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Load-Displacement Behavior of Sacroiliac Joints
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Summary: We measured the load-displacement behavior of both single and
paired sacroiliac (SI) joints in fresh cadaver specimens obtained from eight
adults between the ages of 59 and 74 years. With both ilia fixed, static test
loads were applied to the center of the sacrum along and about axes parallel
and normal to the superior S1 endplate. Test forces up to 294 N were applied in
the superior, inferior, anterior, posterior, and lateral directions. Moments up to
42 N-m were applied in flexion, extension, lateral bending, and axial torsion.
Displacements of the center of the sacrum were measured 60 s after each load
increment was applied, using dial gauges and an optical lever system. The tests
were then repeated with only one ilium fixed. Finally, the three-dimensional
location and overall geometry of each SI joint were measured. For an isolated
left joint at the maximum test loads, the mean (SD) sacral displacements in the
direction of the force ranged from 0.76 mm (1.41) in the medial to 2.74 mm
(1.07) in the anterior direction. The mean rotations in the directions of the
moments ranged from 1.40° (0.71) in right lateral bending to 6.21° (3.29) in
clockwise axial torsion viewed from above. We also examined load-displace-
ment behavior under larger loads. Single sacroiliac joints resisted loads from
500 to 1440 N, and from 42 to 160 N-m without overt failure. Key Words:

Pelvis— Sacroiliac joint— Sacral geometry — Spine biomechanics.

The sacroiliac (SI) joints have long been sus-
pected as a possible site of at least some low back
disorders [for reviews see, for example, Grieve (15)
and Bellamy et al. (2)]. The anatomy and histology
of the SI joints have been the subject of many
studies (1,6,7,17,22,25,27,28,30,32-35). In addi-
tion, radiographic (5,8,10,11,23) and kinematic
(9,12,13,24) studies have sought to define normal
and abnormal ranges of motion in these articula-
tions. There are at least two studies in which the
loads carried by these joints have been estimated
using theoretical models (14,20), but only a few
studies have been made of the mechanical proper-
ties of these articulations (4,16,29,31).
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Because of their location, SI joints must resist
large loads during daily activities. Studies of joint
motions in response to these loads, as well as anal-
yses of the stresses and strains to which the sub-
structures of these joints are subjected, all require
knowledge of mechanical properties of these com-
plex synovial and fibrotic articulations. As no com-
prehensive data seemed to have been published on
the mechanical properties of isolated fresh SI
joints, we undertook this study of SI joint load-dis-
placement behavior.

METHODS

Eight fresh bilateral SI joint specimens were ob-
tained at autopsy within 12 h after death from seven
males and one female aged between 59 and 74 years
(mean, 66 years). Computer tomography scans of
each specimen were obtained to check for radio-
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graphic abnormalities. One joint was found to be
ankylosed unilaterally and this was excluded from
the study. No other abnormalities were found.
Each ilium was sectioned approximately 10 cm lat-
eral to the SI joint and, together with the sacrum
and the overlying soft tissues, was removed and
preserved at —20°C until just before testing. During
mounting and testing, specimens were kept moist at
room temperature.

Specimens were freed of all muscular tissue, and
the sacral spinous processes were removed. Each
ilium lateral to the SI joint line was stripped of its
periosteum. Each ilium was cast into a block of
acrylic cement after some 20 screws were partially
inserted and distributed over its surface to improve
fixation. Care was taken not to include the anterior

Laser
Mirror

Wire

Mirror

—_Reflecteq
aser Beam

SECTION A- A

Mounting
Block

Tightened

Acrylic Cement

Fitler

93

or posterior SI ligament complex. The iliac blocks
were then bolted rigidly to the test apparatus with
the first sacral endplate horizontal (Fig. 1). Steel
plates were mounted on the anterior and posterior
surfaces of the sacrum using four steel wires and a
central bolt. More cement was placed between the
plates and the sacral surfaces to improve con-
gruency of mating surfaces. The bolts and wires
were then tightened. A loading arm was attached
normal to each plate. Cables were attached to these
arms such that static test forces and moments could
be applied in three orthogonal directions through
the center of the sacrum (point O, Fig. 1) via
pulleys and weights.

