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Background and purpose — Pain in the sacroiliac joint
may be caused by abnormal joint motion. Diagnosis is
mainly based on clinical tests. The aims of this study were
to examine whether low-dose computed tomography with
provocation of the hip could detect sacroiliac joint motion,
and to study whether provocation of the hip results in greater
sacroiliac joint motion in the ipsilateral than in the contralat-
eral sacroiliac joint.

Patients and methods — 12 patients with sacroiliac
joint pain were examined with low-dose computed tomog-
raphy scans of the sacroiliac joint, one with the hips in the
neutral position, and one each in provocation with the left or
the right hip in a figure-of-4 position. Accuracy was tested by
comparing internal rotation of the sacrum with internal rota-
tion in the sacroiliac joint. Motion in the sacroiliac joint was
assessed by comparing the position of each of the ilia with
the reference, the sacrum. Data is shown as mean with 95%
confidence interval (CI).

Results — We observed greater motion in the sacroiliac
joint than internally in the sacrum, i.e., 0.57° (CI 0.43-0.71)
vs. 0.20° (CI 0.11-0.28). The motion of the geometric center
of the moving object for the sacroiliac joint was larger on the
provoked side; mean difference 0.17 mm (CI 0.01-0.33), P =
0.04. Corresponding figures for rotation were mean difference
0.19° (CI 0.10-0.28), P < 0.001. Compared with the sacrum,
the largest motion was seen at the anterior superior iliac spine;
mean difference 0.38 mm (CI 0.10-0.66), P=0.001.

Conclusion — Provocation in the figure-of-4 position
of the hip results in sacroiliac joint motion measurable with
computed tomography motion analysis. Provocation of the
hip induces larger motion on the ipsilateral than on the con-
tralateral sacroiliac joint.

Studies conducted on patients experiencing low back pain
suggest the sacroiliac joint to be the pain generator in 15-30%
[1-3]. The sacroiliac joint is a diarthrodial (freely moving)
joint with an approximate surface area of 17.5 cm? [1,4]. The
joint is stabilized by multiple muscles and ligaments and joint
motion is thus restricted [4,5]. Nutation, anteroposterior rota-
tion of sacrum, is the primary movement and allows rotation
around the transverse axis of S2 [1,6]. Patients with degen-
erative lumbar spine disorders have been found to have more
sacroiliac joint motion than healthy volunteers [6].

The aims of this study were to examine whether low-dose
computed tomography with provocation of the hip could
detect sacroiliac joint motion, and to study whether provoca-
tion of the hip results in greater sacroiliac joint motion in the
ipsilateral than in the contralateral sacroiliac joint.

Patients and methods

Applicable parts of the Standards for Reporting of Diagnostic
Accuracy Studies (STARD) have been used in the preparation
of this manuscript.

Participants

Sacroiliac Joint Fusion Versus Sham Operation for Treat-
ment of Sacroiliac Joint Pain (SIFSO) is a randomized con-
trolled trial performed at Karolinska University Hospital and
Oslo University Hospital and registered at clinicaltrials.gov
(NCTO03507049) [7]. Among inclusion criteria were sacroiliac
joint pain > 6 months (> 18 months for pregnancy-induced
pain), a numeric rating scale with pain from the affected sac-
roiliac joint of 5 or more (0 no pain, 10 worst possible pain), at
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least 3 of 6 positive clinical sacroiliac
joint provocation tests, and pain reduc-
tion of at least 50% after intra-articular
sacroiliac joint injection. Patients with
bilateral pain could be included if the
patient was able to discern pain from
the left and the right side. Study patients
were randomized to minimal invasive
sacroiliac joint fusion or sham surgery.
The primary outcome of the study is
to investigate whether minimal inva-
sive sacroiliac fusion gives more pain
relief than sham surgery or not after 6
months. A manuscript on the primary
outcome from the SIFSO study will
shortly be submitted and does not con-
tain any of the imaging data presented
here. All data reported in the present
manuscript has been extracted from the
preoperative imaging data.

