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Abstract. Robot-assisted reduction of pelvic fracture, the bone traction needles need to be inserted
into the iliac bone of the affected pelvis, and the clamping instrument of the robot is connected to
the bone traction needle. The biomechanical characteristics of the pelvic musculoskeletal tissues
are different with the different spatial position and orientation of the bone traction needle. In this
paper, a new PA-MTM model considering the pinnate angle of skeletal muscle is proposed to
analyze the muscle force of skeletal muscle. According to the planned reduction path, reduction
force during the reduction process is calculated. Based on the pelvic CT scan data and the muscle
distribution of the pelvis, the musculoskeletal model of the fractured pelvis is reconstructed. Then,
the finite element model of the pelvic musculoskeletal tissue with bone traction needle is
established. The maximum reduction force is applied on the bone traction needles, and the stress
distribution of the pelvic musculoskeletal tissue with the needles in different spatial position and
orientation is comparatively studied. The results show that the suitable force point on bone traction
needle is S1 point. When the bone traction needle is inserted into the iliac crest and the anterior
inferior iliac spine, the pelvis is in a good stress state.

Keywords: circumpelvis, fracture reduction, muscle force, reduction force, spatial position and
orientation of bone traction needle.

1. Introduction

The pelvis which is a pelvis skeleton connecting the spine and lower limbs is formed by the
posterior sacrum, coccyx and left and right hip bones. The pelvis not only transfers body weight
to the lower limbs, and serves as the basis for the movement of the free lower limbs, but also
supports the protection of intra-abdominal organs. Pelvic fracture is one of the most complex and
serious fractures in trauma orthopedics, and known as the “crown field” of trauma orthopedics,
accounting for about 3 %-8 % of all fractures in the body, especially the increasing incidence of
combined injuries and multiple injuries in the body accompanied by pelvic and acetabular
fractures, which can account for 25 % in patients with multiple injuries [1].

The key to pelvic fractures treatment is to obtain a good reduction and restore the stability of
the pelvic ring and stable hemodynamics [2]. For stable pelvic fractures, most doctors mainly
adopt conservative treatment, including reduction through suspension traction, femoral
supracondylar traction and lateral lying [3]. For unstable pelvic fractures, commonly methods of
pelvic fracture reduction include external fixator therapy [4-7], open reduction and internal
fixation [8], and percutaneous minimally invasive screw internal fixation [9]. With the
development of medical robot technology, pelvic fracture reduction robot began to be applied in
pelvic fracture reduction surgery [10-12].

The biomechanical analysis of pelvic musculoskeletal tissue is the basis of robot-assisted
pelvic fracture surgery. In the aspect of biomechanical finite element analysis of pelvic
musculoskeletal tissue, some scholars have carried out some researches. In 2007, Phillips et al.
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[13] conducted a finite element analysis in which the pelvis is supported by muscular and
ligamentous boundary conditions, and the analysis is compared to an analysis in which the pelvis
is restrained by fixed boundary conditions applied at the sacroiliac joint. The results showed that
the inclusion of muscular and ligamentous boundary conditions is found to lower the occurrence
of stress concentration within the cortex. And it can also be used to study the role of muscles in a
range of activities. In 2014, Wang Chengyou from Harbin University of Science and Technology
[14] reverse-accurately established the human hip bone, muscle, fat, skin and other tissue models
according to the anatomical structure of the human hip tissue. Based on the 3D reconstruction
results of the hip tissue, the biomechanical model of the skeletal, muscle-tendon system of the
human hip was established by finite element method. In ANSYS, the femur and muscle were
analyzed by pressure and tension respectively, and the results showed that the biomechanical
model of the muscle and bone could accurately reflect the biomechanical characteristics of the
bone and muscle. In 2019, Wang Monan et al. [15] from Harbin Polytechnic University, based on
the concept of muscle groups, finite element models of hip and leg were established, which were
simulated of distal femur and central two load modes. Then, the simulation results were compared
with lower limb dynamic three-point experiment, and the model was verified that can carefully
reflect human anatomy structure of lower limbs. Moreover, the muscle model can replace living
body or corpse for biomechanical experiment research.

