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Objective: Early diagnosis of acute sacroiliitis and related disorders are quite 
important for preventing the irreversible results of these diseases (such as ankylosis) 
and increasing the efficiency of treatment. Magnetic resonance imaging (MRI) 
is the most important modality in early diagnosis. Routine MRI examinations 
should include short tau inversion recovery and contrast enhanced fat saturated 
T1-weighted sequences. In our study, we evaluated the role of diffusion weighted 
imaging (DWI) MRI sequence in the diagnosis of acute sacroiliitis. Inter-observer and 
intra-observer reliability was also evaluated.
MaterialsandMethods: Seventy patients suffering from back pain and underwent 
sacroiliac joint MRI between October 2008 and December 2009 were retrospectively 
evaluated. Patients who were under age of 18 and had MRI examinations without 
contrast were excluded. Routine MRI sequences and DWI sequences (b100, b600, 
b1000) of 84 sacroiliac joints of 42 patients were evaluated retrospectively. 
Evaluations were made independently without any information about patient’s name 
and clinical findings. First, DWI MRI examinations were evaluated by two radiologists 
separately (one of the radiologist made another evaluation after one week). After 
one month, sacroiliac joint MRI’s of the patients were evaluated for osteitis and bone 
marrow enhancement (positive MRI) by two radiologists and decisions were made 
by consensus. A contrast-enhanced MRI study was accepted as the gold standard 
for the diagnosis of active sacroiliitis in the statistical evaluation. The sensitivity 
and specificity of DWI for active sacroiliitis were calculated. Also intra-observer and 
inter-observer concordances were made by Cohen kappa test in SPSS (Statistical 
Package for the Social Sciences) version 16 software.
Results: For the diagnosis of acute sacroiliitis, sensitivity and specificity values of 
DWI MRI were calculated as 82.1% and 87.5% respectively in 84 sacroiliac joints. 
By using Cohen’s kappa test, moderate intra-observer correlation for first radiologist 
[kappa=0.684 (p<0.05)], weak intra-observer correlation for second radiologist 
[kappa=0.369 (p<0.05)] and moderate inter-observer correlation [kappa=0.512 
(p<0.01)] was found. 
Conclusion: In conclusion, DWI MRI examination is a non-invasive (contrast material 
administration is not needed), sensitive, fast diagnostic method in the diagnosis of 
acute sacroiliitis. Besides, DWI MRI may have a potential as a screening method in 
suspected cases, if supported with large studies. 
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Introduction

Sacroiliac joint (SIJ) involvement can be seen 
in many inflammatory, infectious, metabolic and 
degenerative diseases (1,2). In this wide disease 
spectrum, most common involvement is seen in 
seronegative spondyloarthropathies. In this group 
especially in ankylosing spondylitis (AS) as a prototype 
disease, SIJ inflammation is the most common and 
characteristic form of involvement (3). Early diagnosis 
is crucial to prevent or delay irreversible outcomes 
such as ankylosis. For many decades radiography has 
been used for diagnosis and also follow up the disease. 
However imaging limitations due to complex anatomy 
of the joint and more importantly late onset of 
radiographic manifestations have been disadvantages 
of this modality. Over the time for imaging of 
inflammation this joint scintigraphy, ultrasonography, 
computed tomography and magnetic resonance 
imaging (MRI) have been started to be used (4-9). 
Now with MRI, early imaging findings that could not 
be detected before with other modalities can be seen. 
Short tau inversion recovery (STIR), fat-suppressed 

T2-weighted and contrast-enhanced T1-weighted MRI 
sequences have been shown that are highly sensitive 
in detection of early inflammatory changes (6,7,9). 
Characteristic SIJ lesion types in MRI are evaluated 
in two groups; active inflammatory lesions (bone 
marrow edema, capsulitis, synovitis, enthesis) and 
chronic inflammatory lesions (sclerosis, erosion, fat 
deposition, ankylosis) (10). In some recent studies, 
it has been reported that diffusion weighted imaging 
(DWI) MRI as a more advanced technique, has a similar 
diagnostic efficiency comparing to conventional MRI 
in early detection of SIJ inflammatory findings (7).    

In this study, we aimed to investigate the efficacy 
of DWI MRI for detection of early sacroiliitis (SI).

