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Introduction
Today, efficient management of the clinical symptoms 
of knee osteoarthritis (OA), one of the most common 
chronic joint diseases, has become a global health concern 
(1). Reduction of cartilage thickness is one of the major 
changes in the pathogenesis of this disease, which has 
been shown to be the origin of major symptoms including 
pain. Management of OA crucially depends on controlling 
pain, which is the most common symptom of this disease, 
causing many daily dysfunctions (2).
Imaging is an integral part of the diagnostic process, which 
is also applied in the follow-up and prognosis of patients 
(3). Use of radiography as the first and simplest diagnostic 

method in these patients is very common. However, 
there are limitations to consider including exposure 
to radiation and inability to examine the cartilage and 
adjacent soft tissues (4-6). Although magnetic resonance 
imaging (MRI) is the method of choice, it is unavailable 
for routine clinical use because of its inaccessibility and 
high cost (3). On the other hand, ultrasonography is a 
non-radiation approach that is available and affordable. 
Besides examining morphological changes in the bones, 
it can be used to evaluate the meniscus and cartilage (7-9).
Previous studies have indicated the significance of 
ultrasonographic findings in detecting the severity of 
patients’ symptoms. This method is even recommended 
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Abstract
Objective: This study was designed to evaluate the clinical symptoms and sonographic 
characteristics of femoral trochlear cartilage in patients with knee joint osteoarthritis (OA).
Methods: This cross-sectional study was conducted on 94 patients with painful primary 
knee OA according to the American College of Rheumatology criteria with a visual analog 
scale pain score of 30 mm or more. Clinical features were evaluated by a rheumatologist 
according to the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) 
criteria, and a radiologist performed ultrasonography within a week. The thickness and 
echogenicity grade of three cartilage regions were evaluated. Other findings such as 
meniscal extrusion, effusion, and Baker’s cyst were recorded.
Results: The average age of patients was 60 years. The linear regression model showed 
a significant association of grades II and III trochlear cartilage injury with the pain index, 
physical activity, and WOMAC overall index. However, there was no significant association 
between the trochlear cartilage thickness in these three regions and the WOMAC indexes 
(including pain, physical activity, and the overall index). There was also no significant 
association between Baker’s cyst and the WOMAC indexes, but a significant association 
was found between meniscal extrusion and the WOMAC index (P≤0.001).
Conclusion: According to our study, the echogenicity grade determined by 
ultrasonography of femoral trochlear cartilage affects the clinical symptoms of patients 
including pain. These findings indicate the role of this diagnostic device in understanding 
changes due to the disease, and it can help physicians focus on the pathology in order to 
control clinical symptoms in patients.
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for monitoring steroid therapy (8,9). There is also 
increasing evidence regarding the relationship between 
the findings of ultrasonography and simple radiographs 
(10). Yet, few studies have been conducted to show 
the relationship between ultrasonography and clinical 
findings in patients with primary knee OA (11-13). 
Considering the significance of controlling clinical 
symptoms, further investigation is needed in this area. 
This study aimed to evaluate the clinical symptoms and 
sonographic characteristics of femoral trochlear cartilage 
in patients with knee joint OA.

Methods 
This cross-sectional study was performed on 94 patients 
during a 4-month period. The study population 
included patients aged over 40 years. According to the 
American College of Rheumatology (ACR) criteria 
(14), a rheumatologist examined the patients for painful 
OA of the primary knee after referral to the outpatient 
rheumatology clinic. After obtaining informed consent 
from the patients, they were recruited in this study.
The inclusion criteria were age more than 40 years, 
primary OA according to ACR criteria, and pain greater 
than 30 mm according to the visual analog scale. The 
exclusion criteria were secondary OA, a history of knee 
trauma in the previous 6 months, knee replacement or 
osteotomy of the targeted joint, arthroscopic surgery 
in the past year, analgesics use in the past 72 hours, 
and receiving intra-articular corticosteroid injection in 
the past month. The Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC) (15) was 
used to assess the severity of clinical symptoms including 
pain, morning stiffness, and physical function. All the 
questions were read and explained to the patient by the 
examiner. In patients with pain in both knees, the one 
with more severe pain was examined; if the pain was equal 
in both knees, only one was examined.
In the present study, the femoral trochlear cartilage 
was evaluated. The examination was performed in the 
maximum knee flexion position (as far as possible for 
the patient). To examine the cartilage, a linear probe was 
placed in the transverse position above the patella, and 
the cartilage thickness was recorded at three points: in the 
trochlear notch, 1 cm medial to the trochlear notch, and 1 
cm lateral to the trochlear notch.
To accurately measure cartilage thickness, a probe was 
placed in a transverse plane and perpendicular to the joint.
Additionally, cartilage echogenicity was classified in 
these 3 grades according to the Saarakkala et al’s model 
(7): grade 0 (normal cartilage), a monotonous anechoic 
band with a sharp hyperechoic anterior and posterior 
interfaces; grade I, degenerative changes (mild) were 
loss of the normal sharpness of the cartilage interfaces 
and/or increased echogenicity of the cartilage; grade 
II, degenerative changes (moderate) in addition to the 
aforementioned changes with clear local thinning; and 

