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Background: Despite minimally invasive techniques for sacroiliac joint fixation, clinical challenges
remain. The investigators hypothesized the studied technique will transfix the sacroiliac joint to a
level comparable to the intact sacroiliac joint.

Objectives: The study objective was to determine the dynamic stability of a square inter-joint
implant using a triangular notch in opposing bone segments spanning the joint space.

Study Design: Stability was assessed by measuring micromotion using contralaterally placed
transducers spanning the sacroiliac joint of a specimen during cyclic loading.

Setting: A porcine in-vitro model was equipped with micromotion transducers on the intact and
surgically implanted sacroiliac joint. Cyclic loading was applied on the L4 vertebra and the recorded
micromotion data at each sacroiliac joint was analyzed.

Methods: Porcine specimens from L3 to the sacrum including the pelvic ring were used to
biomechanically evaluate the implantation technique. A novel technique consisting of a square
inter-joint implant was placed so as to create a triangular stabilization notch within adjacent boney
components of the sacroiliac joint. Displacement transducers were placed across implanted and
contralateral porcine sacroiliac joint. Specimens were subjected to compressive loading between
-10N and -100N followed by bending/rotation between 0.4Nm and 4.0Nm. Tests were conducted
at 0.5Hz for 200 cycles. For each loading mode, transducer deflections (or rotations) were averaged
at five-cycle intervals. Student’s t-tests were used to compare fitted parameters between implanted
and intact sacroiliac joint.

Results: In compression, implanted SlJ displayed reduced deflection compared to intact sacroiliac
joint (P < 0.0001). In bending/rotation, initial rotation for the intact sacroiliac joint was increased
compared to implanted sacroiliac joint (P < 0.0001). The computed Half-Life parameter represents
the number of cycles at which the initial rotation decreases by 50% and was found to be statistically
reduced for implanted sacroiliac joint as compared to intact sacroiliac joint.

Limitations: The use of porcine specimens resulted in uniform and good quality bone purchase.
Further study may be required to evaluate the technique in older patients where bone quality is
reduced.

Conclusions: Compared to the intact sacroiliac joint, the implant and procedure in this study
demonstrated decreased motion under cyclic compression. Under rotation, the implanted sacroiliac
joint displayed increased initial stability that subsequently normalized to intact sacroiliac joint values.

Key words: Transfixation, Minimally invasive, Sacroiliac Joint, Micromotion, Biomechanics,
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acroiliac joint fixation has historically been an

open and relatively invasive procedure. With the

advent of recent minimally invasive techniques,
outcomes have improved, and morbidity has declined
(1). Despite these advances, clinical challenges in
treatment remain. Among the limitations to sacroiliac
joint treatment is an appropriate diagnosis. Often,
low back pain is attributed to the involvement of
the hip, lumbosacral spine, or the sacroiliac joint in
some combination. Diagnosing the sacroiliac joint in
isolation is considered only after involvement of other
anatomicsites has been ruled out. Furthermore, surgical
intervention is considered after failure of conservative
treatment.

Current minimally invasive techniques involve the
use of screw or porous implant fixation. There are sev-
eral concepts with regards to the manner for optimal
surgical placement of transarticular screw fixation de-
vices (2). Accepted techniques for fixation include fixa-
tion across the joint via a lateral or posterior-oblique
approach, as well as graft insertion via a direct poste-
rior approach. Biomechanical studies have investigated
both the number of devices, device trajectory, and ge-
ometry (3). These studies have focused upon the issue
of stability of the sacroiliac joint under static loading
conditions as in a single leg stance protocol. In evaluat-
ing stability, loading is often applied until fracture of
the specimen is achieved. Subsequent analysis comput-
ing the deformation or stiffness of the construct is then
compared among the various instrumentation systems
to arrive at a maximum stiffness or minimal deforma-
tion construct (4). The limitation of such testing regi-
mens stems from the lack of dynamic response of the
instrumentation under cyclic loading. All instrumenta-
tion will limit movement following destabilization. The
clinical question of importance rests with the dynamic
response of the specimen/instrumentation composite
to cyclic loading and whether immediate stable fixation
can be attained or if equilibration to a stable configu-
ration that will not unduly stress shield the sacroiliac
joint is possible. In one of the few studies examining
the effects of unilateral fixation upon the contralateral
sacroiliac joint, Lindsey et al found non-significant bio-
mechanical effects due to unilateral fixation when con-
ducting static testing (5). If the use of unilateral fixation
is to provide more clinically relevant ramifications, such
clinical scenarios can only be addressed through the use
of cyclic dynamic loading protocols.

