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Abstract
Purpose We evaluated the biomechanical characteristics of
the transiliac internal fixator (TIFI) as compared to two well-
established methods of internal posterior pelvic ring fixation.
Methods Six freshly frozen human pelves were used for
simulated single-leg stance loading of an AO type C injury
model (pubic symphysis diastasis and unilateral sacroiliac
joint disruption). The symphysis rupture was stabilized with
a dynamic compression plate. Afterwards the three internal
stabilization systems (TIFI, iliosacral screws and ventral
plate osteosynthesis) were analysed. Fragment movement
was measured in a contact-free manner with a stereo-
photometric infrared system.
Results No significant differences in the three-dimensional
deformation tolerated by the TIFI as compared to the other
internal fixation systems were found.
Conclusions The transiliac internal fixator provides the
same biomechanical stability as the other reference implants
tested. We suggest the use of this device as a suitable
alternative to the other implants.

Introduction

AO type C pelvic ring injuries (complete disruption of
posterior arch with vertical and rotational instability [1]) have
an increasing but low incidence representing 3–8% of all
fractures; however, these injuries are frequently lethal (5–
20% of cases) [2]. Unstable pelvic ring injuries are usually
caused by high-energy trauma and often combined with
other serious injuries. There is an urgent requirement for a
quick and effective surgical procedure [3, 4]. Extended soft-
tissue damage and lengthy surgical procedures complicate
the decision-making process [5–7]. The most frequent reason
for a fatal outcome is a pelvic mass haemorrhage, which can
only be controlled by compression [8] with a stable pelvic
ring as counter-bearing force [9, 10].

A great variety of techniques exist to stabilize the dorsal
pelvic ring and the sacroiliac joint. In 1987, Simpson
published a method to stabilize the unstable sacroiliac joint
with an anterior approach using two v-placed neutralizing
plates [11]. Thread bars used as transiliac bars from a dorsal
approach are described by Tile [1]. In the early 1930s,
Lehmann first demonstrated the successful use of a screw
implanted directly through the sacroiliac joint [12]. This
approach is currently aided by CT scans or alternative
navigation devices [13]. Yinger et al. was able to
demonstrate in a biomechanical setting [14] that many of
these currently used techniques show no discernible
improvement with regard to stiffness; deciding upon the
best method for treatment is therefore a multifactorial
decision-making process.

In clinical use there is a tendency towards percutaneous
screw fixation as a minimally invasive technique. In cases
which require an open reduction the use of two plates
through an anterior approach is still one of the standard
treatment modalities [15].

We have demonstrated an alternative method in this
study, namely, a transiliac internal fixator (TIFI). Two
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pedicle screws are inserted in the alae of the ileum, with an
entry point slightly cranial to the posterior superior iliac
spine and transfixed with a connection rod. With this quick
and minimally invasive technique, in a preliminary clinical
study soft tissue damage could be minimized, wound
infection remained low and no neurovascular lesions were
caused [16]. While it seems that there are some clinical
benefits to the use of this implant, it is still unclear if this
device has the same biomechanical stability as other well-
established methods. The aim of this study was to compare
two commonly used implants and the TIFI with regard to
biomechanical behaviour.

Materials and methods

Single-leg stance loading of an AO type C injury (pubic
symphysis diastasis and unilateral sacroiliac joint disrup-
tion) was used as a load transmission model. Ten freshly
frozen, nonembalmed human pelvises with unruptured
capsules and ligament systems including the fifth lumbar
vertebra were used [17]. Four of these pelvic rings were
used for pre-experimental data collection; six were used in
the main experiment. Each pelvic ring was re-used for all
implants. The sequence of the implants used was random-
ized at each pelvis. Twelve hours before testing, the
pelvises were thawed and checked to verify integrity of
the sacroiliac ligaments; a search for undetected fractures
was conducted as well. While undergoing testing proce-
dures the specimens were kept moist by the frequent
spraying of an isotonic saline solution. The intact six
pelvises were used as a control group. Afterwards,
disruption of the symphysis as well as displacement of the
sacroiliac joint were created by deep cuts with a scalpel
[18]. The symphysis rupture was stabilized with a four-hole
AO dynamic compression plate. Afterwards the following
three internal posterior stabilization systems were tested
gradually in randomized order:

– Two three-hole dynamic, 4.5 compression plates
(Synthes) were placed in a v-form pattern, extending
from the ventral, crossing the sacroiliac joint.

