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Stability evaluation of anterior external fixation in patient with
unstable pelvic ring fracture: a finite element analysis
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Background: The pelvic ring fractures (PRF) are commonly induced by the high-energy impact and will
lead to unstable and sever injures. This study is aimed to explore the stability of anterior external fixation in
treating pelvis fracture and evaluate the possibility for these kinds of patients to reduce bedridden time.
Methods: A patient with Tile B3 pelvis fracture was chosen in the research and the corresponding digital
model was reconstructed according to the CT images and 3D scanning. Four angles of pelvis under vertical
compression were employed in the finite element (FE) analyses. The stress distribution and micro-motion
displacement were calculated to validate the instability of pelvis.

Results: The stress applied on the pelvis was ranged from 4.296 to 8.364 MPa in all postures. The stress
applied on pins was less than 7.011 MPa during reclining, and reached 28.29 MPa when standing. The
micro-motion displacement in reclining posture was ranged from 0.005 to 0.087 mm. The value increased to
more than Imm in standing posture.

Conclusions: It was safety for patients with pelvis fracture to sit vertical or recline on the bed during
nursing or having treatment, but standing or walking will generate inappropriate micro-motion. The

existence of external fixation can reduce the possibility of complications caused by long-term bedridden.
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Introduction result an unstable situation on pelvic (2). Although the
mortality cause by VS. pelvic fractures is lower than PRE,

The incidence of pelvic fractures among all fractures can the high-energy impact transmitted axially by the pelvis

be 4-5%, and the pelvic ring fractures (PRF) account for
less than 1% in fractured patients (1). As a kind of PRE,
vertical shear (VS.) pelvic fracture, defined as the complete
disruption of both anterior and posterior ring, may be
induced by falling from a height or a traffic accident and
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will lead to instable and sever injures, making stabilization
and definitive treatment a complex problem (3). Mechanical
pelvic instability accompanied by possible haemodynamic
status generally require urgent external fixation for future
treatment or rehabilitation therapy. By this way, the vertical
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displacement of pelvic can be reduced to decrease the
pelvic volume and control haemorrhage. It has been proved
that the lack of early fracture reduction may lead to poor
functional outcomes, chronic pelvic pain, deformity, and
gait disturbance (4). Additionally, the external fixation can
improve patients’ cardio-respiratory physiology, mobility,
and nursing care through an early stabilization with an erect
posture (5).

The pelvis of Tile B fractures is unstable in rotation
but stable in vertical. This kind of fracture is commonly
caused by anterior-posterior trauma or crashing force from
lateral direction (6). This situation is usually accompanied
by abdominal trauma or gastrointestinal tract injury, which
may result in long-term bedridden and cause difficulties
for patients’ rehabilitation. The most direct impact is the
absence of mechanical stress, a vital factor in maintaining
bone mass and resisting bone atrophy and osteoporosis (7).
In addition, low bone mineral density (BMD), abnormal
bone metabolism, and the subsequent fracture are the most
serious complications for long period bed confinement
(8,9). Besides complications occurred in musculoskeletal
system, the pressure ulcer, deep vein thrombosis (DVT),
pneumonia, and urinary tract infection (UTT) would happen
associated with immobility (10-12). In order to promote
bone remolding, recovery gastrointestinal function and
reduce complications, helping patients to change their
postures under stable condition is necessary.

Herein, we enrolled a patient who suffered from a traffic
accident and was diagnosed as severe abdominal injury with
Tile B3 PRF. The anterior external fixation was placed
at iliac crest with four pins to stable the pelvic ring. To
investigate the possibility for reclining or further exercising,
finite element (FE) simulation was introduced to calculate
the distance and stress of each fragment. In this way, we
hoped to find some theoretically proofs to guide the clinical
treatment and nursing for these kinds of patients.