The center of the superior sacral endplate was
defined as lying halfway along the maximum diam-

FIG. 1. Specimen mounting for load-dis-
placement tests of left sacroiliac joint. In a
clockwise torsion test (A) a couple, TT', was
applied about the center of the sacrum
{point O) via loading arms and steel plates
fastened to the sacrum with tightened steel
wires. Three othogonally-placed dial gauges
were used to measure translations of the
ball, while a mirror and optical lever system
allowed measurement of sacral rotations
about two axes. Section AA’ (B) shows a
midsagittal plane section through the
mounted specimen. The vertical adjustment
for each loading arm is not shown.

Arm
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TABLE 1. Summary of main (m) and coupled (c) sacral
displacements calculated for the center (O) of the
sacrum in each test direction (The remaining
displacements were assumed to be negligible)

Translation of O Rotations of O

Test

direction X Y z O 0, 6,
F, m c c — c c
F, c m [ — [~ C
F, [ c m [ c —
M, c c [ m c —
M, c c c c m —
M, c c c — c m

eter of the endplate in the midsagittal and frontal
planes.

The center of the sacrum was defined as lying in
the midsagittal plane, midway between the inferior
S1 and superior S2 vertebral endplates and the an-
terior and posterior margins of the auricular SI joint
surfaces viewed laterally. The mean value of the
center of the sacrum was 29.0 mm inferior and 11.5
mm posterior to the center of the superior S1 end-
plate as confirmed by specimen dissection and sec-
tioning after testing was completed.

Measurement of Load-Displacement Response

The three orthogonal displacements of a 25 mm
diameter ball, mounted rigidly 60 mm over the
center of the sacral endplate, were measured using
three orthogonally-placed dial gauges (Fig. 1), each
with a resolution of 0.05 mm. Sacral rotations about
two axes were measured using an optical lever. A
laser beam was reflected from a mirror mounted
rigidly to the sacrum onto a wall 5 m away. Mea-
surements of the vertical and horizontal displace-
ments of the reflected beam provided angular reso-
lution of +0.01°. From these data and knowledge
of specimen geometry, the main displacement and
four coupled displacements (Table 1) of the center
(O) of the sacrum were calculated using rigid body
kinematic theory. The results from a pilot study
suggested the remaining displacements were negli-
gible.

Initially, both ilia were rigidly fixed to the test
stand and forces of 39, 118, or 294 N and moments
of 6, 17, or 42 N-m were applied. These loads were
applied in the following order: anterior, posterior,
flexion, extension, superior, inferior, axial torsion,

TABLE 2. Overview of specimen geometry (sacral component only)

Dimension Mean (SD) Range
Superior S1 endplate
AP dia. 35.8 (6.0) 25.2-42.6
Lat. dia. 60.3 (4.9) 52.8-66.1
Area 1704 (370) 1050--2090
SI Joint auricular surface
Height a 63.4 (3.8) 57.9-68.8
Width b 38.7 (3.2) 33.4-433
Frontal (YZ) plane angle i\ 19.6 (10.8) 6.5-32.5
Joint area 1424 (203) 1104-1913
Ligamentous area 2229 (429) 1815-3200
Centroid coords. C, -8.9(10.5) —-30.2-3.8
C, —30.9(7.4) —15.4-—44.1
S1-S2 section (AA") S2-83 section
Mean (SD) Range Mean (SD) Range
SI Joint proper
Jt. width b, 24.6 (4.3) 19.1-34.5 18.5 (4.5) 10.6-26.2
Jt. spacing c 107.8 (9.6) 97.2-120.9 97.9 (6.4) 88.3-108.0
Transverse (XY) plane angle 6, 1.6 (8.8) —-7.0-17.0 —4.9 (13.0) —32.0-12.0
Midpoint coords. A, —-11.5(9.4) —-28.8-2.1 —4.6 (13.8) —31.2-13.3
A, -29.0 4.1) —21.9--36.7 -56.5(3.5) —49.0--62.2
Posterior ligamentous
attachment surface
Width b, 30.7 (4.2) 24.1-38.0 22.2(4.9) 16.3-30.0
Spacing c, 91.3 (7.6) 81.5-105.2 81.1(7.7) 70.2-92.3
Transverse (X7Y) plane angle 6, —34.7 (10.5) —83.0--40.0 —45.5(7.0) —54.0-—45.0
Location, length AP, 24.3 (2.5) 21.8-28.1 17.3 (3.9) 11.0-22.0