Many in vitro studies employ optimal markers for
tracking 3-dimensional (3D) sacroiliac joint motion

under loading. The application of multiple directional
loading through the use of optical tracking methods
provides 3D motion data. Such testing configurations
can yield large errors associated with the motion of the
sacroiliac joint (6,7). While such methods have proven
viable for analysis of large motions as seen in hips and
knees, the motion of the sacroiliac joint is subtle and
is further reduced with surgical intervention. Further-
more, optical techniques are limited if one is to study
cyclic motion. The use of mechanical data acquired
through material testing machine actuators and load
cells are masked by inherent motion within the lumbo-
sacral spine (4). Localized motion can be directly mea-
sured through linear variable differential transformers
(LVDTs) or differential variable reluctance transducer
(DVRT) devices across the region of interest (8). Re-
gardless of the sacroiliac joint motion measurement
technique, the application of continuous cyclic loading
versus multiple single cycle static loading represents a
more clinically relevant instrumentation performance
scenario (9,10).

The current study addresses the use and functional-
ity of a novel intra-articular implant that stabilizes the
sacroiliac joint by pinning both the sacrum and ilium.
Transfixation across the sacroiliac joint is achieved by
imparting a square implant with unidirectional teeth
whereby the corners engage both the sacrum and ilium
via 2 triangular notches in each bone segment to ac-
commodate a rectangular implant that spans the sac-
roiliac joint. Two such devices are placed perpendicular
to each other, establishing a convergence. The goal of
the current study is to determine if such a minimally in-
vasive surgical procedure can provide sufficient fixation
across the sacroiliac joint by a resulting pinning effect
due to the rectangular shape of the device and the uni-
directional teeth. The investigators hypothesized that
such a technique would stabilize the sacroiliac joint by
creating triangular notches in the bone segments to
accommodate the rectangular implant spanning the
sacroiliac joint. It is further hypothesized that such a
configuration will lead to initial stability and result in
comparable stability to the native contralateral sacro-
iliac joint after cyclic loading due to implant settling
within the joint space.

METHODS

The mechanical advantages connected with
animal models stem from reproducible geometry and
increased uniform bone mineral density between speci-
mens. Furthermore, the availability of animal speci-
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mens is significantly increased as compared to human
specimens. Aside from the availability, the mechanical
integrity associated with human specimens is gener-
ally classified as osteopenic or osteoporotic. A viable
alternative to the use of human samples is the employ-
ment of suitable animal analogs. Many studies employ-
ing human specimens are predominantly confined to
single or several static loading cycles. In the case of the
current study, the use of repeated loading may lead
to specimen degradation. The use of a porcine speci-
men where the bone density is both consistent and of
improved mechanical quality compared to a human
pelvis facilitated the application of continuous fatigue
loading. The authors recognize that while quadrupeds
display different biomechanical properties compared
to humans, the current study was designed to exam-
ine the effects of the instrumentation as compared to
the contralateral intact sacroiliac joint. It is recognized
that the biomechanics manifested by quadrupeds is
different from human bipedal motion. Despite this
difference, selection of an appropriate animal model
was feasible in light of the specific in vitro test cyclic
requirements for this study. Institutional Review Board/
Research Ethics Committee approval was not applicable
for this study as porcine specimens were used for bio-
mechanical testing and were acquired from a certified
supplier.

The investigators performed a bilateral com-
parison for fixation in an effort to investigate stabil-
ity and comparison to a normal joint. The basis of the
implant stability stems from cortical engagement and
retainment of ligamentous compression to provide
rectangular pinning across the sacroiliac joint. Diseased
joints can vary in presentation of pathology. Using our
models as their own controls permits the comparison
between an unaltered native intact sacroiliac joint to
the contralateral implanted sacroiliac joint. Clinically
one can extrapolate that the relative differences would
be exacerbated in a diseased joint. Pilliar et al, using a
canine model, described the presence of micromotion
on the order of 28 pm can result in bone ingrowth
while movement in excess of 150 ym generates implant
attachment via connective tissue (11).