About the muscle force and reduction force during the pelvic fracture reduction process, some
scholars have carried out related studies. In 2009, Esmat Elabjer et al. [16] measured the muscle
and muscle fiber length, and calculated the muscle volume, physiological cross-sectional area, the
muscle force and direction of the relevant muscles during the fracture of the iliac crest, pubis and
ischium. The results showed that the gluteus medius muscle played the most important role in the
iliac crest fracture. The erector muscles produce the strongest upward pull force, with the main
anterior, medial, and downward pull forces produced by the iliopsoas muscles. The pelvic fracture
CT data were used to calculate the muscle forces acting on the broken bone, in order to provide
additional data for the optimal surgical plan to ensure stable fixation of the patient. In 2015,
loannis Georgilas et al. [17] in Bristol Robotics Laboratory performed the reduction of proximal
femoral and femoral neck fractures, in order to test the maximum fracture reduction force and
reduction moment, which is conducive to create a safe, dynamic and stable minimally invasive
robot-assisted fracture surgery system. In 2019, Wang Yu et al. [18] from Beihang University
proposed the concept of elastic traction, and built an experimental platform for simulating
reduction of pelvic fractures with simulated muscles. Reduction experiments were performed, in
order to verify that the elastic traction method had the effect on pelvic fracture reduction force and
operating flexibility.

For the pelvic fracture reduction, multiple bone traction needles are inserted into the bone
block, then they are connected to the clamping mechanism. The spatial position and orientation of
bone traction needles are closely related to the stability of pelvic clamping and the safety of the
reduction operation. Many scholars have studied the influence of fixing screws after reduction on
the stability of pelvic reduction and the biomechanics of musculoskeletal tissue.

However, the influence of different spatial position and orientation of two bone traction
needles on the biomechanics of musculoskeletal tissue during the pelvic fractures reduction, has
not been studied.

The biomechanics of circumpelvic musculoskeletal tissue with the bone traction needles are
studied. Firstly, based on a new skeletal muscle model named PA-MTM (Pinnation Angle-Muscle
Tendon Model), the muscle force of a pelvic fracture changing with the reduction path is
calculated. Then, the pelvic fracture reduction force and moment is calculated according to the
reduction path. The pelvic fracture musculoskeletal model is established by the reverse
reconstruction technology. The reduction force is applied on the bone traction needles, and the
finite element analysis of the pelvic musculoskeletal tissue with bone traction needles is
performed. Finally, reasonable force point and position and orientation of the bone traction needle
can be obtained.
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2. Muscle force analysis of tile C type pelvic

According to Tile classification standard, pelvic fracture types can be divided into A, B and C.
Type A is stable fracture, mainly including avulsion fracture of iliac crest, pelvic ring fracture of
iliac wing separation or minor displacement, and transverse fracture of sacrum or coccyx. Type B
is partially stable fracture, mainly including unilateral external pronation instability injury, internal
pronation instability injury and bilateral partially stable fracture. Type C is an unstable fracture,
mainly iliac fracture, sacroiliac joint dislocation, and sacrum fracture. In this paper, a
biomechanical study of Tile C pelvic fracture is performed.

2.1. Skeletal muscle model and muscle force

Skeletal muscle is made up of two parts: muscle belly and tendon. Musculobelly is mainly
composed of skeletal muscle fibers. The tendons are located at both ends of the musculobelly,
connecting the bone to the musculobelly. Under the control of the nervous system, skeletal
muscles can contract autonomously, generating muscle forces, which are transmitted by the
tendons to the bones, and exerting the forces on the bones. When the pelvis is fractured under the
action of external force, the broken end will be shortened, displaced, rotated and other deformities
under the pulling action of muscle force [19].

