
Background: Normal sacroiliac (SI) joints vary widely in shape, and it is unclear whether SI 
joint morphology plays a role in the development of pain. To answer this question, we used 
3D-CT surface rendering to image healthy study participants and used the resulting images to 
develop a classification system for SI joint morphology. In a case-control study comparing health 
research participants to patients with SI pain, we assessed whether the classification of SI joint 
morphology was associated with pain. 

Objectives: We aimed to define normal variation in area and shape of the synovialized SI 
joint. We also aimed to determine interactions between joint area and shape and SI pain in 
men and women.

Study Design: A retrospective cohort study

Setting: University hospital tertiary care center.

Methods: We conducted a retrospective case-control study. We acquired 3D-CT surface 
rendered images of the SI joint in 223 normal controls and 34 patients with SI pain syndrome.  
We measured the sacral and iliac surface areas and performed morphologic 3D assessment of 
both articular surfaces. We classified SI joints into 3 types based on morphology (types one, 
2, and 3). We used descriptive statistics to provide a reference standard for normal SI joints.  
We used multivariate models to assess whether articular surface area differed between study 
participants with and without SI pain. We also assessed the association between morphology 
type and the presence of pain. 

Results: Sacral and iliac surface areas differ by participant gender. Sacral and iliac surface area 
was associated with SI joint pain in both men (P = 0.0007) and in women (P = 0.02). In women 
(P = 0.04), but not in men (P = 0.11), joint shape was associated with pain.

Limitations: A retrospective study may create potential for misclassification bias if SI joint 
symptoms/histories were present but not well-documented in the electronic medical record. A 
lack of clinical standardization in the pre-procedural assessment of SI joint pain via provocative 
maneuvers (FABER, etc.) is also a limitation.

Conclusion: Our study provides insight into the association between shape and joint surface 
area and SI joint pain. Further, prospective studies will allow us to determine the role of joint 
shape and surface area in the patho-etiology of SI joint pain, and thus provide information for 
patients and physicians about prevention or treatment. 

Key words: Sacroiliac joint, spine pain, 3D reformation, SI joint area, SI joint shape, SI joint 
pain syndrome
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clusion in order to ensure adequate resolution for 3D 
reconstruction. Patients in the control group were ex-
cluded if they had complaints of lower back pain or hip 
pain at the time of the CT scan. Patients in both the 
control group and pain group were excluded from the 
study if they had a history of previous lumbar or tho-
racic fusion procedures, inflammatory/seronegative ar-
thopathy, history of pelvic trauma, or surgery. Imaging 
exclusion criteria that applied to both groups included 
patients with transitional segmentation, SI joint anky-
losis, osteoporosis, or SI degenerative disease. Osteopo-
rotic patients were excluded from both groups given 
the resulting suboptimal visualization of the bone on 
3D surface rendered images. Potential cases were fur-
ther excluded based on the absence of pain relief after 
SI joint injection (defined as 3 or less improvement in 
VAS) under the assumption that pain was not truly SI 
joint mediated. 

The SI joints of each patient were reconstructed in 
3D format using TeraRecon AquariusNET software (Fos-
ter City, CA). The SI joints were virtually disarticulated 
using the TeraRecon manual subtraction technique to 
obtain en face 2D images of the sacral and iliac SI joint 
articulating surfaces. Using the 2D images of the synovi-
alized sacral and iliac portions of the SI joint, measure-
ments of the areas (mmsq) of both the sacral and iliac 
sides of the SI joint were performed in each patient by 2 
radiologists with 4 and 7 years of experience, as well as 
a trained postgraduate in biomedical sciences. 

Investigation of the 2D synovialized SI joint surface 
revealed variable shape morphologies that were visu-
ally classified into 3 types defined as the following: type 
one “scone-shaped,” type 2 “auricle-shaped,” and type 
3 “crescent-shaped”. Upon visually recognizing these 
distinct morphologies, we then aimed to operational-
ize the identification of these morphologies by evaluat-
ing an “alpha-angle” corresponding to each shape. The 
alpha-angle was defined as the relative width of the SI 
joint at the maximum axis of nutation (sacral genu), ap-
proximately at the level of S2. Calculation of the alpha-
angle is illustrated in Fig. 1. 

