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Original Article

Ultrasonographic Assessment of Knee in Patients with Rheumatoid
Arthritis: Is it an Effective Imaging Method for Initial Evaluation?

Romatoid Artritli Hastalarda Ultrasonografik Diz Degerlendirimi:
Baslangic i¢in Etkin bir Goriintilleme Yontemi midir?
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Objectives: This study aims to evaluate the effectiveness of
ultrasound (US) as an initial imaging method in patients with
rheumatoid arthritis.

Patients and methods: Thirty consecutive (25 females, 5 males;
mean age 55.9 years; range 38 to 74 years) rheumatoid arthritis
patients with 30 symptomatic knees were included in the study
between November 2006 and August 2008. The intrarticular
effusion, synovial proliferation, popliteal cysts and patellar-
quadriceps tendonitis and weight bearing femoral condylar
cartilage thickness and morphology were assessed by US
and, within five days, a magnetic resonance imaging (MRI)
examination was performed. The results of both examinations
were interpreted blindly and compared by two experienced
radiologists in their field.

Results: In the comparisons of the results of US and MRI
examinations, both modalities were mostly concordant. A
significant rate of concordance was found between US and MRI
results, for joint effusion (k=0.683, p<0.001) synovial proliferation
(x=0.595, p<0.001), popliteal cysts (k=0.865, p<0.001) and
tendonitis (k=0.889, p<0.001). On the US, the mean medial
and lateral femoral condylar cartilage thickness was calculated
as 21 mm on both sides, whereas the MRI revealed 1.8 mm
on the medial and 1.9 mm on the lateral part. In the statistical
analysis, the condylar cartilage was significantly thicker on the
US than on the MRI (p<0.001). On the other hand, there was
a significant correlation between two modalities regarding the
cartilage morphology, both on the medial (k=0.658, p<0.001) and
the lateral part (x=0.851, p<0.001).

Conclusion: The high correlation rate between the results of US
and MRI have shown that in rheumatoid arthritis patients with
knee joint involvement, US is an easily accessible and effective
alternative method of examination.

Key words: Cartilage; knee; magnetic resonance imaging; rheumatoid
arthritis; ultrasound.

Amag: Bu calismada, romatoid artritli hastalarda baslangic
gbrintileme ydéntemi olarak ultrasonun (US) etkinligi
degerlendirildi.

Hastalar ve yontemler: Bu calismaya Kasim 2006 - AJustos
2008 tarihleri arasinda 30 semptomatik dize sahip 30 ardigik
romatoid artrit hastasi (25 kadin, 5 erkek; ort. yas 55.9 yil;
dagiim 38-74 yil) dahil edildi. Eklem ici eflizyon, sinoviyal
proliferasyon, popliteal kistler ve patellar tendonit-kuadriseps
tendoniti ve yuk tasiyan femoral kondiler kikirdak kalinligi ve
morfolojisi US ile degerlendirildi ve bunun ardindan bes giin
icinde bir manyetik rezonans géruntileme (MRG) incelemesi
gercgeklestirildi. Her iki incelemenin sonuglari konularinda
deneyimli iki radyolog tarafindan koér olarak yorumlandi ve
karsilagtirildi.

Bulgular: Ultrason ve MRG incelemelerinin sonuglari
karsilastirildiginda, iki ydontemin biyik oranda uyumlu oldugu
g6zlemlendi. Ultrason ve MRG sonuglari arasinda eklem
eflizyonu (k=0.683, p<0.001), sinoviyal proliferasyon (x=0.595,
p<0.001), popliteal kistler (x=0.865, p<0.001) ve tendonit
(x=0.889, p<0.001) agisindan anlamli oranda uyum bulundu.
Ortalama femoral kondiler kikirdak kalinliklari US’de her iki
tarafta 2.1 mm 6lgcllirken MRG incelemesinde medialde
1.8 mm lateralde 1.9 mm olarak hesaplandi. istatistiksel
analizde kondiler kikirdak US'de MRG’dekine kiyasla anlaml
sekilde daha kalindi (p<0.001). Kikirdak morfolojisi g6z éniline
alindiginda ise hem medial (x=0.658, p<0.001) hem de lateral
(x=0.851, p<0.001) kesimde her iki ydntem arasinda anlamli bir
uyum saptandi.