Left and right sided results have been pooled. Values are in millimeters or degrees; areas are in square millimeters. Dimension

symbols are defined in text and shown in Fig. 2.

AP dia., anteroposterior diameter; Lat. dia., lateral diameter; SI, sacroiliac.
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lateral bending, and medial. Test loads were ori-
ented parallel to the axes shown in Fig. 1. Anterior
and posterior shear loads were applied parallel to
the superior S1 endplate using a single cable and
weight. Two cables and two equal weights were
used to apply the remaining test loads. Superior
and inferior shear forces were applied normal to the
superior S1 endplate and the lateral test force was
applied parallel to the superior S1 endplate. Two
cables and two equal weights were used to apply
moments in extension, lateral bending, and torsion
clockwise (CW) about the longitudinal (z) axis of
the sacrum. One ilium was then released from the
test stand, and the full test sequence repeated.

Motions in the different test directions were
compared at loads of 294 N or 42 N-m. The stiff-
ness in a given test direction was defined as the test
load in that direction divided by the displacement
of the center of the sacrum or the sacral rotation in
the same direction. In matrix representation this
definition of stiffness is equivalent to the inverse of
the flexibility coefficient, a value not equal to the
stiffness coefficient (21).

For failure testing, eight single SI joints were
tested in one of the eight test directions, increasing
the load in 50 N or 5 N-m increments until either
failure occurred or a limit of 1440 N or 160 N-m was
reached.

Measurement of Sacral Geometry

The geometry of the SI joints was determined by
measurements made on their projected images
(scaled x?2). Photographs included frontal and lat-
eral views of the specimen parallel to the superior
St endplate, and views taken normal to each joint
surface. Similarly, photographs were also taken of
transverse (XY) plane sections made through the
specimen midway between the inferior S1 and su-
perior S2 endplates (termed S1-2 section) and be-
tween the inferior S2 and superior S3 endplates
(termed S2-3 section). Where landmarks were in-
distinct, black ink was used to outline or mark them
to ensure visibility in the photographs.

Linear measurements were made using dial cal-
ipers (0.05 mm) and corrected for magnification
using a scale placed adjacent to the specimen in the
same plane as the parameter to be measured. Di-
mensions were defined relative to the origin of the
orthogonal coordinate system at the center of the
superior S1 endplate (Fig. 2).

Angles were measured to the nearest degree
measured using a protractor. The inclination of the
joint surface to the sagittal plane in the transverse
(XY) plane (angle 6) was determined by drawing a
double tangent to the auricular surface at the S1-2
level (Section AA’, Fig. 2).The midpoint of this
double tangent was labeled as A. Similarly, for the
area of ligamentous attachment posterior to the
joint, a second double tangent with midpoint P was
defined. The distance between points A and P in
the anteroposterior (X) direction was found and de-
fined as AP,. The inclination of the joint surface to
the vertical was determined in the frontal (YZ)
plane (angle ) passing through the midpoints (A) of
the left and right joint surfaces. To measure joint
areas and centroids a slide of the view normal to
each joint surface was projected onto paper and the
joint outline was traced on the paper. The joint
shape was then cut out, weighed, and its balance
point found. Joint areas and centroid locations

7] _]
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FIG. 2. Right (top /eft) and frontal views (top right) of a sa-
crum showing some of the geometric dimensions measured.
Section AA is a top view of a section through the sacrum at
the S51-S2 level.
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could thus be found knowing image magnification
and paper density.

