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External fixation of the pelvic ring

An experimental study on the role of pin diameter, pin position, and
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Background The mechanical properties of current
external fixator systems for unstable (type C) pelvic ring
fractures are inferior to internal fixation, and are not
optimal for definitive treatment. We explored methods
to increase stability of external fixator constructs.

Methods An experimental model was used for load
tests. The same pelvic fixator was used while differ-
ent pin diameters, pin positions, and modes of pubic
symphysis fixation were tested.

Results Changing of the pin diameter of the
unthreaded part from 6 to 8 mm resulted in an increase
in stiffness of 20%. An increase in stiffness by a factor
of 1.9 was found by placing a pin on the iliac crest and
one supra-acetabular. An additional increase by a factor
of 3.6 was obtained by adding pubic symphysis plate
fixation. Parasymphyseal pin fixation instead reduced
stiffness, but not so much as when parasymphyseal pins
were connected to the external fixator of the pelvic ring.
The final configuration was at least 6 times stiffer than
the initial configuration.

Interpretation The new concept of parasymphyseal
pin fixation connected to an external fixator of the pelvic
ring produces a considerable increase in stability for
the treatment of type C pelvic ring injuries, as does an
increase in pin diameter and alternative pin position-
ing.

In the initial management of unstable pelvic ring
injuries, external fixation can play an important
role (Garbuglia et al. 1998, Vrahas et al. 1998).

However, the mechanical properties of the cur-
rent external fixator systems are not optimal for
definitive treatment; the long-term outcome is not
satisfying (Pohlemann et al. 1996, Lindahl et al.
1999).

Experimental and clinical studies have shown
that the mechanical stability of internal fixation
of the disrupted pelvic ring is far superior to that
of external fixation (Tile 1988, Culemann et al.
2000,Yinger et al. 2003, Sagi et al. 2004). Thus,
several authors prefer definitive internal stabiliza-
tion of the anterior and posterior pelvic ring. In
most cases this is technically demanding, especially
with regard to the posterior pelvic ring (Routt, Jr.
et al. 1995a, 1996, Templeman et al. 1996, Pohle-
mann et al. 1998, Burkhardt et al. 2005).

As can be concluded from the results in the liter-
ature (Gansslen et al. 1996, Garbuglia et al. 1998,
Siegmeth et al. 2000), the majority of patients with
unstable pelvic ring injuries do not receive inter-
nal fixation of the posterior pelvic ring, despite the
unfavorable outcomes and insufficient mechanical
stability of external fixation alone. On behalf of the
German working group “Pelvis”, Pohlemann et al.
(1996) published a large series on treatment and
outcome of pelvic ring injuries. In this prospec-
tive multicenter study of 1,722 pelvic ring injuries,
some form of internal or external fixation of the
anterior pelvic ring has been reported in 54/186 of
type C injuries (29%). The rate of internal or exter-
nal fixation of the posterior pelvic ring was about
35% in type C injuries (65/186). Thus, it seems
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Figure 1. Photographs of the pelvic model made of perspex and aluminium (A), and the loading apparatus (B).

relevant to further optimize the performance of
external fixation of the pelvis. In this experimental
study, we tested the effect of pin modification, dif-
ferent pin positions, and a combination of external
fixation of the iliac crest and pubic bone. Further-
more, we describe a new mode of anterior pelvic
ring stabilization.

Material and methods

In previous studies, we developed a pelvic model
made of perspex and aluminium (Figure 1) in order
to guarantee identical geometry and a reproduc-
ible method of pin fixation in each test (Ponsen et
al. 2002, 2003). The model was interrupted at the
sacroiliac joint and the pubic symphysis, creating
a situation analogous to an unstable pelvic ring dis-
ruption (Tile/AO type C1).

The pelvic model was mounted in a specially
developed loading apparatus (Figure 1), which was
initially used in a study of human pelvis specimens
by Vleeming et al. (1989). The injured hemipelvis
was connected to the rigid basis of the loading appa-
ratus, while a vertical pulling force was applied at a
point just ventral to L5 and 15 mm lateral from the
midline at the uninjured side. This loading situation
simulates weight bearing on the leg of the injured
hemipelvis. Thus, the injured hemipelvis bears the
total body weight minus the load of the weight-
bearing leg. For a person of 70 kg, we defined a
load of 560 Newtons (N) in this condition (70 kg
minus 14 kg). In each test, the force was gradually
increased while the dislocation of the surfaces of
the SI-joint was monitored in relation to the applied
force. The force was increased until the dislocation

exceeded 15 mm. Each time before a mechanical
test was performed, the pelvic ring was restored
and both the hemipelvises were rigidly connected
by a special construction to guarantee an identical
starting position in every test. This connection was
removed after the external fixator—with or without
anterior fixation—was applied.

