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Change in Pelvic Incidence Associated With Sacroiliac
Joint Dysfunction: A Case Report
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Abstract

The sacroiliac joint (SIJ) is designed primarily for stability with
minute motions. SIJ dysfunction refers to improper movement of the
S1Js. Diagnosis and evaluation of SIJ dysfunction are difficult, with
use of physical maneuvers and image-guided anesthetic injection. This
case report describes a 47-year-old female who experienced right but-
tock pain and painful limp for approximately 2 months. Standing ra-
diographs revealed inflammatory sclerosis surrounding the right SIJ.
Physical examination found tenderness over the right SIJ and positive
results in provocation (the distraction, compression, and thigh thrust)
tests, compatible with right SIJ dysfunction. Her pain was resolved
and gait performance was retrieved following 6-month program of
combined thoracolumbar manipulation and rehabilitation exercises.
Unexpectedly, change in pelvic incidence (PI) angles was noticed on
follow-up radiograph. PI remains more or less fixed throughout adult
life since the mobility of the SIJs is considered negligible. The current
presentation is designed to explore the significance of PI change. The
PI disparity unfolds the possibility of recognizing SIJ dysfunction
based on consecutive radiographs.

Keywords: Chiropractic; Pelvic incidence; Sacroiliac joint dysfunc-
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Introduction

Sacroiliac joint (SI1J) dysfunction refers to a state of altered
biomechanics of the SIJ [1]. The sacrum does not exhibit much
motion with respect to the ilium and SlJs are slackened only
during pregnancy. Excessive or restricted motion may affect
extra-articular structures surrounding the SIJs (such as the
sacrotuberous, sacrospinous, and/or iliolumbar ligaments) and
results in pain [2]. SIJ dysfunction can result from repetitive
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stress, degeneration, lumbar deformities, inflammation and
prior lumbar fusion [1, 3]. SIJ dysfunction is difficult to be
profiled on radiographic views. Clinical screening usually re-
lies on pain provocation tests and analgesic response to the SIJ
injection. Observing aberrant position or movement of the SIJ
is the foundation of diagnosing SIJ dysfunction.

Pelvic incidence (PI) is a radiographic parameter describ-
ing the relative position of the sacral endplate in relation to the
pelvis [4]. PI used to be considered as a constant parameter
throughout adult life [4-6]. Minimal PI changes with respect to
postural alteration have been described in normal individuals
[7], but the implications of PI change under pathological con-
ditions have not yet fully investigated [8-10].

Here we describe our experience in a 47-year-old female
with SIJ dysfunction successfully treated with 6 months of chi-
ropractic intervention. Follow-up radiograph showed interval
change in all the spinopelvic parameters, including PI. PI dis-
parity between two consecutive radiographs ran contrary to the
notion that PI remains more or less constant since the mobility
of the SIJs is considered negligible. By exploring the contra-
dictory event, we postulate that PI change would be a potential
role for recognizing S1J dysfunction.

Case Report

Investigations

A 47-year-old female investment banker complained of right
buttock pain for approximately 2 months. The patient used
to participate in marathon races. Six months before her first
chiropractic visit, she experienced a right gluteal strain, while
she was performing stair climbing exercise. The pain resolved
spontaneously after 2 days. During the period of pandemic-
related restrictions on mobility, she worked from home and
started to frequently experience soreness in her right buttock
and lower back, which could be relieved by walking and gentle
stretching. However, her right buttock and low back symptoms
worsened over the subsequent 2 months. Sitting could aggra-
vate pain and prevented her from using a laptop to work from
home. During her first orthopedic workup, lumbar magnetic
resonance imaging did not identify abnormalities. The patient
was given acetaminophen and ibuprofen for pain relief, while
physiotherapy was used for treating right buttock pain. Four
weeks later, she sought chiropractic attention because of the
worsening of her right buttock ache that shot down her right
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Figure 1. Comparison of standing assessment pre- and post-treatment. (a) Initial radiographs revealed an inflammatory sclero-
sis (black arrow head) on the iliac side of the right sacroiliac joint (SIJ), sacral counter-nutation (backward rotation, blue circle),
posterior pelvic tilt (yellow circle), forward left innominate and twisted lumbar spine. (b) Six months later, radiographs showed
dense sclerosis surrounding the right SIJ (black arrow heads), sacral nutation (forward rotation, blue circle) and anterior pelvic
tilt (yellow circle). Normally, the range of motion of the SIJ does not exceed 3° and nutation occurs during increased load-bearing
situations e.g., standing and sitting. APP: anterior pelvic plane (dashed red line); ASIS: anterior superior iliac spine; CSVL: central