Measurement Repeatability

Linear measurements were made directly on the
specimens using dial calipers with a resolution of
0.01 mm. The largest source of error in such mea-
surements was variability in the definition of the
relevant landmarks. To estimate measurement re-
peatability we repeated measurement of auricular
joint height (dimension a, Table 2) in four joints on
four different days. The standard error (SE) of the
measurement was 0.33 mm or 0.55% of the mean
value. Similarly, the SE of angular measure 6,
(Table 1, Fig. 2) was 0.7° or 2.0% of the mean value,
while the SE of the auricular joint area measure-
ment was 18.7 mm? or 1.31% of the mean value.

Finally, estimates were made of displacement
measurement accuracies. Single SI joint extension
tests were repeated in three specimens. The SE of
the main rotation of point O was found to be 0.11°
or 3.1% of the mean value at the 42 N-m load level.
Similarly, the SE of the X (or posterior) translation
measurement was found to be 0.23 mm or 38.3% of
the mean value. These values include the effects of
tissue hysteresis in addition to errors arising due to
the measurement method itself.

RESULTS
Specimen Geometry

The parameters describing the geometry of the
sacrum and sacral surfaces of the SI joints are listed
in Table 2. The area of each joint was about 84% of
that of the superior S1 endplate, and joint dimen-
sions were roughly similar to those of the superior
S1 endplate. At the S1-2 level the SI joints were
oriented in an anteroposterior direction, wedged
approximately 20° to the vertical, and spaced ap-
proximately 108 mm apart. The average distance of
the centroid of the auricular SI joint surface (point
C, Fig. 2) was 1.9 mm inferior and 2.6 mm anterior
to the center of the sacrum, as defined in this study.
Thus, test forces and moments were applied
through the point O (in the midsagittal plane),
which lay within an average distance of 3 mm of a
line joining the left and right SI auricular joint sur-
face centroids (point C, Table 2).

The ligamentous attachment area was nearly 60%
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larger than the auricular joint surface lying further
anteriorly, and angled from 35 to 45° to that surface
in the transverse plane (Table 2).

Load-Displacement Response

When a 294 N test load was applied with both ilia
fixed, the smallest motions occurred in response to
mediolateral forces, larger motions accompanied
superior and inferior forces, and still larger motions
resulted from anterior or posterior shear forces
(Table 3). In the 42 N-m moment tests, the smallest
rotations occurred in lateral bending and the largest
in extension.

When the specimens were gripped by the left
ilium only, the main sacral translations in response
to the same force level (294 N) increased threefold
or more. Again, the smallest translations occurred
in the medial direction, while the largest transla-
tions occurred in the direction of the superior, an-
terior, and posterior test forces. In the corre-
sponding moment tests at 42 N-m, the isolated left
SI joint was again stiffest in right lateral bending,
but was now least stiff in torsion. In general, the
average main rotations measured with one ilium
fixed ranged from two times to 7.8 times the rota-
tions measured when both ilia were fixed (Table 3).

Motions occurring in directions other than the di-
rection of the test load are termed coupled motions
(Table 1). Coupled motions occurred in every test
direction except torsion where they were negligible
(Table 4). In response to superior and inferior
forces with only the left ilium fixed, for example,
coupled rotations in lateral bending were substan-
tial, but coupled translations were negligible. In
this case, rotations probably occurred because of
the large bending moment (16 N-m at 294 N load)

TABLE 3. Mean displacements (mm) and rotations
(degs) of the center of the sacrum in each test direction

