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Abstract Objective. To evaluate 
the use of routine MR imaging se-
quences in detecting and characteriz-
ing secondary reactive synovitis of
the knee joint using arthroscopy as
the standard of reference.
Design and patients. Fifty consecu-
tive patients with a history of knee
pain who were referred for MR im-
aging and subsequently underwent
arthroscopy of the knee comprised
the study group. MR images were
evaluated for the presence and ap-
pearance of synovitis reflected in sy-
novial thickening and irregularity.
Synovial thickening was graded on
MR imaging as follows: 0=normal,
1=thin line of increased signal inten-
sity, 2=increased signal intensity
with frond-like or hair-like projec-
tions and a granular appearance of
joint fluid. Standard knee imaging
protocols were used.
Results. The sensitivity, specificity,
and accuracy of MR imaging in de-
tecting synovitis compared with ar-
throscopy were 88%, 97%, and 95%,

respectively. Grade 1 synovitis was
best seen on proton-density-weight-
ed images, demonstrating increased
signal intensity of the synovium
against the relatively low signal in-
tensity of the joint fluid. Grade 2 sy-
novitis was best seen on proton-den-
sity images and T2-weighted spin
echo and fast spin echo images with
fat saturation, demonstrating a gran-
ular and linear hair-like appearance
of joint fluid. Axial and sagittal im-
aging planes were most helpful in
the diagnosis of synovitis.
Conclusion. Routine MR pulse se-
quences are useful in identifying the
presence and extent of synovial ab-
normalities. The detection of differ-
ent stages of synovial pathology
should become an important part of
the evaluation of the post-traumatic
patient as treatment may be altered
as a result.
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Reactive synovitis of the knee joint: 
MR imaging appearance 
with arthroscopic correlation

Introduction

Synovium is a thin membrane that lines a joint and func-
tions as a filtering system while producing synovial fluid
[1]. The synovial membrane may be affected in primary
pathologic processes such as septic arthritis, pigmented
villonodular synovitis or synovial osteochondromatosis, or
it may be involved in systemic processes such as inflam-
matory arthritis or hemophilia [1, 2, 3, 4]. Synovitis may

also be a monoarticular reactive process secondary to in-
tra-articular abnormalities or trauma (secondary reactive
synovitis). Significant morbidity is often associated with
pathologic processes affecting the synovial membrane and
common manifestations include pain and limited range of
motion, which may result in restricted overall body activ-
ity [5, 6, 7]. The presence of reactive synovitis may indi-
cate a more advanced state of articular inflammation sec-
ondary to internal derangement or after trauma.
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Post-traumatic synovitis is often associated with con-
ditions such as acute rupture of the anterior cruciate lig-
ament, patellar dislocation, meniscal tear, or osseous
contusion. These injuries may result in inflammation,
localized synovitis, and subsequent fibrosis [8, 9]. The
detection and quantification of synovitis may become an
important part of the evaluation of the knee joint allow-
ing a rough assessment of the severity of the process af-
fecting the joint. Also arthroscopic debridement has
been shown to be helpful in patients with severe post-
traumatic synovitis who do not respond to conservative
therapy [8, 9].

MR imaging studies with T1- and T2-weighted spin
echo, and proton-density-weighted sequences are usually
performed as a noninvasive procedure for patients suf-
fering from knee pain. Although MR imaging, especially
contrast-enhanced images, has been shown to be useful
in the assessment of primary synovial and systemic ab-
normalities, there is no consensus on the optimal MR
methods for imaging secondary reactive synovitis [7, 10,
11, 12, 13, 14]. The purpose of our study was to evaluate
the use of routine MR imaging sequences in the detec-
tion and grading of reactive synovitis of the knee joint.
We prospectively examined 50 consecutive patients with
knee pain who subsequently underwent arthroscopy and
compared the MR imaging results with arthroscopy as
the standard of reference.