Skeletal muscle can be divided into parallel muscle and pinnate muscle according to the
arrangement pattern of muscle fibers. Musculoskeletal anatomy of the pelvis is shown in Fig. 1.
Most of the skeletal muscle of human hip is the pinnacle muscle, which has shorter muscle fibers,
larger physiological cross-sectional area and stronger muscle strength. The PA-MTM skeletal
muscle model is adopted in this study, as shown in Fig. 2. CE is the contractile element, generating
active muscle force; PEE is a parallel elastic unit, which produces elastic force when the muscle
is pulled. SEE is a series elastic element with passive elasticity; SDE is a series damping unit to
suppress high frequency oscillation. The pinnate angle a describes the angle between the
orientation of the muscle fibers and the muscle force line
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Fig. 1. Musculoskeletal anatomy of the pelvis Fig. 2. Skeletal muscle model PA-MTM

The muscle contractility model can be expressed as:

Fyrm = [FCE(ZCE' iCE:q) + FPEE(lgE)]FOS(“(ZCE))
= Fspp(cg, lyrm) + FSDE(ZCE' lees burms Q)'

(1

where F is the force generated by the contraction unit, Fpgy is the force generated by the parallel
elastic unit, a(l-g) is the angle between muscle fiber and tendon, Fggg is the force generated by
the series elastic unit, and Fgpp is the force generated by the series damping unit.

The FCE(lCE' lee, Q), Fpgg(leg), allcg), Fsge(lep, lurm), FSDE(lCE' legs urms Q) in Eq. (1) is
determined by Egs. (2)-(10), and the parameters related to the hip musculoskeletal model are
shown in reference [20, 21]:
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where, F,q, 18 the maximum equaling force when the length of contractile element [ is the
optimal length of muscle fiber I¢g ope, Fisom 18 @ function of the length of contractile element I,
A, is a function of the length of contractile element - and the degree of activation q, B,..; is a
function of the degree of activation q:

Fore (L) {0, lee < lpego ©)
= v
PEERCE KPEE(ICE - lPEE,O) FEE, lee = lpggo,
F,

Kpgg = Frer = VPEE’ (7

(lCE,opt(AVVlimb +1-— LPEE,O))

l sina
a(lcg) = arcsin CEopt? —opt (8
CE
0, lsee < lsggo0
v

Fspp(lsp) = KSEE,nl(lSEE - lSEE,O) SEE, lsee < lsgenus ©

AFSEE,O + KSEE,l(lSEE - lSEE.nll)! lSEE = lSEE,nlli

_ AFsggp _ _
where Kggp; = lsggnu = (1 + AUSEE,nll)lSEE,0> lsgpnu = (1 + AUSEE,nll)lSEE,0>

AUsgg,lsEE0
AFSEE0

and:
v bl
(AUsggnulsego) SEE

KSEE,nl =
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— Dy, [(1 ~Rg) FCE(ICE' Icg, Q) + Fpge(lcg) (10)

Fmax

+ RSE] (lMTM - iCE ° COS(X).

According to the force balance Eq. (1) composed of muscle fiber and tendon unit, the quadratic
equation of one variable about the contraction speed of muscle fiber iy can be obtained:

0= CziCEz + CliCE + CO:

F
C; = Ds - cosa - [(1 — Rsg) <ﬂ - Arel) + RSE]; (11)
D max
0 .
Co = cosa burm + Brer - legope * (Fsge — (Fpeg + qFnaxFisom)c0s@), (12)
= Fpgg
Do = Bret - legopt * Dsg - cosa - | (1 = Rg) - | qFisom + E + Rsg |- (13)
max

ISSN PRINT 1392-8716, ISSN ONLINE 2538-8460, KAUNAS, LITHUANIA 131



ANALYSIS ON CIRCUMPELVIC MUSCLE FORCE AND SPATIAL POSITION AND ORIENTATION OF BONE TRACTION NEEDLE FOR PELVIC FRACTURE
REDUCTION. YANAN LI, HAIFEI XU, LIN YU, JINGTAO LEI

Solve the quadratic equation of one variable Eq. (14) to get:

(—61 — /clz — 4C,C,

5C , lcg <0,
ler = - (14)
_Cl,e + Cl,e2 - 4'Cz,e CO,e .
, leg >0,
2Cy, ¢E
— — Brel(l_Fe) . .
were Arel,e = —F.qFisom, Brel,e - W: Cl,e’ Cz,e: CO,e are obtained by replacmg Arer, Brer
€ 9Fisom

with Arel,e’ Brel,e-

Based on the theoretical analysis of the muscle force according to the PA-MTM skeletal
muscle model, it can be known that the muscle force is related to the length of the muscle, the
speed of muscle contraction, the degree of activation and other parameters.

