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Vacuum Phenomenon of the Sacroiliac Joint:
Correlation with Sacropelvic Morphology
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Study Design: A radiologic study of sacropelvic morphology and vacuum phenomenon of sacroiliac joint in subjects unrelated to low
back pain.

Purpose: The aim of this study is to describe the relationship between sacropelvic morphology and vacuum phenomenon of the sac-
roiliac joint.

Overview of Literature: Lumbopelvic alignment and sacropelvic morphology are associated with the pathomechanisms of various
spinal disorders. The vacuum phenomena of the sacroiliac joint (SJVP) are often observed in clinical practice, but the relationships
between these phenomena and sacropelvic morphology have not been investigated. This study examined the prevalence of SJVP in
computed tomography (CT) images and the relationship between sacropelvic morphology and SJVP.

Methods: We analyzed multiplanar CT images of 93 subjects (59 men, 34 women). Pelvic incidence (Pl), pelvic tilt (PT), sacral slope (SS),
and lumbar lordosis (LL) were measured using the three-dimensional reconstruction method. The prevalence of SJVP in multiplanar CT
images were reviewed. Roland-Morris Disability Questionnaire (RDQ) scores and the modified Japanese Orthopedic Association (JOA)
score, which focuses on subjective symptoms and restriction of activities of daily living, were also obtained from all the subjects.
Results: Thirty-six of the 93 subjects had SJVP (39%), with marked female predominance (91% women, 8.5% men). Men with SJVP
had significantly lower Pl than men without SJVP (35.1° vs. 46.3°, p<0.05). There was no correlation between SJVP and the modified
JOA or RDQ scores.

Conclusions: These data suggest that differences in sacropelvic morphology can influence the biomechanical environment and con-
tribute to SJVP in men. Presence of SJVP did not affect JOA or RDQ scores.
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Introduction characterized by both spinal thoracic kyphosis (TK) and

lumbar lordosis (LL), and sacropelvic parameters of pelvic

Recent studies of patients with spinal deformities have incidence (PI), pelvic tilt (PT), and sacral slope (SS). PI is
demonstrated that global spinal misalignment in the sag- a key pelvic parameter as it regulates the sagittal curves

ittal plane is a strong predictor of disability [1-4]. Global and determines the degree of lumbar lordosis [5]. It is an
spinal alignment is described by lumbopelvic parameters, anatomic parameter that is thought to remain unchanged
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during the patient’s lifetime, while PT and SS are posi-
tional parameters that are influenced by position of the
patient.

The vacuum phenomenon (VP) refers to collection of
gas within the joint space [6]. Intervertebral VP is usu-
ally associated with degenerative disc disease, which can
be associated with low back pain. Vacuum phenomenon
of the sacroiliac joint (SJVP) is often observed in clinical
practice. Its occurrence suggests that the joint is mobile
but the actual mobility of the sacroiliac joint (SIJ) is quite
small [7]. The significance of SJVP in patients with low
back pain has been debated, and there have only been few
studies on the SJVP and its clinical relevance [8,9].

Here we investigated the prevalence of SJVP on ab-
dominopelvic computed tomography (CT) images and
analyzed the relationships between this phenomenon and
sacropelvic morphology or clinical symptoms.

Materials and Methods

Approval from the Institutional Review Boards of the
participating institutions was obtained prior to the study.
A total of 100 subjects (65 men, 35 women) who received
abdominal and pelvic CT for reasons unrelated to low
back pain between 2006 and 2011 were enrolled. Seven
subjects with transitional vertebrae or metastatic pelvic
tumor were excluded. The modified Japanese Orthopedic
Association (JOA) score (mJOA) that focuses on subjec-
tive symptoms and restriction of activities of daily living
was assessed, and the Roland—Morris Disability Question-
naire (RDQ) was administered to the participants.

1. Identification of SJVP

Abdominopelvic CT images were obtained in 1.0 mm-
thick axial slices. Images were reviewed at bone (window,
2200; level, 200) window setting. The presence of gas
within the SIJ on axial slices parallel to the sacral endplate
was considered to be a case of VP. Subjects were divided
into groups according to the presence of SJVP (VP+ and
VP- groups).