Subjects and methods

During a 3-month period we prospectively studied 50 consecutive
patients (23 women, 27 men; 18–74 years old, mean 42 years)
with a history of knee pain who were referred for MR imaging of
the knee and subsequently underwent arthroscopy. Forty-six pa-
tients had a history of knee trauma. None of the patients had a his-
tory of rheumatoid or septic arthritis or hemophilia. Twenty-three
patients underwent MR imaging within 3 months after the onset of
knee pain. Twenty patients presented with knee pain for 3–6
months and seven patients had had knee pain for 6–12 months.
MR imaging was performed with a 1.5-T magnet (Signa; General
Electric Medical Systems, Milwaukee, Wis.) with a commercially
available transmit-receive extremity coil. We used a routine 
MR knee protocol that included coronal T1-weighted spin echo
(TR/TE 600/12 ms) images, sagittal proton-density-weighted
(TR/TE 2000/17 ms) images, sagittal T2-weighted spin echo
(TR/TE 2000/80 ms) images, coronal T2-weighted fast spin echo
(TR/TE 3000/38 ms) images, and axial T2-weighted fast spin echo
(TR/TE 3200/54 ms) images, with an echo-train length of eight,
and with frequency-selective fat presaturation. Section thickness
was 4 mm, intersection gap was 1 mm, field of view was 14 cm,
and the matrix was 256×192 pixels. Two acquisitions were used
for T1-weighted spin echo and T2-weighted fast spin echo se-
quences, and one acquisition for T2-weighted spin echo sequen-
ces.

The MR images were evaluated prospectively at the time of
the patient’s initial presentation by two musculoskeletal radiolo-
gists. The MR images were assessed for pathologic conditions
such as meniscal tears, chondral lesions, ligamentous abnormali-
ties, and for the presence and appearance of synovial proliferation.

On MR imaging the suprapatellar, infrapatellar, and intercon-
dylar joint regions, and the posterior joint margin, were indepen-

dently evaluated for synovial thickening and irregularity on all se-
quences and imaging planes. Synovial thickening was graded on
MR imaging on a 3-point scale: grade 0=normal; grade 1=thin line
of increased signal intensity; grade 2=increased signal intensity
with frond-like or hair-like projections from the synovium and a
granular appearance of the joint fluid.

All patients in this study underwent conventional knee arthros-
copy within 3 weeks after the initial MR examination. Arthrosco-
py was performed by two orthopedic surgeons who had the MR
imaging report available at the time of surgery. On arthroscopy the
suprapatellar, infrapatellar, intercondylar, and posterior joint re-
gions were thoroughly inspected by the surgeon and the presence
and location of synovitis was noted.

At arthroscopy synovial abnormalities were described as mini-
mal, mild, moderate, or severe. Minimal and mild changes consist-
ed of elongated synovial villi appearing as long, transparent, fin-
ger-like projections with a central red injected vessel. Moderate
and severe changes were described when thick fibrous bands,
which occur when fibrin exudate from hypertrophied synovitis ag-
gregates to form masses, were seen.

We considered minimal and mild changes on arthroscopy as grade
1 and moderate and severe changes as grade 2. After arthroscopy the
MR images were compared with the arthroscopic reports with the or-
thopedic surgeon, to identify the exact location of the synovial lesion
on MR imaging and arthroscopy. The arthroscopic results were used
as the standard of reference to determine sensitivity, specificity, and
accuracy for the detection of synovitis on MR imaging.

Results

On MR imaging the normal synovial membrane was not
visible as a discrete anatomic structure on any of the se-
quences performed at our image resolution. Synovial
thickening due to synovitis was of high signal intensity
on proton-density-weighted images (Figs. 1A, 2A) and
of intermediate signal intensity on T1-weighted images.
On T2-weighted spin echo and fast spin echo images
with fat saturation an arthrographic effect was demon-
strated when the synovial thickening was of intermedi-
ate or low signal intensity, outlined by hyperintense
joint fluid (Fig. 3A). We used coronal T1-weighted se-
quences as part of our standard knee protocol that were
helpful only in the detection of extensive synovitis.
Joint effusions were a common finding in our patients
with synovial abnormalities (n=38) and were easily de-
tected with MR imaging. These fluid collections typical-
ly demonstrated low signal intensity on proton-density-
weighted images and were of hyperintense signal inten-
sity on T2-weighted images. Synovial proliferation
demonstrated variable morphologic features, ranging
from thickened and smooth to irregular modularity on
MR imaging.

