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Abstract

Background Sacroiliac screw fixation in elderly patients
with pelvic fractures is prone to failure owing to impaired
bone quality. Cement augmentation has been proposed as a
possible solution, because in other anatomic areas this has
been shown to reduce screw loosening. However, to our
knowledge, this has not been evaluated for sacroiliac
SCrews.

Questions/purposes We investigated the potential
biomechanical benefit of cement augmentation of sacroil-
iac screw fixation in a cadaver model of osteoporotic bone,
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specifically with respect to screw loosening, construct
survival, and fracture-site motion.

Methods Standardized complete sacral ala fractures with
intact posterior ligaments in combination with ipsilateral
upper and lower pubic rami fractures were created in
osteoporotic cadaver pelves and stabilized by three fixation
techniques: sacroiliac (n = 5) with sacroiliac screws in S1
and S2, cemented (n = 5) with addition of cement aug-
mentation, and transsacral (n = 5) with a single transsacral
screw in S1. A cyclic loading protocol was applied with
torque (1.5 Nm) and increasing axial force (250-750 N).
Screw loosening, construct survival, and sacral fracture-site
motion were measured by optoelectric motion tracking. A
sample-size calculation revealed five samples per group to
be required to achieve a power of 0.80 to detect 50%
reduction in screw loosening.

Results  Screw motion in relation to the sacrum during
loading with 250 N/1.5 Nm was not different among the
three groups (sacroiliac: 1.2 mm, range, 0.6—1.9; cemented:
0.7 mm, range, 0.5-1.3; transsacral: 1.1 mm, range, 0.6—
2.3) (p = 0.940). Screw subsidence was less in the
cemented group (3.0 mm, range, 1.2-3.7) compared with
the sacroiliac (5.7 mm, range, 4.7-10.4) or transsacral
group (5.6 mm, range, 3.8—10.5) (p = 0.031). There was no
difference with the numbers available in the median
number of cycles needed until failure; this was 2921 cycles
(range, 2586-5450) in the cemented group, 2570 cycles
(range, 2500-5107) for the sacroiliac specimens, and 2578
cycles (range, 2540-2623) in the transsacral group (p =
0.153). The cemented group absorbed more energy before
failure (8.2 x 10° N*cycles; range, 6.6 x 10°-22.6 x 10°)
compared with the transsacral group (6.5 x 10°> Ncycles;
range, 6.4 X 10°-6.7 x 105) (p = 0.016). There was no
difference with the numbers available in terms of fracture
site motion (sacroiliac: 2.9 mm, range, 0.7-5.4; cemented:


http://dx.doi.org/10.1007/s11999-016-4934-9
http://crossmark.crossref.org/dialog/?doi=10.1007/s11999-016-4934-9&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s11999-016-4934-9&amp;domain=pdf

Volume 474, Number 11, November 2016

Cement-augmented Sacroiliac Screw Fixation 2523

1.2 mm, range, 0.6—1.9; transsacral: 2.1 mm, range, 1.2—
4.8). Probability values for all between-group comparisons
were greater than 0.05.

Conclusions The addition of cement to standard sacroil-
iac screw fixation seemed to change the mode and
dynamics of failure in this cadaveric mechanical model.
Although no advantages to cement were observed in terms
of screw motion or cycles to failure among the different
constructs, a cemented, two-screw sacroiliac screw con-
struct resulted in less screw subsidence and greater energy
absorbed to failure than an uncemented single transsacral
SCrew.

Clinical Relevance In osteoporotic bone, the addition of
cement to sacroiliac screw fixation might improve screw
anchorage. However, larger mechanical studies using these
findings as pilot data should be performed before applying
these preliminary findings clinically.