Materials and Methods

Seventy patients suffering from back pain and 
underwent SIJ MRI between October 2008 and 
December 2009 were retrospectively evaluated. 
Patients under age of 18, with history of surgery and 
foreign metallic bodies, and also the patients who 
unable to be applied contrast agents or unable to 

Durum Polat et al. Diffusion Weighted Imaging in Sacroiliitis

Öz
Amaç: Sakroiliitin erken tanısı, eklemde geri dönüşümü mümkün olmayan (ankiloz gibi) sonuçların önlenmesinde veya geciktirilmesinde 
oldukça önemlidir. Son dönemlerde tedavide uygulanan etkin yeni ilaçlar erken tanının önemini bir kez daha gündeme getirmiştir. 
Halen manyetik rezonans görüntüleme (MRG) erken tanıda kullanılan en önemli görüntüleme yöntemidir. Rutin incelemeler yağ baskılı 
T2 ağırlıklı (short tau inversion recovery) ve postkontrast yağ baskılı T1 ağırlıklı sekansları içermelidir. Son yıllarda özellikle serebral 
enfarkt değerlendirmesinde kullanılan difüzyon ağırlıklı görüntüleme (DAG) sekansının kas iskelet sisteminde kullanımı görece yenidir. 
Çalışmamızda aktif sakroiliitin tanısında DAG MRG’nin tanısal etkinliği araştırılmıştır. Ayrıca DAG’lerin değerlendirilmesinde, gözlemci 
içi ve gözlemciler arası değişkenlik araştırılmıştır. 
Gereç ve Yöntemler: Ekim 2008 ile Aralık 2009 tarihleri arasında kliniğimize bel ağrısı yakınmasıyla başvuran 70 hasta retrospektif 
olarak araştırılmıştır. On sekiz yaş altında olan, tetkiklerinde kontrast madde kullanılmayan veya dosyalarına ulaşılamayan olgular 
çalışma dışı bırakılarak 42 hastanın MRG kesitleri ile b100, b600, b1000 değerlerindeki difüzyon ağırlıklı görüntüleri, klinik bilgileri 
bilinmeksizin incelenmiştir. DAG'nin aktif sakroiliitin tespitindeki tanısal etkinliğinin araştırılması amacı ile 42 olgunun, 84 sakroiliak 
ekleme ait DAG iki ayrı radyolog tarafından (bir radyoloğun ikinci kez değerlendirmesiyle birlikte) birbirinden bağımsız olarak difüzyon 
değişikliği açısından değerlendirilmiştir. Bu değerlendirmeden 1 ay sonra iki radyolog birlikte rutin ve kontrastlı sekansları osteitis ve 
kemik iliğinde kontrast tutulumu (pozitif MRG) açısından tekrar değerlendirmiştir. Bulguların istatistiksel olarak değerlendirilmesinde 42 
olguya ait 84 sakroiliak eklem için, aktif sakroiliitin tanısında, kontrastlı rutin sakroiliak eklem MRG incelemesi sonuçları altın standart 
olarak kabul edilerek DAG’lerin aktif sakroiliitin tanısındaki duyarlılık ve özgüllükleri hesaplandı. Ayrıca gözlemci içi ve gözlemciler arası 
uyum Cohen kappa testi ile SPSS (Statistical Package for the Social Sciences) sürüm 16 programında yapıldı. 
Bulgular: DAG'nin aktif sakroiliiti saptamadaki saptamadaki duyarlılığı %82,1 ve özgüllüğü %87,5 olarak bulunmuştur. Çalışmamızda 
DAG’lerin değerlendirilmesinde, 1. radyolog için gözlemci içi uyum orta derecede, 2. radyolog için gözlem içi uyum düşük derecede, 
gözlemciler arası uyum orta derecede bulunmuştur [Cohen kappa testinde 1. radyolog için gözlem içi kappa değeri 0,684 (p<0,05), 2. 
radyolog için gözlemci içi kappa değeri 0,369 (p<0,05), gözlemciler arası kappa değeri 0,512 (p<0,01)]. İkinci radyolog için gözlemci içi 
uyumun düşüklüğü değerlendirme yapan radyoloğun klinik tecrübe azlığına bağlanmıştır.
Sonuç: Çalışmamızın sonuçlarına göre, enflamatuvar bel ağrısı yakınması olan olgularda akut sakroiliitin saptanmasında, DAG tarama 
yöntemi olarak kullanılabilecek hızlı, kontrast maddeye ihtiyaç göstermeyen, invaziv olmayan, görece ucuz bir yöntem olarak gelecekte 
kullanım alanı bulabilecektir. Ancak bu konuda kesin bir önermede bulunmak için, daha geniş seriler ile yapılacak prospektif çalışmalara 
ihtiyaç vardır. 
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reach their patient files were excluded from study. 
Routine MRI sequences and DWI sequences (b100, 
b600, b1000) of 84 SIJs of 42 patients were evaluated 
retrospectively. Evaluations were made independently 
without any information about patient’s name and 
clinical findings. First, DWI MRI examinations were 
evaluated by two radiologists separately (one of the 
radiologist made another evaluation after one week). 
After one month, SIJ MRI’s of the patients were 
evaluated for osteitis and bone marrow enhancement 
(positive MRI) by two radiologists and decisions were 
made by consensus. The areas with diffusion changes 
in b100, b600 and b1000 sequences were compared 
statistically with areas we evaluated as active SI in 
STIR and contrast enhanced T1-weighted sequenced. 
According to obtained findings, the sufficiency 
and reliability of singly DWI in detection of active 
SI were studied and also concordance among the 
different diffusion values was observed. This imaging 
evaluation was made independent of clinical findings. 
DWI sequences were evaluated by two radiologists 
separately whereas routine and contrast enhanced 
sequences evaluated together collaboratively. In this 
project, intra-observer and inter-observer variability 
were also statistically studied. 