Acquisition of image volumes

A dedicated protocol was set up on a third-generation dual-
source CT-scanner (SOMATOM Force, Siemens Health-
ineers, Forchheim, Germany) and 3 scans of the pelvis were
performed: 1 in neutral position, and 2 scans where the left
and right hips respectively were in a figure-of-4 position in
flexion, abduction, and external rotation of the hip (FABER
test) and held so by the patient him- or herself during the scan.
Any pain medication was taken as prescribed before and after
the image acquisition.

The scan dose in neutral position was set as low as pos-
sible while still achieving acceptable image quality for clini-
cal diagnosis. The scan dose for the right and left figure-of-4
provocation was set as low as could possibly be accepted for
3D analysis in the Sectra computed tomography micromotion
analysis (CTMA) software (Sectra AB, Link6ping, Sweden).
The effective dose from each scan was estimated using a com-
mercial radiation dose estimation software package (Impact-
Dose, CT Imaging GmbH, Erlangen, Germany), which uses
pre-calculated conversion factors based on Monte Carlo simu-
lation. The average estimated effective dose for the neutral
scan was 0.5 mSv and for each of the provoked scans 0.1 mSv.

Data obtained from the computed tomography scans was
exported and analyzed in a Sectra Picture Analyzing and
Communication System (PACS) with the CTMA functional-
ity installed.

Method validation

To assess potential noise in measured data, internal motion
of the sacrum and the sacroiliac joint was compared with and
without provocation. This was done by splitting the sacrum
into 2 sagittal halves and measuring motion between these
halves. We then measured motion between 1 of the sacral

Figure 1. 3D reconstruction with sacrum and ilium outlined. Neutral volume in orange and volume
with provocation of the right sacroiliac joint in blue. (A) show volumes after application of a
radiodensity filter. (B) shows sacrum outlined in both volumes. (C) shows right ilium outlined in
both volumes. (D) shows the pelvis in the neutral and provoked images; volumes overlaid with
sacral matching done by computed tomography micromotion analysis (CTMA) calculations. Right
side includes a scale of correspondence between the 2 volumes where green is good correspon-
dence and blue is poor correspondence.

halves and the ilia on the provoked side. Assuming that the
sacrum had no internal motion or deformation, measured
motion in the sacrum was considered noise. Measurements
greater than this noise were considered actual motion. Rota-
tion, not affected by distance, was considered the most reli-
able measurement in this validation. In this analysis, a total
of 10 joints were measured from 10 unique patients. We mea-
sured the right sacroiliac joint in the first 5 patients and the left
sacroiliac joint in the other 5 patients.

Sacroiliac joint motion analysis

For each patient, both sacroiliac joints were analyzed in the
provoked and the non-provoked state. The neutral scan was
compared with the provoked scans on both the right and left
side, individually. During these 2 comparisons, both the pro-
voked and unprovoked sacroiliac joints were measured, total-
ing 4 measurement sets for each patient. Visualizing bony
matter without soft tissue was done by the examiner apply-
ing a radiodensity filter (Figure 1). From the 2 image volumes
(neutral and provoked), 2 3D reconstructions were presented.

To visualize and calculate sacroiliac joint motion, the
sacrum was outlined by the examiner in both 3D reconstruc-
tions (Figure 1). CTMA then automatically matched 50,000
points on the neutral sacrum to the provoked sacrum. After
completion, the 2 matched sacra were overlaid and movement
of the ilia compared with the sacrum was visualized (Figure
1). The outlined sacrum was saved and defined as the station-
ary object. If the sacra in the 2 volumes could not be accurately
matched, joint motion analysis was considered unsuccessful
and the procedure was terminated at this step. To measure sac-
roiliac joint motion, the ilia on the provoked side was outlined
in the same manner as the sacrum (Figure 1). This allowed for
measurements of positional and rotational changes between
the neutral and provoked ilium, in comparison with the sta-
tionary sacrum. In addition to standard orientational axis for
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Screened for eligibility
n=125