One ilium fixed

Both ilia fixed
Test direction/load (mean) Mean Range
Superior 294 N 0.28 (0.25)° 1.87 (1.76)*  0.20-5.75
Inferior 294 N 0.26 (0.13) 0.99 (0.43) 0.47-1.63
Anterior 294 N 0.48 (0.38) 2.74 (1.07) 0.02-2.90
Posterior 294 N 0.53 (0.75) 1.58 (1.69) 0.31-4.98
Medial 294 N 0.01 (0.08) 0.76 (1.41) 0.64-3.65
Flexion 42 N-m 1.31 (0.60) 2.68 (1.59) 0.91-4.53
Extension 42 N-m 1.94 (1.29) 3.52 (1.46) 1.92-4.66
Lateral bending 42 N-m 0.37 (0.27) 1.40 (0.71) 0.41-2.16
Torsion 42 N-m 0.80 (0.51) 6.21 (3.29) 1.15-8.25

2 Standard deviations in parentheses.
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TABLE 4. Largest mean coupled displacements (mm) and mean coupled rotations (degs) of the center (O) of the
sacrum under maximum test loads

Both ilia fixed

Left ilium fixed

Test direction and load Anterior Flexion Anterior Flexion
Superior 294 N 0.06 (0.27) —0.11 (0.32) —0.01 (0.55) 0.27 (0.41) —1.37 (0.43)¢
Inferior 294 N 0.02 (0.19) 0.13 (0.23) —0.54 (0.46) —0.16 (0.20) 0.85 (0.34)=
Superior Flexion Superior Flexion
Anterior 294 N 0.07 (0.58) 0.63 (0.77) —0.18 (0.68) 0.51 (1.2 2.73 (1.50)%
Posterior 294 N 0.13 (0.09) —0.25(0.19) 0.23 (0.42) —0.88 (0.73) —2.56 (1.98)*
Right medial 294 N 0.05 (0.10) 0.02 (0.05)= 0.39 (0.70) 0.01 (0.74)2
Anterior Superior Anterior Superior
Flexion 42 N-m 0.14 (0.59) -0.12 (0.34) 0.69 (2.42) —0.34 (0.52)
Extension 42 N-m 0.42 (2.08) -0.62 (2.22) —0.60 (2.60) 1.39 (0.92)
Right lateral bending 42 N-m —0.28 (0.60)° -0.13 (0.25) —1.71 3.51) —0.76 (0.40)

Standard deviation in parentheses.

< Right lateral flexion (degrees); #Counterclockwise rotation (degrees); Right (mm).

that arose due to the approximately 53 mm offset
(Table 1) of the load from the left SI joint. Similarly,
coupled torsional rotations of approximately 3° oc-
curred in anteroposterior shear tests. A medially-
directed test force tended to cause separation of the
SI joint by pure translation. Lateral bending mo-
ments caused translations of the center of the sa-
crum averaging 1.7 mm, while flexion and exten-
sion moments caused average upward translations
of 0.3 and 1.4 mm in the inferior and superior direc-
tions, respectively (Table 4).

During the low-load testing sequence, four single

joints failed in torsion and one failed in each of the
posterior extension and lateral bending tests. In all
four torsion tests, failure occurred in the ligaments
on the anterior and superior aspects of the joint,
which were placed primarily under tensile stress.
The large-load tests were conducted both to ex-
amine the linearity of the load-displacement results
and to estimate failure load values. Fourteen tests
were conducted on eight single SI joints. Load-dis-
placement curves found in these tests were quite
linear (Figs. 3 and 4), and thus values cited in
Tables 3 and 4 should be reliable indicators of SI
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200~
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FIG. 4. Moment-rotation curves in flexion
large-load tests of single sacroiliac joints.
The two curves exceeding 150 N-m are from
the left and right sacroiliac joints of the
same cadaver.

