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Finite element analysis of anterior ring injuries in unstable pelvic fractures treated by different methods LI/U Min,
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ABSTRACT Objective:To compare the biomechanical stability of different fixation methods for anterior ring injury of un-

(Tile C)

with one side of the sacroiliac joint dislocation and the pubic rami fracture was constructed via three-dimensional finite element

stable pelvic fractures,and to provide reference for clinical treatment. Methods : An unstable pelvic fracture model

analysis. Five different fixation methods were used in the front,and the rear was fixed with sacroiliac screws. The von Mises
stress and strain distributions of different combinations of fixation methods were analyzed under mimicking standing conditions.
Results: After being loaded with 500 N vertically,the maximum stress in the anterior fracture was 3.56 MPa in anterior pelvic
external fixation (AEF) group,the total displacement and the vertical displacement of the Y axis at the sacroiliac joint and
the fracture were not more than 1.5 mm. The maximum stress at fixation, the front of the fracture and sacroiliac joints in the an-
terior pelvic subcutaneous approach (APA) group and AEF,was significantly higher than anterior modified Stoppa approach
(ASA) group,anterior pelvic Ilioinguinal approach (AIA) group,and canulated screw fixation (CSF) group. The total dis-
placement and the vertical displacement of the Y axis at the sacroiliac joint and the fracture in APA group and AEF group were
also greater than the other three groups. Conclusion: Anterior ring injury of unstable pelvic fractures can be significantly im-
proved after the fixation of the implants in the five combined methods. However, overall biomechanical properties of ASA, AIA
and CSF group are superior to APA and AEF group.
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Fig.1 Three-dimensional finite element model of normal pelvis

The dislocated joint
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Tab.1 Ligament parameters of pelvic model
GEEiATki AR 1 AR (mm?) A
AR TR 19.38 120%2
R 5 AL 35.29 160x2
HREE IS KAl 44.11 200x2
A A [ By 66.24 400x2
AR 32.22 80x2
ARES AT Al 79.74 300x2
Uk b3 12.82 100
Wik =5 R B 743 100
Wik At 90 6.76 10x2
I 1B Y B 20.26 20x2
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Fig.2 Three-dimensional finite element model of unstable pelvic fracture
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Tab.2 Material properties of finite element models
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Fig.3 Superior view of anterior and posterior pelvic rings fixed by five

different fixation methods 3a. Posterior sacroiliac screw and anterior
Stoppa approach  3b. Posterior sacroiliac screw and anterior percutaneous
approach  3c. Posterior sacroiliac screw and anterior inguinal approach

3d. pPsterior sacroiliac screw and anterior external fixation ~ 3e. Posterior

sacroiliac screw and anterior hollow screw fixation
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Tab.3 Maximum stress in different parts of pelvic ring
after combined fixation with five different fixation methods

(MPa)

e WEERTTT B adrat AL AR
A 10 2.45 2.45 231.3
B4 66.32 3.39 3.39 270.3
CH 12.09 2.48 2.48 230.4
D4l 22.65 3.56 3.56 234.5
E4 12 2.56 2.56 2304
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Note : Group A posterior sacroiliac screw and anterior Stoppa approach,
group B posterior sacroiliac screw and anterior transdermal approach,
group C posterior sacroiliac screw and anterior inguinal approach , group D
posterior sacroiliac screw and anterior external fixation,group E poste-

rior sacroiliac screw and anterior hollow screw fixation
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Tab.4 Maximum displacement of pelvic ring after
combined fixation with five different fixation methods (mm )
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ey o . .
B b AT (a2 Y fh R
A4 0.287 1.118 0.227 0.752
B4l 0.393 1.285 0.253 0.954
C 4l 0.297 1.127 0.237 0.832
D4 0.423 1.285 0.243 0913
E 41 0.322 1.215 0.231 0.841

e A 4G I BREE SR ET+T 7 Stoppa AR B 45 J7 RN BRET + A 7 48
BB C 4R Jr BRE SRET -+ 7 R BOVA A%, D AL Dy SRR BT+ 7T
J5 SN E 2 L E 4G 7 BRER BR AT+ 07 23 O MR BT [

Note : Group A posterior sacroiliac screw and anterior Stoppa approach,
group B posterior sacroiliac screw and anterior transdermal approach,
group C posterior sacroiliac screw and anterior inguinal approach,group
D posterior sacroiliac screw and anterior external fixation,group E pos-

terior sacroiliac screw and anterior hollow screw fixation
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