Methods

All methods in this study were carried out in accordance
with relevant guidelines and regulations. All experimental
protocols in this study were approved by the Ethics
Committee of Drum Tower Hospital Affiliated to Medical
School of Nanjing University.

Data acquisition and 3D reconstruction

A CT scan was performed using a GE Lightspeed 16 CT
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equipment (GE, CT, USA) on a female patient with Tile B3
fracture. The lower limb was scanned at the neutral posture
with a slice distance of 0.625 mm and a field of view (FOV)
of 500 mm. Each part of the external fixation scaffold was
scanned by a 3D handheld scanner (EinScan-Pro, Shining
3D, China). A high-definition mode was chosen to complete
the scanning process to obtain more accurate images.

The 3D models of the bone structures were
reconstructed by MIMICS 19.0 (Materialise, Leuven,
Belgium). To minimize the variation in the models, manual
segmentation of the bony structures was performed
under the supervision of an experienced orthopedist and
radiologist with an accuracy of 0.1 mm. The photo of
external fixation according to the clinical result and its X-ray
image were shown as Figure 14,B respectively. The assembly
pelvis and external fixation were shown in Figure 1C,
in which the fragments of the pelvis were defined as P1
(the left wing of ilium, the sacrum, the coccyx, the left
acetabulum, and the left ischial tuberosity), P2 (the right
wing of ilium, the right acetabulum, and the right ischial
tuberosity), P3 (the right pubic bone and the left inferior
pubic ramus), and P4 (the left superior pubic ramus). The
fracture line between the fragments were defined from
fracture 1 to fracture 6.

FE modeling and material properties

All the data were exported as stereolithography (STL) files,
and surface Remesh was operated by Materialise 3-matic
11.0 software. The established models were imported and
assembled in Abaqus 2017 (Similia, Rhode Island, USA).
The external fixation and the bone, considered as linear
materials, were meshed using 4-noded liner tetrahedron
(C3D4). For the external fixation, the rods were assumed
as carbon fiber, while the pins and the stabilization wrench
were assumed as steel. The material behavior was settled
based on previous studies (13-15) and the parameters were
listed in 7able 1. To simplify the analysis process, the tibia
and other soft tissues, including muscle, ligaments, and
skins were not considered in the study.

Loads and boundary conditions

In the present study, the degree was regarded as 0° when
the patient was in supine (Figure 2A4). We included three
kinds of angle (30°, 60°, and 90°) in the FE simulation to
evaluate the stability of the pelvis ring (Figure 2B,C,D).
The angle was calculated by the intersection angle between
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Figure 1 The patients enrolled in the study and the 3D models. (A) The general view of the patient with anterior external fixation; (B) the
X-ray of the pelvis; (C) the general view of the pelvis and external fixation digital models used in the FE simulation, the fragments and the
fractures line were indicated as the arrows in the figure. FE, finite element.

Table 1 The properties of materials used in FE simulation

Materials Density (kg/m°) Young’s modulus (GPa) Yield modulus (MPa) Possion’s ratio
Steel 7,980 200 369 0.31
Carbon fiber 1,760 210 1,916 0.22
Bone 1,700 7.8 85 0.3
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Figure 2 The angles used in the FE simulation. From top to
bottom was (A) 0°, (B) 30°, (C) 60°, and (D) 90°, respectively. FE,

finite element.

the line from femoral condyle to femoral trochanter and
the line from LS5 vertebra to femoral trochanter. The
threaded surfaces of pins and bones were considered as tie
constraints, so as the surfaces between pins and stabilization
wrench (16). Frictional contact interactions were assumed
between the bones and the friction coefficients was 0.46 (17).
A vertical compression load of 350N (half of the body
weight) was applied on the vertebral body when the angle
was 90°. Considering the change of angle in gravitation,
the numerical value of load for 30° and 60° were 175N and
303N, respectively. All nodes on the ischiopubic ramus and
femoral condyle were constrained with 0 degrees of freedom
to prevent motions during the analysis. In spite of reclining,
the standing posture was also simulated at the angle of zero.
The same vertical compression load of 350N was applied
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on the lumbar vertebra and the femoral condyle, which was
fixed in all translational and rotational degrees of freedom.

