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SUMMARY

Objective.
To determine the stiffness and strength of various sacroiliac screw fixations
in a standardized way in order to compare different sacroiliac screw techniques.

Design.
Randomized comparative cadaveric study.

Materialsand Methods.

In 12 specimens we created a symphysiolysis and sacral fractures on both
sides. Each was fixed with one of the following methods: one sacroiliac screw in
the first sacral vertebral body, two screws convergingly in this vertebral body or
one screw inthefirst and onein the second sacral body. The pubic symphysiswas
not fixated. Using an infrared 3-dimensional videosystem we measured the trans-
lation and rotation stiffness of the fixations and the load to failure.

Results.

The stiffness of the intact posterior pelvic ring was superior to any screw
technique. Significant differences were found for the load to failure and rotation
stiffness between the techniques with two screws and a single screw in the first
sacral vertebral body. The techniques with two screws showed no differences.

Conclusions.

The addition of a second screw seemsto prevent rotation and improves the
load to failure. Therefore we recommend the use of two screws in completely
unstable pelvic fractures. In clinical studies both screws in the first sacral body
seems to be safer than two paralel screws in the first and the second vertebral
body. Given the biomechanical similarity the first technique may be preferable.



| N\TRODUCTION

Conservative treatment of unstable pelvic fractures has a significant chance
of long-term complications, like malunion and nonunion, pain, and neurological dys-
function®“. Surgical reduction and fixation of pelvic fractures can be performed
through external and internal fixation. With an external fixator direct postopera-
tive weight bearing is not possible!. Greater stability can be achieved by internal
fixation, consisting of acombination of posterior and anterior fixation®4. Ideally the
fixation will provide enough stability to allow early mobilisation of the patient thus
avoiding complications associated with prolonged bed rest?3°.

Several authors tried to quantify the stabilizing effect of different internal
fixation methods of the pelvic ring. A wide variety of injuries were studied. Fur-
thermore the loading techniques differed: one-leg stance**°, bilateral stance'*'®
or lateral compression®’. The loads varied from 250 to 2000 N, which makes it
difficult to compare the results. Most authors fixed the pelvic ring with various
combinations of anterior and posterior fixation3681012141618 Some, however, only
did an anterior®"1314 or posterior fixation'®1415 For fixation of the sacroiliac
joint one, two or three sacroiliac screws were used, a ventral sacroiliac plate or
sacral bars'368121418 The pubic symphysis was fixed using one or two plates or
a metal or PDS banding!261012141618  Some also used an isolated external
framel,3,10,12,18,19_

In most cases the displacement of the fracture was measured in one direc-
tion011718 sometimes at several pointsin the pelvis3671216 Most often shear or
diastase of the pubic symphysis or the sacroiliac joint was measured®"1216, |n
only afew cases 3-dimensional measurementswere done of the movementsin the
fracture plane'3®#°, However, multiaxial nature of the forces and displacement
require 3D description of transations and rotations of the fracture parts. Further-
more, not al fixation techniques tested are still commonly used. A few studies
indicate that plates and sacroiliac screws show biomechanically equal results®s.
However, no study has compared different positions of these screws.

The objective of this study isto determine the stiffness and strength of vari-
ous sacroiliac screw fixations in a standardized way. An infrared 3-dimensional
videosystem was used to measure the displacement.



M ATERIALSAND METHODS

We used 12 embalmed cadaveric pelves, which were dissected, leaving the
ligamentous structuresintact, including ischiosacral ligaments. Thefemora, lumbar
vertebrae and all muscles were removed. Average age of the specimenswas 78.3
years. In one pelvis a Girdlestone was present and in another a hemisacralisation
of the fifth lumbar vertebra on the left side was found.

In each pelviswe created aTile C1 pelvic ring injury with a symphysiolysis
and a sacra fracture. In order to obtain asimilar injury in all pelveswe created a
vertical sacral fracture through the lateral mass using a saw.

Every sacral fracture was fixated with one of the following methods: one
sacroiliac screw in the vertebral body of the first sacral vertebral body (technique
S1), two screws convergingly in the first sacral vertebral body (technique S1-S1)
or technique with one screw in first sacral vertebral body and one paralel to the
first in the second vertebral body (technique S1-S2). In order to compare both
sides of the pelvis the pubic symphysis was not fixated.