– Two 6.5-mm cannulated screws (Synthes) were placed
transsacroiliacally, using a 32-mm thread and a washer.

– The transiliac internal fixator (Universal Spine System,
Synthes) was positioned with 6-mm diameter screws
and a 5-mm diameter connection rod (Fig. 1).

The femur was imitated using a steel tube with a
femur shaft prosthesis on its top. This device was
positioned with an antetorsion angle of 15 degrees. The
acetabulum was simulated using an implanted polyethyl-
ene hip prosthesis cup (48er-Inlay, PROTEK); the

diameter of the mounted head was 28 mm. The
inclination direction of the pelvis was at a physiological
angle of approximately 50 degrees was considered.
Because of the importance in preventing the sacrum
from tipping over horizontally, we imitated the gluteal
muscles with a system of three fine-linked chains that
were evenly spaced, with metal inserts through the bone
between the anterior superior iliac spine and the posterior
superior iliac spine. The inserts met at the height of the
former greater trochanter parallel to the femoral shaft-
mimicking tube. Using a tension spring mechanism, a
readjustment was possible every time the pelvis rotated
out of the correct starting position. Force was applied in
a physiological cranio/caudal direction over the fifth
lumbar vertebra. Load transmission was performed
directly through the top plate of the fifth vertebral body,
which was prepared with an iron plate on top. This iron
plate had a diameter of 4 cm, a height of 1 cm and a
centrally-welded metal ball. The lower surface was
layered with methylacrylate to adjust for irregularities,
and a load cell was installed for visualization of the
applied force (Fig. 2). Preload was 25 N and three cycles
of 70% of the former body mass were performed. Prior to
the main experiments, each pelvic ring was tested in three
cycles as an intact pelvic ring to eliminate a setting effect
and to decrease the development of loading artifacts. Each
experimental cycle afterwards included three mass load-
ings and lasted for 10 seconds, reaching maximum load at
5 seconds and falling back to the initial load at 10 seconds.

Nine metal balls (5 mm in diameter) were used to detect
three-dimensional fragment movements. These balls were
coated with special reflector paint (number 885; 3M,
Minnesota, USA). Cameras were installed 6 m away from

Fig. 1 The TIFI (transiliac internal fixator) in its correct implantation
site bridging the sacroiliac region on a hard plastic pelvic model
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the testing device. Nine points of interest were marked in
this way. The positions studied in detail were:

M1 Right ilium, ventral and 1 cm lateral from the SI-joint
at the height of S1

M2 Right ilium, ventral and 3 cm lateral from the SI-joint
at the height of S1

M3 Right ilium, ventral and 3 cm cranial from marker
point 2

M4 Sacrum, ventral and 1 cm medial from the SI-joint at
the height of S1

M5 L5, middle point of L5 in the frontal plane
M6 Right ilium, anterior superior iliac spine
M7 Left ilium, anterior superior iliac spine
M8 Right pubis, ventral and 1 cm lateral of the symphysis
M9 Left pubis, ventral and 1 cm lateral of the symphysis

The settings of the makers, the correct implantation
angles of the implants and the correct setting of the data
collection system were verified through data collected pre-
experimentally using hard plastic pelvic models (Synbone,
Davos, Switzerland).