Sonug¢: Calismamizdaki US ve MRG sonuglari arasinda tespit
edilen yliksek korelasyon orani diz eklemi tutulumu olan romatoid
artritli hastalarda US’nin kolay ulasilabilir ve etkin bir alternatif
inceleme yéntemi oldugunu gdstermistir.

Anahtar s6zclkler: Kikirdak; diz; manyetik rezonans gériintiileme; romatoid
artrit; ultrason.
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Knee Sonography in Rheumatoid Arthritis

Rheumatoid arthritis (RA) is a chronic and a
systemic disease affecting approximately 0.5-1%
of the adult population. Early diagnosis and early
treatment of RA are mandatory for the prevention of
irreversible joint damage and disability."* The knee
is commonly affected in RA, and the diagnosis of
synovial inflammation and joint effusion are usually
done by clinical examination; however, clinical
examination only may lead to delayed diagnosis
and treatment. Since the early changes generally
begin in soft tissues, ultrasound (US) and magnetic
resonance imaging (MRI) seem to be superior to
clinical examination, conventional radiography, and
computed tomography.®®

Magnetic resonance imaging is the best imaging
modality for RA and provides multiplanar imaging
without ionizing radiation, and it allows for the
assessment of all involved structures such as the
synovial membrane, effusions, cartilage, bone,
ligaments and tendons. Despite the advantages, there
are some limitations with this modality. It is time
consuming, expensive, and less available. With the
recent advances in high-frequency transducers, US
has become an important method for the diagnosis
of RA and musculoskeletal diseases. Ultrasound is an
inexpensive, more accessible, and dynamic imaging
modality. Besides, it allows for quick, multiplanar and
real time examination of several joints in different
body regions in one session. However, US cannot
penetrate the bone and is operator-dependent.’**”

Although US has been a widely used modality to
diagnose and monitor patients with RA,>>*%1% to the
best of our knowledge, there are no studies that have
evaluated the use of US and MRI in the description of
all the disease components of the knee such as cartilage
and soft tissue changes in a single study on adults.
Thus, this study aimed to evaluate the effectiveness
of US evaluation of the knee joint in RA and its
correlation with MRI and to support the present data
for validation of the use of US in this area.

PATIENTS AND METHODS

The ethics committee of the Digkap: Yildirim Beyazit
Education and Research Hospital approved this study.
Thirty consecutive patients (25 females, 5 males; mean
age 55.9 years; range 38 to 74 years) with a symptomatic
knee affected by rheumatoid arthritis were included
in the study between November 2006 and August
2008. Diagnosis was based on the criteria issued by the
American College of Rheumatology (ACR),* and the
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Department of Physical Medicine and Rehabilitation
of the same institute referred all the patients. Patients
with no clinical evidence of knee involvement were not
included in the study.

The sonographic evaluation was conducted using
GE Logiq S6 (GE Healthcare, Milwaukee, Wisconsin,
USA) with a7-12 MHz high-frequencylinear transducer
or Toshiba, Powervision 6000 SSA-370A (Toshiba,
Tokyo, Japan) with a 6-11 MHz high-frequency linear
transducer by a radiologist who was experienced in
musculoskeletal sonography.

The US examination was performed first with
the patient in a supine position in which the knee is
flexed approximately 20-30 degrees while supported
by a pillow, and the transducer was positioned
longitudinally above the patella at the level of
suprapatellar recess. The total synovial thickness
and anteroposterior diameter of the suprapatellar
bursa were measured. The synovial proliferation
was considered positive when the total synovial
thickness was above 3 mm, and the effusion was
considered positive when it was 5 mm or higher
(Figure 1a, b). During the longitudinal scan at the level
of the suprapatellar recess, special attention was paid
not to compress the recess. In the evaluation of the
synovial proliferation, any presence of vascularization
as a supporting evidence was evaluated with the
color mode of the power Doppler US (Figure 2).
However, because the study aimed to compare the
B mode US findings and MRI findings and no contrast
material was used in the MRI evaluations, spectral
analyses and/or comparisons could not be made.
In the same position, the patellar and quadriceps
tendons were examined, and tendonitis was diagnosed
if the thickness was increased and blurring and
heterogeneous hypoechogenecity were differentiated.

