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Transarticular invasion of bone tumours
across the sacroiliac joint

Abstract Purpose: The purpose of
this study was to evaluate the pattern
of tumour spread across the SI artic-
ulation, correlating with cadaveric
anatomic observations, in order to
better understand the local spread of
tumour and to assist in the assessment
of local staging. Material and
methods: Twenty-four consecutive
patients (14 male, 10 female; age
range 22–89 years, mean 52 years)
with primary bone tumours of the
iliac bone or sacrum abutting the SI
joint, in whom surgical resection of
the SI joint was performed, were
studied following institutional ethics
approval. In all patients, preoperative
magnetic resonance (MR) imaging
studies of the pelvis and SI joint were
reviewed for imaging evidence of
transarticular extension across the SI
joint. Gross pathologic and histologic
assessment of possible transarticular
SI joint tumour extension was per-
formed in all patients. Nine cadaveric
pelvic specimens without pelvic neo-
plastic disease (4 male, 5 female; age
range 20–84 years, mean 59 years,
median 58 years) were anatomically
dissected and the articular anatomy of
the SI joint examined macroscop-
ically. Results: Twelve of the
twenty-four patients demonstrated
imaging and histological evidence of
transarticular SI joint invasion. Eight
tumours infiltrated only the interos-

seous ligamentous aspect of the SI
joint. In the remaining four cases,
extensive tumour infiltrated both the
cartilaginous and ligamentous aspects
of the joint. No case showed tumour
involvement isolated to the cartilagi-
nous aspect of the joint. Among the
cadaveric specimens studied, degen-
erative changes were found involving
the majority of cases (6/9), with
cartilage thinning and fibrillation and
antero-superior marginal osteophytes
seen involving the cartilaginous por-
tion of the SI joint articulation. Four
of the nine specimens demonstrated
central ossification bridging the iliac
and sacral aspects of the ligamentous
(interosseous) SI joint. Conclusion:
Tumour invasion across the SI artic-
ulation favours its interosseous liga-
mentous portion. Factors influencing
transarticular tumour extension and its
preferential course across the interos-
seous component of the articulation
have been discussed. It is particularly
important to assess the interosseous
ligamentous portion of the SI articu-
lation when locally staging primary
pelvic bone tumours subjacent to the
SI articulation, as this will have a
significant impact on planning surgi-
cal management.
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Introduction

The sacroiliac (SI) articulation is the most common joint
invaded by tumour followed by the intervertebral disc
spaces and facet joints [1]. There has been little information
on the pattern of transarticular tumour infiltration. The SI
articulation consists of two components; the cartilaginous
component and the ligamentous component. The cartilag-
inous component, known at the auricular component [2]
due to its shape (Fig. 1), is an atypical synovial joint. The
sacral side is covered by hyaline cartilage up to 3 mm in
thickness, and the iliac side is covered by a thin 1-mm layer
of fibrous (fibrocartilage) cartilage [3]. The ligamentous
component of the articulation is composed of correspond-
ing eminences and depressions [3] which interdigitate,
markedly restricting its motion and contributing to the
strength of the articulation. The interosseous SI ligamen-
tous tissue [4–6], which by definition forms a syndesmosis
consisting of numerous short and very resistant bands, is
firmly and directly attached to the opposing osseous
surfaces [7] (Fig. 2).

The following investigation describes the imaging
features of the pattern of transarticular SI joint invasion
seen in a series of cases of primary tumours of the iliac bone
and sacrum. Correlation is made with anatomic observa-
tions of the SI joint in cadaveric specimens, and factors
potentially influencing transarticular tumour invasion are
discussed.

The extent of surgical resection is altered by transartic-
ular SI tumour involvement. Standard or modified internal
or external hemipelvectomy are widely-used and well-
established procedures for innominate bone tumours. Tumour
involvement of the SI articulation necessitates an extended

internal or external hemipelvectomy, which are much more
demanding procedures because of the complex anatomy
and close relationship to important neural structures.
Similarly, a sacrectomy may be extended to include
resection of the SI articulation. Assessment of transarticular
tumour invasion across the SI articulation is therefore of
critical importance in tumour staging, having a direct
impact on the extent of surgical resection.