2.2. Fracture reduction path

According to the CT data of the patient’s pelvic fracture, the reverse reconstruction is
performed to obtain the 3D model of the pelvic fracture. CT data of pelvic fracture, as shown in
Fig. 3. The model is imported into the GEOMAGIC software, the iliac bone on the affected side
is registered with the mirror iliac bone on the healthy side, and the conversion matrix is derived
to determine the fracture deviation. The 3D model of the registration of the iliac bone on the
affected side and the mirror iliac bone on the healthy side of the pelvic fracture, as shown in Fig. 4,
Og is the origin of the reference coordinate system {B}.

Transverse
plane

Sagittal
plane

Fig. 3. CT data of pelvic fracture

The displacement deviation and rotation deviation of pelvic fracture are obtained according to
the transformation matrix of iliac bone registration on the affected side. In the pelvic fracture
model analyzed in this paper, under the reference coordinate system {B}, the displacement
deviations of the distal end of the fracture compared with the proximal end of the fracture along
the x, y and z axes are 3.13 mm, —4.30 mm and —8.51 mm respectively, and the rotation deviations
around the x, y and z axes are —4.90°, —6.36° and —4.83°, respectively.

According to the displacement deviation and rotation deviation of the pelvic fracture, the 3D
A* algorithm is used to plan the reduction path. The result of planned reduction path is shown in
Fig. 5. 0, is the reduction start point and O, is the reduction end point.
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2.3. Muscle force calculation of the circumpelvic main muscles

In the reduction of pelvic fractures, the main muscles that affect the reduction force of pelvic
fractures are the gluteus maximus, the gluteus medius, the gluteus minimus, the m.obliquus
externus abdominis, the m.obliquus internus abdominis and the iliacus. Since the gluteus
maximus, gluteus medius, and gluteus minimus are muscles with wide attachment points, three
points are used to mark the attachment points of the muscles to illustrate the respective functions
of muscle fibers in different parts of the muscles. According to the position of hip muscle
attachment points [22], the attachment points and action lines of each muscle are determined, as
shown in Fig. 6.

Proximal
fracture  Distal
fracture

Ipsilateral
iliac bone

Contralateral \§

iliac bone
Mirror of
conttralateral 4 6
iliac b
iliac bone y/mm ) 0 2 sl
Fig. 4. Mirror-image healthy side registration Fig. 5. Planned reduction path
model of pelvic fracture
Gluteus
Gluteus medius2
. M.obliquus‘ . minimus1 Gluteus
internus abdominis -
medius3
) Gluteus
M.obliquus i ris?) Gluteus

externus abdominis maximus 1

Gluteus Glut
Y . uteus
\ o minimus3 \ .
ﬁ_)yi\ Iliacus A maximus2
§° » Gll(liFEUS Gluteus
u u medius1 1 J maximus3

a) Anterior view b) Posterior view
Fig. 6. The attachment points and action lines of the muscle

Firstly, assuming initial conditions Iy = 0, the initial length of the musclelyry, is
determined according to the coordinates of the starting and ending points of the muscle, relevant
parameters of the muscle[23] and the degree of activation ¢ = 0 are determined, and then the
initial muscle fiber length of the muscle [ can be obtained by the force balance Eq. (1). Then,
calculating the other unknowns:Fisom, Fpgg, Fsgg» A 5 Brets Do> Co, Cy, Co, ice, Fspg, @ to get
the initial muscle forces Fyry = Fspg + Fsgg-

According to the result of planned path, the length of each muscle in the reduction process is
determined. Then, according to the Eq. (1-14) derived from the theoretical analysis of muscle
force, muscle force in the reduction process is calculated. According to the skeletal muscle
attachment points and the fracture types of this model, the main muscles that affect the reduction
force of the pelvic fracture types in this paper are gluteus medius 2, gluteus medius 3, gluteus
maximus 1, and m.obliquus externus abdominis. Muscle force generated by each muscle during
reduction is shown in Fig. 7. It can be seen from the figure that: gluteus medius 3, gluteus

rel’
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maximus 1, and m.obliquus externus abdominis play a major role in the reduction process. The
maximal force generated by gluteus medius 3, gluteus maximus 1, and m.obliquus externus
abdominis during the reduction process are 207.32 N, 189.59 N, and 191.53 N, respectively, while
gluteus medius 2 has the least force.