Results

The stress concentration area on pelvis was changed as the
variation of posture. Based on the general view of pelvis
(Figure 3), we can find that the blue-green region was
distributed around the sacroiliac joint and the ischiopubic
ramus as the posture was reclining (Figure 34,B,C). But
the distribution area was differed, it was obviously that the
larger degree demonstrated larger stress area around the
sacroiliac joint. For the ischiopubic ramus, the 60° group
expressed the largest area. After the posture becomes
standing, the blue-green region shifted to the superior
pubic ramus, the pubic tubercle, the pubic symphysis, and
the sacroiliac joint (Figure 3D). Among all the groups, the
peak value of stress appeared at the right sacroiliac joint
between the fragments P1 and P2, and the numerical value
grew as the degree increased (the value was 4.296, 7.326,
8.342, and 8.364 MPa, respectively). The displayed value
rises significantly from 30° to 60°, and slightly grows from
60° to 90° until standing.

Unlike bone structures, the stress applied on pins
demonstrated notable variation tendency in both numerical
value and distribution region. According to the stress
nephogram exhibited in Figure 44,B,C,D, the peak value
of stress applied on the left pins appeared on the proximal
pin. During reclining, the 60° group showed the largest
value (7.011 MPa) and area, and the 90° group was slightly
larger than the 30° group (4.89 vs. 3.793 MPa). The value
can reach as high as 25.12 MPa during standing. The same
results can be found on the right side (Figure 4E,F,G,H),
the numerical value in standing posture was the highest
(28.29 MPa), followed with the 60° group (5.337 MPa).
The 30° group and the 90° group were approximant
(2.763 vs. 2.527 MPa). However, the peak value appeared
on the distal pin.

The variation tendency in displacement of four
fragments and the relative movement between each
fragment was the same. As we can find in Figure 5, the
fragments obtained the largest displacement in the 60°
group among the reclining postures (ranged from 0.02872
to 0.08673 mm), and the vertical posture gain the smallest
displacement (ranged from 0.00521 to 0.03803 mm). The
bilateral wing of ilium and the right superior pubic ramus
showed a greater degree of displacement, indicating that the
P1, P2, and P4 were more unstable. The relative movement
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Figure 5 The displacement of each fragment. (A) The displacement of P1; (B) the displacement of P2; (C) the displacement of P3; (D) the

displacement of P4.

was correlated with the movement of fragments (Figure 6),
the larger displacement occurred between the three
fragments mentioned above (Figure 64,C,F), the fracture
ends around P3 shown smaller relative movement
(Figure 6B,D,E). However, when standing posture, the
movement of the fragments and the relative displacement
between them are significantly increased, and the amount of
increase can reach two orders of magnitude (Figure 7). All
the numerical values of displacement exceeded 1 mm under
a compression of 50% body weight (ranged from 1.02675 to
1.50127 mm). The fracture end between P1 and P2 showed
largest relative movement (1.68501 mm), which was similar
to the reclining postures.

Discussion

The mechanical environment plays vital role in
osteogenesis, the callus formation can be affected by the
interfragmentary movement. In the present study, we
analyzed the movement distance of each fragment and
the relative movement between fragments under several
postures by FE simulation. The results demonstrated that
these postures brought slightly displacement between

© Annals of Translational Medicine. All rights reserved.

fracture fragments. According to the previous studies,
the motion displacement ranging from 0.1 to 1 mm can
improve healing time (18-20). The micro-motion distance
in our study was far less than the results in literatures,
indicating that the variation of posture will not affect the
fracture healing. It is possible and feasible for these patients
to sit or do some early rehabilitation exercise.