sacral vertical line (red line).

posterior thigh and a limp on the right side while walking.

Diagnosis

On examination, the patient used a cane for ambulation and
had an antalgic gait affecting the right side. Standing posture
observation revealed anterior pelvic tilt (PT), right pelvic drop
and anterior rotation of the left pelvis. Pain was induced by
axial extension, standing or leaning on the right leg. The self-
reported peak pain intensity of her buttock and low back pain
was 8 - 9/10 on an 11-point numeric pain rating scale, where 0
means no pain and 10 means the worst imaginable pain. Physi-
cal examination identified motion restriction at C5/6, C7/T1,
T3/T4, L1/L2, and L4/L5 levels, as well as a painful right SIJ.
The passive lumbar flexion and extension ranges of motion
were limited. Palpation over the right SIJ elicited tenderness.
The response of distraction provocation (by applying verti-
cally pressure to the anterior superior iliac spine), compression
provocation (by applying pressure to the pelvis over the iliac
crest), and the thigh thrust test (by applying an anteroposterior
shear force to the SIJ through the flexed hip) were positive in
the right SIJ. Muscular hypertonicity was palpated at bilateral
upper trapezius, left quadrates lumborum, and right gluteus
medius/minimus and hamstrings. Sensory and motor functions
were identical and intact bilaterally. Radiographs (Fig. 1a) re-
vealed posterior sacral tilting (counter-nutation), forward left
innominate and twisted lumbar spine. An inflammatory scle-
rosis (black arrow head) on the iliac side of the right SIJ was
evident. Her clinical pictures, positivity in three provocation
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tests and radiological findings were consistent with right SIJ
dysfunction.

Treatment

The patient underwent chiropractic intervention, which includ-
ed spinal manipulation to the restricted spinal segments, mobi-
lization of the restricted joints, and therapeutic ultrasound ther-
apy and soft tissue massage to the hypertonic muscles. She was
started with three sessions per week. After 1 month, the patient
reported buttock and low back pain reduced from 8 - 9/10 down
to 2/10 on an 11-point numeric pain scale, where 0 indicates
no pain and 10 indicates the worst pain imaginable [11]. She
stopped her pain medication and resumed work. Thoracolum-
bar adjustment along with rehabilitation exercises, including
hamstring stretch, gluteal squeeze and squat, were added to
correct the spinal alignment and strengthen muscle functions.
Treatment frequency was reduced to two times a week.

Follow-up and outcomes

The patient reported complete resolution of symptoms along-
side full hip and back mobility 6 months after the beginning
of treatments. No adverse events had occurred. Improvements
in patient’s physical function were associated with the corre-
sponding changes in the spinopelvic alignments (Fig. 1b) and
differences observed in all the radiographic parameters (Fig. 2).
The disparity in PI, sacral inclination, sacral slope (SS), etc., be-
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Figure 2. Comparison of spinopelvic parameters measured before and after chiropractic care. (a) Pre-treatment radiograph re-
vealed counter-nutation of the sacrum (blue circle), sacral inclination 33°, sacral slope 27°, posterior innominate rotation (yellow
circle), and posterior pelvic tilt (APP angle -13°, pelvic inclination 52°). (b) Six months later, interval change in all the measure-
ments was demonstrated on the follow-up radiograph. Pelvic incidence (Pl) has been considered as a static parameter in health
individuals. Significant Pl change (43° vs. 49°) between two consecutive radiographs is suggestive of sacroiliac instability. APP:
anterior pelvic plane (dashed red line); ASIS: anterior superior iliac spine; PSIS: posterior superior iliac spine. A schematic depict-

ing geometries for the pelvic measurements is inserted.

