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Abstract

Objective: The objective of this study is to compare the biomechanical properties and clinical outcomes of Tile BT
type pubic symphysis diastasis (PSD) treated by percutaneous cannulated screw fixation (PCSF) and reconstruction
plate screw fixation (RPSF).

Materials and Methods: Finite element analysis (FEA) was used to compare the biomechanical properties between
PCSF and RPSF. CT scan data of one PSD patient were used for three-dimensional reconstructions. After a validated
pelvic finite element model was established, both PCSF and RPSF were simulated, and a vertical downward load of
600 N was loaded. The distance of pubic symphysis and stress were tested. Then, 51 Tile type B1 PSD patients

(24 in the PCSF group; 27 in the RPSF group) were reviewed. Intra-operative blood loss, operative time, and the
length of the skin scar were recorded. The distance of pubic symphysis was measured, and complications of
infection, implant failure, and revision surgery were recorded. The Majeed scoring system was also evaluated.

Results: The maximum displacement of the pubic symphysis was 0408 and 0.643 mm in the RPSF and PCSF models,
respectively. The maximum stress of the plate in RPSF was 1846 MPa and that of the cannulated screw in PCSF was

3092 MPa. All 51 patients received follow-up at least 18 months post-surgery (range 18-54 months). Intra-operative blood
loss, operative time, and the length of the skin scar in the PCSF group were significantly different than those in the RPSF
group. No significant differences were found in wound infection, implant failure, rate of revision surgery, distance of pubic
symphysis, and Majeed score.

Conclusion: PCSF can provide comparable biomechanical properties to RPSF in the treatment of Tile B1 type PSD.
Meanwhile, PCSF and RPSF have similar clinical and radiographic outcomes. Furthermore, PCSF also has the advantages
of being minimally invasive, has less blood loss, and has shorter operative time and skin scar.
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Introduction

With the increased occurrence of high-energy injuries
caused by traffic accidents or falling from high places, the
incidence rate of pelvic and acetabular fractures and eco-
nomic burden is increasing [1-3]. It has been reported
that the pubic symphysis diastasis (PSD) is approximately
24 % in pelvic fractures [4].

For PSD, open reduction and reconstruction plate
screw fixation (RPSF) is the primary technique currently
used [5, 6]. However, traditional open surgery for pelvic
fractures has many disadvantages, such as considerable
trauma of surrounding tissues and intra-operative blood
loss [7, 8].

With the development of the intra-operative imaging
system and the improvement of surgical instruments,
many different types of minimally invasive techniques
have been reported to treat pelvic fractures [9-11] and
have advantages such as shorter skin scar, less blood loss,
and less soft tissue trauma. Available reports [12, 13]
about percutaneous cannulated screw fixation (PCSF) for
PSD are still rare, and most of these patients have the
combined trauma of PSD with other site trauma/fractures
of the pelvis, which influences the evaluation of the
outcomes of PCSF in the treatment of PSD. The biomech-
anical properties and clinical outcomes of PSD treated by
PCSF remain unclear and are controversial. According to
the Tile classification of pelvic disruption [14], type B1 is
an “open book” lesion. Further, type B1 is considered to be
simple PSD with rotational instability, and it is one of the
indications for both PCSF and RPSF [12] and is useful for
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comparing the difference in the biomechanical properties
and clinical outcomes of the above-mentioned surgical
techniques.

Materials and methods

In this study, finite element analysis was performed to
compare the biomechanical properties of PCSF to RPSF
in the treatment of PSD. After then, we retrospectively
reviewed the prospectively collected data for PCSF and
RPSF in the treatment of Tile B1 PSD between January
2003 and December 2012.

This study was performed following the Declaration of
Helsinki principles and was approved by the Institutional
Review Board (IRB) of The Second Affiliated Hospital of
Wenzhou Medical University. Informed consent was ob-
tained from all participants.