grade III, degenerative change (severe) with 100% local 
loss of the cartilage tissue (Figure 1). 
The medial meniscal extrusion was evaluated with patients 
in a semi-flexed position. For this purpose, a line from 
the meniscal surface was drawn perpendicularly to the 
end-to-end line between the femur and tibia, and the line 
length was recorded in millimeters. If the line length was 
longer or equal to 3 mm, it was determined as meniscal 
extrusion.
In patients with primary knee OA, inflammatory changes 
in the joint were associated with knee pain. In order to 
remove them as confounding factors for pain severity, 
all joints were evaluated in the supine position with 30° 
flexion. Knee effusion exceeding 2 mm was determined 
as positive knee effusion. In case of synovial proliferation 
of more than 2 mm (a hypoechoic layer), synovitis was 
confirmed in the joint; either of these findings was 
determined as an inflammatory response in the joint.
For data analysis, linear and logistic regression tests were 
done to evaluate the relationship between ultrasonographic 
findings and clinical symptoms. SPSS software version 20 
was used for this purpose. Statistically significant cutoff 
was considered to be at 5%.

Results
Ninety-four patients were examined in this study. The 
average age of patients was 60 years. The youngest patient 
was 41 years, whereas the oldest patient was 84 years old. 
Eighty-three (88.3%) women and 11 (11.7%) men were 
recruited in this study. Overall, 44 (44.6%) patients had 
joint effusion, 32 (34%) had synovitis, 4 (3.4%) had Baker’s 
cyst, and 42 (7.44%) had meniscal extrusion.
Based on the WOMAC findings, the average pain index 
was 8 (range: 1-15), average physical function index was 
28.6 (range: 3-57), and total WOMAC index was 37.1 
(range: 4-73). In this study, the trochlear cartilage was 
graded in 3 regions (the midline, medial, and lateral). 
Furthermore, the total grade, which was the highest 

Figure 1. Ultrasound evaluation of femoral cartilage in four different 
patients, show various grades of femoral cartilage involvement in os-
teoarthritis. 
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cartilage grade of these regions, was measured. Overall, 
7 (7.4%) patients had grade 0, 22 (23.4%) patients had 
grade I, 38 (40.4%) patients had grade II, and 27 (28.7%) 
patients had grade III cartilage damage.
The linear regression analysis showed a significant 
relationship between grades II and III trochlear cartilage 
damage in each of the regions and indices of pain, 
physical function, and total WOMAC (Tables 1-3). In 
all the analyses, the results were adjusted according 
to the confounding effects of inflammatory findings, 
such as effusion and synovitis, as well as age and sex 
as dependent factors. Linear regression showed no 
significant relationship (P values of 0.685, 0.546, 0.352, 
respectively) between the trochlear cartilage thickness 
and WOMAC indices (pain, physical function, and total 
index). Furthermore, there was no significant relationship 
(P values of 0.068, 0.053, 0.058, respectively) between 
the presence of Baker’s cysts and the aforementioned 
WOMAC indices. However, there was a significant 
relationship between meniscal extrusion and WOMAC 
indices (pain, physical function, and total index) in all 

three regions (P ≤ 0.001). Moreover, the logistic regression 
analysis showed no significant relationship between 
morning stiffness, grade and thickness of trochlear 
cartilage, Baker’s cysts, and meniscal extrusion. The risk 
of morning stiffness increased 6 times in grade I patients 
(P = 0.09), 11 times in grade II patients (P = 0.28), and 16 
times in grade III patients (P = 0.28) (versus grade 0 for 
all).

Discussion 
Due to technological advances, ultrasound devices with 
sub-millimetric resolution can evaluate even the slightest 
structural changes in the articular cartilage and adjacent 
soft tissues; these potentials can be helpful in both 
detecting and examining the disease course (16,17). In 
general, the main symptom of patients with OA is pain. 
Various studies have suggested the complex nature of pain 
and the role of various external and intraarticular factors 
in its occurrence (18,19). 
To evaluate the grade of femoral cartilage, a semi-
quantitative system described by Saarakkala et al was 
used (7), and there was a significant relationship between 
apparent cartilage changes in grades II and III and indices 
of pain, physical function, and total WOMAC. This 
grading system has been also used in previous studies, 
and similar results have been reported (13), confirming 
the role of cartilage damage and degeneration in pain 
and other symptoms of patients. Nonetheless, in some 
studies, no significant relationship was found (18, 19). 
Lack of a relationship for grade I may also indicate that 
mild cartilage damage is not the main cause of symptoms 
in this group of patients, and other factors are involved in 
the occurrence of symptoms. This issue requires further 
comprehensive evaluation and comparison with a control 
group to confirm the lack of relationship in healthy 
individuals.
In the present study, no significant relationship was found 
between the thickness of femoral cartilage in the evaluated 
regions and WOMAC indices. This lack of relationship 

Table 1. Association between the trochlear cartilage grade and 
WOMAC pain index*

Location  Grade
Confidence 
Interval

Model 
Coefficient

P value

Notch
I 0.06, 3.68 1.87 0.04
II 3.03, 6.53 4.78 0.00
III 4.33, 8.54 6.43 0.00

Medial
I -2.15, 0.80 -0.67 0.36
II 1.70, 4.58 3.14 0.00
III 2.79, 6.43 4.61 0.00

Lateral
I -0.41, 3.07 1.33 0.13
II 3.16, 6.44 4.80 0.00
III 4.41,8.31 6.36 0.00

Total
I -1.58, 3.04 0.73 0.53
II 1.81, 6.12 3.96 0.00
III 3.98, 8.84 6.41 0.00

*Data are adjusted by sex, age, effusion, and synovitis.