—x Gluteus medius2
Gluteus medius3
Gluteus maximusl
M.obliquus
externus abdominis

250 | a

Muscle force/N
— (3]
wn =3
[=} (=}

=3
(=]

50 |

OA..L_A._A._AJ‘ L L

0 10 20 30 40 50 60 70 80 90
step
Fig. 7. The muscle force during reduction process

3. Analysis of reduction force of Tile C pelvic fracture

Pelvic fractures are generally high-energy injuries caused by falling from a high place and
high-speed impact. The muscles are stimulated to produce contraction force, and combined with
external forces that leads to the fracture end displacement and rotation deformation. In the process
of pelvic fracture reduction, the muscle will produce tension to hinder the fracture reduction.
Therefore, the fracture reduction force mainly comes from muscle force. Based on the analysis of
muscle force during the reduction of pelvic fractures, this article determines the reduction force
which is required for the reduction of pelvic fractures.

3.1. Reduction force analysis

Skeletal muscles that affect the reduction of Tile C pelvic fractures mainly include: gluteus
medius 2, gluteus medius 3, gluteus maximus 1, and m.obliquus externus abdominis. From the
anatomical diagram of human pelvis muscles, we can know the working points and directions of
each muscle. In this paper, Tile C type pelvic fracture is taken as an example. Three groups of
muscles that have great influence on reduction are selected and represented by four forces. Force
analysis of the injured pelvis is conducted, as shown in Fig. 8.

In the process of pelvic reduction, the pelvis moves at a constant speed and is in a balanced
state, and the resultant force and moment are zero, then:

4

. (15)
erixFMl-+erG+rFlxF1+rF2><F2:0,

i=1

where, Fy; is the muscle force generated by the gluteus medius muscle 2, Fy, is the muscle force
generated by the gluteus medius muscle 3, Fy; is the muscle force generated by the gluteus
maximus 1, F, is the muscle force generated by the m.obliquus externus abdominis. F; is the
force that the robot acts on the bone traction needle 1, F, is the force that the robot acts on the
bone traction needle 2, and G is the gravity of the pelvis; r; is the Fy, action point vector, r, is
the Fy,, action point vector, r; is the Fy3 action point vector, 1 is the Fy, action point vector, Iy,
is the F, action point vector, rg, is the F, action point vector, Iy is the G action point vector.
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a) Anterior view b) Posterior view
Fig. 8. Force analysis of injured pelvis

3.2. Reduction force calculation

According to the muscle force (Egs. (1-14)) of each muscle and the reduction force (Eq. (15))
during the reduction process, total reduction force and component reduction force along the x, y,
z directions, as shown in Fig. 9.

—-— £
£
400 - —*— F,
300 - ~F
Z
3 200
it
= 100 ©
2
g
g 0
~
o w
-200
-300

0 10 20 30 40 50 60 70 80 90
step
Fig. 9. Total reduction force and component reduction force during reduction process

It can be seen that in the process of pelvic fracture reduction, the reduction force along the
transverse direction of the pelvis (i.e. the x direction) is the largest, the maximum value is
238.82 N, and the maximum fracture reduction force is 301.67 N. In the process of pelvic fracture
reduction, the reduction force changes with the change of muscle length. The longer the muscle
length is, the greater the muscle force and reduction force are.

4. Finite element analysis of musculoskeletal tissue with bone traction needle in different
spatial position and orientation

When the spatial position and orientation of the bone traction needle is different, the
biomechanical properties of pelvic musculoskeletal tissue including bone traction needle are
different. The finite element method is used to compare the effects of different application points
and different position and orientation of bone traction needles on the reduction stability, and to
determine the application points and position and orientation of bone traction needles inserting
into the pelvis, which provides a reference for selecting the suitable application points and
insertion positions of pelvic fracture reduction robots.
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4.1. Finite element model of pelvic musculoskeletal tissue

Using the pelvic CT scan data, the inverse modeling technique is used to reconstruct the 3D
digital model of the damaged Tile C type pelvic musculoskeletal tissue in the Mimics software.
The reconstruction process of musculoskeletal model is shown in Fig. 10. The established 3D
digital model of pelvic musculoskeletal tissue is shown in Fig. 11.