Part of finite element analysis

The CT scan data in the DICOM format of one of the PSD
patients was imported into Mimics V14.11 software for
three-dimensional reconstructions and to simulate the
reduction of PSD (Fig. 1a, b). Cannulated screw and plate-
screw models were established on CATIA. All of the parts
were imported into ABAQUS 6.11 for assembling and
meshing (nodes and element number of each model are
shown in Table 1). The property of bone material was
assigned in Mimics according to the gray value of the
CT image, and 100 materials were assigned. The mater-
ial formula was as follows: p = 1.122*HU + 47(g/cm?),
E=1.92*p — 170 (MPa). Material properties of organizations

-

Fig. 1 The PSD model was reconstructed on the basis of the raw data using Mimics 14.11 software and received reduction through the virtual
operation function in the Mimics software. a Three-dimensional reconstruction of PSD using software Mimics. b The virtual surgery simulation
function of software Mimics was used to simulate reduction of PSD. ¢ Simulating the cannulated screw fixation in the treatment of PSD.

d Simulating the reconstruction plate internal fixation for PSD
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Table 1 Number of nodes and elements in series of FE models

with pelvises

Part Nodes Element number
Left ilium 63,500 322,214

Right ilium 40,508 205,408

Left sacroiliac joint 78,380 399,129

Right sacroiliac joint 79319 404,146

Sacrum 72,696 375426
Cannulated screw 16,145 75,674

Plate + screw 65,354 324,089

according to previous literatures [15-21] are shown in
Table 2, and the properties of ligaments are shown in
Table 3.

Simulation of two operational fixation models for PSD
RPSF and PCSF were simulated to fix the PSD. A cannu-
lated screw is a short-thread, hollow nail with a diameter
of 6.5 mm, while a reconstruction plate-screw system
has five holes on the reconstruction titanium plate and a
screw with a diameter of 3.5 mm. The reconstruction
plate and cannulated screw were merged with the ilium,
sacrum, and sacroiliac joint cartilage, via the Boolean
operation, which generated the fixed model for the sep-
aration of the symphysis pubis. Simulation was per-
formed as follows: (1) A cannulated screw fixed the
contralateral pubic through one-side pubic nodules
(Fig. 1c). (2) A reconstruction plate was put on the an-
terior and superior border of the symphysis pubis, and
two screws were put on two sides of the titanium plate
for fixation (Fig. 1d).

Contact, constraint, and load of three-dimensional finite
element model

In the research, the contact relation between the ilium,
sacrum, and sacroiliac joint was set as binding con-
straints, as same as the contact relation between screw
and bones. The contact relation between plate and bone
was set as sliding friction. In reference to previous stud-
ies [22-24], a vertical downward load of 600 N was

Table 2 Material property of series of FE models [12-18]

Materials Elastic modulus ~ Poisson ratio  Friction coefficient
E (MPa) u f

Titanium plate 110,000 0.30 045

Titanium screw 110,000 0.30 -

Articular cartilage  11.9-048 040 0.0024 ~0.24

Cortical bone 17,000 0.3 04

Cancellous bone 129 0.2 04
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Table 3 Property of ligaments of FE model

Ligaments K (N/mm) Number of springs
Anterior sacroiliac 1500 30
Long posterior sacroiliac 5000 16
Short posterior sacroiliac 8000 25
Interspinous 4000 21
Superior pubic 250 12
Arcuate pubic 250 12
Sacrospinous 5000 16
Sacrotuberous 9000 16

imposed on the surface of the sacrum to simulate the
gravity of the upper part of the body.

Part of clinical comparative study

Fifty-one Tile type B1 PSD patients (open book lesion),
including 24 who were treated by PCSF (PCSF group) and
27 who were treated by open reduction and RPSF (RPSF
group), were reviewed in this study. The patients’ basic
information, i.e., age and gender, intra-operative blood
loss, operative time, and length of the skin scar were re-
corded. The distance of pubis was measured at pre-
operation, 3 months post-operation, and final follow-up at
the PACS System (INFINITT, Seoul, South Korea), which
was widely used to measure the distance and area on
radiographic images and is very convenient and accurate
[25, 26]; in this study, only the minimized horizontal dis-
tance of pubis was measured (Fig. 4). Complications of
infection, implant failure, and revision surgery were
recorded to evaluate the safety of the above-mentioned
surgical techniques. The Majeed scoring system [27] was
used to assess functional outcomes.