Magnetic Resonance Imaging Protocols 

All patients underwent conventional MR imaging 
and DWI at 1.5 T MR scanner (Avanto Siemens, 
Erlangen, Germany). In routine SIJ MR imaging, based 
on a sagittal survey image, SIJ oblique coronal and 
oblique transverse slices were obtained parallel to the 
long axis of sacrum and parallel to the short axis of 
sacrum (vertical to coronal slices) respectively. In this 
study MRI protocols were; pre-contrast series; oblique 
coronal plane T1A turbo spin eko (TSE) [the echo time/
the repetition time (TE/TR): 10/639] and STIR (TE/TR: 
255/4000); oblique transverse plane T1A TSE (TE/TR: 
11/482), T2A fat-suppressed TSE (TE/TR: 92/4560) 
slices, post-contrast (0.1 mmol/kg gadolinium bolus 
i.v. infusion) oblique coronal fat-suppressed T1A 
TSE (TE/TR: 10/845) and oblique transverse fat-
suppressed T1A TSE (TE/TR: 11/482) as routine MRI 
sequences. Also, oblique coronal b100, b600, b1000 
diffusion weighted sequences (TE/TR: 94/3400) were 
obtained. Other parameters for routine sequences 
were; field of view (FOV): 240 mm (STIR sequence 
FOV: 300 mm), matrix: 320x320, slice thickness: 4 

mm. For DWI sequences these parameters were; 
FOV: 360 mm, matrix: 168x192, slice thickness: 4 mm, 
number of excitations: 3.

Statistical Analysis

For diagnosis of SI for 84 SIJs of 42 patients, contrast-
enhanced routine SIJ MRI protocols were used as gold 
standard and compares with DWI findings. Based 
on acquired data, sensitivity and specificity of DWI 
were calculated. Intra-observer and inter-observer 
concordances were also made by Cohen kappa test 
in SPSS (Statistical Package for the Social Sciences) 
version 16.0 software.

Result

In our research in 28 of 84 SIJs, bone marrow 
edema (Figure 1, 2) and enhancement in the post-
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Figure 1. Coronal short tau inversion recovery images show 
hyperintense lesions consistent with bone marrow edema in 
bilateral sacroiliac joints

Figure 2. Coronal short tau inversion recovery images show 
hyperintense lesions consistent with bone marrow edema in 
bilateral sacroiliac joints
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contrast series were detected and were diagnosed as 
acute SI (Figure 3). Twenty three out of 28 SIJs who 
have been diagnosed as acute SI have been evaluated 
as positive by DWI (Figure 4, 5). According to this, for 
both methods (84 SIJs) the sensitivity and specificity 
have been calculated as 82.1% and 87.5% respectively. 
In our study, 20 patients without acute SI also showed 
no DWI findings. Among the cases with DWI negative 
finding we found SI in 3 patients on the right, in 6 
patients on the left. In the retrospective evaluation of 
findings; in one patient who was diagnosed as acute 
SI by routine imaging, DWI evaluated as normal. We 
considered that DWI findings could not be noted due 
to the artifacts in this case. Similarly, in retrospective 
evaluation of cases with positive DWI findings but 