The purpose of this study was to evaluate the pattern of
tumour spread across the SI articulation, correlating with
cadaveric anatomic observations, in order to better under-
stand the local spread of tumour and to assist in the
assessment of local staging.

Materials and methods

Twenty-four consecutive cases of primary pelvic bone
tumours of iliac origin abutting the SI joint, treated from
May 1997 to November 2002, in whom the SI joint was
resected at the time of surgery, were studied following
institutional ethics approval. There were fourteen male and
ten female patients ranging in age from 22 to 89 years, with
a mean age of 51.9 years andmedian age of 53 years. All the
patients underwent preoperative cross-sectional imaging of
the pelvis and SI joint with magnetic resonance imaging
(MRI) prior to surgical tumoural resection and histological
examination. Imaging was performed with a 1.5 Tesla MR
imaging system (Signa; General Electric Medical Systems,
Milwaukee, WI, USA). A torso coil was employed with a
field of view of 36×36 cm and a matrix size of 256×192.
Imaging sequences obtained in all patients included axial
and coronal oblique spin-echo T1- (repetition time msec/
echo time msec, 400–600/8–16) and fast spin-echo fat-

Fig. 1 Schematic illustration of the opposing aspects of the
disarticulated SI joint. The auricular (cartilaginous) (C) and
interosseous (I) aspects of the joint are shown with the ilium on
the left and sacrum on the right. Reproduced from Grant’s Atlas of
Anatomy with permission from Agur and Dalley (2005) (Fig.
4.18A) [8]

Fig. 2 Schematic illustration of cross section through the pelvis at
the level of the SI articulations demonstrating the cartilaginous
(arrows) and interosseous (asterisks) portions. The anterior (A) and
posterior (P) interosseous ligaments, coccyx (X) and sacrospinous
ligaments (C) are shown. Reproduced from Grant’s Atlas of
Anatomy with permission from Agur and Dalley (2005) (Fig.
4.18B) [8]
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saturated T2-weighted sequences (3,550–5000/85–105;
echo train length eight). The coronal oblique images were
obtained parallel to the long axis of the sacrum. All the
imaging sequences used a slice thickness of 4 mm and a
0-mm gap. Intravenous contrast was not given in any of the
studies assessed.

All images were evaluated retrospectively and by con-
sensus of two readers who were blinded to clinical and
histopathologic findings and who reviewed the images
together. Images were assessed for evidence of tumour

extension across the SI articulation. The SI articulation was
defined to include both the anterior–inferior cartilaginous
auricular component and the posterior interosseous liga-
mentous aspects of the articulation (Fig. 1). Transarticular
invasion of the articulation was defined as direct contiguous
tumour involvement, manifest by low T1 and intermediate
or high T2 signal abnormality, of opposing bones involving
either component of the articulation [1, 9]. For each case
with imaging evidence of transarticular extension, the site
(s) of tumour involvement of the SI articulation (cartilag-

Table 1 Tumour diagnosis and sacral invasion

Tumour type Tumour grade Patient age Transarticular invasion Location of tumour
origin