Introduction

Fragility fractures of the pelvis are characterized mainly by
disruption of the weakened bony structures with the liga-
ments remaining intact [36]. For this reason, most of these
fractures can be treated nonoperatively with early full
weightbearing mobilization [7]. Pelvic ring injuries with
complete sacral fractures, however, are considered to be
unstable and can benefit from early fixation [2, 13].
Operative treatment of these injuries also might accelerate
mobilization and restoration of normal gait [34]. Osteo-
porotic lateral compression fractures with minimal
displacement in the area of the anterior pelvic ring can be
addressed specifically and successfully by percutaneous
sacroiliac screw fixation [10, 23, 24, 31, 37, 42]. As these
fractures most commonly affect older patients, any fixation
technique should provide sufficient stability to allow for
early full weightbearing.

In vitro, sacroiliac screws are able to restore greater than
80% of pretraumatic static stability of a vertical shear injury
in pelves with normal bone stock [5]. In patients with
osteoporotic bone, however, loosening of the screws fre-
quently is seen [15, 30, 47]. This is a dynamic process and
failure to achieve stable anchorage in sacroiliac screw fixation
can result in loosening of the screws, but equally important
can be the long-lasting immobilization resulting from pain in
patients who are already-frail and deconditioned.

One option to increase fixation strength is the use of
transsacral screws or bars [15, 17, 24, 25]. Owing to
variable morphologic features of the sacrum, however, a
transverse transsacral corridor in S1 does not exist in at
least 20% of individuals [26]. Therefore, some authors
suggest the use of cement augmentation of the sacroiliac
screw [19] because this has been proven to increase pullout

strength of screws in other skeletal areas [21, 45] and the
pelvis [16]. However, pullout strength is only an indirect
measure of construct stability after pelvic fracture
stabilization.

The purpose of this study was to investigate in vitro the
potential biomechanical benefit of cement augmentation in
sacroiliac screw fixation under conditions simulating cyclic
loading of the pelvis. The underlying scientific question
was whether cement augmentation in a cadaver model of
osteoporotic bone improves the strength of the construct,
specifically with respect to screw loosening, construct
survival, and fracture-site motion.

Material and Methods

Fifteen fresh frozen osteoporotic cadaver pelves (median
donor age, 83 years; range, 69-94 years) were used.
Standardized left-sided complete sacral ala fractures with
intact posterior ligaments in combination with ipsilateral
upper and lower pubic rami fractures were created (Fig. 1),
and the specimens were randomly assigned to one of three
techniques of posterior pelvic ring fixation (Fig. 2).

In the sacroiliac group (n = 5), one cannulated screw
(7.3 mm, fully threaded; DePuy Synthes, West Chester,
PA, USA) with a washer was inserted through the ilium
into each of the bodies of S1 and S2 using conventional C-
arm fluoroscopy as previously described [31].

In the cemented group (n = 5), sacroiliac screw fixation
was performed as in the sacroiliac group. After placement
of both screws, these were pulled back 25 mm and poly-
methylmethacrylate bone cement (3—4 mL; Simplex P™
Bone Cement; Stryker‘@ Corporation, Kalamazoo, MI,
USA) was injected through the screw’s cannulated portion
into the sacral body with a syringe. The screws then were
immediately screwed in again and tightened before the
cement cured. A backfill corridor of 25 mm was chosen for
cement augmentation to be sure that the cement stayed in
the S1 body and, thus, to avoid leakage into the fracture or
the foramen.

In the transsacral group (n = 5), the same type of fully-
threaded cannulated screws with washers was inserted
across the bodies of S1 and S2 in a way that they reached
the contralateral ilium. Fully threaded screws were used to
avoid the threaded part to be a confounding factor
depending on its position in the bone.

In all groups, the anterior part of the created pelvic ring
fracture was stabilized by insertion of a retrograde
transpubic screw [14].

