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Finite element analysis and clinical analysis on multi-pin internal fixation for the treatment of

calcaneal fractures
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Abstract
BACKGROUND: In the calcaneal fractures, proper treatment can significantly improve prognosis of the patients.

OBJECTIVE: To analyze the effect of multi-pin fixation and plate fixation on calcaneal fractures, and to evaluate clinical
efficacy of two kinds of internal fixation methods.

METHODS: (DCT scan was performed on a normal male right calcaneus to establish a complete three-dimensional finite
element model of calcaneus, and the model was used to simulate Sanders 1l type fracture of calcaneus, and simulate
the tendon loading condition after calcaneal fracture plate and multi-pin internal fixation. The stress distribution, the
relative displacement of the fracture line and the maximum principal stress of internal fixation of three groups (plate
functional location at 0°; multi-pin functional location at 0°; multi-pin planter flexion location at 30°) were comparatively
analyzed. @Retrospective study of 59 cases of Sanders I type fracture, 36 cases of the foot treated with open reduction
and multi-pin fixation, 23 cases of the foot treated with open reduction and plate fixation, then the soft tissue
complications after fixation was evaluated.

RESULTS AND CONCLUSION: The finite element analysis showed the biggest achilles tendon loading load was

160 N, the maximum principal stress values of the models in three groups were less than the yield strength of fixation
225 MPa. The relative displacement of calcaneal fracture line in three groups was less than the intra-articular calcaneal
fractures indications standard (surgical separation of the fracture line or displacement = 1 mm). Continuous loading 1-
1 000 N load condition, the achilles tendon loads of internal fixation failure in three groups were greater than 160 N.
Stress distribution analysis showed multi-pin and plate fixation evenly distributed the stress. @The clinical research
results showed that good rate of Sanders 1l fracture in multi-pin fixation group was more than 83%, the good rate in the
plate fixation group was 78%, there was no significant difference of the efficacy after fixation between two groups (P >
0.05). The occurrence rate of postoperative soft tissue complications in multi-pin fixation group was lower than that in the
plate fixation group (P < 0.05).

Sun RX, Jiang K, Bai JP. Finite element analysis and clinical analysis on multi-pin internal fixation for the treatment of
calcaneal fractures.Zhongguo Zuzhi Gongcheng Yanjiu. 2012;16(35): 6471-6477.
[http://iwww.crter.org/crter-2012-gikanquanwen.html]
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a: Load direction of plate functional
location at 0°

b: Load direction of multi-pin
functional location at 0°

c: Load direction of multi-pin planter flexion location at 30°

Figure 1 Analysis of stress direction of multi-pin fixation and
plate fixation B
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a: The maximum principal stress
value of plate function location with
160 N at 0°

b: Equivalent strain of the fracture
line of plate function location with
160 N at 0°

¢: The maximum principal stress
value of multi-pin planter flexion
location at 0° with 160 N

d: Equivalent strain of the fracture
line of multi-pin planter flexion
location at 0° with 160 N

e: The maximum principal stress
value of multi-pin plate function
location at 30° with 160 N

f: Equivalent strain of the fracture
line of multi-pin plate function
location at 30° with 160 N

Figure 2 Results of finite element simulation of calcaneus
fracture
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Table 1 General information of the subjects (xts, n=5)
Item Plate fixation group  Multi-pin fixation group

n 23 36
Gender(n, Male/Female) 13/10 24/12
Age(n, yr) 39.08+11.90 42.00+10.67
Height(cm) 168.54+10.05 173.32+12.57
Body mass(kg) 65(49-82) 69(51-88)
Injury side(n, Left/Right) 8/15 13/23
Cause of injury(n)

Tumbles wound 5 7

High falling injury 13 25

Vehicle accident 5 4
Re-fracture(n) 0 0

222 [HE)a B MgEas R 1H E i BE U7 e

12~261 )1, P15, g — 550 A — 4N Ak
ATREVIVP 3 o W] AR5 XG4 v 18 WL &3

Sanders I1 84847 2 % [ e 40 K %83%, AW [i]
SEAM R ET8%, MR i E i E . M
R, ANASCRT 22 4 9 2 P 18 o A S 7 30000 A S G S 3
HEX(P>005), %2, 3.
2.2.3 PHYLUERF G AL RIE AN E e 4l
WAL IFRAEG L : KGINFE. VIR GE28, #Hia
A G2/ AN B R A B L s A ER
AL . AR N T AR SO RIES AL : 32T AR
DI R R AE24TF, AR AL, 43 IAE € f560 dAil
90 dfTi Bl ANAR I H RN B RS AR s 22 1A D) 1 sk g
S G MM U 2L, 7 )R A OR
SEIRIT IR R, ARATRESS DT MERG SN Rt 45 4052
& BRGNP A I E A LI RES
Bt E R AE#616.7%, ANAR A 4k 42 %34.8%. %
BF I 5 4 I 5 I B2 2R 0 ROIE R AR R AR T AR ] s 4
(P < 0.05).

P.O. Box 1200, Shenyang 110004 www.CRTER.org



IIAGE, B ZHAEE TR TG B R IR A BT

@272 wuwcrrerong

a: X-rays of calcaneal fractures for open reduction combined with plate
fixation

b: X-rays of calcaneal fractures for open reduction combined with
multi-pin fixation

Figure 3 X-ray observation of calcaneal fracture between open
reduction combined with multi-pin fixation and open
reduction combined with plate fixation at 10 wk after

operation
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Table 2 Maryland score in two groups after operation (X+S)
Treatment method n Maryland score

Plate fixation group 23 82.35+13.13

Multi-pin fixation group 36 84.31+£13.45

%3 BV EATINAR L 2 B AL R i A
Table 3 Comparison of the efficacy of plate fixation and
multi-pin fixation

Results
Treatment method n z P
Excellent Good Average Poor

Plate fixation group 23 8 10 4 1 0.569 0.569
Multi-pin fixation 36 15 15 4 2

group
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