Site of transarticular
invasion

Chondrosarcoma 3 35 Yes Ilium Ligamentous
Ewing’s sarcoma 3 22 Yes Ilium Ligamentous
Ewing’s sarcoma 3 23 Yes Ilium Ligamentous
Osteosarcoma 3 72 Yes Ilium Ligamentous
Sarcoma (unspecified) 3 89 Yes Ilium Ligamentous
Malignant fibrous fistiosarcoma 3 32 Yes Ilium Ligamentous
Giant cell tumour N/A 53 Yes Ilium Ligamentous
Chondrosarcoma 3 37 Yes Ilium Ligamentous
Chondrosarcoma 2 28 Yes Sacrum Ligamentous
Giant cell tumour N/A 50 Yes Ilium Entire joint
Osteosarcoma 3 66 Yes Sacrum Entire joint
Giant cell tumour N/A 68 Yes Sacrum Entire joint
Plasmacytoma 71 No Ilium
Chondrosarcoma 2 61 No Ilium
Malignant leiomyosarcoma 3 80 No Ilium
Osteosarcoma 3 43 No Ilium
Chondrosarcoma 3 52 No Ilium
Chordoma 75 No Sacrum
Chondrosarcoma 2 56 No Ilium
Chondrosarcoma 3 24 No Ilium
Chondrosarcoma 2 39 No Ilium
Chondrosarcoma 3 61 No Ilium
Chondrosarcoma 2 49 No Ilium
Osteosarcoma 2 59 No Sacrum

Summary of the clinical cases showing the site of origin of each tumour and the site of transarticular invasion in those cases involving the SI
articulation
N/A not applicable

Fig. 3 Two axial T2-weighted
fat-saturated images through the
right SI joint in a 53-year-old
female patient showing a giant
cell tumour within the posterior
aspect of the right ilium. The
more cranial section (a) and
more caudal section (b) through
the SI articulation show an
intact cartilaginous portion (as-
terisks) and tumour involving
the interosseous portion of the
joint. The extent of the tumour
is delineated by arrows. Sacrum
(S), ilium (I) and tumour (T)
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inous and/or ligamentous) was documented. Histologic
correlation of each case was made with documentation of
tumour type, grade and histologic evidence of transarticular
SI tumour extension made.

Nine cadaveric pelvic specimens with ages ranging from
20 to 84 years and with a mean age of 59 years (4 male, 5
female) were examined. The majority (8/9) were taken from
cadavers of individuals over 55 years of age (3 male, 5 fe-
male). Two of the cadaveric specimens were fresh (unfixed)
and the remaining seven were formalin-embalmed.

Five of the specimens were sectioned in an axial plane
with cranial to caudal axial sections obtained through the
entire SI articulation with a band saw at a slice thickness of
approximately 1 cm. The remaining four specimens were
dissected by removing the soft tissues covering the SI
articulation, allowing examination of the external aspect of
the joint. Each articulation was then carefully opened using
a fine chisel and scalpel to reveal both the sacral and iliac
surfaces of the auricular and interosseous portions.

Results

Clinical

On MR imaging assessment, transarticular tumour infiltra-
tion was demonstrated in 12 of the 24 patients studied
(Table 1). Of the 12 cases with evidence of transarticular
spread (age range 22–89 years, mean age 48 years, median
age 44 years) there were 3 chondrosarcomas, 3 giant cell

tumours, 1 malignant fibrous histiocytoma, 2 osteosarco-
mas, 2 Ewing’s sarcomas and 1 unspecified sarcoma. Three
of these tumours arose from the sacrum (1 chondrosarco-
ma, 1 osteosarcoma, 1 giant cell tumour). The 12 cases
without evidence of transarticular spread (age range 24–80
years, mean age 56 years, median age 58 years) were 7
chondrosarcomas, 2 osteosarcomas, 1 leiomyosarcoma, 1

Fig. 4 Axial T1-weighted (a),
axial T2-weighted fat-saturated
(b), coronal oblique T1-
weighted (c) and coronal
oblique T2-weighted fat-satu-
rated (d) images through the SI
articulations in a 66-year-old
female patient with an osteosar-
coma arising within the left
sacral ala. The tumour (T) ex-
tends across the left SI joint and
involves both the cartilaginous
(asterisks) and ligamentous
(dotted) portions of the articu-
lation, which are labelled on the
right for comparison. Sacrum
(S), ilium (I)

Fig. 5 Photograph of a dissection of the posterior aspect of the
intact SI articulation in a fresh (unembalmed) 84-year-old female
cadaveric specimen. The posterior SI ligaments (P) are shown
between the sacrum and the ilium

774



chordoma and 1 plasmacytoma. Two of these tumours
arose from the sacrum (1 osteosarcoma, 1 chordoma). All
12 cases that demonstrated imaging evidence of transar-
ticular extension also had histological confirmation of
transarticular spread. Of the 12 cases without MR imaging
evidence of transarticular spread, none illustrated histolog-
ic evidence of transarticular extension.