To investigate the complex deformations of the pelvic
ring, we used a three-dimensional analysing tool based on a
contactless stereophotometric digital infrared analysing

video recording system (Qualisys, Sävedalen, Sweden).
With this tool we were able to detect minor fragment
movements, with dissolution of 0.01 mm in all three
dimensions. These factors allowed the simultaneous use of
nine markers. The frequency of data acquisition reached
1000 Hz. Statistical analysis was performed using the
analysis of variance test (ANOVA) with repeated measure-
ments for multiple comparisons. A commercially available
statistical program (version 11.0, SPSS Inc.) was used.
Statistical significance was set at p<0.05.

Results

Our pre-experimental data revealed a consistent model. None
of the materials for osteosynthesis failed, nor were fracture
sites other than the induced disruptions found. Symphyseal
gapping was not measured in detail but there was no apparent
evidence of displacement of the symphysis. The applied plate
osteosynthesis remained in place in each experiment.

Differences in displacement along the x- and y-axes at
the sacroiliac joint did not reach statistical significance. A
notably larger standard deviation was observed along the x-
axis for the screw treatment. All treatment groups tolerated
more movement in the y-axis than the intact pelvic ring,
which showed absolute values under 1 mm. The differ-
ences, when using plates or the internal fixator, were
significant (p<0.05) compared to control but not in
comparison to the screw treatment group (Fig. 3).

Linear displacement of the sacrum compared to the
ileum ranged between 1.5 mm and 3.5 mm in all groups
(Fig. 4). The internal fixator showed the most constant
values with least standard deviation in all treatment groups.
Notably the pelvises with osteosyntheses tolerated less
movement as compared to the control group. However,
these differences were not significant.

Fig. 2 A human pelvis was positioned in the experimental device to
measure three-dimensional fragment movements. The chains on the
left mimic the muscular forces on the pelvic ring. Nine points of
interest were marked by Kirschner wires and metal balls with special
reflector paint were placed on top

Fig. 3 Displacement in millimetres (mm) of marker points two and
four measuring the movement in the ruptured sacroiliac joint. Data
shown are medium values from six different specimens after treatment
with three loading cycles each. The three osteosyntheses are compared
to the control pelvic ring without defects, p < 0.05
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The movement of the contralateral spina iliaca anterior
superior correlates with greater movement of the pelvic
ring. Screws and plates demonstrated significant deviation
in the z-axis when compared to intact pelvic rings (p<0.05,
12 mm vs. 8 mm total displacement, respectively). The
internal fixator allowed the same displacement as the
control pelvises. No statistically significant difference
between the osteosyntheses groups and the control group
was detected along the x- and y-axes (Fig. 5).

There was no significant displacement or rotation of the
spinal column with respect to the entire ileum in all
treatment groups. After three loading cycles, maximal
vertical movement was 4 mm. No difference between the
groups was evident (Fig. 6).

The power of the performed statistic analysis was 0.5
and therefore below the desired power of 0.8. We
performed a priori power analysis and with the given
results a number of over 300 samples had to be included to

reach a test power of over 0.8. Given the precious nature of
the sample pelvises this could not be conducted.

Discussion

In part due to lifestyle changes that incorporate dangerous
leisure activities and increasing motorization [19, 20], the
number of pelvic fractures is increasing. There is an
obvious ongoing need for a quick and effective method of
surgical treatment. Various methods exist but iatrogenic
harm is not uncommon. For example, Kellam et al. [21]
found wound healing problems or infections in one quarter
of the patients treated with ilioiliac bars.

Among clinicians there is an intense discussion regard-
ing whether patients will benefit from minimally invasive
techniques in the field of pelvic trauma. Giannoudis
investigated percutaneous fixation of the pelvic ring and
concluded that only experienced surgeons with extensive
knowledge of the pelvic region should perform this
procedure [22].

While many biomechanical studies show that the various
stabilization systems exhibit similar stiffness [14], it might
be advantageous to use a method with minor risks during
surgical implantation. In a preliminary clinical study the
TIFI has proven to be a system with a low complication
rate, as far as iatrogenic vessel or nerve damage [16, 23]. In
this experimental setting we found that the biomechanical
characteristics of the TIFI are comparable to those of
established methods.