Table 2. Association between the trochlear cartilage grade and 
WOMAC physical activity index*

Location  Grade
Confidence 
Interval

Model 
Coefficient

P value

Notch
I 1.09, 13.98 7.53 0.22
II 11.71, 24.98 17.94 0.00
III 16.40, 31.39 23.89 0.00

Medial
I -2.93, 7.67 2.37 0.37
II 8.70, 19.03 13.87 0.00
III 12.92, 25.96 19.44 0.00

Lateral
I -0.31, 12.48 6.08 0.62
II 13.07, 25.10 19.09 0.00
III 13.52, 27.85 20.69 0.00

Total
I -0.75, 16.33 7.79 0.07
II 8.62, 24.56 16.59 0.00
III 17.11, 35.08 26.09 0.00

*Data are adjusted by sex, age, effusion, and synovitis.

Table 3. Association between the trochlear cartilage grade and total 
WOMAC index*

Location  Grade
Confidence 
Interval

Model 
Coefficient

P value

Notch
I 2.12, 17.67 0.13
II 15.74, 30.77 23.25 0.00
III 21.84, 39.94 30.89 0.00

Medial
I -4.99, 7.92 1.46 0.65
II 10.79, 23.38 17.09 0.00
III 16.16, 32.06 24.11 0.00

Lateral
I 0.26, 15.65 7.96 0.43
II 17.20, 31.67 24.43 0.00
III 18.89, 36.21 27.60 0.00

Total
I -1.54, 19.00 8.72 0.09
II 11.46, 30.62 21.04 0.00
III 22.31, 43.91 33.11 0.00

*Data are adjusted by sex, age, effusion, and synovitis.
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has been also noted in some of previous studies (20). 
However, in some other studies, examination of this 
relationship was considered unnecessary due to varying 
degrees of cartilage thickness in different individuals (21). 
However, this finding can be attributed to the type of 
patient selection (all of whom had OA with some degree 
of cartilage damage) and differences in measurements. In 
a systematic review of 15 articles on patients with OA, 11 
studies had an inaccurate measurement of cartilage borders 
due to cartilage changes and lack of sharpness; therefore, 
cartilage thickness was underestimated (22). Nonetheless, 
in the present study, all examinations were conducted by 
a single radiologist in order to reduce inaccuracy. Overall, 
inaccuracy of ultrasonography in measuring cartilage 
thickness may be a result of measurement variations 
and individual differences in cartilage thickness, which 
confirms this lack of relationship. This limitation in 
cartilage grading is not particularly significant or 
problematic, considering the semiquantitative criteria. 
Similarly, in a study by Kazam et al, there was a significant 
relationship between the cartilage grades of the patients 
and controls, but not with cartilage thickness (23). 
Moreover, considering the significant role of inflammatory 
changes (joint synovitis and effusion) in the pathogenesis 
of OA and clinical symptoms of patients (24,25), the 
presence of symptoms was examined in patients, all 
statistical relationships were adjusted, and their possible 
effects on the study findings were excluded.
In this study, there was a relationship between meniscal 
extrusion and WOMAC indices, which was also reported 
in a study by Malas et al (20). However, in a study by 
Podlipska, there was no significant relationship with the 
cartilage grade after adjustments; therefore, this finding 
was only considered as a concomitant presentation (21). 
In the current study, after adjusting for the cartilage 
grade, there was a significant relationship with all 
WOMAC indices, indicating their independent role in the 
development of clinical symptoms.
In this study, the absence of a control group for evaluating 
the relationships in healthy individuals to determine 
whether these relationships were related to the disease is 
one of the limitations. Moreover, there was no reference 
or evidence (such as MRI or arthroscopy findings) to 
confirm the ultrasonographic findings in our study. 
Furthermore, various factors can contribute to the clinical 
symptoms of patients including osteophytes, erosion, 
alignment, and even psychological issues (3, 21), which 
were not considered in the present study. In fact, lack of 
cartilage grade changes in 7.4% of patients, despite having 
symptoms, can indicate the role of other factors in the 
clinical symptoms of patients.

Conclusion
Similar to previous research, our study confirmed the 
accuracy and capacity of ultrasonography in detecting 
changes in the course of OA; therefore, ultrasonography 

is an efficient tool in the diagnosis of musculoskeletal 
disorders. Nonetheless, further studies are suggested 
to examine the effects of cartilage-boosting drugs on 
reducing patients’ clinical symptoms. The presence of this 
relationship can help rheumatologists control severe pain 
in patients with higher cartilage grades; however, further 
confirmatory studies are necessary.
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