Sacral Rotation (°)

joints stiffness at any load level up to failure. These
tests showed that all eight specimens resisted loads
up to 500 N or 50 N-m without failure in the eight
primary test directions. In a second test on each
specimen, failure occurred below 30 N-m in lateral
bending (n = 1), 52 N-m in torsion (1), from 50 to
100 N-m in extension (2) and lateral bending (1),
and at 500 N in posterior shear (1). Other spec-
imens resisted loads without failure up to 160 N-m
in flexion (2), 1200 N in inferior (1), and 1440 N (1)
in superior load tests. Apart from the torsion tests
where failure was ligamentous, the failures oc-
curred in the bone medial to the SI joint.

DISCUSSION

We tested SI joints in two different situations.
When both ilia were fixed, motions in the two joints
tended to be small. Displacements did not exceed
0.5 mm in response to the 294 N test forces, and
rotations did not exceed 1.9° in response to the 42
N-m test moments (Table 3). The corresponding
coupled displacements were also small (Table 4).
Although it provides useful information this test sit-
uation probably does not represent the situation in
vivo, as the fixation method precluded lateral sepa-
ration of the ilia from the sacrum. This, combined
with the characteristic surface irregularities of the
SI joint surfaces themselves (33), probably yielded
larger joint stiffness values than would have been
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expected had ilial separation been allowed. The
small displacement in the mediolateral test direc-
tion primarily reflects the compression stiffness of
the cartilagenous surfaces of the joint, which had
an area of about 14 cm?.

With only the one ilium fixed, the ipsilateral SI
joint is subjected to the full test load and sacral ro-
tations are unconstrained. This type of test reflects
loading conditions that can arise in one-legged
stance in vivo. There, the ipsilateral SI joint and
the symphysis pubis are the primary passive struc-
tures able to resist the lateral bending moment due
to spine compression forces arising from upper
body weight. In anteroposterior and superior-infe-
rior tests, a test force actually applied a combined
shear and bending load (about 16 N-m at 294 N).
This resulted in significantly larger motions in
single joint tests than when both ilia were fixed. On
average, these increases were fivefold and threefold
at the 294 N and 42 N-m load levels, respectively
(Table 3).

For the single SI joint tests, the largest transla-
tions occurred in anterior shear and the largest ro-
tations occurred in torsion. The torsion moment
was directed so as to place the anterior joint cap-
sule in tension rather than stress the more exten-
sive dorsal accessory ligaments (32). We would ex-
pect torsional stiffness in the opposite direction to
be larger because of the extent of these dorsal liga-
ments.
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The geometric study of these complicated articu-
lations gives overall linear, angular, and area data
for these particular specimens. Its purpose was to
provide geometric data suitable for input to mathe-
matical models of the pelvic ring. We did not mea-
sure the surface topology of the auricular joints
themselves, as this has already been described by
Weisl (33).

The overall dimensions of these SI joints were 63
X 39 mm (Table 1), which compare favorably with
those of Weisl (58 x 35 mm) for a much larger adult
population (33). The area of the auricular joint was
found to be about 14 cm? or somewhat less than the
18 cm? figure cited by Sashin (26). As our methods
showed good repeatability, this difference most
likely reflects differences in the specimens them-
selves. This study shows clearly that the area of lig-
amentous attachment posterior to the auricular
joint is large, covering some 22 ¢m? (Table 2). We
did not observe accessory SI joints in this posterior
region (1), but one single joint had ankylosed there
and was excluded from the present material. None
of the other joints showed true intra- or peri-
articular ankylosis, although most showed areas of
cartilage erosion and discoloration.

Large variations in responses occurred among
the specimens, as demonstrated by the standard
deviations and ranges (Tables 3 and 4). The stiffness
of the test apparatus in any direction at these loads
was two orders of magnitude larger than the joint
stiffness measured. We checked for motion in the
iliac mounting, which was relatively easy to see due
to the translucent nature of the mounting acrylic
cement, and found none. The center of the sacrum
could only be estimated from external landmarks
when mounting the specimen in the apparatus.
Some of the small coupled motions could vary in
direction due to variations in the line of action of
the test forces. Inaccuracies in estimating the joint
center position would have affected the calculated
displacements linearly. The rotations would be un-
affected as these were measured directly, with good
repeatability, using the optical lever system. Our
geometric study confirmed that errors in estimating
the SI joint center were in fact random. On
average, we estimated the center (O) of the SI joint
to within a millimeter of the actual center using ex-
ternal landmarks at the time of the specimen
mounting. Thus, the data variations probably most
likely reflect variations in the mechanical proper-
ties of the specimens.