negative routine exam findings, we think that the 
reason of the false positive evaluation was the artifacts. 
We found positive MRI findings in 6 cases among the 
16 cases referred for inflammatory back pain, in 9 
cases among the 14 cases with AS and 5 cases among 
the 12 cases complain of mechanic back pain. We 
noticed positive MRI finding in almost half of the cases 
with mechanic back pain. It should be remembered 
that DWI changes in bone marrow is also reported in 
trauma and infection in the literature (2). In our study 
intra and inter-observer coherence have been tested 
with the Cohen kappa test. According to the Cohen 
kappa test, in the evaluation of the results of the first 
radiologist and the gold standard test a significant 
coherence was detected with the kappa value as 
0.684 (p<0.05). According to this test sensitivity has 
been determined as 82.1% and specificity as 87.5%. 
Receiver operating characteristic area this analysis 
has been estimated as 0.848 (Graphic 1). Kappa test, 
weak intra-observer correlation for second radiologist 
[kappa=0.369 (p<0.05)] was found. Between the first 
and second radiologist, the inter-observer variability 
was again quested with the Cohen kappa test and 
the kappa value has been detected as 0.512 (p<0.01) 
(minimal coherence). Minimal coherence between 
observers was linked to lack of clinical experience and 
insufficient experience in interpretation of SIJ DWI of 
second observer. Increased consistency of the results 
of the second evaluation with the gold standard was 
linked to the improved experience and knowledge of 
SIJ anatomy of the observer. Intermediate consistence 
between first observer and the gold standard was 

Figure 3. Contrast enhanced fat-sat T1-weighted image shows 
enhancement in bilateral sacroiliac joints

Figure 5. Lesions are hyperintense on axial diffusion-weighted 
images at b values of 1.000 

Figure 4. Lesions are hyperintense on coronal diffusion-
weighted images at b values of 1.000
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thought to be a possible consequence of false positive 
results due to some DWI artifacts. b100, b600 and 
b1000 DWI were evaluated consecutively. In SI cases 
diffusion signal changes were seen in all b values, 
however the highest accuracy was observed in b100 
value images. 

Discussion

In literature the usage of DWI in the SIJ is quite 
limited. In a study on 30 patients, Gaspersic at 
al. (11) has evaluated different treatment types 
upon enthesis and osteitis of AS by using DWI and 
dynamic MRI and has detected the effectiveness of 
both treatment. It has been pointed out that DWI 
can be used to evaluate the treatment response in 
rheumatology patients. Bozgeyik et al. (7), in their 
study on 13 patients with inflammatory back pain, 
and the other patients with low (mechanic) back 
pain (total of 42 patients), they have compared the 
DWI findings of subchondral bone changes in early 
SI and bone marrow changes with post-contrast T1-
TSE sequence. They reported that acute lesions in 
early SI can be detected with both DWI and contrast-
enhanced T1-weighted sequences with a similar 
accuracy. They obtained different b values (DWI’s; 
b100, 600 and 1000) and evaluated separately. They 
found that normal areas and areas of acute SI showed 
significant difference in apparent diffusion coefficient 
(ADC) values. Ai et al. (12) has researched the value of 
DWI in early detection of AS. In their study they have 
calculated the mean ADC values in DWI and whole-
body DWI images in 16 AS patients, 18 patients with 
mechanical back pain and 18 healthy volunteers, and 
have found a significantly high ADC values in early AS 
patients comparing to other two groups. Dallaudière 

et al. (13) has compared the ADC values of 95 patients 
(two separate groups with degenerative changes 
and spondyloarthritis) and have found significantly 
higher values in the second group. Sahin et al. (14) 
has reported a significant difference between ADC 
values of normal subchondral bone marrow and the 
areas with subchondral bone marrow edema in active 
SI patients. They found that DWI with ADC values may 
be for accurately diagnosing inflammatory SI. Sanal et 
al. (15) has studied the role of DWI in evaluation of 
activity of SI in AS patients for a long period. In their 
study with 21 AS patients and 7 healthy volunteers 
they have measured the contrast-to-noise ratio (CNR) 
values in subchondral bone marrow DWI and contrast 
enhanced series. As a result, they have shown that 
there is no significant difference in CNR values of DWI 
and contrast enhanced series in the active lesion areas 
detected on the STIR sequence. Also, they have found 
a statistically significant difference in comparison with 
control group. 

Study Limitations
In our study, the most important limitations were 

limited number of patients, being a retrospective 
study and inexperience of the second observer in 
interpretation of SIJ DWI findings. Lack of patient follow 
up was the other limitation of this study. Moreover 
in our study correlation of imaging findings with 
laboratory data was not investigated. No availability 
of antibodies to streptolysin and C-reactive protein 
levels which have been widely used for detection of 
acute inflammation in SI based on current Assessment 
of Spondylo Arthritis international Societ classification 
criteria and therefore lack of research of correlation 
with laboratory findings was a significant limitation of 
our study. 

Conclusion

We believe that by larger patient numbers and 
prospectively designed studies and with involvement 
of the investigation of correlation between laboratory 
and imaging findings and including patient follow up, 
more generalizable results will be obtained. 

Ethics 
Ethics Committee Approval: For study, approval 
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Graphic 1. Receiver operating characteristic area for this 
analysis (0.848) showing graphic
ROC: Receiver operating characteristic
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