Before group assignment, the bone mineral density
(BMD) of all specimens was measured using quantitative
CT. Scans were performed on a phantom (Model 3 Cali-
bration Phantom; Mindways Software Inc, Austin, TX,
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Fig. 1A-B (A) A pelvic specimen from the cemented group is shown
after implant removal The intact posterior sacroiliac ligaments serve
as a hinge behind the created fracture. (B) The anterior wall of S1 has
been removed to show the cement envelope around the screw

Fig. 2A-C The testing samples in the three groups are shown. (A) In
the sacroiliac group, fixation was done by two standard sacroiliac
screws in S1 and S2 and one intramedullary pubic ramus screw. (B) In
the cemented group, the same configuration was used but with the

USA), a 64-slice scanner (Toshiba AquilionTM; Toshiba
Corporation, Irvine, CA, USA) (120 kVp, 200 mA x 0.5
second rotation/100 mAs, 0.5-mm slice thickness). Refor-
mats were reconstructed from 0.5 mm/0.3 mm volumes
resulting in 0.5-mm voxels. Hounsfield units were deter-
mined in regions of interest in the central trabecular bone
of the body of S1 on axial (3 cm?) and sagittal (1.5 cm?)
reconstructions and averaged. Using the phantom’s refer-
ence values, median BMDs were calculated for all three
testing groups (sacroiliac: 115 mg/cm®, range, 64—152 mg/
cm3; cemented: 81 mg/cm3 , range, 32-193 mg/cm3;
transsacral: 109 mg/cm?, range, 48—156 mg/cm?) [4]. With
the numbers available, there were no differences in BMD
among the three groups (p = 0.878), and all specimens had
BMDs of less than half the values reported for S1 in young
patients [22]. The CT scans also were used to measure
screw lengths (S1, S2, and transsacral) and to identify the
specimens that had no safe transsacral corridor [26].
Likewise, with the numbers available, there were no dif-
ferences in virtual S1 transsacral screw size (distance of the
ipsilateral ilium to the contralateral ilium through S1)
among the groups (sacroiliac: 160 mm, range, 150-165
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(Original magnification, x4). The addition of cement increases the
diameter of the screw and thereby limits the space between the
implant and cortical borders of the sacrum.

addition of cement augmentation of the sacroiliac screws. (C) For the
transsacral group, one single transsacral screw through S1 was
combined with a pubic ramus screw.

mm; cemented: 155 mm, range, 150-180 mm; transsacral:
150 mm, range, 145-175 mm) (p = 0.609).

After cement-augmented screw fixation and before
biomechanical testing, the pelvic samples of the cemented
group underwent a repeat CT scan to detect and assess
cement leakage.

The experimental setup was designed to progressively
provoke loosening or cutout of the screws by fatigue or
damage accumulation in the area of the bone-implant
interface. All samples underwent mechanical testing of a
common setup simulating cyclic single-leg stance using a
universal testing machine (ElectroPuls™ E10000 Linear-
Torsion; Instron®, Norwood, MA, USA) (Fig. 3). Each
specimen was subjected to consecutive cyclic loadings at 1
Hz (Fig. 4) beginning with a sinusoidal axial force from
100 to 250 N and 1.5 Nm torque acting on the freely
pivoting sacrum while the left acetabulum was able to
move around a femoral head substitute [6] to simulate toe-
touch weightbearing. After 2500 cycles, the axial load was
increased to 500 N to simulate walking on a walker
(Videos 1, 2. Supplemental material is available with the
online version of CORR®) and after another 2500 cycles, it
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Fig. 3A-B (A) On a universal testing machine, cyclic loadings were
applied through the sacrum that was allowed to pivot in all planes
while the left hip socket articulated with a fixed femoral head
substitute. Hip abductor muscles were simulated by cable pulleys
attached to the iliac crest. (B) Displacement under loading was
measured using an optoelectronic camera system. Markers were
placed on the iliac crest, the sacrum, and the S1 screw (¥).

750 N
+1.5Nm

250 N

+1.5Nm

Precycling

Displacement

100N

50N

2500 Cycles | [ 2500cycles | [ 500 Cycles

Cyclic Testing (0.5 Hz) —— ————
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Fig. 4 The applied cyclic loading protocol is shown.

was increased to 750 N to simulate full weightbearing.
Before testing, all specimens were preloaded with 50 N to
balance tilt and rotation using the pulleys simulating the
abductor and iliotibial band apparatus and then were pre-
cycled between 100 N and 250 N (five cycles) to level
initial subsidence.