Quantification of the angles led to the identifica-
tion of an alpha-angle cut-off point for each morphol-
ogy type. Type one was defined by an alpha-angle > 
160°; type 2 was defined by an alpha-angle of 130°–
160°; and type 3 was defined by an alpha-angle < 130° 
(Fig. 2).

Surface area measurements and surface morphol-
ogy assessments were subsequently performed in the 
subset of SI joint pain patients. SI joint pain distribu-

The sacroiliac (SI) joint is a diarthroidal auricular 
shaped joint between the sacrum and the ilium 
that serves as a means for bipedal movement. 

The SI joint’s ability to transfer axial load from the 
lower appendicular skeleton to the spine (1-6) is based 
largely on diffusion through subtle bimodal rotational 
motion termed nutation (6-11).

Given the critical role in stability of the pelvis and 
load-bearing of the entire upper body, the SI joint is 
susceptible to dysfunction and is thought to be respon-
sible for a large number of low back and leg pain cases 
(12-13). While several studies have found predisposing 
surgical, behavioral, and developmental factors in the 
development of SI joint pain (13-18), no studies to date 
have explored associations between the underlying 
morphology and area of the SI joint, synovialized sur-
face, and SI joint pain. In our study, through the use of 
3D-CT surface rendering, we evaluate the variation in 
SI joint surface morphology and surface area in control 
patients and SI joint pain patients, with the goal of pro-
viding a novel classification system of normal anatomic 
variations in surface morphology. We further applied 
that data to a subset of SI joint pain patients to deter-
mine if certain SI joint morphologies predispose to the 
development of SI joint pain syndromes.

Methods

Our retrospective case-control study was comprised 
of patients with and without SI joint pain from a single-
center hospital. This study was reviewed by our institu-
tional review board and deemed exempt. Data from a 
total of 370 patients were abstracted from electronic 
medical records. The control group was randomly se-
lected from a subset of patients who underwent non-
contrast CT scans in the emergency department for 
abdominal pain, and comprised of 300 patients before 
exclusion. The SI joint pain group comprised of 70 pa-
tients who underwent CT-guided SI joint anesthetic and 
steroid injections at our institution. SI joint injections 
were performed using a standardized technique under 
CT guidance. Using image guidance, the intraarticular 
portion of the SI joint was accessed with a 22G spinal 
needle. Following image-confirmed access to the SI 
joint, 1mL Celestone (6mg/mL) and 1mL 0.5% ropivic-
aine anesthetic was instilled in each joint. Patients were 
included in the pain group if they had post-injection 
pain relief, measured using a visual analog scale (VAS) 
and defined as greater than 3 points improvement in 
the VAS. CT slice thickness of less than 2mm and im-
aging through the entire SI joint was required for in-
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tion was bilateral, left, or right and was fairly 
equally distributed amongst patients. 

Statistical Analysis
We used 2 datasets to conduct the analysis. 

The full dataset contained all the data from all 
the study participants. The sampled dataset con-
tained one joint (both sacral and iliac surfaces) 
from each study participant.  The joint from the 
normal control was sampled at random from 
the 2 joints. From the study participants with SI 
joint pain, we took the single affected joint if 
the pain was unilateral, and sampled one of the 
2 affected joints at random if the pain was bi-
lateral. We note in each case whether we used 
the sampled or full dataset.

All analyses were stratified by gender, since 
human pelvic anatomy differs so greatly by 
gender. We used a type one error rate of 0.05 
for all tests, unless otherwise specified.

Using the full dataset, we calculated de-
scriptive statistics for all SI joint outcomes for 
the healthy normal study participants, including 
means, standard deviations, medians, and rang-
es for continuous variables, as well as frequen-
cies for categorical variables. For study partici-
pants with measurements on both the left and 
right SI joints, we used the Stuart-Maxwell test 
for marginal homogeneity (14) to assess agree-
ment between joint shape category between 
the right and left sides. We used a general lin-
ear multivariate model and the sampled da-
taset to evaluate the association between the 
synovial surface areas of the sacrum, ilium, and 
pain, and to evaluate whether the side of the 
study participant where the joint was located 
affected the association. For the multivariate 
model, each study participant contributed 2 
outcomes: one sacral area and one iliac area. 
As predictors, we fit indicator variables for case 
status and side on which the joint was located 
(left or right). We used a planned sequence of 
hypothesis tests to assess, in order, the contribu-
tions of side and presence of pain. In the final, 
best fitting model, which had case status as the 
sole predictor, we evaluated the case by joint 
surface interaction. In the sampled dataset, a 
Cochran-Mantel-Haenszel test of general as-
sociation was used to evaluate the association 
between joint shape category and pain. In the 

Fig. 1. Alpha-angle measurement for SI joint morphologic 
classification.