Eight of the 12 tumours with imaging and histologic
evidence of transarticular spread illustrated tumour ex-
tension only across the posterior interosseous ligamentous
portion of the SI articulation (Fig. 3). In the remaining 4
cases (4/12), the extent of disease involvement was
considerable, with tumour seen extending across both the
anterior (auricular) cartilaginous and posterior interosseous
ligamentous portions of the SI articulation (Fig. 4). In no
case was tumour spread demonstrated only across the
anterior cartilaginous portion of the articulation.

Anatomical

Antero-superior marginal osteophyte formation was pres-
ent in six of the nine cadaveric specimens examined. The
83-year-old male specimen demonstrated bridging of the
marginal osteophytes along this antero-superior margin,
with osseous fusion.

Cartilage thinning and fibrillationwas seen in each of the 6
cases (6/9)which had osteophyte formation. The specimen of
the youngest patient (20-year-old male) demonstrated no
degenerative changes. A 50-year-old female specimen and
also an 80-year-old male specimen also had a normal “soft”
texture to the interosseous ligaments, and showed no
macroscopic evidence of degenerative change. In these latter
3 cases, the articular cartilage was smooth and intact, and
showed no evidence of thinning or fibrillation.

In all cases, the interosseous SI ligaments (Fig. 5) con-
sisted of numerous short ligamentous bands crossing the
articulation in different directions firmly attaching to the

adjacent osseous surfaces of the ilium and sacrum. The
opposing surfaces of the ilium and sacrum were composed
of corresponding eminences and depressions which inter-
digitated between the two bones.

Five of the nine specimens (5/9) showed evidence of
macroscopic ossification within the SI articulation. Of
these five cases with evidence of SI joint ossification, four
(4/5) showed central-region ossification within the inter-
osseous SI ligaments, which completely bridged the joint
(Fig. 6). The fifth case (1/5), that of the 83-year-old male,
demonstrated extensive bridging osteophyte formation
along the antero-superior aspect of the articulation,
which encroached into the cartilaginous component of
the joint.

Discussion

The local staging of pelvic bone tumours of the sacrum or
ilium involves an assessment of transarticular tumour
involvement of the SI articulation. This is of critical im-
portance, and has a direct impact on the extent of surgical
resection. In the case of a sacral lesion, a sacrectomymay be
extended to include the SI articulation when there is
transarticular involvement. Similarly a standard or modi-
fied internal or external hemipelvectomy for innominate
bone tumours may be extended to include part of the sacrum
in cases with transarticular involvement. This latter proce-
dure becomes much more demanding, owing to the prox-
imity of the surgical field to important neural structures.

In the current study, tumour extension favoured the
posterior ligamentous part of the articulation, which is a
finding supported by Ozaki [10] and Drnovsek [11]. The
configuration of the SI articulation with close osseous
apposition and poor mobility are factors that have been
previously described [1] as significant in making this site
the most commonly involved by transarticular tumour
extension. The cartilaginous surfaces are believed to pro-

Fig. 6 55-year-old formalin-
embalmed female cadaveric
specimen. (a) Photograph of the
sacral surface of a disarticulated
SI joint. Ossification within the
central region of the interosse-
ous ligamentous region is out-
lined. Asterisks indicate the
interosseous SI ligament.
(b) Photograph of axial section
through the right SI joint. Ex-
tensive central region ossifica-
tion (arrow) is seen within the
interosseous portion of the ar-
ticulation. Asterisks delineate
the cartilaginous portion of the
articulation
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vide some resistance to tumour spread [1]. The inter-
digitating eminences and depressions within the interosse-
ous component have a thinner cortex, which may allow for
easier transmission of tumour.

