
BONE AND JOINTS

MR imaging of the spine and sacroiliac 
joints in spondylarthropathy: tips, tricks 
and pitfalls

M. Van Borsel, L. Jans, K. Verstraete1

Purpose: To translate the existing 
knowledge of MR imaging in spondylar-
thropathy into easy-to-use recommenda-
tions concerning imaging technique and 
image interpretation, applicable in daily 
clinical practice.

Approach: A concise review of the 
 current literature is presented, illustrated 
by images obtained from our own data-
base. The results of a comprehensive ret-
rospective study that was performed at 
our own institution is discussed, and the 
practical implications of these results are 
highlighted. 

Findings: According to the new 
 classification criteria for axial spondylar-
thropathy developed by the “Assessment 
of SpondyloArthritis international Society 
(ASAS)”, MR imaging of the sacroiliac 
joints plays a huge role in the early diag-
nosis of spondylarthropathy. MRI may 
show active and structural lesions. Active 
changes include bone marrow oedema, 
enthesitis, synovitis and capsulitis. 
 Structural changes include fat deposition, 
sclerosis, erosions and ankylosis. The 
presence of bone marrow oedema is a 
key feature for the diagnosis of sacroillitis 
at MR imaging. Other active changes and 
structural changes are suggestive but do 
not suffice for the definition of a positive 
MRI. 

MRI findings in sacroillitis have to be 
differentiated from findings that can have 
similar appearance but are non patholog-
ic in nature. Coil artefacts can enhance 
the signal intensity at the posterior parts 
of the sacroiliac joints. Normal variants of 
the anatomy of the sacroiliac joint should 
not be confused with pathology. Normal 
vasculature in the sacroiliac joint has to 
be differentiated from small but relevant 
minimal bone marrow oedema. 

Non-inflammatory disease can mimic 
the inflammatory type back pain in pa-
tients suspected of spondylarthropathy. 
These entities have to be actively looked 
for on MRI of the sacroiliac joints and re-
ported if present.

A dedicated imaging protocol is man-
datory to allow correct interpretation and 
diagnosis. For the spine, sagittal T1 and 
STIR images are the key sequences. For 
the sacroiliac joints, semicoronal T1 and 
STIR imaging is generally accepted as op-
timal imaging technique, but additional 
axial images of the pelvis are highly rec-
ommended, as they may demonstrate 
some anatomic variants and non-inflam-
matory changes that remain undetected 
if only semicoronal images are obtained.

Conclusion: Imaging plays a key role 
for the diagnosis of spondylarthropathy. 
It is very important not to overdiagnose 

 rotation around the patient and is project-
ed on a flat panel detector (FPD), unlike 
 conventional Multi Detector CT (MDCT) 
where a fan shaped beam and concave 
detector rotate in a helical fashion. 

The major advantage of CBCT is the 
high spatial resolution of the images, 
 acquired at lower radiation doses than 
MDCT-studies.

The disadvantages of CBCT include 
lower contrast resolution (i.e. soft tissue 
visualization) and a longer imaging time 
(susceptibility to movement artifacts). 
CBCT has also a limited field of view, al-
lowing only small joints and bones to be 
examined.

Clinical musculoskeletal applications: 
Because of its high spatial resolution, 
CBCT is a useful imaging modality for vi-
sualization of small osseous structures. In 
our series, CBCT adds valuable informa-
tion in the diagnosis of acute and chronic 
(repetitive) trauma, inflammatory disease 
(e.g. gout, hydroxyapatite deposition, …), 
grading of osteoarthritis of small joints, 
detection and characterization of bone tu-
mors in small bones, as well as the post-
operative evaluation of osteosynthesis. 

Conclusions: CBCT provides high res-
olution images at a relative low radiation 
dose compared to conventional MDCT, 
and is therefore a useful modality to 
 evaluate small bone and joint - pathology. 
Particularly, in the setting of acute trau-
ma, CBCT may be useful to detect subtle 
or nondisplaced fractures, not visible on 
plain radiography. This may have impor-
tant medico-legal implications, as it may 
have an impact on patient reassurance 
and management.
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CHEST

Dose is not only dose: understanding the 
consequences of decreasing radiation 
parameters