That is, there is a level of micromotion that can
benefit bone remodeling. Conversely, overly rigid con-
structs can contribute to stress shielding. Engh et al,
in examining the effects of implanted porous-coated
anatomic medullary locking prostheses post-mortem,
concluded that strain shielding was associated with
bone remodeling changes that resulted in regional

reductions in bone mineral content that ranged from
7% to 78% (12).

The shielding of the surrounding bone by the
implant results in reduced strength reduction in ac-
cordance with Wolff's Law as localized bone loading
is reduced. In the current study, the clinical concerns
of both insufficient and excessive micromotion were
addressed. Micromotion was observed between 64 ym
and 49 pm for the intact and implanted sacroiliac joint,
respectively. The scale of the measurements indicates
that while the model may differ from that of a human
subject, the relative implications can be inferred. The
anatomical variation from human anatomy is less cru-
cial, and the use of reproducible and viable anatomic
mechanical integrity provides the rationale for employ-
ment of porcine specimens. Such a model is not unique
for the investigation of the pelvis and sacroiliac joint
for in vitro testing (13-15). In the removal of soft tissue,
specimens lose a significant portion of their mechanical
stability as compared to the in vivo condition. The use
of an intact contralateral comparison was to evaluate
if the applied instrumentation could initially stabilize
and subsequently maintain the stability at a level that
is comparable to an intact joint. The application of any
instrumentation to a joint or fracture can run the risk
of generating an overly stiff construct which may be
subsequently susceptible to stress shielding and thus,
possibly create a situation of a delayed or nonunion
scenario. The subsequent investigation regarding the
settling of instrumentation to a level that is compa-
rable to an intact contralateral sacroiliac joint is of
benefit as compared to an overly stiff construct that
can lead to altered biomechanics. To accommodate
the smaller porcine pelvis, the smallest implants were
employed in this study. Seven porcine segments from
L3 to the mid femur were obtained from fully mature,
125 kg animals (Animal Technologies, LLC., Tyler, TX).
The ligamentous tissues across the sacroiliac joint were
preserved. One randomly selected sacroiliac joint was
visualized using syringe needles, and location was veri-
fied under fluoroscopy. Two devices (CornerLoc., Tulsa,
OK) were implanted to stabilize the sacroiliac joint per
the surgical procedure (Fig. 1).

Measurement of Sacroiliac Joint Motion

The localized motion of the intact and implanted
sacroiliac joint cannot be recorded by the actuator of
the testing machine itself, as the actuator will only
record the total motion associated with the sacro-
iliac joint and the lumbosacral spine. While there are
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Fig. 1. Orientation and verification of the implant positioning across the randomly selected sacroiliac joint.

several studies that have employed optical methods,
the use of triad reflective markers in such small ge-
ometries can be problematic. In the current study, dis-
placement transducers capable of micron resolution
were employed. These transducers have been previ-
ously used in other studies and display an accurate
linear response with respect to applied deformation.
While the use of LVDTs is a viable alternative to the
transducers employed in this study, they suffer from
the fact that they must be used in an exact linear,
uniaxial configuration. Any deviation from the central
axis can damage or alter the transducer response. A
custom-designed strain gauge-based displacement

transducer was fabricated and calibrated to record
endplate movement under cyclic loading of the joint
periphery. The transducer records changes in displace-
ment through a strain gauge mounted at the apex of
a flexible central arc (Fig. 2, Left). When the relative
separation distance between the tabs of the trans-
ducer is altered due to tension or compression, a cor-
responding increase or decrease in the arc diameter is
generated and results in the deformation of the strain
gauge located at the apex of the arc (16,17).

Using a Wheatstone bridge circuit and amplifier,
the gauge resistance change was transformed to an
output voltage that was subsequently converted to
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Left

Right

Fig. 2. Left) The Arc transducer developed for measurement of micron level displacements. Right) Positioning of the
transducers across the sacroiliac joint for the implanted and intact joints.

a known displacement using a previously generated
calibration curve between the transducer output volt-
age and the change in tab separation distance as mea-
sured with a micrometer. Prior to use, the transducer
and accompanying electronics were allowed to equili-
brate in the laboratory environment for a minimum of
20 minutes. Following implantation of the rectangu-
lar pinning devices, the transducer was placed across
the implanted and contralateral sacroiliac joint at
the same relative location (Fig. 2, Right). Therefore,
all factors were kept constant on both sides, with the
exception of the procedure performed on the treated
side.