Synovial abnormalities were best seen on sagittal and
axial imaging planes. Grade 1 synovitis was best seen on
proton-density-weighted images, which demonstrated a
thin line of increased signal intensity of the synovium
(Fig. 1). Grade 2 synovitis was best seen on proton-
density-weighted images and T2-weighted spin echo and
fast spin echo images with fat saturation, which demon-
strated a granular and linear hairy appearance of joint

578



fluid, secondary to synovial proliferation in the traumatic
effusion (Figs. 2, 3). Coronal T1-weighted sequences
were only helpful in the diagnosis of prominent synovial
proliferation.

On arthroscopy 60 synovial lesions were detected in
39 of 50 patients. The suprapatellar joint region was af-
fected in the majority of cases (n=26), followed by the
infrapatellar (n=16), the intercondylar (n=11), and poste-
rior (n=7) joint region. On arthroscopy a total of 200 sur-
faces were graded in 50 patients. Seventy percent of the
surfaces were normal (n=140) and 30% (n=60) demon-
strated arthroscopic findings of synovitis. Grade 1 syno-
vitis was seen in 35% (n=21) and grade 2 synovitis in

65% (n=39) of the surfaces. On MR imaging 57 lesions
were detected in 38 of 50 patients. Using all sequences
together and considering only detection of an arthrosco-
pically observed synovial abnormality, seven false nega-
tive and four false positive results were found on MR
imaging.

The seven lesions that were not detected on MR im-
aging involved four grade 1 and three grade 2 lesions.
Three of the false negative lesions were located in the
posterior joint region, two in the intercondylar joint re-
gion, one in the infra- and one in the suprapatellar joint
region. Three patients with a false negative result on
MR imaging demonstrated a meniscal tear with local-
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Fig. 1A, B A 30-year-old 
man with post-traumatic 
knee pain. A Sagittal proton-
density-weighted image
(TR/TE 2000/17 ms) shows a
thin line of increased signal 
intensity in the suprapatellar
pouch (arrows), consistent 
with a grade 1 lesion. B Arthro-
scopic photograph of the same
patient demonstrates mild sy-
novitis in the suprapatellar joint
region (arrows), consistent
with a grade 1 lesion

Fig. 2A, B A 45-year-old man
with a medial and lateral me-
niscal tear. A Sagittal proton-
density-weighted image
(TR/TE 2000/17 ms) shows a
thick line of increased signal
intensity within the suprapatel-
lar pouch (straight arrows), 
indicating a grade 2 lesion.
Note the decreased signal in-
tensity of the joint effusion
(curved arrow). B Arthroscopic
photograph of the same patient
reveals abundant synovitis in
the suprapatellar pouch 
(arrows), consistent with a
grade 2 lesion.



ized synovitis in the region of the tear. One patient
showed patellar tethering with little hypertrophic syno-
vium, and two patients had chondromalacia of the later-
al patella with localized synovitis. One patient with
false negative MR imaging results showed a tear of the
anterior cruciate ligament that was covered by hemor-
rhagic synovium.

The four lesions that were false positive on MR im-
aging consisted of two grade 1 lesions and two grade 2
lesions. Two false positive lesions were found in the su-
prapatellar and two lesions in the intercondylar joint re-
gion. On arthroscopy one patient showed an avulsion of
the medial retinaculum without signs of synovitis. In
two patients a loose body was seen that was mistaken
for focal nodular synovitis on MR imaging. One patient
with a false positive MR imaging result demonstrated
chondromalacia of the patella without signs of synovi-
tis.

Sensitivity of MR imaging in the detection of the
presence of synovitis was 88%, specificity was 97%, and
accuracy was 95%. The MR imaging grading system
correlated in 69% of the cases with the arthroscopy grad-
ing.

The majority of the patients (91%) who underwent
MR imaging within 3 months after the onset of knee pain
demonstrated MR imaging findings of synovitis. Seven-
ty-five percent of the patients whose symptoms persisted
for up to 6 months had signs of synovitis, while 29% of
the patients with symptoms for between 6 months and 
1 year showed signs of synovitis.

MR imaging was sensitive and specific in detecting
synovitis in the suprapatellar and infrapatellar joint re-
gion. However, MR imaging showed low sensitivity but
high specificity in the evaluation of the posterior joint re-
gion (Tables 1, 2).