F.C. Deprez1, A. Vlassenbroek², B. Ghaye1, 
Y. Nae, R. Raaijmakers, E. Coche1

The learning objectives of this presen-
tation were to review the effects of lower-
ing kVp and mA in MDCT acquisition on 
the x-rays attenuation of various materi-
als and on patient dose, to understand 
the consequences of reducing radiation 
parameters on global image quality and 
worldwide-used abacus, i.e. the Agatston 
Calcium scoring method and to show al-
ternative techniques of dose reduction in 
MDCT. To achieve this goal, we used an 
anthropomorphic cardio phantom (QRM, 
Germany), human cadavers and clinical 
data to demonstrate the effects of  lowering 

spondylarthropathy as its treatment may 
be potentially harmful. Therefore a dedi-
cated imaging technique is necessary 
and radiologists should be familiar with 
the findings in spondylarthropathy, the 
differential diagnosis and pitfalls of find-
ings both in the spine and the sacroiliac 
joints.
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Cone Beam Computed Tomography: 
technical aspects and clinical applica-
tions in musculoskeletal imaging

E. De Smet1,2, G. De Praeter1, K. Verstraete3, 
F.M. Vanhoenacker1,2,3

Learning objectives: In the past de-
cade, Cone Beam Computed Tomogra-
phy (CBCT) has become the standard im-
aging modality in dental radiology due to 
its high spatial resolution and low radia-
tion dose. 

On the contrary, musculoskeletal ap-
plications of CBCT are only scarcely re-
ported, despite the major advantage of 
high spatial resolution when imaging 
small osseous structures. 

The purpose of this pictorial review is 
twofold: (1) to give a short review of tech-
nical aspects of CBCT (including radiation 
dose), and (2) to illustrate the additional 
value of CBCT in frequently encountered 
musculoskeletal pathologies.

Materials and methods: The material 
is mainly culled from an ongoing 
 comparative study between direct digital 
radiography of peripheral joints (elbow, 
wrist, hand-fingers, ankle, feet-toes and 
knees) and CBCT of patients referred for 
acute trauma.

In addition, CBCT was done for pa-
tients presenting with non acute pain as 
additional method to plain films or MRI in 
order to obtain a more specific diagnosis. 
In all cases, informed consent was given 
by the patient and the study was ap-
proved by the ethical committee of our 
institution.

During the period June 1, 2013-No-
vember 15, 2013, a total number of 289 
musculoskeletal CBCT examinations 
were performed.

Discussion: 
Technical aspects of CBCT: In CBCT, a 

cone-shaped ray beam makes a single 
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present imaging cases with emphasis on 
ultrasound and MRI features of apophysi-
tis of the lower limb. 

Results: Different sites of apophyses 
share the same physiopathology. 

During apophyseal maturation, the 
strong fibrous cartilage converts to a 
weaker columnar cartilage, responsible 
for apophyseal ossification. This makes 
the apophysis more prone to injury 
 during maturation, especially in growth 
spurt. 

Apophysiolysis is an acute avulsion 
fracture of the apophysis due to a strong 
muscular contraction. Radiographic fea-
tures are usually straight forward when 
ossification of the apophysis has already 
started. Apophysitis is an overuse injury 
or chronic inflammation of the apophysis 
and attached tendon, resulting from 
 repetitive muscle contractions. 

Radiography in apophysitis is not 
 specific and nonconclusive. The apophysis 
may appear normal, irregular, may show 
fragmentation, osteoporotic patches or 
sclerosis, with bony fragments in or near 
the attached tendon. However this can 
also be seen in asymptomatic children 
during normal apophyseal growth. 

Due to apophyseal enlargement, the 
ossified central part of an inflammed 
apophysis can mimick an avulsion frac-
ture on radiographs. 

Ultrasound in apophysitis shows 
 typical apophyseal cartilage swelling 
with hypervascularisation, tendon thick-
ening or heterogeneity and ossification in 
or near the attached tendon. 
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PEDIATRIC RADIOLOGY

Imaging in apophysitis and apophysiolysis

L. De Clercq, C. Ernst, J. Demey1

Purpose: We reviewed the literature 
concerning the physiopathology and role 
of imaging in apophyseal lesions. We 

the kVp or mAs, and iterative reconstruc-
tions on the measured CT Hounsfield unit 
(HU) numbers.

As previously described, HU measure-
ments of a structure are linked to the tube 
voltage (kVp), depending of atomic 
 number (Z) of the structure. HU measure-
ments are not linked to the tube current 
(mAs), but mAs will influence the noise 
value and the standard deviation (SD) of 
HU measurements. Consequently, CT ex-
amination with different kVp acquisitions 
should not be compared (e.g. bone 
 metastasis comparison with different kVp 
protocols should not be misinterpreted 
as an evolving osteoblastic process) and 
a careful attention should be paid with 
universal protocol-independent density 
threshold (e.g. for urinary stone identifi-
cation).