Axial displacement of the sacrum beyond 25 mm (after
precycling) was determined as failure resulting in an
immediate stop of testing to achieve an actual sacroiliac
displacement beyond what would be considered failure of
fixation. In case of implant loosening or cutout, the testing
was continued until definitive failure occurred (as deter-
mined previously).

Motions of the sacrum in relation to the ilium and of the
screw in relation to the sacrum and to the ilium were
recorded during the whole testing by optoelectric motion

Fig. 5 To determine screw subsidence as an additional measure of
screw loosening, the length of the medial-sided screw hole in S1 was
quantified from inside the fracture after biomechanical testing. Screw
subsidence was defined as the difference between maximum screw
hole diameter and the core diameter of the screw.

tracking (Optotrak Certus®™; NDI, Waterloo, Ontario,
Canada) (Fig. 3B).

The primary outcome parameter was the amount of
screw loosening (mm) measured by optoelectronically
measured screw tip motion in relation to the sacrum during
cyclic loading with 250 N/1.5 Nm. This was defined as the
maximal distance between the digitized tip of the screw in
S1 and the center of the sacral body S1 (resulting vector of
digitized points in the foramen of S1 and the base of the
L5/S1 facet joints). This was confirmed by measuring the
screw subsidence as an additional measure of screw loos-
ening (Fig. 5). To determine screw subsidence, the length
of the medial-sided screw hole in S1 was quantified from
inside the fracture after the biomechanical testing using a
caliper (Digimax Digital Caliper; Wiha Werkzeuge GmbH,
Schonach, Germany) (device tolerance, = 0.1 mm). Screw
subsidence was defined as the difference between maxi-
mum screw hole diameter and the core diameter of the
screw (4.8 mm) [18].

The secondary outcome parameter was construct sur-
vival (n), defined as the number of cycles needed until
failure (as defined in the mechanical testing section)
occurred. Because a measure for the amount of energy
absorbed until failure of the construct occurred, the median
product of performed cycles and acting axial force was
calculated and compared across the three groups.

@ Springer
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The tertiary outcome parameter was the amount of
sacral fracture site motion (mm), defined as the magnitude
of translation of the sacrum relative to the ilium within one
loading cycle measured every 500 cycles during loading
with 250 N/1.5 Nm. These data were determined every 100
cycles.

Additional outcome parameters were mode of failure
and cement leakage by location and volume of cement
leakage measured by a postinterventional CT scan of all
specimens in the cemented group. Mode of failure was
qualitatively assessed by video-documented observation of
the samples’ behavior under testing and until failure. Outlet
pelvic fluoroscopy images (ARCADIS™ Orbic 3D; Sie-
mens Medical Solutions USA, Inc, Malvern, PA, USA)
were taken with preloading, after 2500 and/or 5000 cycles
of loading, and after failure in the loaded condition from
each sample to support this evaluation and to achieve better
understanding of how the constructs failed.

Statistical Analysis

The primary outcome was the amount of screw loosening.
In previous clinical series, sacroiliac screw loosening was
approximately 10% in mixed populations [31, 32]. As
known from spine surgery, the risk of screw loosening in
patients with osteoporosis can be as much as 25% [30, 47].
Thus, the presence of osteoporosis was estimated to double
the rate of screw loosening, therefore we set the clinically
relevant effect size in this model of osteoporosis as cement
resulting in halving of the amount of screw migration.
Assuming a SD of £+ 5%, a sample size calculation was
performed using PS Power and Sample Size Calculation
version 3.0 (o0 = 0.05) [8]. The calculated number of
samples required with a power of 0.8 was five per group.