Specimen Loading

Specimens were embedded in resin for integra-
tion into the materials testing machine. The superior
aspect of L3 and each distal portion of the ilium were
embedded (Fig. 3, Left). Specimens were subjected to
compressive loading between -10 N and -100 N at a rate
of 0.5 Hz for 200 cycles. Load versus deformation data
from the materials testing machine (TA Instruments,
ElectroForce 3300, Eden Prairie, MN) and transducer
deflections from each sacroiliac joint were acquired at
a rate of 40 Hz using a data acquisition system (DI-155
HS, Dataq Instruments, Akron, OH). The placement of
the transducer at L4 was to establish if the linearity
between the applied motion of the testing machine
piston was being directly transferred to the specimen.
During cyclic loading of biological tissue, the loading

applied by the testing frame may result in a lag in speci-
men loading due to viscoelastic effects of soft tissues
such as the intervertebral discs. By placing a transducer
across L4, the authors were able to ensure that during
testing, viscoelastic effects were minimal. That is, the
specimen loading response was essentially linear with
respect to the load application. The transducers across
the sacroiliac joint were oriented so as to monitor mo-
tion across and parallel to the sacroiliac joint where the
implantation was performed. The contralateral intact
side received transducers in a similar orientation and
position.

Following compressive testing, specimens were
re-embedded to allow for bending/rotation of the
sacroiliac joint. The anterior aspect of each ilium was
embedded in an aluminum sleeve. (Fig. 3, Right). The
loading point was located on the midline of the sacrum
at a distance of 40mm from the center of the lateral as-
pect sacroiliac joint. Loading parameters for the testing
machine were identical to those for compression test-
ing. The resulting moment arm facilitated bending be-
tween 0.4 nm and 4.0 nm. Data were acquired as previ-
ously described. For each loading mode, the maximum
and minimum deflections at each cycle were extracted
and averaged for every 5-cycle interval. In the case of
bending/rotation, the deflections were converted to
angle measurements through trigonometric identity.
The mean deflections for the respective sacroiliac joint
condition were averaged across the respective cycle
number for each loading mode.
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Fig. 3. Left) Configuration for compression testing. Right) Configuration for bending rotation testing.

Statistical Methods

Under the compressive loading, both the implant-
ed and intact sacroiliac joints were relatively stable
over the number of cycles applied. As such, a hori-
zontal line regression was used to fit the data (Prism
7.0 GraphPad, Inc., San Diego, CA). A Student’s t-test
was used to compare the deflections of the implanted
and intact sacroiliac joint. Under bending/rotation
loading, both the implanted and intact sacroiliac
joint displayed a nonlinear response with respect to
the number of applied cycles. Nonlinear exponential
regression was used to fit the observed rotation of
each sacroiliac joint to the number of cycles applied
(Prism 7.0 GraphPad, Inc., San Diego, CA). Parameters
of the exponential function are identified by Yo (the
initial position), K (the rate of change), Span (the total
change), and Plateau (the asymptotic limit of the sub-
sidence) (Fig. 4). A Student’s t-test was used to com-
pare the resulting curve parameters for the implanted
and intact sacroiliac joint.

ResuLts

The resulting data are based upon 7 compres-
sion specimens and 6 bending/rotation specimens.
One specimen was damaged during removal from the

embedding material following compression testing.
Embedding of this specimen was attempted but was
unsuccessful.

Transducer Calibration

All transducers display linear response between the
output voltage of the circuitry in the applied displace-
ment between the mounting tabs of the transducers
(Fig. 5). The R-squared value for the linear regression
of output voltage and applied displacement exceeded
0.99 for all transducers. Transducers 1 and 2 were used
throughout the testing and were not damaged during
application between specimens.