In the second position, the weight bearing medial
and lateral femoral condylar cartilage thickness and
clarity were evaluated with the knee in maximum
flexion. The femoral condylar cartilage was measured
on the weight-bearing area approximately 1.5 cm
away from the intercondylar notch (Figure 3). The
cartilage morphology was assessed using a scale: 1
for regular-clear (Figure 4a, b) and 0 for irregular,
non-clear (Figure 5a, b). Finally, all the patients were
evaluated for popliteal cysts with the knee extended in
a prone position, and any presence of popliteal cysts
was recorded.

The findings of the MRI examination conducted
on all the patients within five days were included in
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Figure 1. (a) At the suprapatellar recess, marked nodular synovial proliferation is shown on the sagittal plane US
(arrows). Note the minimal joint effusion. (b) Synovial proliferation (arrows) and joint effusion on the axial fat saturated
T2—weighted images. e: Effusion; qt: Quadriceps tendon fp: Suprapatellar fat pad.

the study. The patients who could not tolerate the
examination were excluded from the study. All the
analyses were performed on a 1.5 tesla MRI unit
(Somatom Vision Plus; Siemens, Erlangen, Germany)
using a phased array knee coil. The imaging protocol
included spin echo sagittal T1-weighted images (TTWTI)
(TR 450, TE 12-15, slice thickness 4 mm, matrix
192-256x256 and field of view 16-18 cm), axial and

Figure 2. At the suprapatellar recess, synovial proliferation
and marked vascularity on the power Doppler ultrasound.

sagittal fast spin echo fat saturated proton density
(PD) and T2-weighted images (T2WI). (TR 3000,
TE 16/75, slice thickness 4 mm, matrix 192-256x256
and field of view (16-18 cm). For cost efficiency
purposes, the sequences were limited, and no contrast
materials were used. Magnetic resonance imaging
findings were interpreted and reported blindly by a
radiologist experienced in musculoskeletal radiology.
Effusion and synovial proliferation were assessed
on fat saturated T2WI, whereas cartilage thickness
and morphology were evaluated both on T2WI and
on PD images at the central part of the lateral and
medial condyles. The quadriceps-patellar tendons and
popliteal cysts were reviewed on both TIWI and T2WI
on sagittal and axial images.

1.5cm

1.5cm

Figure 3. Schematic diagram illustrating the femoral condylar
cartilage (gray zone) and femoral intercondylar notch (N). The
measurements were done 1.5 cm away from the midportion of
the femoral intercondylar notch. The zones of weight bearing
cartilage thickness measured are labeled with (c).
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Figure 4. (a) The weight bearing cartilage is clearly
demonstrated on the transverse sonogram (arrows). Note that
the cartilage on both sides is regular, sharp, and clear. (b)
Fat saturated sagittal proton density image on the magnetic
resonance imaging; the regular normal cartilage is clearly
seen (arrows).

After the US and MRI were interpreted blindly by Chicago, Illinois, USA). The distribution of the
two experienced radiologists, the data was collected and cartilage thickness (whether distributed normally or
the statistical analysis was performed by a statistician. not) was determined by using the Shapiro-Wilk test.
While continuous variables were expressed as median
(25t%-75%) percentiles, qualitative data was presented

Statistical analysis was performed using Statistical in percentages. The differences between the US and
Package SPSS 11.5 version software (SPSS Inc., MRI results regarding the cartilage thickness and

Statistical analysis

Figure 5. (a) The irregular, non-clear cartilage is demonstrated between the calipers on the
ultrasound (b) The irregular, (curved arrow) non-clear (arrows) weight bearing cartilage is
demonstrated on the fat saturated sagittal T2-weighted images of the same patient.
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Table 1. Concordance and discordance rates regarding
magnetic resonance imaging and ultrasound
Ultrasound Magnetic resonance imaging
Negative Positive
n % n %

Synovial proliferation

Negative 19 63.3 1 3.3

Positive 4 133 6 20.0
Joint effusion

Negative 7 233 2 67

Positive 2 67 19 633
Popliteal cyst

Negative 12 40.0 2 67

Positive 0 0 16 533
Tendonitis

Negative 24 80.0 1 33

Positive 0 0 5 167
A statistically significant rate of concordance was found between ultrasound
and magnetic resonance imaging results for synovial proliferation (k=0.595,
p<0.001), joint effusion (k=0.683, p<0.001), popliteal cysts (x=0.865,
p<0.001) and tendonitis (k=0.889, p<0.001).

morphology were evaluated for statistical significance
by the Wilcoxon signed rank and McNemar tests,
respectively. The Kappa coefficient was calculated to
determine the degree of agreement between the US
and MRI. A p value less than 0.05 was considered
significant.