We used 70 mm cannulated partially threaded, cancellous lag screws
(Biomet®, Warsaw, In, U.S.A.) with washers. The screws were inserted through
the posterior ilium and into the vertebral body acrossthe sacral fracture, according
to the technique of Matta and Saucedo®. The drilling was started two to three cm
anterior to the posterior superior iliac spine and at the midpoint between theiliac
crest and the sciatic notch. Drilling was directed to the center of the vertebral

In order to measure the stiffness and strength of the sacroiliac joint the sacrum
wasfixed between two plateswith screws and methylmethacrylate-polymereresin
(Demotec®). This construction was mounted to aframe. The pelvis was oriented
with anterior superior iliac spines and the pubic symphysis in the frontal plane
whichisapproximately comparableto the physiological position during standing”®.
The pelvisand the frame can be seenin figure 1. We applied the load by introduc-
ing aforceto aplate attached to the ilium. The force was directed along a vertical
working line passing through the fracture plane. Both sides of the pelvis were
loaded to amaximum of 150 N under two conditions: intact and after disruption of
the symphysis, the sacrotuberal and sacrospinal ligaments. Theload wasappliedin
three cyclesto investigate the reproducibility. After these measurementsaTile C1
fracture was created unilaterally, which was fixed with one of the three sacroiliac
screw techniques. A load up to 100 N was applied to examine the stiffness. Fur-
thermore theload to failure was determined. After failure the other sidewas meas-
ured. Theinitial sidewasreplaced initsoriginal position and if necessary fixated
additionally to obtain this position. For assignment of the fixation methodsacross-
over design was used. The two sacral fractures of one pelvis were fixed with
different screw techniques, which yielded six different combinations when sides
were reversed. We randomized the order in which these six combinations were
used. Furthermore we scored the bone quality and the quality of the fixation on a
three-point scale.
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Figure 1. Loading frame with pelvis.

With an infrared 3D videosystem displacements were measured in all 6 de-
grees of freedom (3 dislocations and 3 rotations). From previous tests the resolu-
tion of the system proved to be about 0.1 mm. Clusters of four infrared light re-
flecting markers were attached to the cranioventral edge of the first sacral verte-
bral body and to both superior anterior iliac spines. Two markers were placed
bilaterally, about 2 cm from the fracture plane of the sacrum and two markers
were positioned on both superior rami of the pubic bone close to the symphysis.
Similar to the technique used by Keemink et a?, these markers were illuminated
by infrared light sources mounted to the two video cameras?. Infrared filtersin
front of the camera lenses ensured good contrast in the video images. With the
help of avideo image processing board (Vision Dynamics VCS512-11) in a per-
sonal computer, the image coordinates of the centers of the markers were deter-
mined. The image coordinates from the two cameras were combined to three-
dimensional spatial coordinatesusing Direct Linear Transformation. Thealgorithms
described by Spoor and Veldpaus were used to cal culate displacements between
the ilium and the sacrum, at the fracture plane and at the pubic symphysis?.

As outcome measures we investigated the stiffness of the fixation and the
load to failure. We defined the trandl ation stiffness (in N/mm) of the fixation asthe
slope of the load displacement curves of theilium with respect to the sacrum up to
150 N inthe nonfixated pelvesand up to 100 N in thefixated pelves. Thedefinition
of rotation stiffness was not in Nm/degree, because the main force applied was a
translational force. Therefore, the relative rotation stiffnessis given in N/degree.
In alinear model the slope of the load displacement curves from the 3 cycleswas
calculated with the least squares method. The load to failure was defined in two



ways, the force required to produce 5 mm displacement of the fracture partsin the
sacrum® and 10 mm displacement of the pubic symphysis®®. For the statistical
calculations we used SAS version 6.12 of the SASinstituteinc., Cary, NC, USA.
In order to compare the trandlation stiffness, the rotation stiffness and the load to
failure of the three screw methods we performed a MANOVA with the transa-
tion/rotation stiffnessor load to failure of the fixated pelvisas depending variable.
As baseline we examined the tranglation/rotation stiffness of the intact pelvis and
the pelviswith disrupted ligaments. As covariableswe used the fixation technique,
bone quality, fixation quality and fracture side. Because the distribution was skewed
we applied alog transformation to the data and provided means and ranges.

REsuLTS

The median rotation of theiliac wing was 0.5 degree in the intact situation,
0.7 degree when the pubic symphysiswas disrupted and 2.1 degree for the fixated
sacral fracture. In all three situations the rotation axis of the loaded ilium was
directed mainly along the transversal axis (figure 1). When the pubic symphysis
was disrupted the ilium rotated upwardsin all cases. At the pubic symphysisthis
rotation showed as movement of the loaded pubic bone upwards and forwards. In
some fixated pelves, however, the ilium rotated in the opposite direction with the
pubic bone moving downwards and backwards. When comparing the rotation stiff-
ness of the different screw methods the overall p value was 0.026. The fixation

Rotation Stiffness (N/degree)

S1 S1-82 S1-S1
Median 58 224 163
Range 11- 323 16 - 1654 22 - 724

Translation Stiffness (N/mm)

Median 30 51 71

Range 7- 264 6- 185 6-214

Table 1. Rotation and translation stiffness for various screw techniques.



5mm displacement fracture (N)

S1 S1-S2 S1-S1
Median 107 168 192
Range 28 - 279 95 - 346 97 - 371

10mm displacement symphysis (N)

M edian 97 150 158

Range 28 - 248 85 - 265 77 - 363

Table 2. Load to failure: loading force required to achieve failure level.

with one screw in the first sacral body was significantly inferior compared to the
techniques with two screws (p = 0.015 and p = 0.018 for technique S1-S1 and S1-
S2 respectively), which did not differ (p = 0.99). Bone quality, fixation quality and
fracture side were not significant as covariables.