The alpha-angle (solid line) was defined as the relative width of the SI joint at 
the maximum axis of nutation (sacral genu). To calculate the alpha-angle, 2 
lines are drawn along the axis of the anterior and posterior limbs of the SI joint 
articular surface (dashed lines). Next, a line bisecting the resultant angle is drawn 
to estimate the point of maximum nutation on an anterior-posterior axis (dotted 
line). The alpha-angle is formed by the 2 lines that originate from the midpoints 
of the distal aspects of the anterior and posterior limbs, which intersects at the 
site of maximum nutation on the posterior aspect of the SI joint (solid line).

Fig. 2. Sacroiliac joint morphologic classification. Representation 
of  the Type 1 (scone-shaped), Type 2 (auricle-shaped), and Type 3 
(crescent-shaped) sacroiliac joint morphology.
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sampled dataset, to evaluate the association between SI 
joint shape category and synovial surface area, we fit gen-
eral linear univariate models with the synovial surface area 
as the outcome and indicator variables for the 3 shape cat-
egories as predictors. We fit 4 such models (2 for men and 2 
for women) with outcomes of iliac and sacral surface area 
respectively. For each model, adopting an alpha-spending 
approach, we conducted the ANOVA test for no difference 
between the categories on the outcome of synovial surface 
area at the alpha = 0.04 level, and then the step-down tests 
for no difference between morphology categories one and 
2, and categories 2 and 3 at the alpha = 0.01/2 level. 

Results

CT scans from 300 control patients and 70 case patients 
were reviewed. After exclusion, 223 patients without SI 

joint pain (controls; 129 women and 94 men, mean 
age of 43 years old, ranging from 18 – 70 years 
old), and 34 patients with SI joint pain (cases; 27 
women and 7 men, mean age of 45 years old) were 
included in the study and subsequently analyzed.

Normal Control Analysis
Descriptive statistics for sacral and iliac articu-

lar surface areas in study participants without SI 
pain are presented in Table 1. 

In the joint shape analysis, type 2 was the most 
common shape observed in the control sample, 
with a right/left frequency of 72%/68%, respec-
tively. Type 2 joints were slightly more common in 
men (74%) than in women (67%). Types one and 
3 were not observed as frequently, but together 
comprised almost one third of all SI joints included 
in this study. There was a similar distribution of 
shape type in men and women (Table 2). 

Sacral and iliac surface areas did not vary sig-
nificantly by joint shape category in women or in 
men (P > 0.05 for each). 

Table 3 compares the morphology types for 
each joint for the 197 patients in which joint shape 
was assessed for both the right and left side. For 
these 197 patients, the proportions of articular sur-
face shape types in the right joint are not statisti-
cally unequal to the proportion of articular surface 
shape types in the left joint (P = 0.3884).

SI Joint Area and Pain 
The results of the models testing the associa-

tion between synovial surface area and SI joint 
pain stratified by gender are displayed in Table 
4. In women and men, there were no significant 
3-way interactions between side, pain, and surface 
(P = 0.10 and P = 0.18, respectively), nor 2-way in-
teractions between side and pain (P = 0.96 and P = 
0.79, respectively), nor between side and surface 
(P = 0.23 and P = 0.07, respectively), nor was there 
a significant main effect of side (P = 0.45 and P = 
0.79, respectively). 

There was a significant interaction between 
surface area and pain in both women (P = 0.04) 
and men (P = 0.00008). This interaction is due to 
pain cases having larger sacral and larger iliac ar-
eas compared to controls (Table 4). 