Four patients (8%) had an isolated synovial abnor-
mality without other knee abnormalities. The remaining
patients had meniscal tears (36 patients), abnormalities

of the anterior and posterior cruciate ligaments (14 pa-
tients), abnormalities of the medial and lateral collater-
al ligaments (2 patients), and cartilage abnormalities
(19 patients) associated with the synovial abnormality.

Discussion

Normal synovium, which is usually not visible to the naked
eye, is the most vascular portion of the diarthrodial joint
and is the first mediator of a disease process. Conditions
that irritate the intra- or periarticular structures will often
cause a synovial response, most often inflammation [1].

In the typical patient referred for MR imaging in the
setting of knee pain, MR imaging is usually performed
with emphasis on the evaluation of internal derangement
of the knee. There are only a few studies using MR imag-
ing in the evaluation of reactive synovitis [7, 15, 16]. In
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Fig. 3A, B A 23-year-old
woman with locked knee sec-
ondary to an impinging loose
body. A Axial T2-weighted fast
spin echo image with fat satu-
ration (TR/TE 3200/54 ms)
demonstrates frond-like prolif-
eration of the synovium (ar-
rows), consistent with a grade 
2 lesion. B Arthroscopic photo-
graph of the same patient re-
veals severe synovitis within
the suprapatellar pouch (arrow-
heads), consistent with a grade
2 lesion

Table 1 Sensitivity and specificity of MR imaging in the detec-
tion of synovitis in the knee joint

Sensitivity Specificity

Suprapatellar joint region 96% 87%
Infrapatellar joint region 93% 100%
Intercondylar joint region 81% 94%
Posterior joint margin 57% 100%

Table 2 False positive and false negative results according to the
joint region

False positive False negative
results results

Suprapatellar joint region 2 1
Infrapatellar joint region 0 1
Intercondylar joint region 2 2
Posterior joint margin 0 3



acute inflammation (or an acute post-traumatic event), the
synovial membrane vasodilates and becomes edematous.
In our study this edema of the inflamed synovium was
demonstrated as high signal intensity on proton-density-
weighted images and higher signal intensity on T2-
weighted spin echo images. Foci of synovial proliferation
appeared as frond-like densities on proton-density and
T2-weighted fast spin echo images with fat saturation.
Routine MR pulse sequences were sensitive and specific
in identifying these changes.

Several studies have shown that the synovium can be
better demonstrated with the administration of gadolini-
um [14, 17, 18, 19]. However, in the setting of routine
knee pain in our study, the additional invasiveness of this
procedure did not seem justified as we were attempting to
identify synovitis using standard, frequently performed
pulse sequences. In cases of trauma to the knee, the injury
was often accompanied by significant hemarthrosis – an
important association, since the release of iron from rup-
tured red blood cells stimulates clinically significant sy-
novial changes, i.e., synovitis with pain and swelling.

Most patients with reactive synovitis respond to con-
servative treatment, such as corticosteroid injections, or
physical therapy [8, 9]. Patients with persistent pain who
do not respond to conservative treatment may undergo
arthroscopic debridement. Several studies have shown
that synovectomy decreases the pain and synovitis of the
knee, especially after a traumatic injury [8, 9]. Seventy-
five percent of our patients who presented with knee
pain for up to 6 months and 29% of our patients with
persistent knee pain (for between 6 and 12 months) dem-
onstrated signs of synovitis. In 15% of these patients sy-

novitis was the only abnormality found on MR imaging
and arthroscopy. Therefore the evaluation of synovial pa-
thology should become an important part of the evalua-
tion of the post-traumatic patient, as patients with persis-
tent knee pain might profit from arthroscopic synovecto-
my. Also, synovial abnormalities are sometimes the only
abnormality found on arthroscopy and can be clinically
confused with other types of injuries. In our study 8% of
the patients who presented with post-traumatic knee pain
had isolated synovitis without other associated abnor-
malities.

Our study had several limitations. The first is that
the orthopedic surgeon had the MR imaging report
available at the time of surgery, which was a potential
source of bias. Secondly, arthroscopy is an imperfect
standard of reference – there are blind spots in the joint
that are difficult to assess properly. Another limitation
was the lack of measures of inter- and intra observer re-
producibility, since the MR images were evaluated by
two radiologists in consensus. Another limitation of our
study was that there was no direct measurement of the
synovium.