Cyclic Compression

The statistical analysis software selected a hori-
zontal line fit to each data set compared to a straight
line fit (F test, P > 0.5). The cyclic compression data and
the fitted horizontal line for the implanted and intact
sacroiliac joint are seen in Fig. 6, Left and Fig. 6, Right,
respectively. Under cyclic compression, the intact sac-
roiliac joint displayed a deflection of 0.064 (+ 0.001)
mm as compared to a deflection of 0.049 (+ 0.001) mm
for the implanted sacroiliac joint. This difference was
statistically significant (P < 0.0001). For both tests, the
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fitting residuals were normally distributed about the
horizontal line (P> 0.5 for both sets).

Cyclic Bending/Rotation

The statistical analysis software selected a single
decay curve for both data sets as compared to a straight
line fit (F test, P > 0.5, Fig. 7). The R-squared value for
both data sets was in excess of 0.86. The initial value of
the rotation (Yo) for the intact sacroiliac joint was 0.867
(x 0.002)° as compared to the implanted sacroiliac joint
value of 0.821 (+ 0.001)° (Fig. 8, Left, P < 0.0001). At the
termination of the test, the observed rotation (Plateau)
was not statistically significant between the intact and
implanted sacroiliac joint (Fig. 8, Right, P > 0.6) due to
the nature of the decay curves associated with both
data sets. The exponential fitting process computes the
rate associated with exponential defined by the pa-
rameter K. It is often more easily interpreted when the
associated half-life is reported. Half-life is computed as
(In2/K) and represents the number of cycles at which
the initial rotation has decreased by 50%. In Fig. 8, bot-
tom, the half-life of the implanted sacroiliac joint is 70
(= 8) cycles as compared to the half-life of the intact
sacroiliac joint, 150 (+ 28) cycles. This difference was
statistically significant (P < 0.02).

The application of mechanical loading to failure of
the surgical construct does not represent a clinically vi-
able scenario unless one is focused on the effects due to
traumatic loading. The current study investigated the
response to cyclic loading of the sacroiliac joint in the
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Fig. 4. Schematic of the nonlinear exponential function
used to fit the bending/rotation cyclic data.
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Fig. 5. Results of Arc transducer calibration.

stabilized and intact conditions.

Using custom fabricated and
calibrated transducers mounted Left Right
directly across both sacroiliac
joints, we were able to measure Compression Fitted Deflection
micromotion across the respec- 0,08+ 0.08-
tive joints under cyclic loading. . P<0.0001
The implanted sacroiliac joint E“-“‘_' E”-“'
displayed decreased deflection Euu-l- K Eu.m-
as compared to the contralat- [ § — implant 3
eral intact sacroiliac joint under E 0.0 1 — Intad En,uz.
compressive loading through
the cyclic loading regimen. The 0.00 . . . . y 0.0
difference was statistically sig- e » mm';m w0 20 HWHICMEHEM et
nificant (P < 0.0001).
Under cyclic bending, the
implanted and intact sacroiliac Fig. 6. Left) Plot of compression data for the implanted (Red) and intact (Blue)
joint displayed a nonlinear ex- sacrotliac joint. Right) }.7'L:tted. d.eﬂection '(via horizontal .li'ne) fqr the Impla.ntfad (Red)
. . . and Intact (Blue) sacroiliac joint. The implanted sacroiliac joint was statistically
pon.entlal decreas_e n rOt_atlon reduced as compared to the intact sacroiliac joint.
during the loading regimen.
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Analysis of the fitted parameters permitted investiga-
tion into the response of the implanted and intact sac-
roiliac joint due to cyclic bending loads. The difference
in initial rotational stability, designated as Yo, was on
the order of 0.05°. While this value may not be sub-

Rotation
0.95-
= |mplant

0.904
—_ - |ntact
E 0.854
E ..
w0 0.80+
=

0.754

0.70 . : ' T '

0 50 100 150 200 250

Cycles

Fig. 7. Plot of the Rotation data under cyclic load for the
Implanted (Red) and Intact ( Blue) sacroiliac joint.
Both sacroiliac joints displayed a nonlinear response
versus applied cycles.

stantial, it was statistically decreased for the implanted
sacroiliac joint as compared to the contralateral intact
joint (P < 0.001). This is not unexpected as one would
expect that implantation of a device spanning the joint
would lead to initial increased stability as compared to
the intact condition.