The pelvis musculoskeletal assembly model is imported into the finite element software
ANSYS20.0 in the format of x_t, and the material attributes of each pelvic tissue are assigned, as
shown in Table 1. The tetrahedral elements are used to divide the grid, and the number of elements
and nodes of the pelvis musculoskeletal model is 292514 and 436917.

Import CT ThrcsholAd Ly Clear the Manual‘ Gluteus )
data segmentation mask segmentation : Iliac
T medius )
- one
Region- Gluteus S
growing maximus actum
1l
i i Femur
Pelvic muscle k| Smoothing Generate 3D Iliacus
model model
Fig. 10. Musculoskeletal model Fig. 11. 3D digital model of pelvic
modeling process musculoskeletal tissue

Table 1. Material properties of pelvis 3D finite element model

Name Parameter Value
Elastic modulus / MPa 7300
Bone Poisson ratio 0.3
Density / kg-m? 2000
. Elastic modulus / MPa 110000
Bone traction - :
needle P01§son ratio 0.3
Density / kg'm™ 2770
Cio/ MPa 0.08556
Co1/ MPa —0.05841
Muscle Cao0/ MPa 0.039
C11/ MPa —-0.02319
Co2/ MPa 0.00851
D1/ MPa’! 3.6527

4.2. Different spatial position and orientation of bone traction needles

When a pelvic fracture is reduced, two bone traction needles are usually inserted into the
affected side to pull the bone. According to doctors' clinical experience in the reduction of pelvic
fractures [4], the bone traction needle is inserted into the pelvic bone 70 mm at three entry points
A, B and C, respectively, and the spatial position and orientation of two bone traction needles are
inserted into pelvic, as shown in Table 2 and Fig. 12.

Table 2. Intra-needle position of bone traction needle

Entry point Needle position Needle direction
Point A Iliac crest Iliac crest point to the top of acetabulum
Point B Iliac tubercle Iliac nodules point to the acetabulum top
Point C Anterior ir}ferior iliac Anterior ipferior il.iac _spine pf)int to
spine posterior superior iliac spine
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\—/ ’/

Fig. 12. Position of bone traction needle inserted into the pelvic
4.3. Simulation analysis of the application point of reduction force

The possible position of the bone traction needles inserted into the pelvis is point A, point B
or point C. The pelvis with two bone traction needles inserted in different positions was divided
into group AB, AC and BC. Then, the finite element analysis of the pelvic musculoskeletal model
with bone traction needles is compared.

The loading and boundary conditions are as follows: three positions S;, S, and S5 are selected
on the bone traction needle in group AB, respectively, and the maximum reduction force is
applied. The force points are shown in Fig. 13. In order to approach the anatomical state of pelvic
fracture reduction, the proximal femoral section and the sacroiliac joint on the healthy side are
fixed and restrained, limiting 6 DOF in the direction, and then the static analysis of pelvic fracture
reduction with bone traction needle is performed. The force applied at S; position of group AB is
set as group AB1, and the finite element analysis results of group ABI are shown in Fig. 14. The
force applied at the S, position of group AB is set as group AB2, and the finite element analysis
results of group AB2 are shown in Fig. 15. The force applied at S5 position of Group AB is set as
Group AB3, and the finite element analysis results of Group AB3 are shown in Fig. 16.

Fig. 13. Different force points Si

6.96
5.57
4.18

a) Stress diagram b) Displacement diagram
Fig. 14. Finite element analysis results of AB1 group
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c) Stress diagram b) Displacement diagram
Fig. 15. Finite element analysis results of AB2 group

d) Stress diagram b) Displacement diagram
Fig. 16. Finite element analysis results of AB3 group

The simulation results of different force applying point of the bone traction needle are shown
in Fig. 17. The maximum stresses at the needlebone interface in AB1, AB2 and AB3 groups are
210.48 MPa, 419.72 MPa and 595.75 MPa, respectively; The maximum displacements of AB1,
AB2 and AB3 groups are 6.9612 mm, 9.4036 mm and 11.85 mm respectively. In terms of strength
and stiffness, the pelvic stability is AB1 group > AB2 group > AB3 group. When pelvic fracture
is reduced, the force point of reduction force on bone traction needle is S; point.