Surgical technique

In the PCSF group, patients were placed in the supine
position, and high-resolution anteroposterior, outlet and
inlet views were obtained by C-arm X-ray fluoroscopy
monitoring. Two Schanz pins were inserted into bilateral
iliac crests to assist with the reduction, and then, a large
towel-clip clamp or Weber clamp was used across the
pubic symphysis to manually reduce the PSD. After sat-
isfactory reduction was achieved, K-wire was introduced
at the point between the pubic tubercle and superior
ramus of the pubis at one side and was forwarded to the
other side of the pubic symphysis. Caution should be
taken to avoid injuring the spermatic cord in males and
the round ligament of the uterus in females. A cannu-
lated compression screw was then introduced along the
K-wire; to decrease the risk of screw pull out and to
produce compression, the screw thread must go beyond
the contralateral cortex. In the RPSF group, all patients
were placed in the supine position, and a midline vertical
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incision was made. The plate and screws were intro-
duced via the traditional open technique [5, 12].

Statistical analysis

The data were analyzed with SPSS software (version
17.0, SPSS Inc., Chicago, IL). Data regarding the distance
of diastasis at pre-operation, 3 months post-operation,
and final follow-up were tested by a one-way repeated-
measures analysis of variance (ANOVA), and the differ-
ences in blood loss, operative time, and length of skin
scar between these two different surgical techniques
were tested by a two-sample ¢ test. Complications of in-
fection and implant failure, as well as the rate of revision
surgery, were tested using a Chi-squared test. The
Majeed score was compared using the Mann-Whitney U
test. A P value of <0.05 was considered significant.
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Results

Finite element analysis

Analysis of the whole stress

The maximum whole stress was 180.8 MPa when RPSF
was used for the treatment of PSD (Fig. 2a), whereas the
maximum whole stress was 12.8 MPa when PCSF was
used (Fig. 2b). The stress of the two surgical methods
was mainly distributed on the sacrum after fixation. The
average von Mises stress of the pelvis is shown in
Table 4.

Displacement of the pelvis

The whole maximum displacement of the bilateral pelvis
(two maximum displacement points of the bilateral pel-
vis at each finite element analysis (FEA) model) at the
RPSF FEA model was 0.408 mm (Fig. 2c), whereas that
at the PCSF FEA model was 0.643 mm (Fig. 2d), which

+5.6408-07

Cc

U, Magnitude

+3.137e-01
+2.822e-01
+2.507e-01

+3.0490-02

with PCSF (d)

Fig. 2 The stress distribution around the pubic symphysis after RPSF (a) and PCSF (b). The displacement nephogram after fixation with RPSF
(c) showed that there was no obvious displacement in the position of the pubic symphysis, and similarly, there was no evident displacement

S, Mises
(Avg: 75%)

+1.281e+01
+1.000e+01
+9.167e+00
+8.3330+00
+7.500e+00
+6.667e+00
+5.833e+00
+5.0002+00
+4.167+00
+3.333+00

+3.987e-08

U, Magnitude

+2.855¢-02
+0.000e+00




Yu et al. Journal of Orthopaedic Surgery and Research (2015) 10:151

Table 4 The von Mises stress and displacement of pelvis
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Anterior ring

Posterior ring

RPSF PCSF (RPSF — PCSF)/RPSF RPSF PCSF (RPSF — PCSF)/RPSF
The von Mises stress (MPa) [0.212-1.132] [0.336-1.004] —5849~11.31 % [0.801-3.122] [0.787-1.989] 17.48~36.29 %
The displacement (mm) [0.051-0.201] [0.047-0.059] 7.84~70.65 % [0.031-0.153] [0.056-0.097] -80.6~36.6 %

PCSF percutaneous cannulated screw fixation, RPSF reconstruction plate screw fixation

indicated that both treatment methods can effectively
repair separation of the symphysis pubis. The displace-
ment of the pelvis is shown in Table 4.

Stress analysis of cannulated screw and plate

The maximum stress of the plate was 1846 MPa (Fig. 3a),
while the maximum stress of the cannulated screw was
30.92 MPa (Fig. 3b), which was much less than the plate.