2. Radiographic measurement of lumbopelvic parameters
CT scan data were imported into Acquarius NET ver. 1.6

software (TeraRecon, San Mateo, CA, USA) for analysis.
PI, PT, SS, and LL were measured from multiplanar CT

images (Fig. 1).

3. Statistical analysis

For each parameter, differences between the groups were
evaluated by the unpaired t test, Mann-Whitney test, or

chi-square test as appropriate. A p<0.05 was considered
statistically significant.

Results

The characteristics of the subjects are shown in Table 1.
There was no significant differences in mean age, mJOA
score, or RDQ score between male and female subjects.

1. Vacuum phenomenon of the SIJ

There were 36 subjects with SJVP (VP+group) and 57

Fig. 1. Radiographic measurement of lumbopelvic parameters. In the
axial and coronal view (A, C, respectively), the line connecting the
two centers of bilateral femoral heads was considered the “true”
bicoxofemoral axis (line A). (B) showing three dimensional model of
lumbopelvic region. In the sagittal view (D), the angle between the
line from the “true” bicoxofemoral axis to the center of the sacral
endplate (line B) and the orthogonal line to the sacral endplate (line
C) was measured as the “true” Pl. PT was measured as the angle
between the “provisional” vertical line (dashed line D) and line B. Pl is
equal to the sum of SS and PT. LL was measured between the cranial
endplates of L1 and S1. PI, pelvic incidence; PT, pelvic tilt; SS, sacral
slope; LL, lumbar lordosis.
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Table 1. Subjects’ demographic characteristics

Characteristic Overall
No. of subjects 93

Age (average+SD) 63.5+9.7
Modified JOA score 19.8+3.2
RDQ 1.29+3.2
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Male Female p-value
59 34
63.9:9.7 62.7+9.6 NS?
19.9+3.1 19.63.5 NS?
0.89+2.2 1.97+4.4 NS?

SD, standard deviation; NS, not significant; JOA, Japanese Orthopedic Association; RDQ, Roland-Morris Questionnaire.

*Mwo-tailed ¢-test.

Table 2. Prevalence of SJVP and relationship of SJVP with radiographic parameters and results of questionnaires in overall subjects

Overall SJVP+ (n=36)
Male 5
Female 31

Age (average+SD) 64.4+9.6

PI (average+SD) 46.6£10.9
PT (average+SD) 10.9+7.2

SS (average+SD) 35.7+8.9

LL (averagexSD) 40.1£10.7
Modified JOA score 19.2+4.0
RDQ 24447

SJVP- (n=57) p-value
54 <0.01?
3
62.9+9.8 NS”
46.3+7.0 NS”
9544 NS
36.9+5.9 NS”
39.1+7.9 NS
19.8+3.2 NS
1.343.2 NS

SJVP, vacuum phenomenon of the sacroiliac joint; SD, standard deviation; NS, not significant; PI, pelvic incidence; PT, pelvic tilt; SS, sacral slope; LL,
lumbar lordosis; JOA, Japanese Orthopedic Association; RDQ, Roland-Morris Questionnaire.

“Chi-square test; "Two-tailed ¢-test.

Table 3. Comparison of radiographic parameters between SJVP+ group and SJVP— group in male subjects

Male SJVP+ (n=5)
Pl (average+SD) 35.1+4.5
PT (average+SD) 5.7+4.5
SS (average+SD) 29.4+3.0
LL (average+SD) 33.1+6.3

SJVP- (n=54) p-value
46.3+7.9 <0.01?
9.3+4.3 NS
36.9:6.0 <0.01?
38479 NS

SJVP, vacuum phenomenon of the sacroiliac joint; SD, standard deviation; P, pelvic incidence; NS, not significant; PT, pelvic tilt; SS, sacral slope; LL;

lumbar lordosis.
“Mann-Whitney U test.

without SJVP (VP-group) (Table 2). There was no cor-
relation between the presence of SJVP and either mJOA
score or RDQ. The prevalence of SJVP differed signifi-
cantly between men and women (8.5% vs. 91%, p<0.01)
with female predominance. The lumbopelvic parameters
did not differ significantly between VP+ and VP—groups.
However, in male subjects, PI and SS were significantly
lower in VP+ subjects than in VP—subjects (p<0.01) (Table
3). On the other hand, the presence of SJVP did not affect
lumbopelvic parameters in female subjects (Table 4).