SI Joint Shape and Pain
In women (Table 5), there was a significant 

Table 2. Frequency analysis of  SI joint anatomy shape 
classification.

Shape 
Category

Side n
Frequency 

(%)
Gender n

Frequency 
(%)

Type 1
Right 29 14.1% Female 35 14.5%

Left 32 15.5% Male 26 15.1%

Type 2
Right 149 72.3% Female 163 67.3%

Left 141 68.0% Male 127 73.8%

Type 3
Right 28 13.6% Female 44 18.2%

Left 33 16.0% Male 19 11.0%

Table 1. Sacral and iliac articular surface area measurements 
(mmsq) in normal SI joints.

Right 
Sacral 
Area

Left Sacral 
Area

Right 
Iliac 
Area

Left
Iliac 
Area

Females (n = 105 sacrum, n = 104 iliac)

Range 799 – 1732 742 – 1813 725 – 1740 713 – 2073

Mean (SD) 1189.2
(216.5)

1197.5
(214.2)

1176.9
(216.5)

1198.4
(237.6)

Median 1171 1173 1160 1210.5

Quartile 1 1026 1018 1025 1012

Quartile 3 1346 1380 1329.5 1347.5

Males (n = 71 sacrum, n = 72 iliac)

Range 655 – 1883 521 – 1833 725 – 2102 560 – 1915

Mean (SD) 1319.9
(279.2)

1315.3
(268.2)

1328.2
(289.1)

1328.6
(278.1)

Median 1329 1323 1305.5 1338

Quartile 1 1135 1124 1124 1155.5

Quartile 3 1519 1501 1573.5 1530
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association between the presence of SI joint pain and 
joint shape category according to the Cochran Mantel 
Haenszel test (P = 0.04). The Cochran-Mantel-Haenszel 
P-value reflects a shift in the distribution of joint shapes 
among cases. Roughly 32% of those with type 3 have 
SI pain, compared to 5% of those with type one and 
17.5% of those with type 2. In men, there was not a 
significant association between the presence of SI joint 
pain and joint shape category (P = 0.11).

Joint Shape and Synovial Surface Area
The results for the estimates and P-values produced 

by the linear regression model, evaluating the asso-
ciation between synovial surface area and joint shape 
stratified by gender, are presented in Table 6. For gen-
der, iliac, and sacral surfaces there was no association 
between surface area and joint shape category. 

Table 3. Right vs. left SI joint morphology on complete cases.

T1 T2 T3

T1 19 10 0

T2 13 115 15

T3 0 9 16

Stuart-Maxwell Test for Marginal Homogeneity P = 0.3884
*Complete cases: patient had both right and left SI joint measurements 
on record

Table 4. Synovial surface area and SI pain by gender.

Parameter Estimate (95% Confidence 
Interval)

Standard 
Error

ndf ddf F Value P Value

Females (n = 146)

Side*pain 2 141 0.74 0.4797

Side 2 142 0.54 0.5863

Surface area*pain 2 143 3.94 0.0217

Sacrum (pain) 1283.50 (1194.71 – 1372.29) 44.92

Sacrum (no pain) 1178.15 (1136.82 – 1219.48) 20.91

Iliac (pain) 1306.00 (1211.39 – 1400.61) 47.87

Iliac (no pain) 1164.10 (1120.06 – 1208.14) 22.28

Males (n = 93)

Side*pain 2 88 0.99 0.3767

Side 2 89 1.41 0.2499

Surface area*pain 2 90 7.96 0.0007

Sacrum (pain) 1640.29 (1434.46 – 1846.11) 103.62

Sacrum (no pain) 1315.74 (1257.02 – 1374.47) 29.56

Iliac (pain) 1523.71 (1322.07 – 1725.36) 101.51

Iliac (no pain) 1335.03 (1277 – 1392.56) 28.96

Table 5. SI pain and joint shape category by gender.