Table 1. Method validation in 10 patients (10 joints): positional movement
in the geometric center of the moving object (COM) and total rotation mea-
sured in the sacrum and the sacroiliac joint when comparing the neutral and

Excluded (n = 102):
- did not fulfill inclusion criteria, 68

provoked position. Values are mean (SD) [CI]

- declined participation, 14

= GIiTEr TR, 20 Variable Sacrum Sacroiliac joint P value
Consented to randomisation COM (mm)  0.18 (0.14) [0.08-0.28]  0.57 (0.25) [0.39-0.75]  0.005
| Rotation (°)  0.20 (0.12) [0.11-0.28]  0.57 (0.20) [0.43-0.71] < 0.001

Standard computed Computed tomography
tomography with provocation
n=9 n=14

Figure 2. Patients included in the Sacroiliac Joint Fusion
Versus Sham Operation for Treatment of Sacroiliac Joint Pain
(SIFSO) study at the Karolinska site.

computed tomography, we adjusted the orientation to better
visualize the sacroiliac joint. In all patients, we aligned the
frontal axis vertical to the sacrum and sagittal axis along the
middle of the lumbosacral articular surface and the middle of
the second sacral segment.

CTMA automatically calculated the global rotation of the
ilium and geometric center of the moving object (COM) on
the ilium. For COM, positional movement was presented.
To further quantify motion, points of interest were measured
on the iliac bone. Points of measurement were manually
chosen by the examiner in 1 of the volumes and matched by
the system in the other volume. The following points were
measured: spina iliaca anterior superior (SIAS), spina iliaca
posterior superior (SIPS), and 4 points on the iliac side of the
sacroiliac joint (top, bottom, front, and back). For all points of
measurement, results were given in split vectors (X, Y, Z) and
in a total, dimensionless scalar. The latter is presented here.
After finalizing measurements on the provoked side, the non-
provoked side was measured in the same way. All measure-
ments were made by the same examiner (GO), and no double
measurements were made.

Statistics

Data is presented as means and standard deviation (SD) with
95% confidence interval (CI), or median (25th percentile to
75th percentile = IQR). A Shapiro—Wilk test and quantile—
quantile plots were used to confirm normal distribution. Data
was normally distributed with the exception of the numeric
rating scale for pain. For the sacroiliac joint motion analy-
ses, the mean of the 2 provoked ipsilateral scans and the mean
of the 2 contralateral non-provoked scans in each individual
was first calculated. These means were then used for analy-
sis. Based on the baseline numeric rating scale for pain in
each of the sacroiliac joints, we compared motion in the most
painful joint with motion in the least painful joint. Inferential
statistics was performed with paired sample t-tests. All tests
were 2-tailed. Statistical analysis was made in R, version 4.2.3
(2023-03-15 ucrt) (R Foundation for Statistical Computing,
Vienna, Austria).

All differences between positional movement in the sacrum and the sacroiliac
joint in the 10 subjects were greater than zero. P values for paired t-tests.

Ethics, registration, data sharing plan, funding, and
disclosures

This study was accepted by the Regional Ethics committee
in Stockholm (number 2018/1463-31). All participants gave
informed consent. PG was supported by Region Stockholm
for the cost of the ethical application and in a clinical research
appointment by Region Stockholm, by CIMED, Karolinska
Institutet, Sweden, Uppsala University, Sweden, and the Swed-
ish Research Council. SECTRA, Link&ping, Sweden provided
the software used for the analysis of motion in this study with-
out cost. The funding sources had no role in the study design,
analyses or interpretation of data, in the manuscript writing, or
in the decision to submit the paper for publication. Deidentified
data may be shared upon reasonable request.