Posttest analysis was done using SPSS for Windows
Version 23.0 (IBM Corporation, Armonk, NY, USA) and
MATLAB® (MathWorks™, Natick, MA, USA).

All data are reported as medians with the minimum and
maximum value (range). Nonparametric tests were used to
compare differences of medians across and between the
three groups. The level of significance was defined as a
probability less than 0.05.

Results

Screw Loosening

The maximal median screw tip motion in relation to the
sacrum during cyclic loading with 250 N/1.5 Nm was not

different among the three groups with the numbers avail-
able, at 1.2 mm (range, 0.6-1.9 mm) in the sacroiliac
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group, 0.7 mm (range, 0.5-1.3 mm) in the cemented group,
and 1.1 mm (range, 0.6-2.3 mm) in the transsacral group
(p = 0.940). However, screw subsidence measured in the
medial-sided screw hole of the sacral fracture after implant
removal was less in the cemented group (3.0 mm; range,
1.2-3.7 mm) compared with the sacroiliac group (5.7 mm;
range, 4.7-10.4 mm), or the transsacral group (5.6 mm;
range, 3.8-10.5 mm) (p = 0.031).

Construct Survival

There was no difference with the numbers available in the
median number of cycles needed until failure; this was
2921 cycles (range, 2586-5450 cycles) in the cemented
group, 2570 cycles (range, 2500-5107 cycles) for the
sacroiliac specimens, and 2578 cycles (range, 2540-2623
cycles) in the transsacral group (p = 0.153). The cemented
group absorbed more energy before failure (8.2 x 10°
Ncycles; range, 6.6 x 10°-22.6 x 10°) compared with the
transsacral group (6.5 x 10° N*cycles, range, 6.4 x 10°—
6.7 x 10%) (p = 0.016). All specimens survived the first
2500 cycles of cyclic loading with 250 N/1.5 Nm. All
transsacral specimens (five of five) failed within the sub-
sequent first 30 cycles of loading with 500 N/1.5 Nm. One
(of five) specimen in the sacroiliac group and two (of five)
specimens in the cemented group survived all 2500 cycles
with 500 N/1.5 Nm. The remaining sacroiliac specimen
failed within 100 cycles, and the remaining cemented
specimens within 450 cycles of loading with 750 N/1.5 Nm
(Fig. 6).

Sacral Fracture Site Motion

With the numbers available, there was no difference among
the three study groups in terms of fracture-site motion. The
magnitude of translation of the sacrum relative to the ilium
in one loading cycle measured every 500 cycles during
loading with 250 N/1.5 Nm showed an increase with time
in all groups. The maximal sacral fracture site motion was
2.9 mm (range, 0.7-5.4 mm) in the sacroiliac group, 1.2
mm (range, 0.6-1.9 mm) in the cemented group, and 2.1
mm (range, 1.2-4.8 mm) in the transsacral group (across
groups, p = 0.031; between group comparisons, sacroiliac
versus cemented: p = 0.206, sacroiliac versus transsacral:
p = 1.0, cemented versus transsacral: p = 0.206).

Mode of Failure

Regarding the qualitative analysis of the mode of failure,
the sacral fracture always was seen to be the site of major
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Fig. 6 The results of construct 250 N 500 N 750 N
survival are shown.
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Fig. 7A-B Radiographic outlet
views of a tested pelvis from the
transsacral group are shown (A)
without loading and (B) under
loading with 500 N/1.5 Nm. The
fully-threaded transsacral
screws tended to bend under
loading as soon as the screw
started to interfere with the
cortical borders of S1.

motion between the sacral body and ilium. The anterior
pelvic ring showed only little motion at the stabilized pubic
rami fracture but as a whole acted and deformed in a
springlike manner. Anteroinferior pivoting and rotation of
the sacrum around the axis of the screw in S1 was seen in
all groups.