RESULTS

In the comparisons of both examination modalities
(US and MRI), the results were generally concordant
(Table 1).

Of the 30 knees included in the study, on 26 knees,
a consensus was reached regarding joint effusion
(k=0.683, p<0.001) as shown by both MRI and US
The discordance was observed in four patients. In
two patients, US detected minimal effusion, and the
presence of physiologic fluid on MRI was reported. In
the remaining two patients with discordant US and
MRI findings, the MRI detected minimal effusion that
was not diagnosed on the US examination.
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There was a significant correlation between the
MRI and US evaluations of popliteal cyst (xk=0.865,
p<0.001) and patellar-quadriceps tendonitis (k=0.889,
p<0.001). The MRI detected the popliteal cysts in
two and tendonitis in one discordant case that was
misdiagnosed on the US. The two popliteal cysts that
were diagnosed only on the MRI were under 1 cm in
size, and there were subtle changes at the quadriceps
tendon that were reported as tendonitis on MRI in one
discordant case.

There was also a significant concordance (k=0.595,
p<0.001) on synovial proliferation, and a consensus
was reached in 25 patients. Unfortunately, for the
results of five patients, there was a disagreement
because the MRI showed a minimal proliferation in
one, which was not noticed on the US, while in the
other four cases, proliferation was not seen on the
MRI but diagnosed on the US. For these patients, it
was speculated that the synovium might have been
mistaken for the suprapatellar fat and regarded as
proliferation.

The mean medial and lateral femoral condylar
cartilage thicknesses on the US were calculated as
2.1 mm on both sides, whereas MRI revealed 1.8 mm
on the medial and 1.9 mm on the lateral part. The
statistical analysis showed a significant difference in
the condylar cartilage on the medial part (p=0.003).
In total consideration, it was thicker (p<0.001) on
US than MRI (Table 2). On the other hand, there
was a statistically significant correlation between two
modalities regarding the cartilage morphology, both
on the medial (k=0.658, p<0.001) and the lateral part
(=0.851, p<0.001; Table 3).

DISCUSSION

Rheumatoid arthritis is a chronic progressive and
systemic disease of unknown origin characterized
by proliferative synovitis resulting in bone erosion,
cartilage damage, and joint destruction.!*
Even though the diagnosis of RA is based on the

Table 2. Evaluation of the knee cartilage thickness on the ultrasound and magnetic resonance imaging

Mean Median 25t percentile 75 percentile p p
thickness (mm) thickness (mm) thickness (mm) thickness (mm) total
(US vs MRI)
Medial condyle-US 2.1 2.1 1.7 2.4
Medial condyle-MRI 1.8 1.7 1.5 2.1 p=0.003%
Lateral condyle-US 2.1 2.1 1.7 2.5 p<0.001*
Lateral condyle-MRI 1.9 2.0 1.5 2.3 p=0.075

*: Statistically significant; US: Ultrasound; MRI: Magnetic resonance imaging.
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Table 3. Evaluation of the knee cartilage morphology on
the ultrasound and magnetic resonance imaging
Ultrasound Magnetic resonance imaging
Regular-clear ~ Irregular, non-clear
n % n %
Medial condyle
Regular-clear 10 333 2 67
Irregular, non-clear 3 10.0 15 50.0
Lateral condyle
Regular-clear 19 63.3 0 0
Irregular, non-clear 2 6.7 9 30.0
A significant correlation was found between the two modalities regarding the
cartilage morphology, both on the medial (k=0.658, p<0.001) and the lateral
part (k=0.851, p<0.001).