Clinical and radiographic outcomes

All 51 patients received follow-up at least 18 months,
range 18-54 months (29.4 + 8.8 months) (Fig. 4), post-
surgery. The results showed that intra-operative blood
loss, operative time, and the length of the skin scar in
the PCSF group were significantly less than those in the
RPSF group. Data are shown in Table 5.

The distance of pubic symphysis was 47.6 + 14.2 mm
in the PCSF group and 43.5+11.3 mm in the RPSF
group at pre-operation, and these values decreased to
4.6+ 1.1 and 4.5 + 1.0 mm, respectively, 3 months post-
operation (P =0.000). The distances were maintained at
48+1.2 and 4.5+1.2 mm, respectively, at the final
follow-up (Table 6).

One case of wound infection was found regarding the
RPSF group. In both the PCSF and RPSF groups, two
cases of implant failure were observed, as was one case of
revision surgery in each group. No significant difference

was found regarding complications, implant failure, and
revision surgery between the PCSF and RPSF groups
(Table 7). The Majeed scores of both groups at the final
follow-up are shown in Table 8, and no statistically signifi-
cant difference was found between the groups.

Discussion

The pelvic fracture, which mainly results from high-
energy injuries, is well-known for having a high disability
rate and associated mortality. The mortality rate follow-
ing pelvic fractures ranges from 5 to 20 % [28—30] which
is a remaining challenge in the field of orthopedics. PSD
can be observed with other site fractures of the pelvis, or
it can occur alone. Simple PSD is the type Bl lesion, ac-
cording to the Tile classification of pelvic disruption
[14], and is named the “open book” lesion, which is rota-
tionally unstable. If the distance of symphysis pubis was
more than 25 mm in plain radiography, the anterior
sacroiliac ligaments are mostly damaged, and surgical
intervention was recommended [31].

Traditional open reduction and RPSF have been widely
used for PSD [8, 22, 32]. Mu et al. [13], Chen et al. [12],
and Taller et al. [33] reported using PCSF in the treat-
ment of PSD. However, in previous literatures, most of
the PSD patients had combined trauma of sites in the
pelvis, which influences the evaluation of outcomes. In
this study, only the Tile B1 type patients were included.
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fixation (b)

Fig. 4 The radiographic images showed that one Tile B1 PSD patient (a) was treated with closed reduction and percutaneous cannulated screw

However, Tile Bl type is not usual, and over the past
10 years, 51 such patients have been treated in our de-
partment. The biomechanical finite element properties
of PCSF and RPSF in the treatment of type B1 PSD were
also compared.

As part of the FEA, all mechanical parameters, density,
Poisson ratio, and elastic modulus were used according
to previous literatures to establish a precise pelvic FEA
model [15, 19, 34, 35]. Mimics software was used to con-
vert different gray values into corresponding densities
and to calculate the Poisson ratio and elastic modulus,
which makes the pelvic model closer to the substance
and the analytical results more accurate.

Cano-Luis et al. [24] compared the biomechanical prop-
erties of the cannulated screw and fixation with PSD and
intact specimens. Ten specimens of fresh human cadavers
were used. The researchers found that there was no signifi-
cant difference in the average displacement (mm) between
the intact pubic symphysis and PSD fixed by cannulated
screw (P>0.7) after application of an axial load of 300 N,
but a significant difference was observed between the
average displacements of the PSD model and PSD fixed by
cannulated screw (P <0.05). Their biomechanical studies

Table 5 The results of blood loss, operative time, and skin scar
between two groups (Mean + SD)

PCSF group RPSF group T P
value
Number 24 27 - -
Age 334+9.1 348+11.7 - -
Gender 15 males, 9 19 males, 8 - -
females females
Operative time (min) 263459 689+ 136 —14.771 0.000
Intra-operative blood 96+5.7 1719+ 683 —12.294 0.000
loss (ml)
Length of skin scar 18+06 81+1.1 —24.864 0.000

(cm)

