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Vertical sacral fracture is one of the most difficult fractures to treat. Posterior fixation using spinal
dual rods is a novel method for treating this fracture, but its biomechanical strength has not yet been
reported. The aim of this study was to evaluate the biomechanical strength produced by posterior
fixation using spinal instrumentation. Sacral fractures were created in eight pelvic bone models and
classified into a posterior plate fixation group [P group, n = 4] and a spinal instrumentation group [R
group, n =4]. The biomechanical strength was tested by pushing down on the Sl vertebra from the
top. The mean maximum loads were 1,057.4 N and 1,489.4 N in the P and R groups, respectively (p =
0.014). The loads applied to the construct at displacements of 5mm and 7.5mm from the start of the
universal testing machine loading were also significantly higher in the R group. The mean stiffness
levels in the P and R groups were 88.3N/mm and 119.6N/mm, respectively (p = 0.014). Posterior fixa-
tion using spinal instrumentation is biomechanically stronger than conventional posterior plate fixa-
tion. This procedure may be the optimal method for treating unstable sacral fracture fixation.
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A n unstable sacral fracture is a severe condition
caused by high-energy trauma that can nega-
tively impact life expectancy. Unstable sacral frac-
tures are reported to result from multiple causes,
including motorcycle crashes, automobile-pedestrian
collisions, motor vehicle crashes, and falls [1]. Most
of these occurrences involve multiple traumas, which
increase the risk of massive hemorrhaging of the tho-
racic cavity, abdominal cavity, soft tissue, pelvis, and
limbs. Initial treatment requires general management,
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hemorrhage assessment, and hemostasis, with early
treatment an essential step towards achieving a good
prognosis and preventing future dysfunction. However,
surgical fixation can be challenging for trauma sur-
geons [2], with the reduction and fixation of sacral
fractures reported to be particularly difficult [3].
There are several methods of posterior pelvic fixa-
tion, with numerous reports comparing the biomechan-
ics of posterior plates, transiliac bars, iliosacral
screws, lumbosacral fixation, and external fixation
[4-10], while others have described fixation using
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spinal implants [6, 7, 10-14]. However, there are
currently no published studies reporting a biome-
chanical comparison of posterior fixation using spinal
instrumentation vs. conventional posterior plate fixa-
tion. In the present study, an iliac screw was used for
fixation and a dual rod construct was used for spinal
instrumentation. The aim of the present study was to
compare and evaluate the biomechanical strength pro-
duced by posterior fixation using spinal instrumenta-
tion vs. that produced using conventional posterior
plate fixation.

Subjects and Methods

Bone model preparation and surgical tech-
niques.  Unilateral, Denis zone 2 sacral fractures
were created using a bone saw. A total of eight artifi-
cial pelvic bone male models (SAWBONES; Vashlon,
WA, USA) were divided into 2 study groups: a pos-
terior plate group [plate (P) group, n=4] and a spi-
nal instrument group [rod (R) group, n=4]. The P
group construct was created according to the surgical
procedure reported by Kobbe et al. [15]. First, an
adequate amount of posterior superior iliac spine was
resected at the plate placement site. Next, a 10-hole,
4.5-mm locking compression plate (Depuy
Synthes; West Chester, PA, USA) was adjusted by
bending it to align with the sacral and iliac bone sur-
face. Thereafter, 4.5-mm cortical screws were
inserted to fix the plate and bilateral ilium (Fig. 1A).

Two screws with a length of 64 mm were inserted
towards the anterior inferior iliac crest, and 4 screws
with a length of 20mm were inserted at the iliac wing.

In the R group, 2 polyaxial screws (Depuy
Synthes; Raynham, MA, USA) were inserted into the
ilium. An iliac bone block 2¢m in length and 1em in
depth was resected from the posterior superior iliac
crest as a screw insertion site. The insertion trajec-
tory was towards the anterior inferior iliac spine, as
previously described by Santos et al. [16]. Two screws
with a diameter of 7.0mm were inserted into both
sides, with a proximal screw length of 45mm and a
distal screw length of 65mm. Thereafter, 2 cross-
linking rods with a diameter of 5.5mm were secured to
the polyaxial screw head (Fig. 1B). All test models
were prepared by the same orthopedic surgeon.

Biomechanical testing. Computed tomogra-
phy (CT) scans of the pelvic models were obtained
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before testing to ensure that the model could be
accurately installed in the universal testing machine
(Instron, Canton, MA, USA). A custom fixation jig
was then created (Fig. 2) on a three-dimensional (3D)
printer (Stratasys, Rehovot, Israel) using acrylic resin.

Fig. 1

A, Conventional posterior plate fixation; B, The poste-
rior fixation using spinal instrumentation. Arrows: Transforaminal
fracture line.