tween the pre- and post-treatment measurements denoted desta-
bilized condition of the SIJ complex. A comparison of initial and
follow-up measurements is summarized in Table 1 [4-6].

Discussion

The SIJ, by nature, is not pressure resistant to axial load or
rotation in relation to the ilium. Compared to the standing
position, sitting brings the lower lumbar segments to under-
go flexion, thereby increasing loading on the sacrum [12]. A
sedentary lifestyle involving little or no physical activity may
generally reduce the translational activity of collagen protein
for formation [13], and also affects the tensile strength of the
tendons and ligaments, being more prone to injuries [14]. In
consequence, the biomechanics of the SIJ will be altered and
compromised with regard to its function of load transference
and motor control, resulting in SIJ dysfunction [15]. The his-

tory of sport-related right buttock pain of our patient could be
a risk factor for a repetition of SIJ injury. Joseph et al reported
that individuals with SIJ dysfunction had reduced muscle mass
of the ipsilateral local and global systems, and proposed the
use of exercise therapy and manual therapy for stabilizing and
strengthening the muscles surrounding the SIJ [15].
Diagnosis of SIJ dysfunction is often a challenge due to
the complex anatomy and biomechanics of the joint [16]. Cli-
nicians typically rely on composites of pain provocation re-
sults [17]. These maneuvers include distraction, thigh thrust,
compression, sacral thrust, Gaenslen and FABER (flexion-
abduction-external rotation) tests [16, 17]. Positivity in three
out of six provocation tests was adopted as the criterion [17].
However, positive provocation tests are unable to distinguish
between the S1J and adjacent affected structures, having poor
inter-examiner reliability [16]. Anesthetic blocks only iden-
tifying the anatomical location of pain do not determine the
etiology of SIJ pain [17]. Furthermore, SIJ pain can present

Table 1. Comparison of Spinopelvic Parameters Before and After Treatment

Investigation Initial 6 months Mean value

L1 - L5 lordosis, Cobb angle -29° -41° -52.4° £ 14.2°
Spino-sacral angle 111° 129° 130.4° + 8.1°

Pelvic incidence® 43° 49° 50.22° £ 12.41°

Sacral slope 27° 40° 33.99° + 14.90°

Sacral inclination 33° 43° 51°+ 7.6°

Pelvic tilt 16° 7° 16.83° £ 10.84°

Pelvic inclination 52° 67° Female range: 50° to 60°
Anterior pelvic plane angle -13° -3° -2.94° +10.17°

aPelvic incidence is an individual anatomical parameter and remains more or less constant throughout adult life [4-6].
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through localized and/or referred pain from any stimuli in any
structure segmentally innervated by L5 to S3 spinal nerves
[18]. As such, the identification of dysfunctional joints re-
quires a reliable modality, with a focus on functional kinematic
relations and the integration of structural constructs. The iden-
tification of improper sacroiliac motions is the foundation of
diagnosing S1J dysfunction.

Stability and flexibility modes are simultaneously coun-
ter-opposing states in the SIJ and place conflicting demands
on its joint construction. From Hippocratic times to modern
times, one of the most contentious issues in SIJ research has
been the mobility of the joint [19]. Amplitudes and nature of
sacroiliac motion have been debated and studied extensively.
The physiological range of motion of the SIJ does not exceed
3° in rotations and 2 mm in translations along axes [3]. In bio-
mechanical studies, sacral rotation (nutation and count-nuta-
tion) in the sagittal plane was mainly investigated to compare
with the changes of spinopelvic parameters. A dysfunctional
SIJ may result in spinopelvic complex misalignment, includ-
ing pelvic rotation, pelvic obliquity, lumbar rotation, and pain-
ful symptoms [19], as seen in Figures. | and 2.