Computed tomography micromotion analysis (CTMA) is
available through the medical imaging company SECTRA,
Linkoping, Sweden and is partly based on research conducted
by HO. HO is working as a consultant through the company
“Henrik Olivecrona AB” for SECTRA and is economically
compensated for that work. GO is a deputy member of the
board of “Henrik Olivecrona AB.”

PG and LGM are independent of SECTRA and have no finan-
cial interest related to any of the methods used in this project.
Complete disclosure of interest forms according to ICMJE are
available onthearticle page,doi: 10.2340/17453674.2024.35227

Results

At the Karolinska University Hospital site, a total of 125
patients were screened for eligibility, and 23 of these were
enrolled in the SIFSO study. The last 14 patients at the Karolin-
ska University Hospital were investigated for sacroiliac joint
motion (Figure 2). Their mean age was 44 (range 39—49) years.
2 patients were excluded from the analysis due to poor image
quality on the provoked scans, leaving 12 patients for analysis.

Method validation

For the method validation, the provoked femur was vis-
ibly rotated externally in comparison with the neutral series.
Motion observed in the sacroiliac joint was greater than
motion observed internally in the sacrum (Table 1).
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Table 2. Data from the 12 patients (24 joints, 48 examinations) com-
paring the neutral, unprovoked scan and the figure-of-4 provoked
scan. Data shown as mean (SD) or mean difference (Cl)

Positional difference (mm or °)

Measure- Non-provoked Provoked

ment point side side Difference P value
COM 0.42 (0.22) 0.59 (0.24) 0.17 (0.01-0.33) 0.04
SIAS 0.77 (0.43) 1.15(0.48) 0.38 (0.10-0.66) 0.01
SIPS 0.22 (0.10) 0.29 (0.10) 0.07 (0.02-0.13)  0.02
SlIJ top 0.30 (0.12) 0.42(0.17) 0.12(0.03-0.22) 0.01
SIlJ bottom 0.21 (0.11) 0.33(0.15) 0.12 (0.04-0.20) 0.005
SlIJ front 0.27 (0.14) 0.41 (0.19) 0.14 (0.05-0.25) 0.008
SIJ back 0.20 (0.07) 0.26 (0.11)  0.06 (0.00-0.11) 0.04
Rotation (°) 0.46 (0.18) 0.65 (0.24) 0.19 (0.10-0.28) <0.001

Positional movement was greater on the provoked than on the
non-provoked side. For each individual the mean of the 2 provoked
ipsilateral scans and the mean of the 2 contralateral non-provoked
scans was used for analysis. P values for paired t-tests are shown.
COM = geometric center of moving object; SD = standard deviation,
SIAS = spina iliaca anterior superior, SIPS = spina iliaca posterior
superior, SIJ = sacroiliac joint.

Sacroiliac joint motion

Motion in the sacroiliac joints was visible when comparing
the provoked and non-provoked scans. At all points the ilia
moved posteriorly in comparison with the sacrum. The most
prominent motion visible was lateralization of the iliac crest
including the SIAS and a posteriorly gliding motion of the
ilia in the sacroiliac joint. Motion on the provoked side was
greater than on the non-provoked side (Table 2).

Sacroiliac joint motion and pain

One individual had the same numeric rating scale pain in both
sacroiliac joints and was excluded from the comparisons on
sacroiliac joint motion and pain. For the other 11 individuals,
the numeric rating scale pain from the most painful sacroiliac
joint was median 8 (IQR 7.75-9) and from the least painful
sacroiliac joint median 3 (IQR 1.75-3.5). Mean motion dif-
ferences between the most and the least painful joints were
without clear direction and close to zero, and all CIs clearly
bridged zero (data not shown).

Discussion

Our aim was to examine whether low-dose computed tomog-
raphy with provocation could be used to detect motion in the
sacroiliac joint. Our results show that this is possible, even
though our method generates some measurement errors.