700 ¢ .k
s | -14§
S 600 12 2
2500 [ {108
B i —
Z400 [ 8 &
2300 16 %
2200 | 14 2
< 2|
< 100 | 12 2

0 0=

ABI AB2 AB3

Application point
B Maximum stress B Maximum displacement
Fig. 17. Comparison of maximum stress and maximum displacement of different force points

4.4. Simulation analysis of different spatial position and orientation of bone traction needle

According to the determined force point S;, the spatial position and orientation of the bone
traction needle inserted into the pelvis during the pelvic fracture reduction is compared and
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analyzed.

The loading and boundary conditions are as follows: the maximum reduction force of 301.67 N
is loaded at the application point S; of bone traction needle in AC group and BC group,
respectively. The fixation constraints are carried out at the proximal femur section and the
sacroiliac joint on the healthy side, limiting 6 degrees of freedom. Then, the finite element
simulation of the pelvic musculoskeletal tissue with two bone traction needle is performed. Finite
element analysis results of AC1 and BC1 groups are shown in Fig. 18 and Fig. 19.

MPa mm

206.40 494
165.12 3.95
123.84 2.97

82.56
41.28
8.20x107

e) Stress diagram b) Displacement diagram
Fig. 18. Finite element analysis results of AC1 group

MPa192_77 mm 548
154.21 4.38
115.66 3.29
77.11 2.19
38.55 1.10

8.24x107'% 0.00

f) Stress diagram b) Displacement diagram
Fig. 19. Finite element analysis results of BC1 group

The simulation analysis results of the position and orientation of the bone traction needle are
shown in Fig. 20. The maximum stresses of AB1 group, AC1 group and BC1 group are located at
the interface of needle bone and are 210.48 MPa, 206.4 MPa and 192.77 MPa, respectively. The
maximum displacements of AB1, AC1 and BC1 are 6.9612 mm, 4.943 mm and 5.4761 mm,
respectively. The maximum stress values around two bone traction needles in AB1 group are
210.48 MPa and 120.89 MPa, the maximum stress values around two bone traction needles in
AC1 group are 206.40 MPa and 165.12 MPa, the maximum stress values around the two bone
traction needles in BC1 group are 192.77 MPa and 192.77 MPa. So the maximum stresses
difference between bone needles and their surrounding of AB1, AC1 and BC1 group are
80.59 MPa, 41.28 MPa and 0 MPa. From three aspects of strength, stiffness and stress distribution
uniformity, the stress state of the pelvis with bone traction needle is the best in the BC group under
the action of reduction force. When the pelvic fracture is reduced, the best positions of the bone
traction needle are point B and point C.
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Fig. 20. Comparison of maximum stress and maximum displacement
of bone traction needle in different position and orientation

5. Conclusions

This paper mainly studies the different spatial position and orientation of the bone traction
needle in the pelvis, and uses the finite element method to compare and analyze the biomechanics
of the musculoskeletal tissue during the pelvic fracture reduction. The study can determine the
reasonable spatial position and orientation of the bone traction needle in the pelvis.

1) Firstly, a new PA-MTM model considering the pinnate angle of skeletal muscle is proposed
to analyze the muscle force. Muscle force is related to muscle length, contraction speed, degree of
activation and other parameters, and the reduction force mainly comes from muscle force.
According to the muscle force, the reduction force is calculated.

2) Secondly, for the pelvic fracture reduction, the suitable force point on bone traction needle
is S1 point. The closer the distance from the force point to the needle-bone interface is, the more
stable the pelvic biomechanic is.

3) Thirdly, for the pelvic fracture reduction, the suitable spatial position and orientation of the
bone traction needle are from the iliac crest (point B) to the top of the acetabulum, and from the
anterior inferior iliac spine (point C) to the posterior superior iliac spine.
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