In the sacroiliac and cemented specimens, the sacrum
initially moved independently from the screws and ilium.
With more cycles being applied and increasing loosening
of the screws, these came into contact with the surrounding
cortical borders of the sacrum (anterior and posterior walls,
sacral endplate, and the cortical borders defining the
foramina). Consequently, the screws and ilium were pulled
down together with the sacrum at this stage, also leading to
loosening of the screw in relation to the ilium and finally
resulting in failure.

In the transsacral specimens, initially independent
movement of the sacrum around the screw also was seen.
As soon as the screw started to interfere with the cortical
borders of the body of SI, the screw began to undergo
elastic and, to some part, plastic deformation (Fig. 7) and
bending.

Cycles to Failure

Cement Distribution

The postinterventional CT scan of the specimens in the
cemented group showed a measurable cement mantle
around all screws with a median length of 41 mm (range,
36-50 mm) and width of 11 mm (range, 10-16 mm). Small
cement extrusions into the left S1 foramen were seen in
three of five specimens, twice originating from the S2
screw canal (both 1 x 1 x 2 mm) and once from the S1
screw canal (2 x 2 x 5 mm). In one case, minor leakage of
the cement into the fracture was seen.

Discussion

Fragility fractures of the pelvis are an important clinical
challenge. Affected patients frequently are of advanced
age, they often present with impaired bone quality, and
many have serious medical comorbidities. The primary
goal in the treatment of these patients is early full
weightbearing mobilization, which may be aided by sur-
gical stabilization to decrease pain and facilitate mobility.
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Poor sacral fixation from screws that pull out of the
osteopenic bone is a known technical challenge in this
patient population. To compare several available alterna-
tives that are in common clinical use, specifically with
respect to their fixation strength, we sought to investigate
in vitro the potential biomechanical benefit of cement
augmentation in sacroiliac screw fixation. The underlying
scientific question was whether cement augmentation in a
cadaver model of osteoporotic bone improves the strength
of the construct, specifically with respect to screw loos-
ening, construct survival, and fracture-site motion.

A limitation of cadaver studies is the potential presence
of confounding factors like bone quality and pelvic size.
Although we found no differences among the groups
regarding the median BMD and iliotranssacral width, other
kinds of variability in each group, including the individual
structural properties of each specimen, might have influ-
enced the results, including some of the no-difference
findings. The alternative would have been to use osteo-
porotic bone models with the advantage of similarity in
material properties but the disadvantage that these prop-
erties differ from real bone. In vivo, screw migration is a
combination of trabecular microfracturing and formation of
fibrous tissue at the implant-bone interface owing to
micromovements [3]. In vitro, the latter cannot be simu-
lated; we believe that the biomechanical behavior of the
trabecular structure of an osteoporotic cadaver pelvis is
closer to reality than that of the homogeneous foams used
in the plastic models.

We compared sacroiliac and cemented two-screw con-
structs with a transsacral one-screw construct. It is possible
that it was only the combination of cement and two-screw
construct that led to the small advantages seen in the
cemented group. However, this represents the decisions
made in clinical routine, where transsacral one-screw
[13, 17, 28] and sacroiliac two-screw fixation
[10, 23, 24, 31, 37, 42] are common. In addition, transsa-
cral two-screw constructs require the presence of a
transsacral corridor in S1 and S2 (or one wide enough in
S1), which is not present in approximately 30 % of patients
[27].

Unlike other studies [24, 40], we added anterior fixa-
tion with a retrograde transpubic screw [14] in all
specimens. In the clinical context of an osteoporotic lat-
eral compression fracture, the use of additional anterior
fixation might be controversial; in the case of our cadaver
model, the function of this anterior implant was to stan-
dardize and account for the missing soft tissues that
usually stabilize the anterior pelvic ring. We do not
expect that one of the three posterior constructs would
have been favored by the addition of this screw. In
addition, there is no standard in biomechanical testing of
pelvic ring fractures. The setup and some of the loads
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applied in this study were chosen similar to those reported
in published studies [24, 33, 39, 43]. In addition, a
stepwise increase in loads [12, 40] was chosen to simulate
the cyclic loading environment resulting from different
levels of weightbearing (toe-touch, walking with a walker,
full weightbearing) because they would be expected in the
heterogeneous elderly population with fragility fractures
of the pelvis with very different levels of balance, com-
pliance, and pain.