criteria of ACR, there are no clinical, radiologic or
immunologic pathognomonic findings to detect the
early disease. Conventional radiography has been
the mainstay for the diagnosis of joint damage and
subsequent follow-up, and it can present the indirect
findings of synovial inflammation. Unfortunately,
it is not sensitive for the detection of early disease.
Magnetic resonance imaging and US seem to be
more useful imaging modalities in the evaluation of
patients with early RA. Magnetic resonance imaging
allows for assessment of all the structures affected
by RA; thus, it can be considered the best imaging
modality in the diagnosis of RA, particularly in
early disease. On the other hand, there are some
technical and financial features that limit the routine
use of MRI. It is not an appropriate modality for
immobile patients or patients with cardiac pacemakers
or metallic prosthesis. Current technological advances
in high-frequency transducers have made US a highly
promising modality in the assessment of RA.>>) It is
a more accessible, cheaper, and more patient-friendly
method than MRI, and one of its major advantages is
that it can be used as a bedside tool in routine practice.

Literature reveals several reports on the value
of US in the assessment of RA.»*#1%1 Although
there is a comparative study of the knee US and
MRI reported in juvenile rheumatoid arthritis,"®
to the best of our knowledge knee US with MRI
correlation in evaluating all the components of the
disease such as cartilage and soft tissue changes
has not been investigated within the same study on
adults. Moreover, the concordance between MRI
and US in evaluating the cartilage of the knee
with osteoarthritis was reported,'”'® but the weight
bearing cartilage morphology and thickness is not
well documented in the literature for RA.
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In this study, it was demonstrated that the
condylar cartilage on the medial part and in general
consideration was thicker on the US than on the
MRI, and there was a significant statistical difference,
respectively (p=0.003; p<0.001). Sonographic features
of the articular cartilage are strongly affected by
several factors such as the experience of the operator,
the scanning technique, the characteristics of the
equipment, the angulation of the transducer and
the position of the patient. As Grassi et al.! have
stated, the visualization of the cartilage interface
may also be impaired with the existence of the joint
effusion. Similarly, the high rates of joint effusion
detected in the present study might have caused the
impairment of cartilage interface, leading to thicker
cartilage measurements in some patients on the US.
The other probable basis for this result can be the
interval between the MRI and US. In other words, the
probable resolved edema at the cartilage until the MRI
examination was performed after US might have also
caused significant differences between the results of
both modalities. It is obvious that the differentiation
of cartilage and effusion is much better in MRI, and
that MRI findings are more accurate in the assessment
of cartilage thickness when effusion exists. Therefore,
it should be stated that special attention must be paid
if cartilage thickness is calculated on US in patients
with knee effusion.

It is known that a normal femoral condylar cartilage
has a clear, smooth and homogeneous hypoechoic
appearance parallel to that of the cortical bone on
US. Ultrasound has great potential to identify the
normal cartilage and allows for differentiation of
the abnormal morphology such as loss of clarity,
irregularity, and defects on the surface.”**) We believe
that in the present study, the high concordance rates
with MRI have confirmed the accuracy of US in
the assessment of cartilage morphology contrary to
cartilage measurements.

In the study, it was determined that US facilitated
differentiation of the synovial proliferation, joint
effusion, popliteal cysts, patellar-quadriceps tendonitis,
and cartilage morphology with high concordance
rates compared with MRI. Ultrasound, which is
an inexpensive, relatively accessible and interactive
imaging modality, has been shown to represent the
inflammatory and destructive soft tissue changes in
patients with RA.**1%1 We believe that this result is
not surprising, considering the diagnostic value of US
in soft tissues, especially in discrimination of effusion
and cystic structures.
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The limitations of the present study were the
limited number of patients and lack of comparison of
the results with the results of a control group. Since the
study primarily aimed to investigate the concordance
rates between US and MRI rather than comparing
the RA findings with a healthy population, no control
groups were formed.

Our results with limited patients have pointed out
that US is mostly harmonious with MRI findings in the
knee joint and is a helpful imaging modality, especially
in immobile RA patients and in patients who cannot
tolerate MRI. Thus, it has been shown that knee US
is a valid and effective initial imaging modality in
patients with RA, but the need to be aware of cartilage
thickness measurements when effusion exists has also
been emphasized.
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