PCSF percutaneous cannulated screw fixation, RPSF reconstruction plate
screw fixation

in vitro supported the idea that cannulated screws have the
ability to resist rotational forces. In this FEA, we found that
the maximum displacement of the plate was 0.408 mm and
of the cannulated screw was 0.643 mm at a vertical down-
ward force of 600 N. Both the PCSF and RPSF groups
showed that they can provide rigid support fixation. The
stress analysis showed that the maximum stress of the plate
was 1846 MPa, which was significantly higher than that of
the cannulated screw (3092 MPa). This biomechanical
benefit of the cannulated screw can be attributed to the
intramedullary fixation of a cannulated screw. It had already
proven that intramedullary nailing could decrease the
amount of stress burden of the implant and had lower fail-
ure rate in long bone fractures than the plate [36]. The
screw-plate contact site in the screw-plate and on the mid-
dle of the cannulated screw, where the stress was concen-
trated, were the exact sites where caution had to be taken
to avoid implant failure.

The clinical data of 24 patients treated by PCSF (PCSF
group) and 27 patients treated by open reduction and
RPSF (RPSF group) were compared. We found that both
the PCSF and RPSF techniques can significantly reduce
the distance of PSD and have a similar result of func-
tional outcome. No significant difference was calculated
between them. Wound infection was observed in one

Table 6 The distances of pubic symphysis between the PCSF
and RPSF groups (mm)

Pre-operation 3 months after operation  Final follow-up

PCSF group 4758 +1424  4.63+1.06" 484+121"
RPSF group 435241131  455+104 453+1.16
T value 1135 0261 0928

P value 0262 0795 0358

Compared to pre-operation, both the distance of pubic symphysis in the PCSF
and RPSF groups were significantly decreased at 3 months after operation
(*P=0.000, ***P =0.000), and the reduction of post-operation was maintained
at the final follow-up (**P=0.928, ****P =(0.942). Comparisons between the
PCSF and RPSF groups in all pre-operation, 3 months after operation, and final
follow-up time points did not have significant difference
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Table 7 The results of wound infection, implant failure, and
revision surgery

PCSF group RPSF group P
(N=24) (N=27)
Wound infection® 1 2 1.000
Implant failure® 2 2 1.000
Revision surgery® 1 1 1.000

PCSF percutaneous cannulated screw fixation, RPSF reconstruction plate
screw fixation

2Pearson’s corrected x* test

BFisher’s exact test

case in the PCSF group and in two cases in the RPSF
group, but without significant difference, and no signifi-
cant difference was observed in implant failure and revi-
sion surgery. However, we found that the PCSF technique
has advantages, including less intra-operative blood loss
and shorter operative time and skin scar. Our results were
similar to Mu et al. [13] and Chen et al. [12].

Although there are some minimally invasive advan-
tages of the PCSF technique, it still has many limitations
and is not widely used. We suppose that three reasons
may influence the use of this technique, Firstly, PCSE, as
a novel minimally invasive technique, is challenging to
the surgeons, and there is a learning curve [37]. Sec-
ondly, the procedure of the PCSF technique involves
intra-operative C-arm X-ray fluoroscopy monitoring,
and radiation exposure may increase the risk of cancer
[38, 39]; therefore, some surgeons are unwilling to per-
form the percutaneous technique. Thirdly, the medical
insurance policy may also influence what technique a
surgeon chooses to use. In China, the PCSF surgery is
covered by the government medical insurance, and the pa-
tients who underwent this surgery can reimburse their
medical cost, therefore encourage some Chinese surgeons
to perform this surgery. The PCSF technique also has con-
traindications. Mu et al. [13] suggested that patients with
surgical site skin infection, bladder injury, or open trauma
wound are not suitable for the PCSF technique.

Conclusion

PCSF can provide comparable biomechanical properties
to RPSF in the treatment of Tile B1 type PSD. Meanwhile,
PCSF and RPSF have similar clinical and radiographic

Table 8 Functional results of the Majeed scoring system
(Mann-Whitney U test)

Excellent Good Fair Poor P
(>85) (70-84) (55-69) (<55)
PCSF group 18 5 1 0 0814
RPSF group 18 7 2 0

PCSF percutaneous cannulated screw fixation, RPSF reconstruction plate
screw fixation
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outcomes. Furthermore, PCSF also has the advantages of
being minimally invasive, has less blood loss, and has
shorter operative time and skin scar.
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