For the same low-dose and in highly 
attenuating organs, the best image quali-
ty is obtained with the highest kVp acqui-
sition, resulting in less noise, less photon 
starvation artifacts and less metallic arti-
facts (Fig. 1). Consequently, low-dose 
protocols should give priority to high kVp 
with ultra-low mAs (as far as possible) 
rather than low kVp. In practice, if the 
lowest tube current (mAs) that the CT 
scan can support is reached (i.e. 10 mAs 
on Brillance 256-Slice iCT), and if the 
dose can still be decreased with accept-
able image quality (e.g. for pediatric 
 examinations, thin patient or chest 
 studies...), then tube voltage (kVp) can be 
decreased secondary. At present, limited 
ultra low mAs are available on modern 
MDCT units and the priority is given to 
perform low-kVp acquisition in order to 
reduce the radiation dose to the patient. 
In this way, CT manufacturers should be 
encouraged to develop ultra-low mAs 
(< 10 mAs) acquisition protocols.

An interesting characteristic of low-
kVp acquisition is to enhance iodine con-
trast compared with adjacent tissue (m =  
 80 kV(HU) /  140 kV (HU) → iodine: 
m = 1.9 > organic tissues: m ≈ 1) (Fig. 2).

Modifying radiation parameters (kVp, 
mAs) may have consequences on auto-
matic quantification software or world-
wide-used abacus. For example, radiolo-
gists have to know that Agatston coronary 
calcium scoring (CCS) can only be per-
formed with 120 kVp acquisition: whether 
it is correlated to CT density measure-
ments, the Agatston CCS is a non linear 
function of the X-rays attenuation due to 
a multi-threshold measurement (with a 
step weighting function). Consequently 
the variation of the HU measured when 
lowering the kVp used during the CT ac-
quisition could highly increase the CCS of 
a low density calcification, and in a practi-
cal way it cannot be corrected by the 
 adaptation of Agatston thresholds as 
suggested by some authors. However, 
low-dose Agatston CCS can be obtained 
reducing tube current (mAs) with itera-
tive reconstruction to reduce the noise.

Indeed, noise level is an important 
 parameter to obtain accurate automatic 
quantification.

In this way, iterative reconstructions 
(IR) allow noise (SD) reduction and image 
quality improvement, without affecting 
HU measurement.

Fig. 1

Fig. 2
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an important role in atypical clinical find-
ings or abscence of recovery to guide 
proper management. 

In apophysitis radiographic imaging is 
nonspecific. Ultrasound and MRI are the 
best modalities to show apophyseal 
 enlargement and inflammation of peri-
apophyseal bony and soft tissues. Ultra-
sound provides a more easy acces to 
evaluate the apophyses of the lower limb, 
even in the pelvis. It is important to 
 become familiar with the normal and 
 abnormal imaging features of apophyses 
in the growing child to recognize their 
 pathology. 

References

1. Arnaiz J.: Imaging findings of lower 
limb apophysitis. AJR, 2011, 196: 
W316-325.

2. Davis K.W.: Imaging pediatric sports 
injuries upper and lower extremity. 
Radiol Clin North Am, 2010, 48: 1213-
1235.

3. Stevens M.A., El-Khoury G.Y., 
Kathol M.H., et al.: Imaging features 

MRI in apophysitis shows morpholog-
ic and signal characteristics that allow 
precise and straightforward diagnosis. T1 
sequences depict anatomical detail of the 
tendon and osseous fragments, apophysis 
enlargement at site of tendon insertion. 
Fluid sensitive sequences depict increased 
signal in the apophysis, periapophyseal 
bony and soft tissues. The apophysis and 
periapophyseal tissues enhance after IV 
contrast. Only discrete or absent physeal 
plate separation is seen in apophysitis. 

Most affected sites in the lower limb 
are the Achilles tendon on the calcaneum 
(Sever), distal patellar tendon on tibial 
 tubercle (Osgood-Schlatter), proximal 
 patellar tendon on inferior patellar pole 
(Sinding-Larsen-Johansson). In the pelvis 
overuse injuries of the the tendons at the 
iliac crest, anterior iliac spines, pubic 
 ramus, ischial tubercle and trochanters 
give rise to apophyseal lesions. Less 
known is the apophysitis of the base of 
the 5th metatarsal or Iselin disease. 

Conclusion: Imaging in apophysitis, 
which is a chronic inflammation, is more 
complex than in apophysioloysis, which 
is an acute avulsion fracture. Imaging has 
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