Shape 1 Shape 2 Shape 3 P Value

Females (n = 144)

Case, frequency (column %) 1 (5.0%) 16 (17.2%) 10(32.3%)
0.04

Control, frequency (column %) 19 (95.0%) 77 (82.8%) 21 (67.7%)

Males (n = 87)

Case, frequency (column %) 0 5 (7.8%) 2 (25.0%)
0.11

Control, frequency (column %) 15 (100%) 53 (92.2%) 6 (75.0%)

Left Joint Morphology

Right 
Joint 

Morphology

discussion

The SI joint is thought to be an under diagnosed 
cause of low back pain and is currently proposed to 
cause between 15–25% of axial low back pain cases 
(15,19-21). 
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Recent studies have implicated factors in the pre-
disposition to develop SI joint pain including gait ab-
normalities, prolonged exercise, scoliosis, pregnancy, 
and lumbar fusions to the sacrum (13-18,22-24). What 
studies have yet to explore is if the basic anatomic size 
and shape of the SI joint may play a role in the develop-
ment of SI joint pain and dysfunction. The only study 
noting variability in the actual shape of the articular 
surface evaluated 26 cadaveric specimens with the pri-
mary goal of defining the small axial joint (6). In this 
study, the authors mention some intra and interper-
sonal variability in the morphology of the SI joint, but 
no classification or further description was assigned to 
this data. 

Our method of using 3D-CT reconstruction of the 
SI joint surface allows for the evaluation of a large 
number of joints in a non-invasive fashion, increasing 
the generalizability of our study. Using this method we 
identified morphologic SI joint surface variability simi-
lar to prior authors (6), but with a larger sample size 
we were able to further analyze this data and devised 
a classification system to describe these morphologies. 

Unlike previous SI joint studies that have focused 
on external causes of SI joint pain, we attempted to de-
termine if an association exists between SI joint archi-
tectural morphology and the presence of SI joint pain. 
In our study, through 3D-CT imaging, we identified 3 
predominant SI joint sacral articular surface morpholo-
gies (types 1, 2, and 3) and applied these types to a sub-

set of SI joint pain patients. We were able to establish 
a defined distribution of joint shape in the control pa-
tients in which the type 2 (auricular) joint morphology 
presented with the highest frequency in both women 
and men without joint pain, and it was set as the “nor-
mal” joint morphology. In the pain population, we 
found a similar preponderance of the type 2 surface 
morphology but noted a relatively high percentage of 
type 3 morphologies and a low percentage of type one 
morphology compared to the control group. We postu-
lated that significance was found in women but not in 
men, due to the fact that women are 3 – 4 times more 
likely to be affected by SI joint pain than men, leading 
to the small cohort of men in our SI joint pain sampling 
(20,21,25). Given that we found no association between 
joint shape category and synovial surface area, it ap-
pears that the associations between joint shape and 
pain, as well as between synovial surface area and pain, 
are independent of each other. In other words, both 
shape and surface area are associated with pain, and 
surface area does not appear to be mediating the as-
sociation between pain and shape.

A possible explanation of our findings lies in the 
ability of various joint shapes to dissipate transmitted 
force. For example, type 3 “crescent” morphology has 
a relative decrease in contiguous surface area available 
for dissipation of force when compared to that of the 
more ovoid types one and 2, which have a more broad 
continuous surface area available for force dissipation. 

Table 6. Synovial surface area and joint shape category, stratified by gender.

Joint Shape 
Category

Parameter Estimate 
(95% CI)

F Value P Value
Parameter Estimate 

(95% CI)
F Value P Value

Females

Sacral Area (n = 148) Iliac Area (n = 147)

Type 1 1213.84
(1064.13, 1363.55)

0.05 0.96

1214.89
(1053.63, 1376.16)

0.25 0.78Type 2 1203.87
(1135.47, 1272.28)

1204.45
(1129.94, 1278.96)

Type 3 1187.03
(1069.83, 1304.24)

1156.03
(1029.78, 1282.28)

Males

Sacral Area (n = 93) Iliac Area (n = 95)

Type 1 1302.40
(1063.62, 1541.18)

0.38 0.68

1295.00
(1055.77, 1534.23)

0.27 0.77Type 2 1384.38
(1265.97, 1502.78)

1383.46
(1266.73, 1500.19)

Type 3 1260.13
(933.17, 1587.08)

1312.13
(984.55, 1639.71)
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This would theoretically lead to increased force trans-
mission to the periarticular ligamentous structures in 
type 3 morphology and may account for the propensity 
for pain in these patients.