The external fixator used in the experiment was
a modification of the Orthofix external fixator.
Adaptations were made to allow for various test-
ing situations. The displacement between the joint
surfaces was registered with the help of a video
system and a mini-computer capable of digitizing
and analyzing video images (Keemink et al. 1991).
The Direct Linear Transformation (DLT) method
(Abdel-Aziz and Karara 1971) enabled us to calcu-
late the displacement between the fracture parts in
three dimensions.

For every configuration, 2 load cycles were
applied followed by dismounting and again
mounting of the fixator system, after which 2 more
load cycles were performed. In this experiment,
the stiffness of a fixator was defined as the force
(Fmax) required to produce a dislocation of 15
mm. The performance of a particular fixator con-
figuration was expressed as the average of these
two results.

We used the loading apparatus as described
above to evaluate and optimize the performance of
external fixation by varying the following param-
eters.

Pin modification

Fixator pin modifications of the standard Orthofix
(250/50) 6-mm half pin were produced, in which
the diameter of the unthreaded part of the standard
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Figure 2. 6-, 8- and 10-mm pins.

6-mm pin was increased to 8 and 10 mm (Figure
2). The experiment that followed was done with
the 8-mm fixator pins.

Combination of iliac crest and pubic fixation
In this step, we combined different pin posi-
tions with a double plate fixation (4-hole 3.5-mm
steel DC plate by Synthes/Davos) of the pubic
symphysis. The different pin positions were 1,2
and 1,3 and 2,3 (Figure 3).

Design of experimental fixation

As an alternative to internal plate fixation, we
inserted fixator pins on both sides of the symphysis
at an angle of 90 degrees to each other, mimicking
intramedullary position of the threaded part of the
pin (Figure 4). These parasymphyseal pins were
either interconnected with a fixator rod or con-
nected to the external fixator. The distance from
symphysis to clamp was 7 cm.

Results

With respect to the influence of the unthreaded
parts of the fixator pins that are outside of the bone,
we found an increase in stiffness of 20% when the
diameter was increased from 6 to 8§ mm. In com-
paring 6 mm with 10 mm, we found an increase in

Figure 3. Pin positions (lateral view). The 2 most cranial
pins are inserted on top of the pelvic rim, 3 cm and 1 cm
posterior to the anterior superior iliac spine (referred to as
position 1,2). The ventral pin is inserted 1 cm cranial to the
anterior inferior iliac spine (position 3), in combination with
pin 1 (referred to as pin position 1,3) and in combination
with pin 2 (referred to as pin position 2,3). Insertion depths
of 50 mm in predrilled holes in the perspex hip bone were
standard. The distance from pelvis to clamp on the fixator
pins was also standard. This distance was 3 cm in the cra-
nial position, and 6 cm in the ventral pin position.

Figure 4. The Orthofix experimental external fixator with
parasymphyseal pins connected to it. (The replica of a
pelvis shown here is not the perspex model described in
the text).
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Results of 2-load test expressed as the maximum force required to create a 15-mm dislocation in
10 different external fixator configurations. The parasymphyseal pin position is indicated as pin

position 4
Test Pin Pin Anterior Parasymphyseal Frnax 1 Frnax 2 Fax @verage
diameter position  plating pins (N) (N) (N)
(mm)
A 6 1,2 90 94 92
B 8 1,2 110 110 110
C 10 1,2 117 119 118
D 8 1,3 191 187 189
E 8 2,3 210 204 207
F Yes 285 285 285
G 8 1,2 Yes 568 579 574
H 8 1,3 Yes 674 698 686
| 8 2,3 Yes 724 764 744
Jl 8 2,3,4 Not fixed to frame 529 540 585)
K 8 2,34 Fixed to frame 700 698 699

stiffness of 28%. The experiments were continued
with 8-mm pins.

Variation of the pin position on the iliac crest
showed that in pin position 1,3 an almost 72%
increase in stiffness could be achieved in compari-
son to position 1,2. When we compared pin posi-
tion 1,2 with pin position 2,3 we found an 88%
increase in stiffness in favor of the latter.

In the next experiment, we found that additional
symphyseal plate fixation resulted in an increase
in stiffness by a factor of 5.2 for the 1,2 pin posi-
tion, 3.6 for the 1,3 position, and by a factor of 3.6
for the 2,3 position. Anterior plating alone was 1.4
times stiffer than the stiffest external fixator con-
figuration without plating.