Sashin in 1930 [5] described changes occurring with age
within the SI articulation, which have subsequently been
supported by others [3, 12–14]. The degenerative changes
described in the literature focus only on the cartilaginous
component. The earliest degenerative changes are irregu-
larity and thinning of the articular cartilage followed by
fibrillation, fibrous replacement and fibrous ankylosis.
True intra-articular bony ankylosis of the joint however is
quite rare [12–14]. Osteoarthritic changes occur around the
anterior and superior margin of the articulation, and vary
from small osteophytes to large osteophytic masses, often
with osseous bridging following the 5th to 6th decades of
life. There is agreement in the literature regarding degen-
erative changes being more common in men and
commencing earlier—by the 4th decade—whereas in
women these changes commonly commence in the 5th
decade [14]. The osseous bridging demonstrated within the
central portion of the interosseous component of the
articulation presumably represents a degenerative entheso-
pathic process, which would contribute to both osseous
bridging and limitation of mobility.

Age-related changes affecting the SI articulation,
including osseous ankylosis, cartilage degeneration and
progressive immobility, could all be regarded as factors
promoting transarticular tumour extension [10]. This was
not supported by the findings of the current study. The
mean age of patients with transarticular tumour involve-
ment was almost 10 years younger than those without
(mean ages 48 and 56 years respectively). This finding
could be related to the age distribution of the particular
tumour types in each patient group, and could be further
evaluated by studying a larger number of cases.

Extension of metaphyseal intraosseous sarcomas across
the osseous-tendinous junctions has been demonstrated
[15], with tumour extension along the cruciate ligaments of
the knee and also the knee-joint capsule. Similarly, tumour
extension has been shown across the hip joint along the
ligament of the head of the femur, either from the
acetabulum to the femoral head or vice versa [16]. An-
atomic studies on cruciate ligaments [17, 18] have dem-
onstrated intraligamentous and paraligamentous vessels,
and thus the mode of tumour spread along ligaments may
be primarily haematogenous. Articular cartilage, being
avascular, thus provides no direct anatomic pathway for
tumour invasion. It can therefore be understood how the
bridging interosseous ligaments could provide a prefer-
ential route for transarticular tumour invasion [11].

Ozaki [10] demonstrated tumour histology as an im-
portant factor for infiltration, with chondrosarcoma and
osteosarcoma infiltrating more frequently than Ewing’s
sarcoma. The current study also demonstrated this relative
frequency of transarticular infiltration for these particular
tumour types; however, the total number of patients
evaluated does not allow comment on whether this is
significant.

Five of the total of 24 cases arose from the sacrum, and
three of these demonstrated transarticular tumour exten-
sion. Although it is conceivable that tumours of sacral
origin may be more likely to invade the articulation due to
the confined space available for spread, this was not shown
in the current study. The number of patients evaluated in
this study was too small to evaluate the difference in the
rate of transarticular involvement in tumours of sacral and
iliac origin.

This study demonstrated that pelvic tumours often
present at a late stage of disease, at a point when there
was extensive involvement of the SI articulation. In those
cases where the SI articulation was less extensively
involved, it was the interosseous ligamentous portion of
the articulation which was primarily infiltrated. In no case
was the cartilaginous portion of the articulation solely
infiltrated without involvement of the interosseous liga-
mentous portion. The surgical management will be depen-
dent on the overall tumour extent and SI joint involvement.
It will not normally be influenced by which component of
the articulation is involved; however, when evaluating this
region, the interosseous component is the preferred site for
tumour invasion.

Conclusion

Tumour invasion across the SI articulation favours its
interosseous ligamentous portion. Factors influencing
transarticular tumour extension and its preferential course
across the interosseous component of the articulation have
been discussed. It is particularly important to assess the
interosseous ligamentous portion of the SI articulation
when locally staging primary pelvic bone tumours subja-
cent to the SI articulation, as this will have a significant
impact on planning surgical management [13].
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