(/>

Fig. 2 Biomechanical testing device and pelvic fixation jig.
Arrows: The pelvic fixation jig was made of acrylic resin created by
a 3D printer to perfectly suit the sacral inclination and bilateral
acetabulum. The axial load was applied from the top.
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The bone models were placed at an angle of 40° on
the universal testing machine with the fixation jig. The
sacral inclination angle for each pelvic model was
based on the mean value calculated by Vailla et al.
[17] using the pelvic radiographs of 300 asymptom-
atic volunteers. An axial load was applied from the top
in order to push down the sacrum. The loading speed
was set at 10mm/min. In each test model, the start-
ing point of displacement (in mm) was defined and set
when an applied load of 5 N became stable. The axial
load was applied until the load reached its maximum.
The displacement and load data were collected at
100Hz. The maximum load was measured and, the
load data were extracted at displacements of 5mm and
7.5mm beginning at the start of the universal testing
machine loading. The mean pelvic stiffness (N/mm)
was also measured. A scatter diagram of the load and
displacement was prepared, and the linear approxima-
tion was calculated using the least-squares method.
Stiffness was defined as the slope of the linear
approximation from Omm to 5mm in displacement.
The scatter diagram displacement ranged from 0 mm
to 5mm based on a report on the long-term follow-up
of pelvic ring fractures which found that a mean pos-
terior displacement of 5.2mm is unstable [18].

Statistical analyses were performed using StatMate
V for Win & Mac Hybrid (3B Scientific Inc.;
Hamburg, Germany). The results are presented as the
mean £ SD. Significant differences between the 2
test groups were measured using the Mann-Whitney U
test, with a p-value of <0.05 considered to be signifi-
cant.

Results

The mean maximum loads for the P and R groups
were 1,0574+2449 N and 1,4894+34.7 N,
respectively (p=0.014) (Fig. 3). The mean load bear-
ings for the P and R groups at a displacement of 5mm
were 438.3+57.3 N and 590.3+40.4 N (p=0.014),
respectively, and at a displacement of 7.5mm they
were 744.5+102.1 N and 893.3+53.3 N (p=0.014),
respectively (Fig. 4, 5). The group results were sig-
nificantly different for both displacements. The mean
stiffness was 88.3+13.9 N/mm in the P group and
119.6 6.7 N/mm in the R group, which also consti-
tutes a significant difference (p =0.014) (Fig. 6). For
all evaluated parameters, the R group showed signifi-
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cantly higher values than the P group. Neither group
developed an implant fracture. However, all models
that started to distract at the sacral fracture site
showed an iliac wing fracture on the right side or
displacement of the sacroiliac joint on the left side
after biomechanical testing.
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Fig. 3  The mean maximum load. The mean maximum was sig-
nificantly higher in the R group. P group: Conventional posterior
plate fixation. R group: Posterior fixation using spinal instrumenta-
tion. *: p-value < 0.05
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Fig. 4 The mean load at a 5.0-mm displacement. The load of
the 5.0-mm displacement was higher in the R group. P group:
Conventional posterior plate fixation. R group: Posterior fixation
using spinal instrumentation. *: p-value < 0.05
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Fig. 5 The mean load at a 7.5-mm displacement. The load of
the 7.5-mm displacement was higher in the R group. P group:
Conventional posterior plate fixation. R group: Posterior fixation
using spinal instrumentation. *: p-value < 0.05

(N/mm)
140

120 1

100 1

80 1

60 1

40 A1

20 1

P Group

R Group

Fig. 6  The mean stiffness. The mean stiffness was significantly
higher in the R group. P group: Conventional posterior plate fixa-
tion. R group: Posterior fixation using spinal instrumentation.
*: p-value < 0.05

Discussion

Unstable pelvic ring fractures, including sacral
fractures, are caused by multiple traumas resulting
from a high-energy injury. Some potential conse-
quences of this injury, such as massive hemorrhaging
in the pelvis, can be fatal. Nerve injury caused by a
sacral fracture is correlated with subsequent dysfunc-
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tion [17]; therefore, early diagnosis and suitable
treatment are important. While curative treatment is
required for the patient to achieve rehabilitation and
return to everyday life activities, such treatment is
challenging. Although a wide range of treatments are
available, no consensus has been reached regarding
the approach that is most likely to produce favorable
outcomes.