Discussion

The SIJ transmits axial forces generated through the spinal
column caudally to the lower limbs [10]. It is a true di-
arthrodial joint, consisting of a joint cavity, two articular
surfaces covered by articular cartilage, and a joint capsule.
The long axis of the SIJ is tilted forward at a 50° angle,
and outward at a 20° angle from the vertical line, open-
ing outward at a 16° angle on the horizontal plane. The
SIJ surface is flat and oriented nearly parallel to the plane
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Table 4. Comparison of radiographic parameters between SJVP+ group and SJVP- group in female subjects

Female SJVP+ (n=31)
PI (average+SD) 485+10.5
PT (average+SD) 11.7£7.2
SS (average+SD) 36.749.1

LL (average+SD) 41.2+10.9

SJVP- (n=3) p-value
47.6+9.7 NS
12.2+56 NS?
35.4+4.1 NS?
42.147.2 NS?

SJVP, vacuum phenomenon of the sacroiliac joint; Pl, pelvic incidence; SD, standard deviation; NS, not significant; PT, pelvic tilt; SS, sacral slope; LL,

[umbar lordosis.
“Mann-Whitney U test.

of maximal load [11]. It is likely to incur more degenera-
tive changes than other weight-bearing joints. However,
movement is restricted to a single axis of rotation and
translation is impeded by strong ventral and dorsal sacro-
iliac ligaments. The SIJ is therefore an amphiarthrosis.

VP is a collection of gas within the joint space. Inter-
vertebral VP is regarded as a reliable indicator of inter-
vertebral disc degeneration and low back pain [12,13]. In
vertebral fracture, VP is a sign of pseudarthrosis requiring
surgical intervention. In this study, the overall prevalence
of SJVP was 38.7%, similar to that reported in a larger se-
ries (34% of 652 patients) [8]. Over 90% of female subjects
had SJVP compared with only 8.5% of male subjects. The
female predominance was also consistent with the afore-
mentioned report [8]. However, the sex difference in SJVP
prevalence was larger in our study. The effects of estrogen
and pregnancy on ligaments can explain this female pre-
dominance [14]. Moreover, women show degenerative
changes in the SIJ earlier than men [15].

While few male subjects had SJVP, those that did ex-
hibit it had significantly lower PI than male subjects with-
out it. As PI is an anatomical parameter (in other words,
the angle of the sacrum at which it is docked to the pelvic
bone), our results suggest that lower PI may cause biome-
chanical overloading on the SIJ specifically in men, and
result in SJVP. The inclination angle of the SIJ articular
surface correlated closely with PI in each individual. Indi-
viduals with lower PI have a more vertical sacrum, leading
to greater stress or rotational force on the anterior part of
the SIJ, which is a synovial joint with little gliding and ro-
tatory movement. Numerous studies have been conducted
on SIJ biomechanics, including finite element analysis of
SIJ motions under different conditions [16-19]. However,
there is no finite element model that verifies the effect of
sacral inclination angle on SIJ stress distribution.

In this study, we reported for the first time the clinical

relevance of SJVP using the RDQ, a widely used health
status measure for low back pain, and we found no rela-
tionship between SJVP and low back pain.

The limitations of this study include the measurement
of positional parameters (PT, SS, and LL) in CT images
obtained in the supine position that may not reflect stand-
ing alignment. Although these lumbopelvic parameters
did not differ markedly from those in other reports [20],
there is likely to be a discrepancy in lumbopelvic position-
al parameters between the standing and supine positions
[21]. Thus, a future analysis of the relationship between
standing spinal alignment and presence of SJVP is desir-
able. Second, our study lacked clinical information about
childbearing and age-related analysis from serial imaging,
which could help explain the sex differences in SJVP.

Conclusions

Vacuum phenomenon of the SIJ was common in women
but not in men, with only 8.5% affected. Men with SJVP
showed significantly lower PI than men without SJVP.
These data suggest that differences in sacropelvic mor-
phology may influence the biomechanical environment,
leading to SJVP in men. The presence of SJVP did not af-
fect the JOA score or RDQ score.
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