The experiment was extended for the stiffest
configuration (2,3 position, 744 N) by exchanging
symphyseal plate fixation for two interconnected
parasymphyseal pins.

This resulted in a decrease in stiffness of 28%
compared to symphyseal plating, when the 2 para-
symphyseal pins were not connected to the Orthofix
fixator. However, connecting the 2 parasymhyseal
pins to the Orthofix fixator resulted in a decrease
of 6% (Table).

Discussion

Fixator pin diameter is an important factor for
stiffness in external fixation. As suggested by Beh-

rens (1989) and Palmer et al. (1992), we tried to
improve external fixator performance by increas-
ing the stiffness of the fixator pins. The major con-
tribution to pin deformation comes from bending,
consequently causing displacement of the fixator or
fixator parts. Bending stiffness is related to mate-
rial properties and geometry. The bending stiffness
of a pin is proportional to the fourth power of the
diameter (Dubbel 1986).

In comparison with a pin with a diam-
eter of 5 mm, a pin with a diameter of 6
mm will bend (5/6)* = 0.48 times, given a certain
load. Pin diameter is limited by the dimensions of
the bone to which the pins are applied, because
pinholes that are too large could cause damage to
the bone. Edgerton et al. (1990) stated that a pro-
portionate loss of structural strength occurs with
each increase in circular cortical defect size greater
than 20% of the bone diameter.

In order to increase pin stiffness without intro-
ducing a higher risk of pinhole fractures, we tested
the concept of fixator pins with a larger diameter
of the part of the pin outside the bone. By increas-
ing the diameter and thus the stiffness of this part
of the pin, its contribution to the pin deformation
is reduced, in this way increasing overall pin stiff-
ness. In addition, one could argue that the pelvic
bone allows larger pinholes and thicker pins to be
used. Especially in the supra-acetabular region, the
bone stock is thick enough to contain larger pins.
For practical purposes, we chose to continue this
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study using the pins with the 8-mm solid part “out-
side the bone”.

Next, we evaluated the influence of the fixator
pin position, either more dorsally or ventrally on
the iliac crest, in combination with an anterior pin
in the supra-acetabular bone. The combination of
these pin positions has been described previously
and tested by Rubash and Mears (1983), while
Kim et al. (1999) found increased mechanical per-
formance with fixators mounted in the supra-ace-
tabular position. The configuration with the cranial
fixator pin in the ventral position on the iliac crest
gave a slightly better result in our study. This can
be explained by less deformation of the connecting
bar because of a shorter distance between the pins
(Behrens 1989). Furthermore, by this pin place-
ment angulation of the pins with respect to the
parallel plane is introduced, which has also been
described to be a factor that will improve stiffness
of the fixator, as was emphasized by Stockle et al.
(2000) in their experimental study.

Tile (1984) showed that additional plate fixation
of the pubic symphysis markedly increases the sta-
bility of the unstable pelvic ring. The major contri-
bution to stability of anterior plating was confirmed
in our study. In all three configurations involving
anterior plating, the Fmax exceeded 560 N and
would—on a theoretical basis—allow weight bear-
ing on the injured side. This would also apply to
the configuration in which the parasymphyseal
pins are connected to the external fixator frame.

Internal fixation in these often severely injured,
often multitrauma patients does, however, have
certain disadvantages. In the acute phase, an open
procedure carries the risk of loss of pelvic tampon-
ade—and as a consequence persistent blood loss.
For this reason, minimally invasive procedures in
these patients are preferable. A technique that com-
bines the advantages of external fixation and ante-
rior ring stabilization would reduce these risks.

We therefore introduced the concept of parasym-
physeal pins. Instead of plating, we inserted pubic
pins in both superior pubic rami. These 2 pins were
connected to each other, and in the next step the
pins were attached to the external fixator bar. The
latter configuration resulted in stiffness compara-
ble with the construct where internal plate fixation
of the anterior pelvic ring was used in addition to
external fixation. However, until now this mini-

mally invasive approach of the pubic bones has
only been described for retrograde pubic screws
(Routt et al. 1995b) and not for external fixator
pins. Furthermore, with respect to the clinical set-
ting we expect this concept of using parasymphy-
seal pins to be an alternative only in the case of dis-
ruption of the pubic symphysis. It should also be
noted that correct parasymphyseal pin placement is
technically more demanding than anterior plating,
and that fluoroscopy is obligatory.

The concept of parasymphyseal pin fixation
should be tested on cadavaric bone before it can be
evaluated in the clinical situation.
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