Measuring the radiographic spinopelvic parameters such
as PI, PT, and SS has gained importance in reconstructive sur-
gery of the spine [5, 20]. The schematic diagram in Figure 2
depicts geometries for parameter measurements commonly
utilized in clinical settings. PI is defined as the angle subtended
by a line perpendicular to the midpoint of the sacral endplate
and a line from this point to the axis of the femoral head [21].
In geometry, “incidence” refers to a binary relation between
different types of object in space [4]. PI angle remains more
or less constant throughout adult life since the mobility of the
SIJs is considered negligible beyond childbirth [4-6].

There have been a number of studies on the PI change in
clinical settings. A retrospective study of 72 patients who had
obtained flexion and extension radiographs of the lumbar spine
showed that intra-individual PI change from flexion-extension
was quite small, with a mean of -0.94° [22]. Researchers [7,
20] observed 84-88% of healthy subjects experienced a change
in PI when the subjects varied their pelvic position, with a
mean of 2.12° to 2.9° measured on standing radiographs. A
computed tomography (CT) study [23] in 24 healthy subjects
showed that PI changed by 3.2° when standing and supine po-
sitions were compared. X-ray or CT examination itself did not
affect the measurements but postural changes were reflected in
the results [23].

The angle of incidence is the algebraic sum of two dynam-
ic angles, SS and PT. PI = SS + PT. As the sacrum is the entire
weight of the spine to rest on, PI is the angle correlating with
lumbar lordosis through SS and consequent spine degeneration
[21, 24]. Although PI has been considered as a static parameter
in health individuals, it can be seen that when the sacral incli-
nation changes in destabilized conditions, PI changes [4]. The
PI correlates strongly with the position of the sacrum in space
and could contribute to a marker of SIJ stability.

Studies have found strong association between PI changes
and destabilized conditions of the SIJ. Researchers observed
the disparity of PI in patients after surgical correction of the
fixed lumbar deformities [8, 9]. The disparity in PI after sur-
gery was significantly greater in non-sacropelvic fixation [8].
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Sacroiliac fixation could diminish the PI variability [8]. Mi-
kula et al have reported an association between postural PI
change and advanced SIJ degeneration [10]. The disparity in
PI angle was explained by increasing motion across the SIJ in
pathological status [8-10].

Radiographic measurements of PI have been independent-
ly utilized by various medical professionals after defining and
agreeing to the specific manner of measurement. It should be
aware that the spinopelvic parameters are dynamic and change
in different positions to a few millimeters or degrees, at most
[25]. The implications of a variable PI could have consequenc-
es for implant placement, stabilization techniques, classifica-
tion schemes, as well as for some treatment alternatives [20].
Remarkable PI changes need to be correlated to individual
patients to determine if the changes reflect destabilized condi-
tions of the SIJ. Understanding the associations between the
sacral motion and pelvic parameters can improve clinical as-
sessment and treatment planning.

Conclusions

As this is a retrospective study, the main limitation is lack of
control group. The drawbacks of not having a control can be
partially addressed by the key observational point, i.e., PI. PI
remains more or less constant throughout adult life since the
mobility of the SIJs is considered negligible [4-6]. PI disparity
itself between consecutive measurements could be a surrogate
measure for the comparison. The other limitation is that PI
change was noticed after treatment, not the basis used in mak-
ing diagnosis of SIJ dysfunction on the first visit. By explor-
ing the contradictory event, we postulate that PI change would
be a potential role for recognizing SIJ dysfunction. While it
is often difficult to generalize results from a single case to a
larger population, further studies are required to corroborate
this issue and to determine the optimal interval for repeating
radiography.
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