Descriptive statistics of the load to failure (10mm displacement at the pubic
symphysisand 5 mm displacement at the sacral fracture) for variousfixation methods
are shown intable 2. For the load to failure measured at the fracture bone quality
and fracture side were not significant. The fixation quality was a significant
covariable (p=0.037). Theoveral p valuefor thetechniquewas0.012, techniques
S1-S1 and S1-S2 were significantly better (p = 0.021 and p = 0.005 respectively)
than S1. No significant difference wasfound between S1-S1 and S1-S2 (p = 0.37).
For the load to failure measured as 10 mm displacement at the pubic symphysis
similar results were found. The overall p value for the technique was 0.024. P
values for technique S1 versus S1-S1 and S1 versus S1-S2 were 0.016 and 0.015
respectively. No difference was seen between S1-S1 and S1-S2 (p = 0.97).

Correlating the various outcome measurements asignificant correl ation was
found for all outcome parameters (p < 0.02).



Discussion

Purpose of this study is to determine which sacroiliac screw technique is
from biomechanical point of view the best for completely unstable pelvicring frac-
tures. We therefore fixated a sacral fracture in 12 embalmed pelves with various
sacroiliac screw techniques and using a infrared 3D videosystem measured dis-
placement of the fracture parts. In the literature several authors have used sacro-
iliac screws®91+1417 No study has examined the optimal technique for sacroiliac
screw positioning. Although various authors simulated muscleforces of the abduc-
tor muscles®® or the hip flexors and extensors!** we dissected all muscles and
made no attempt to simulate the additional stability of these muscles in order to
exclude any forces which might influence the measurements. For the same reason
we did not add anterior fixation in order to compare the various sacroiliac screw
techniqueswith each other. The sacral fracture was created with a saw, the smooth
fracture surface representing aworst case scenario. Although this might not allow
us to reach physiological forces the use of a more abstract model gives less con-
founding. Overall thisresulted in asituation in which the stability of thefixed frac-
ture depended entirely on the stiffness of the osteosynthesis.

In only afew cases 3-dimensional measurements were done*8°. Most stud-
iesused the vertical displacement at the point of |oad application representing the
total displacement of the entire structure™"18 or displacement transducersin one™
or more directionst-3671216_|n this study we used 3D-measurements to examine
the stiffness and load to failure of the various screw positions and additionally
examined the direction of the displacement and rotation of the fracture parts.

Theliterature showed that no method of fixation came closeto the stability of
the intact pelvis®>®, In a sacroiliac joint disruption sacral bars were inferior to
sacroiliac screws and a sacroiliac plate', which have similar results®'s. Fixation
with sacroiliac screws however hasthe additional benefit that they can beinserted
percutaneously without the complications of an open procedure which isrequired
for platefixation.

The tranglation and rotation stiffness of the intact pelvis were, as could be
expected, clearly superior to the solely posteriorly fixated pelvis. Even after dis-
section of the pubic symphysis and the sacrotuberal ligamentsthe intact posterior
pelvic ring is superior to any sacroiliac screw technique. Movements between the
various bonesin the intact pelvis were very limited. In the fixated state the direc-
tion of translation was mainly in the direction of the applied force. At the pubic
symphysis some diastase was seen, combined with cranial and ventral displace-
ment. In pelves fixated with only one screw in some cases dorsal displacement
was seen. In the fixated situation rotation occurred in the same direction in most
cases, which means that the ilium tended to rotate upward around the sacroiliac
screws. In our results we found significant differences for the load to failure and
the rotation stiffness between the techniques with two screws and a single screw
inthefirst sacral body. No difference wasfound for the translation stiffness. It can
be assumed that the addition of a second screw plays an important part in the
prevention of rotation and the overal load to failure. No difference was found
between the techniques with two screws. Although these techniques may seem



biomechanically similar, the positioning of thelower screw in the second vertebral
body is more difficult clinically. It aso carries a higher risk of intrusion into the
sacral foramina and therefore neurological damage?®. No significant differences
were found for the bone quality and the fixation quality (grip of the screws).

Limitations of our study include the use of elderly embal med specimensand
denuded pelveslacking soft tissue support and muscle activity. Also fatigue of the
fixation is not examined. Future experiments should be conducted to investigate
the stability of the osteosynthesis during dynamicloading. The use of our 3D meas-
urement system may be of great value to gain insight into the 3D motions of the
fracture parts.

Based on the results of this study we recommend the addition of a second
sacroiliac screw in completely unstable pelvic fractures. Based on clinical studies
the combination of both screwsin the first vertebral body of the sacrum seemsto
be safer than two screws parallel in the first and second body and may be prefer-
able given the biomechanical smilarity.
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