In conclusion, MR images of patients with knee pain,
especially post traumatic pain, should be carefully eval-
uated for abnormalities of the synovium. Our study
showed that routine MR pulse sequences are useful in
identifying the presence and extent of synovial abnor-
malities and may help the treating physician institute
conservative and/or arthroscopic therapy.

Acknowledgements We would like to David Breazeale for his
help in editing the manuscript.

581

References

1. Resnick D. Common disorders of syno-
vium-lined joints: pathogenesis, imag-
ing abnormalities, and complications.
AJR 1988; 151:1079–1093.

2. Gilbert MS, Radomisli TE. Therapeu-
tic options in the management of he-
mophilic synovitis. Clin Orthop 1997;
343:88–92.

3. Michael RH. Pigmented villonodular
synovitis. Orthop Nursing 1997;
16:66–68.

4. Michet C. Update in the epidemiology
of the rheumatic diseases. Curr Opin
Rheumatol 1998; 10:129–135.

5. Ike RW. Diagnostic arthroscopy. 
Baillieres Clin Rheumatol 1996;
10:495–517.

6. Kofoed H. Synovitis causes hypoxia
and acidity in synovial fluid and sub-
chondral bone. Injury 1986;
17:391–394.

7. White EM. Magnetic resonance imag-
ing in synovial disorders and arthropa-
thy of the knee. Magn Reson Imaging
Clin North Am 1994; 2:451–461.

8. Comain JA, Rodraiguez-Merchaan EC.
Arthroscopic synovectomy in the 
management of painful localized post-
traumatic synovitis of the knee joint.
Arthroscopy 1997; 13:606–608.

9. Ogilvie-Harris DJ, Weisleder L. 
Arthroscopic synovectomy of the knee:
is it helpful? Arthroscopy 1995; 11:91–
95.

10. Brown DG, Edwards NL, Greer JM,
Longley S, Gillespy TD, Panush RS.
Magnetic resonance imaging in pa-
tients with inflammatory arthritis of 
the knee. Clin Rheum 1990; 9:73–
83.

11. Gaffney K, Cookson J, Blake D, 
Coumbe A, Blades S. Quantification of
rheumatoid synovitis by magnetic reso-
nance imaging. Arthritis Rheum 1995;
38:1610–1617.

12. Sugimoto H, Takeda A, Masuyama J,
Furuse M. Early-stage rheumatoid ar-
thritis: diagnostic accuracy of MR im-
aging. Radiology 1996; 198:185–192.

13. Suh JS, Griffiths HJ, Galloway HR,
Everson LI. Radiologic case study.
MRI in the diagnosis of synovial dis-
ease. Orthopedics 1992; 15:774,
778–781.

14. Whitten CG, Moore TE, Yuh WT, 
Kathol MH, Renfrew DL, Walker CW.
The use of intravenous gadopentetate
dimeglumine in magnetic resonance
imaging of synovial lesions. Skeletal
Radiol 1992; 21:215–218.



15. Clunie GP, Wilkinson ID, Lui D, et al.
Changes in articular synovial lining
volume measured by magnetic reso-
nance in a randomized, double-blind,
controlled trial of intra- articular sa-
marium-153 particulate hydroxyapatite
for chronic knee synovitis. Rheumatol-
ogy (Oxford) 1999; 38:113–117.

16. Zeiss J, Booth RL Jr, Woldenberg LS,
Saddemi SR. Post-traumatic synovitis
presenting as a mass in the suprapatel-
lar bursa of the knee. MRI appearance.
Clin Imaging 1993; 17:81–85.

17. Bjorkengren AG, Geborek P, Rydholm
U, Holtas S, Petterson H. MR imaging
of the knee in acute rheumatoid arthri-
tis: synovial uptake of gadolinium-
DOTA. AJR 1990; 155:329–332.

18. Clunie G, Hall-Craggs MA, Paley MN,
et al. Measurement of synovial lining
volume by magnetic resonance imag-
ing of the knee in chronic synovitis.
Ann Rheum Dis 1997; 56:526–534.

19. Tamai K, Yamato M, Yamaguchi T,
Ohno W. Dynamic magnetic resonance
imaging for the evaluation of synovitis
in patients with rheumatoid arthritis.
Arthritis Rheum 1994; 37:1151–
1157.

582