The total change in rotational stability for the
implanted sacroiliac joint over the number of loading
cycles was 0.07° as compared to 0.14° for the intact
sacroiliac joint (P < 0.002), while the asymptotic limit
(Plateau) was not statistically different (P < 0.6) be-
tween intact and implanted sides of the sacroiliac joint.
It is important to note that while the implantation of
the device leads to a more stable configuration than
the intact sacroiliac joint (by acting as a press-fit pin
between the bone segments across the sacroiliac joint),
the subsequent effects of cyclic loading served to settle
and seat the implanted sacroiliac joint to a level that
is comparable and not statistically different from the
native sacroiliac joint. Such a scenario can be extrapo-
lated to the clinical condition where an overly stiff
sacroiliac joint construct can lead to stress shielding of
the implanted joint and impart altered mechanical and
physiological loading conditions upon the contralateral
intact sacroiliac joint. The use of triangular implants

Left Right
Yo_Rotation Plateau_Rotation
10- =140 Mot Significant Fig. 8. Resulting from the nonlinear
0 S fit of the Rotation loading regimen.
£ 0.8 Z 081 Left) The initial rotation (Yo)
8 g6 £ 054 was statistically reduced for the
H 2 Implanted (Red) with respect to
& 044 E- 04+ the Intact (Blue) sacroiliac joint
Z g 2 0.2 (P<0.001). Right) The asymptotic
= £ limit of the sacroiliac joint rotation
0.e- o 0.0- implant P was not statistically different
) between the Implanted (Red) and
Condition Condition e
Intact (Blue) sacroiliac joints.
Half-Life_Rotation Bottom) The calculated half-life
2504 was significantly reduced for the
=208 P<0.02 Implanted (Red) sacrotliac joint
% 1 as compared to the Intact (Blue)
& 1504 sacroiliac joint, indicating a
£ 100 reduced number of cycles required
'EV to equilibrate (P < 0.02).
T 504
ol
Imgdant Intact
Ceondition
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has been examined by Panico et al who examined the
application of these devices and reported that they
might be employed as a supplement to rod/screw
systems when they provide a protective effect to the
construct (18). In this study, the use of a rectangular
implant within opposite triangular notches across the
sacroiliac joint was examined in isolation to evaluate
resultant sacroiliac joint stability under cyclic loading.
Cross Il et al noted extrusion of intra-articular mate-
rial from the joint capsule during trans-articular screw
compression (19). In this study, the implanted sacroiliac
joint transitioned to comparable rotational motion to
the intact sacroiliac joint during the cyclic loading un-
der bending conditions. It therefore maintains normal
physiologic movement.

While the initial and final rotational stability can
be of biomechanical importance, of clinical relevance
may be the data associated with the dynamic response
of the implanted and intact sacroiliac joint. This param-
eter is represented by the rate or K value, of the non-
linear exponential fitted curve to the data. Although
this parameter is commonly used to evaluate dynamic
response, in light of this study, it may be more clini-
cally relevant to the present rate as half-life, thereby
representing the number of loading cycles required
to achieve a 50% decrease from the initial rotational
motion. Conventionally, equilibrium is established
at a value of 5 half-lives. In this study, the implanted
sacroiliac joint displayed a half-life value of 71 cycles
as compared to a value of 150 cycles for the intact sac-
roiliac joint. This difference was statistically significant
(P < 0.02). Using the 5 half-lives convention for equilib-
rium, this would compute to achievement of rotational
equilibrium for the implanted sacroiliac joint at 355
cycles as compared to 750 cycles for the intact sacroiliac
joint. Clinical interpretation of the half-life would be
the “settling” of the implant construct. Ideally, it would
be desirable to have a rapid settling configuration so as
to enable healing to occur. Delayed equilibrium could
prolong the time required for a stable sacroiliac joint
and hence may delay union due to continuous settling
and/or migration.