The large load tests (Figs. 3 and 4) confirmed the

linearity of the load-displacement curves over wide
load ranges. Thus, stiffnesses reported at the loads
used here probably accurately represent the stiff-
ness at other load levels.

Our methods precluded measurement of all cou-
pled motions, but they were adequate to capture
the major motions of the sacrum under load. It
should be noted that some of these motions could
be modified in vivo by the presence of the other
structures, such as the sacrospinous and sacrotu-
berous ligaments (29), which were purposely not
included in these tests. The overall values for an-
gular measurements made in the study of SI geom-
etry may be compared with the results of earlier
studies. The average value of SI joint inclination in
the frontal plane was the same as that found by So-
lonen (30) in a study of 60 specimens. In the trans-
verse plane, however, the agreement was not as
good; on average, the present specimens had au-
ricular surfaces aligned within 5° of the sagittal
plane and some 15° less than values cited by So-
lonen. The data concerning the posterior liga-
mentous areas are new and thus cannot be com-
pared with previous results.

To reduce the effect of the large interindividual
differences in the inclination of the superior S1
endplate to the horizontal (known to range from 20°
to nearly 70°), the reference axes used in the
present investigation were oriented with respect to
the sacral endplate, and not the usual whole-body
anatomic axes. It is a simple matter to transform
these results through the average 40° of sacral incli-
nation in the sagittal plane to obtain the values in
the more usual anatomical frame of reference.

It is instructive to compare single SI joint stiff-
nesses with those of lumbar spine motion segments
regardless of their obvious differences in anatomy.
In passing, one might note that the cross-sectional
area of the single SI joint as defined in this paper is
about 30% less than the cross-sectional area of an
L3-4 intervertebral disc in a transverse plane sec-
tion (14 and 20 cm?, respectively). We can express
SI stiffness as a percentage of lumbar motion seg-
ment stiffness for a given test direction (Table 5). To
simplify the comparison, test loads were applied
normal or parallel to the vertebral endplates in both
cases. Sacroiliac stiffnesses ranged from 5% for an
inferiorly-directed test force (axial compression on
a lumbar motion segment) to 624% for a medially-
directed force (lateral shear on a lumbar motion
segment). In moment tests, SI stiffnesses ranged
from 64% in axial torsion to 700% in lateral bending

J Orthop Res, Vol. 5, No. 1, 1987
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TABLE 5. Comparison of single sacroiliac (S1) joint stiffnesses with intact lumbar motion segments values

Lumbar motion segments?

SI Data Ratio:
Direction Stiffness (N/mm) Nominal load Stiffness (N/mm) SI/lumbar
Superior 157.2 450 N 700 2.24
Inferior 297.0 400 N 7843¢ 0.05
Anterior 107.3 980 N 166 0.65
Posterior 187.9 980 N 196 0.96
Medial (lateral) 386.8 500 N 62 6.24
Stiffness (N-m/deg) Stiffness (N-m/deg)

Flexion 15.7 70 N-m 5.4 2.91
Extension 11.9 70 N-m 7.5 1.59
Lateral bending 30.0 60 N-m 43 7.00
Torsion 6.8 70 N-m 10.7 0.64

lumbar segment tests. Sacroiliac nominal loads were 294 N and 42 N-m.

@ Ref. 19; #Ref. 18; “Ref. 3.

compared with lumbar motion segments (Table 5).
Thus, in some modes of loading, SI joints are much
less stiff than lumbar motion segments, while in
others they are much more stiff.
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