Similarly, type one (scone-shaped) morphology, 
which was seen in a lower percentage in the pain 
groups (although not reaching clinical significance), is 
more ovoid in shape. This, theoretically, would allow 
for a greater degree of force dissipation across the 
synovialized surface, preventing excess forces from 
reaching the supporting ligamentous structures and 
decreasing propensity for pain. 

We also found a statistically significant association 
between SI joint surface area and pain in both men and 
women pain patients having overall larger synovial sur-
face areas. Although the pathophysiology behind this 
association is not immediately clear, we feel this is most 
likely related to the fact that larger bones and joints 
often belong to patients with larger height, and that 
larger height may then result in an increase of mass ef-
fect and stress to the SI joint with motion. 

The ability to determine patients at higher risk 
of SI joint pain syndrome has a potential influence on 
treatment planning. For example, when assessing a pa-
tient for spinal fusion to the sacrum, a radiographically 
derived predictive parameter to determine the likeli-
hood of SI joint pain may be useful in patient selection 
and operative planning. 

Pre-operative assessment of SI morphology may 
also prove useful during placement of SI joint implants 
and ilio-sacral fixation screws. Literature discussion re-
garding the anatomic considerations in implant place-
ment and screw fixation primarily focuses on optimiza-
tion of screw placement based on a universal SI joint 
anatomy (26-34). One may postulate that if the trans-
mission of nutational force across the SI joint varies 
with the orientation and morphology of the synovial-
ized surface, then stabilization of these nutational forc-
es in the setting of SI joint fusion/fixation may in fact 
require slightly different implant orientation, unique 
to the aforementioned morphologic variability and 
classification. Our study may serve as a classification 
guideline for these future clinical studies in the field of 
spine surgery and pain. 

Our study does, however, have several limita-
tions. First, the study is retrospective. Despite due 
diligence in reviewing the electronic medical records 
of the control patients for the current or historical 
complaint of lower back pain, SI joint pain, or pelvic 
trauma, there remains a potential for misclassification 

bias if these symptoms/histories were present but not 
well-documented. 

Another limitation of the study lies in the pre-in-
jection physical assessment of SI joint mediated pain. 
Our study did not standardize the evaluation of pre-
procedural SI mediated pain through the use of specific 
provocative maneuvers. Instead, we used improvement 
with injection of anesthetic to the SI joint as our “gold 
standard”. While in future studies we aim to ensure a 
more uniform physical examination prior to injection, 
we assume that our method of diagnosis was as close 
to a “gold standard” as possible in this complex pain 
syndrome. This assumption is supported by a compre-
hensive meta-analysis, which states that there is lim-
ited evidence that provocative maneuvers are helpful 
in determining the likelihood of SI joint pain and con-
cludes that the use of a single anesthetic injection for 
the diagnosis of SI joint mediated pain does not appear 
to result in unacceptably high false positive rates (35). 
Despite this conclusion supporting the use of injections 
for the diagnosis of SI joint pain, we acknowledge that 
this remains a limitation, as there is no means of diag-
nosis that is free of false positives in this complex pain 
syndrome. 

Finally, with regard to the quantified classification 
system, one may propose that the numerical delinea-
tion of shape variation was subject to an arbitrary cut-
off on a spectrum of variability. In response to this po-
tential limitation, we note that the shape classification 
was constructed in a way that would identify outliers 
on the spectrum rather than to propose or suggest a 
clear tri-modal distribution of shape variability. 

Regardless of these limitations, we feel that our 
study remains relevant in that it offers insight into a 
potential anatomic predisposition to the development 
of SI joint pain that may be clinically useful in the di-
agnosis, treatment, planning, and outcomes in suscep-
tible patient populations.

conclusion

SI joint morphologic variability can be classified 
into 3 types (type one, type 2, type 3) based on the rela-
tive width of the joint at the axis of nutation. Applica-
tion of data from this study, in patients who have docu-
mented low back or SI joint pathology, revealed that 
variability in the synovial surface morphology of the 
SI joint may have a predisposing effect on the devel-
opment of SI joint pain. Type 3 (crescent) morphology 
was more highly represented in the SI joint pain popu-
lation. Further research in susceptible patient popula-
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