The aim of the present study was to examine the
biomechanical strength of posterior fixation achieved
using spinal instrumentation compared with that
achieved using conventional posterior plate fixation to
determine the effectiveness of spinal instrumentation
fixation in treating surgically curable sacral fractures.
Various methods, such as those using a plate, spinal
instrumentation, or iliosacral screw, have been devised
and biomechanically tested [4-14]. In posterior plate
fixation, it is believed that the plate can be incompat-
ible with some individuals depending on differences in
pelvic size and shape. Furthermore, the procedure is
considerably more invasive. Therefore, as a curative
treatment for unstable sacral fractures, we propose
the use of spinal instrumentation in surgical fixation
based on its high degree of flexibility and ease of
placement. To date, several reports have described
the fixation of unstable pelvic fractures using spinal
instrumentation [6, 7, 10-14]. Schildhauer et al. [6]
biomechanically compared lumbosacral fixation using
spinal instrumentation to the use of iliosacral screws
in human cadavers and reported that lumbosacral fixa-
tion was clearly superior. Berber et al. [12] created
Denis type 2 sacral fractures in a pelvic bone model
and compared bilateral iliosacral screws, tension band
plates, combined bilateral iliosacral screws and their
own devised pelvic reconstruction system using spinal
instrumentation. Among these various approaches,
their pelvic reconstruction system was the most stable
construct. In another study, Toogood et al. [13] cre-
ated a pelvic bone model of left sacral fractures and
biomechanically compared constructs fixed with a rod
and iliac screws inserted into the left ilium utilizing
either ipsilateral S1 pedicle screws or contralateral
S1 pedicle screws. The displacement was not signifi-
cantly different between these 2 constructs. Another
fixation method using an S1 pedicle screw and iliac
screws connected by rod-screw connectors was an
effective substitute for maintaining the repositioned
site [11]. Furthermore, Vigdorchik et al. [10]
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developed a supra-acetabular pedicle screw internal
fixation device using spinal instrumentation. As dem-
onstrated by these multiple reports, the use of spinal
instrumentation has become a standard technique for
the anterior and posterior fixations used in clinical
practice to treat pelvic fractures.

Although Abdelfattah et al. [3] reported the treat-
ment of clinical cases of pelvic fracture with dual rods
and four iliac screws as being rapid, easy, safe, and
minimally invasive, no biomechanical comparison of
dual rod fixation using spinal instrumentation and
conventional posterior plate fixation has been reported.
Our study demonstrated that the construct using spinal
instrumentation was significantly stiffer than posterior
plate fixation. Furthermore, the maximum load and
the load applied to the construct at 5mm and 7.5mm
from the start were significantly higher in the spinal
instrumentation group. Spinal instrumentation meth-
ods have the advantage that both long and thick-diam-
eter screws and crosslinking dual rods are readily
available. Lynn et al. reported that both the rotational
stiffness and the lateral bending stiffness of a two-
crosslink construct in the spine were significantly
higher than those of a zero-crosslink system [19].
These results correlate with our findings and show that
crosslink placement makes the construct stiffer in the
direction vertical to the rod. We believe that applying
the crosslink connector to the dual rods provided the
construct with strong vertical resistance to the axial
pressure.

Spinal instrumentation achieves high flexibility
because the rod length is adjustable and the screw
head is flexible. Fracture reduction is simple and easy
for a surgeon because the inserted screws can be used
as joysticks with which to apply a reduction force.
Conversely, reduction maneuverability is minimal with
the posterior plate, which often results in in situ fixa-
tion. Massive exposure of the illium, the sacrum and
the location of the fracture is required to fit the pos-
terior plate to the sacrum. From this viewpoint, rod
insertion under the muscular layer is less invasive
than plate attachment.

One disadvantage of dual rod fixation is that, it
requires resection of the iliac bone. However, resect-
ing the iliac bone can prevent wound infection and can
also minimize the localized pain caused by the screw
head. This resected bone is also useful for bone graft-
ing.
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The present study has some limitations. Firstly,
we performed our investigations using artificial pelvic
bone models, whereas most reports describe biome-
chanical tests using human cadaver specimens [6-9].
However, artificial pelvic bone models have the advan-
tage of all being made with identical material and being
identical in shape, thereby eliminating variability and
facilitating the creation of a bone fracture model.
Several biomechanical studies have used artificial bone
models and elicited good data [4, 10, 13]. Furthermore,
we used CT data from artificial pelvic bone models to
create dedicated fixation jigs on a 3D printer, which
enabled us to standardize the placement in the univer-
sal testing machine for all experiments. The jig was
completely adapted to the sacral inclination and bilat-
eral acetabulum, which we believe improved the reli-
ability of our biomechanical tests. One disadvantage
of using an artificial pelvic bone model is that the
support provided by ligaments and muscular tissue
cannot be taken into consideration during loading [5,
11]. Secondly, an axial load was selected for the
current biomechanical testing because unstable sacral
fractures are generally caused by a vertical shearing
force. Furthermore, the present study tested static
mechanical strength; however, no comparison was
performed under cyclic loading. Although only one
force direction was tested in this study, our results
should be clinically relevant. Finally, we only tested
and compared two methods of repair. Biomechanical
tests of various surgical fixation methods should be
performed under standardized conditions.

In conclusion, when treating unstable sacral frac-
tures, early intervention is crucial in order to obtain
a good prognosis and functional recovery. Surgery for
patients with multiple traumas should be minimally
invasive and should be completed in a short time
period. Posterior fixation using spinal instrumenta-
tion is a technique that fulfills all of these criteria. In
addition, there is a minimal risk of iatrogenic compli-
cations. This study shows that posterior fixation using
spinal instrumentation is biomechanically stronger than
conventional posterior plate fixation. We believe that
this technique is an effective surgical procedure.
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