We used a model of symphysis displacement combined
with a ruptured sacroiliac joint due to the high incidence of
this injury type. An alternative is the creation of a lateral

Fig. 5 Movement in millimetres (mm) of the contralateral anterior
superior iliac spine (Sis), which served as an index for the greater
movement of the pelvic ring. Data shown are medium values from six
different specimens after treatment with three loading cycles each. The
three osteosyntheses are compared to the control pelvic ring without
defects, p < 0.05

Fig. 6 Vertical movement in millimetres (mm) of the fifth lumbar
vertebra (L5), which served as an index for greater movement of the
pelvic ring towards the spinal column. Data shown are median values
from six different specimens after treatment with three loading cycles
each. The three osteosyntheses are compared to the control pelvic ring
without defects, p < 0.05

Fig. 4 Sacrum movement measured in millimetres (mm) along three
different axes. Data shown are median values from six different
specimens after treatment with three loading cycles each. The three
osteosyntheses are compared to the control pelvic ring without
defects, p < 0.05
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fracture of the sacrum. In our opinion, a rupture of the
sacroiliac joint is much easier to reproduce in an experi-
mental setting and therefore favourable.

Literature review reveals a wide range of opinions about
which testing device and which model are suitable. Most
studies in this field use freshly frozen specimens or plastic
sawbones. In sawbone models the question of whether the
implants anchor sufficiently in the model is not yet
established. This was our primary concern because the
TIFI contains pedicular screws that are susceptible to axial
tear when not fixed in place with proper counter-bearings.
We used cadaveric human pelves with an unstable right
hemipelvis; notably, it has been shown that freshly frozen
bones have nearly the same biomechanical characteristics
as non-frozen specimens [24, 25].

Our setting of a single-leg stance model is suitable to
simulate the clinical application of stabilization devices
[26]. The injured areas are subject to high forces. In
contrast, when using a two-leg stance model, these loads
are compensated by the uninjured part of the pelvis and do
not simulate the maximum forces during normal patient
activities. The aim of this study was to focus on the primary
stability achieved by the different implants. We therefore
employed a high primary load and less repetition.

In a single-leg stance model the pelvis has to bear the
full bodyweight minus the load of the weight bearing leg.
We believe that therefore approximately 70% of former
body weight is suitable for this matter [27]. However the
load settings in the literature differ immensely [17].

Our rate of linear displacement at the sacroiliac joint
was slightly higher than in previous studies [17]. But the
model used differed significantly in the way the load was
applied.

Statistically relevant results were observed in the vertical
direction alone. Authors have suggested that measuring
displacement in the vertical direction alone is sufficient
[27]. In our opinion, measuring and recording in three
dimensions is necessary—only this approach meets the
demands of the complex pelvic ring structure.

According to Tornetta and Matta, a reduction after dorsal
pelvic ring disruption is sufficient if a gap under 10 mm is
achieved [28]. These clinical findings are achieved with
radiological diagnostics under static conditions. In our
dynamic experimental setting these values were not
significantly exceeded and therefore we draw the conclu-
sion that none of the tested devices permit a relevant
mobility for the clinical situation.

Our usage of contactless measurement devices yielded
highly reproducible results. The force-measuring tapes typi-
cally used frequently show marked deviation when the
fixation device is swapped during experiments. To keep the
intraspecimen deviation to a minimum, maximum compres-
sive force was set at 70% of former body mass. No significant

loading effects were detected using this arrangement during
pretest conditions.

Conclusion

The presented data showed that the TIFI has similar
biomechanical stability to other tested devices. We suggest
the TIFI as an alternative to established internal fixation
systems for unstable dorsal pelvic ring injuries. Additional
clinical studies will have to clarify whether the results
regarding patient safety and long-term outcome validate our
experimental findings.
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