The FE simulation could reveal the biomechanical
environment of pelvis ring better and predict the load
transferring and the stress distribution between fixation
and bone structures. Based on our results, the pelvis was
more stable under vertical posture, meaning that siting on
the bed may be better than reclining for fracture healing.
This situation was different from the principles of clinical
nursing. To verify the interesting result, a simple physical
model was introduced in our research. As shown in
Figure 84, we employed two mass blocks to simulate the
fractured pelvis, and the force in the process of lifting was
analyzed. Firstly, the mass block A and B were regarded
as a whole system S and the force analysis was carried
out. When S was lifted off the horizontal datum level,
the system was supported by the reaction force at Fy the
fulcrum O and the friction force F, in the horizontal

Ann Transl Med 2019;7(14):303 | http://dx.doi.org/10.21037/atm.2019.05.65
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A

Horizontal datum

Figure 8 The simplified physical model. (A) Diagram of overall
force analysis for system S; (B) diagram of force analysis of mass

block A; (C) diagram of force analysis of mass block B.

direction. At the same time, the thrust F;, the gravity
G,, and the gravity G, were applied on the system either.
According to the equilibrium criterion of force, the
external thrust F; can be decomposed in the horizontal and

vertical directions. We can get the equations:

F,=(G,+G,+F,xsina) 1]

F, =F,xcosa (2]

Secondly, the mass block A was isolated and analyzed
separately (Figure §B). At the interface of two mass blocks,
the bottom face of A was subjected to the support force F,

© Annals of Translational Medicine. All rights reserved.
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and the friction force F, generated by mass block B. The
force G, can be decomposed along the F; direction based
on the equilibrium criterion of force, and the equation was
obtained as follow:

F, =G, xsina+F; [3]

Finally, the mass block B was isolated separately and the
force analysis was carried out (Figure §C). The top surface
of mass block B was subjected to the pressure F; generated
by mass block A and the friction force F, . Similarly, we can
decompose the F;and F, in the vertical direction to obtain
the equilibrium equation:

FBxcosa=(ng+Ffﬂ><sina) [4]

The friction force between mass block A and B can
be achieved by introducing equation [1], [2], and [3] into
equation [4]:

F, =G, xcosa=m,gxcosa [5]

Due to the constant parameters m, and g, the friction
force was inversely proportional to the lift angle a,
indicating that the stability was gradually increased
accompanied by the increase of lift angle.

Depending on these foundations, we can conclude that
keeping siting or reclining is safety for patients during
treating or nursing process. The stress applied on all the
fracture in all postures were lower than 10 MPa, which
could be considered to strengthen a bone during the
remodeling process (21). Furthermore, we explored the
possibility for standing, which contributes significantly
for the early recovering of gastrointestinal function and
mechanical stress applied on bony structures. The results
were not optimistic, all the fragments exhibited the motion
distance larger than the recommendation in previous
literatures. Although the stress applied on the bones and the
external fixation were less than the yield modulus during
standing, the inadequate micro-motion displacement was
not favored for fracture healing.

Several limitations were existed in the study. Firstly, the
FE simulations could not precisely reveal the stress variation
due to the absence of soft tissues. And the ciomechanical
test on human cadaveric pelvis should be conducted further.
Second, the entire lifting process cannot be represented by a
complete action, but needs to be broken down into different
angles. The FE simulation shows the transient response of
the pelvic ring under compressive load, and we can only
infer the results based on the trend.
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Conclusions

We have explored the stress transferring and distribution
on the unstable PRF using a realistic digital model. To
simulate the lifting process, three representative angles
during this process were introduced in the FE simulation.
The motion displacement, the stress applied on bony
structures, and the stress applied on pins were analyzed.
Additionally, the standing posture was also included in
the simulation. According to our research, it was safety
for patients with PRF to sit vertical or recline on the bed
during rehabilitation while standing and walking were
inappropriate. Our results may bring some theoretical
guidance for clinical nursing and treatment in patients
with PRE.
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