Biomechanical studies involving human specimens
have been loaded to 7.5 nm (7,17). Under these loading
conditions and employing optical tracking, Jeong et al
reported single-plane rotation of 4.5 (+ 3.3)° for nuta-
tion-counternutation. In this study, a loading moment
of 4.0 nm was applied (7). Extrapolating the angular ro-
tations observed in the current study results in the ini-
tial (Yo) values of rotation of the intact and implanted

sacroiliac joint of 1.6° and 1.5°, respectively, for flexion.
With a 7.5 nm applied moment, Cross lll et al reported
flexion-extension rotations of 2.92 (x 0.74)° and 1.75 (+
0.99)° for the intact and instrumented sacroiliac joint
using a lag screw/washer configuration in conjunction
with a single transarticular screw (19). These rotational
results are comparable to those reported for an intact
normal density Finite Element Analysis model proposed
by Dubé-Cyr et al under flexion-extension 3.86 (+ 1.60)°
when loading was applied through the sacrum (20).
These values compare favorably to the values in this
study when extrapolated to the increased loading
level. A study conducted by Dujardin et al employed a
loading regimen of 350 N to apply loading across the
sacroiliac joint (8). The investigators reported intact
pelvis values of from 0.24° to 1.92° for rotation and
0.22 mm to 0.35 mm in displacement. Extrapolating
the 100 N compressive load in the current study to the
load used in the study by Dujardin results in the intact
sacroiliac joint displaying a compression of 0.22 mm
and a rotation of 3°. It is noteworthy that Dujardin et
al employed LVDT devices to record the micromotion
of the sacroiliac joint during loading. Unlike the cur-
rent study, cyclic loading was not conducted. Despite
the reducing loading condition under cyclic loading,
the initial values for both intact and pinned sacroiliac
joint motions are comparable to those displayed by
other biomechanical studies in the literature employ-
ing high loads combined with human specimens under
static conditions using only several cycles. Zderie et al
employed an 80 N starting load with force rate loading
rates of 0.01 N/cycle and a 5 nm static torsional load to
examined effects of sacroiliac joint fixation. At 1000,
3000, and 5000 cycles the applied loads were 90 N, 100
N, and 130 N, respectively. The flexion rotations for the
7.3 mm cannulated screw and 13 mm washer, screw-
in-screw, and transsacral instrumentation at 1000 cycles
were 0.76° 2.12°, and 0.76°, respectively. At the 3000
cycle or 90 N loading level, the corresponding values
increased to 2.68°, 3.44°, and 1.3° for the cannulated
screw, screw-in-screw, and trans-sacral conditions (21).
In the current study, the Initial (Yo) and Final (Plateau)
values for rotation were both less than 1° for the intact
and rectangular implant stabilized sacroiliac joint.

Limitations

There are limitations with respect to the current
study. The loading conditions of a 100 N force are
substantially reduced as compared to other studies.
The rationale for this load was 2-fold. The cyclic load-
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ing conditions associated with both compressive and
rotational bending placed specimens under dynamic
loading could result in specimen degradation at higher
load levels. The removal of associated musculature
surrounding the pelvis considerably reduces the load-
bearing capacity of the specimens. The reduced loading
facilitated the likelihood of specimens completing the
2 loading regimens to the number of cycles adminis-
tered. The second reason for the reduced load was as-
sociated with the use of porcine specimens, which are
reduced in size. Balancing the reduced load used in the
study due to porcine specimens is the reproducible and
consistent geometry and bone quality associated with
the porcine samples. Another limitation as compared to
other studies of the sacroiliac joint was the motion, and
only one plane was recorded. Other studies examining
sacroiliac joint motion use optical methods to obtain 3D
motion. While this study only considered motion along
or across the sacroiliac joint, the transducers employed
were able to measure these respective motions directly
as the applied loading was in one plane. Despite these
limitations, when the applied loading conditions were
extrapolated to those using human specimens, compa-

rable results were obtained for resultant motion. Such
a comparison provides a measure of confidence for the
use of porcine specimens in future studies.

CONCLUSIONS

Considering both biomechanics and physiology, in
order to achieve union across the sacroiliac joint, a bal-
ance of both stability and a degree of dynamic micro-
motion is desirable. The implant procedure employed
in this study demonstrated statistically decreased mo-
tion under cyclic compression as compared to the intact
sacroiliac joint. Under rotation, the implanted sacroiliac
joint displayed initial increased rotational stability as
compared to the intact sacroiliac joint. During rotation,
the implanted sacroiliac joint demonstrated a more
rapid rate to equilibrium as compared to the intact
joint. At the termination of cyclic rotation, the rota-
tional stability of the implanted and intact sacroiliac
joint was comparable. The ability of the implant and as-
sociated inter-joint pinning process to stabilize and not
impart altered biomechanics upon the contralateral
joint is important in considering clinical ramifications
of sacroiliac joint fixation.
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