BT R 32 i R
VL3, W Sy B TR AR T vh B, K R A A U A IR
T RN 1 K 5 12 MPa, #f Sanders [la % K
Sanders b Y 8RB 5 47 A9 W 7 2547 B I b Ak 3,
FH PR B ) R A% SR, B R TR R Oy
L5 4R 5 It 32 J il i R H o ] A G S
ZANAR BT DG T 32 8 g 1) AR S = AR, i
T 1R 10 77 38 58 PN [ o] R S A e O ok
R Sy AR SCIN R, Sanders TR R B
700 B I o T R B ™ R T e A b A R R AR I
R, RN T S8 A 9 AR R BT i 32 B R )
HLOHTRS 7 T Y 2H A U B A A — 2D 4
TIREAKEE A5 T8 i — 2D i L e R N ) 2%
HH B 1 e B, 5 A ey R A R A
IE b, B, KA A A S B e WO TR T
Sanders [la, IIb AY BB & & ¥r JC B & 22 5, i
Sanders Mab® HRE 5 3mia T, KB G 8 e W
i 0 [T 2 RORAT T R A0 4 e B A

A BRICHT BT AR AT LIRS J () e B 254, (H
SAFAE R BR A o BT — 4 PR TR AL 78 A A i 2%
AN T R bl 7 AR 5 LR S B SRR AT
MBI AT AL ARSI 22 5 JE TR AL
CT Bdi @B I RS A AR R AR 132 )
A BRI, ORI 0 A A 1] S X B IV ) g3 A Y
AN SR STRUWN NI 7/ DA RS ISR K bii Syl 2
UESE, il PRIGS 7T AR s

SE Lk

(1]

[10]

[11]

[12]

[13]

[14]

LIM EV, LEUNG JP. Complications of intraarticular calca-
neal fractures [J]. Clin Orthop Relat Res, 2001, 391; 7-
16.

PAN M, CHAI L, XUE F, et al. Comparisons of external
fixator combined with limited internal fixation and open
reduction and internal fixation for Sanders type 2 calcaneal
fractures [ J]. Bone Joint Res, 2017, 6(7) : 433-438.
SANDERS R, VAUPEL ZM, ERDOGAN M, et al. The
operative treatment of displaced intra-articular calcaneal
fractures ( DIACFs) . Long term (10-20 years) results in
108 fractures using a prognostic CT classification [J]. J
Orthop Trauma, 2014, 28(10) : 551-563.

MING N, XIAO HW, JIONG M, et al. Primary stability of
absorbable screw fixation for intra-articular calcaneal
fractures: A finite element analysis [ J]. J Med Biol Eng,
2015, 35(2) ; 236-241.

TR, R, EWE, S AR AL AR S BT E N R 1 E
Sanders IVEUERE-H YT 947 RT3 [ J]. h A 451 R 24
i, 2013, 21(3) : 602-607.

GISLASON MK, STANSFIELD B, NASD DH. Finite
element model creation and stability considerations of
complex biological articulation; The human wrist joint [ J].
Med Eng Phys, 2010, 32(5) . 523-531.

T R BT CT EHG S B A FR T2 (4 17 5516 R
[J].HESIE MR, 2012, 20(11) ; 1026-1029

X5E, B, PR SRR A A O BT N E
Sanders I MM ASREHI[J]. BT R¥ZE, 2018(8) :
581-585.

FROL, BotHE, BdeE, SRRk A AE O IRET 5 U1JF
SRR E 2 iAY7 Sanders 11 TR BRB-B 4 A0 L4 [ J].
RS AN ALAE , 2016, 24(16) ; 1449-1455.

i, 4= 3C 8, M, 5522 OBRET 5 W AR N IE R T
SanderIl BUER & H A RIT/ M [J]. BERHAY )%,
2015, 30(6) : 501-505.

NI M, NIU WX, MENG J, et al. Finite element analysis on
Sander |l calcaneal fractures fixed by crossing screws or
steel plate [ J]. J Med Biomech, 2015, 30(6) : 501-505.
SCHON LC, WISBECK JM. Minimally invasive plate
fixation of calcaneus fractures [ J]. Tech Orthop, 2012, 27
(2): 118-125.

PALMER |. The mechanism and treatment of fractures of
the calcaneus [ J]. J Pediatr Orthop, 1948, 30(1) : 2-8.
WANG Z, WANG XH, LI SL, et al. Minimally invasive
(sinus tarsi) approach for calcaneal fractures [ J .
J Orthop Surg Res, 2016, 11(1): 164-173.

ROGGE R. An analysis of bone stress and fixation stability



BHE, % FHAASAPIENEIAST Sanders [ 2R M B R B BN ERITHH
GUO Wankai, et al. Finite Element Analysis on Sanders Il and Il Calcaneal Fractures Treated with
the Novel Composite Locking Plate 407

[16]

using a finite element model of simulated distal radius
fractures [J]. J Hand Surg, 2002, 27(1) : 86-92.

R, FIR, BF, &R T RICR R BN I AT
BRITM [ J].BEHIZEY 112, 2017, 32(6) : 500-505.

LI H, LIU RX, LENG X, et al. Finite element analysis on
the stress concentration effect of osteons in cortical bone
[J]. J Med Biomech, 2017, 32(6) : 500-505.

PARE, DRRT:, 8T, 5.5 ol shid AR 2 fh g ot
HE R SR J].ERAEY %, 2018, 33(2)
168-173.

LUO YX, LUO CY, CAl YH, et al. Effects of different
landing postures on bone mineral density and content
during high-impact exercises [J]. J Med Biomech, 2018,
33(2): 168-173.

[17]

(18]

[19]

XISE W, SRERTT. ANEAEAS LA B BE B ) 3 A B = 4E
FRITTHT [ J]. 58 — 25 B R 22 2% i), 2003, 24 (9) : 1006-
1009.

R A B T P [ 5 RN [ J ). A A,
2000, 15(2) : 69-71.

DAl KR. Fracture fixation and stress shielding [ J]. J Med
Biomech, 2000, 15(2) : 69-71.

T, INVAETE, R, AE BT - A BROCR I Y
R R DA 2 [ ] R A T2, 2017, 32
(5): 436-441.

ZHANG HW, SUN YY, LIU Y,
analysis of plantar pressure of heel pain based on 3D knee-

et al. Biomechanical

ankle-foot finite element model [ J]. J Med Biomech,
2017, 32(5) : 436-441.