We found that adding cement to the construct was
somewhat helpful at mitigating screw loosening, although
perhaps not as dramatically as we might have expected;
there was no difference among the groups in terms of
maximal screw-tip motion under cyclic loading, but med-
ian posttest screw subsidence favored the cemented group.
Even though the number of cycles needed to provoke
failure of the constructs was not different among the three
groups, the energy absorbed was greater in the cemented
than in the transsacral group. Other biomechanical studies
using cyclic loading protocols have shown comparable
results with improved implant anchorage in osteoporotic
bone in the distal radius [18], proximal humerus [35], the
proximal [11] and distal femur [44], and the spine [9].
Grechenig et al. [16] recently reported higher pullout forces
of sacroiliac screws after cement augmentation, even
though pullout strength may not be a well-chosen param-
eter for assessment of construct stability after pelvic
fracture stabilization.

Postoperative implant loosening and pelvic ring dis-
placement frequently are not a result of a single trauma or
loading but occur secondary to repetitive motion (ie,
ambulation). Therefore, we used a cyclic loading protocol,
because this seems to best approximate the clinical loading
scenario. Preliminary clinical studies showed a decrease in
implant loosening rates with cement augmentation in the
osteoporotic proximal femur [20] and spine [38]. Cement
augmentation of sacroiliac screw fixation has been reported
in small case reports and series [41, 46], and few compli-
cations were reported.

Finally, in our study although the cement was not
injected under fluoroscopic control, the observed leakage
(although minimal) in the neuroforamina and the fracture is
of concern and should be considered when weighing the
biomechanical benefit of such cement augmentation
against its potential risks. : Slow cement application to
decrease the intraosseous pressure [1], waiting for optimal
viscosity of the cement [29], and use of intraoperative
fluoroscopy during cement injection have been used to
reduce complications associated with cement leakage in
other regions of the body where intraosseous cementing is
performed (such as vertebroplasty); these techniques might
be worth considering to add a margin of safety during
pelvic screw augmentation.
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Considering the separate findings of this study together,
it seems that overall the weak spot of any fixation construct
in the osteoporotic posterior pelvic ring is the body of S1.
Failure occurs as rotation and pivoting of the sacral body
around the implant. Two posterior screws seem to resist
this motion better than one screw, even if it is a transsacral
screw. The addition of cement virtually increases the
diameter of the implant approximately 4 to 5 mm (Fig. 1),
thereby limiting the space between the implant and cortical
borders of the sacrum, and consequently alters the
dynamics of failure and improves construct survival.
Future studies will have to address if the same effect could
be achieved by simply choosing wider implants and if the
risks associated with a larger screw diameter outweigh
those associated with cement augmentation.

In view of the small body of work on this topic to date,
the addition of cement to standard sacroiliac screw fixa-
tion appears to alter the mode and dynamics of failure in
this cadaveric model. In this small study, we observed no
advantages to cement in terms of screw motion or cycles to
failure among the constructs we tested. However, a
cemented, two-screw sacroiliac screw construct resulted in
less screw subsidence and greater energy absorbed to
failure than an uncemented single transsacral screw. In
osteoporotic bone, the addition of cement to sacroiliac
screw fixation may have a positive effect on screw
anchorage. Larger mechanical studies using these findings
as pilot data and investigating the role of screw size and the
number of screws inserted are needed before these pre-
liminary findings can be applied clinically. First, clinical
case series with carefully selected patients will have to
prove the safety of cement augmentation in the sacrum.
After this, larger clinical trials can be done to determine
whether the potential biomechanical advantages of
cemented sacroiliac screw fixation translate into clinical
superiority of this technique.
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