No previous studies on CTMA of the sacroiliac joint have
been performed. Other studies have tested CTMA in other set-
tings [8-11]. In modeling of acetabular cups, the CI for accu-
racy was 0.06-0.12° [10]. This is of the same order of magni-
tude as the motion we measured in the sacrum. When under-
taking motion analysis, errors in measurement are expected,

and even more so with limited image quality. Also, in sacroil-
iac joint measurements with radiostereometric analysis (RSA)
similar errors are present [12].

Another possible aspect that could potentially affect the
results is elastic properties. Bone as a material exhibits visco-
elastic properties and can thus undergo some elastic deforma-
tion without fracturing [13]. With measurements in the mag-
nitude of tenths of millimeters or degrees, viscoelastic prop-
erties of bone might not be completely negligible. However,
these effects are assumed to be very small and, until proven
otherwise, errors in measurement must be seen as the main
hypothesis in explaining the motion measured in the sacrum.
Errors of 0.2° are in absolute values very small but may be
impactful when compared with motion in the sacroiliac joint.
Therefore, we assume that the measurements of the sacroiliac
joint contain some degree of noise.

Provocation in the figure-of-4 position gives rise to
greater motion on the ipsilateral than on the contralateral
sacroiliac joint. This confirms the use of the figure-of-4
test as a method to provoke sacroiliac joint pain. Previous
research, utilizing RSA, has in 1 study shown larger joint
motion on the provoked side than on the non-provoked side
when changing from standing to prone with hyperextension
of one leg [14]. However, this effect has not been shown in
other tested positions [12,14,15], and the possibility to use
other than prone or supine positions is limited when using
computed tomography.

With RSA measurements of the sacroiliac joint, total rota-
tions average 2.0° in the reciprocal straddle position and 0.7°
in the standing hip flexion test [12,15]. Our CTMA measure-
ments of 0.6° are thus of the same order as experiments in the
standing hip flexion test. Even though positions utilize differ-
ent movements in the hip, both seem to result in sacroiliac
joint movement.

Limited radiation exposure in research and clinical imag-
ing whilst maintaining sufficient image quality is a constant
endeavor. In this research we aimed to limit exposure in our
computed tomography to low levels. With our low-dose proto-
col, we managed to measure joint motion. We assume that the
limited image quality was due to the low-dose protocols and
that the very low-dose protocol used for the provoked images
resulted in a lower image quality. However, in the provoked
series the provocation itself might also, in addition to the very
low-dose protocol, affect the image quality negatively through
movement artifacts due to discomfort experienced by some
patients. We can thus not with certainty claim that higher radi-
ation doses would increase our accuracy. Regardless, we dem-
onstrate that CTMA in the sacroiliac joint can be conducted
with a comparably low radiation dose.

Strengths and limitations

This study has several strengths: the use of internal controls,
the use of automated calculations for some of the data (the
geometric center of the moving object [COM] and total rota-
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tion), which limits patient and physician bias, a standardized
protocol used for data assessment, and an investigator blinded
to symptoms of the patient.

This study has at least the following limitations: intra- and
inter-reliability was not tested and the sample size was lim-
ited. Sample size is, however, similar to previous studies on
sacroiliac motion analysis with other methods [12,15]. The
robust data generated by CTMA and study design can partly
preponderate this limitation. In addition, the external validity
may be limited. Patients in this study all met the criteria nor-
mally set for diagnosing sacroiliac joint pain. They are thus
highly selected, and characteristics may vary from the general
population. Whether provocation tests are important to distin-
guish individuals who benefit from specific treatments cannot
be determined with this study.

Demonstrating that joint motion analysis with CTMA is
possible in the sacroiliac joint opens up possibilities to study
whether sacroiliac fixation leads to absence of motion in the
joint and the relation between sacroiliac joint motion and pain.

Conclusions

Motion in the sacroiliac joint is detectable using CTMA. Prov-
ocation in the figure-of-4 position results in sacroiliac joint
motion.
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