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Abstract  

Background: Osteoarthritis (OA) is a common muscu-
loskeletal disease with high prevalence worldwide. Knee OA  

is primary diagnosed using conventional radiography, however,  
changes of articular cartilage or menisci cannot be directly  

assessed using conventional radiology. Ultrasound (US) can  
be used to assess soft tissue degeneration directly.  

Aim of Study:  The aim of this study is to evaluate the  

efficacy of High Resolution Ultrasound (HRUS) in the assess-
ment of structural abnormalities found in knee osteoarthritis.  

Patients and Methods: The study was conducted upon 20  
patients with knee OA (12F, 8M; mean age 53 years), each  

subject was evaluated for the presence of medial and lateral  

femoral cartilage thinning, medial and lateral femoral and  

tibial osteophytes, medial and lateral meniscal degeneration,  

joint effusion and Baker's cyst using ultrasound and MRI,  

considering MRI as a reference standard.  

Results: The overall sensitivity of the ultrasound in the  
detection of knee OA parameters was good (89.3%), the  
overall accuracy was excellent (90%), the overall specificity  

was excellent (93.1%). The Positive Predictive Value (PPV)  

and the Negative Predictive Value (NPV) were 98.3 and 65.9  
respectively. The p-value was highly significant (<0.01) when  
comparing assessment of knee osteoarthritis parameters be-
tween ultrasound and MRI.  

Conclusion: Ultrasound assessment of the knee joint is  
an accurate imaging method for detection of knee osteoarthritis  

parameters including medial and lateral femoral articular  
cartilage thinning, medial and lateral osteophytes, medial and  

lateral meniscal degeneration, joint effusion and Baker's cyst.  

Thus, Knee ultrasound can be used as a complementary  

imaging technique to radiography, especially when MRI is  

not available, to assess tissue-specific structural OA degener-
ation not detected by conventional radiographs.  
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Introduction  

OSTEOARTHRITIS  (OA) is a common muscu- 
loskeletal degenerative disease. Prevalence of knee  

Correspondence to:  Dr. Samar M.I. Shaaban,  
E-Mail: samarmohamed179@hotmail.com  

OA in aging populations is increasing worldwide  
and is associated with significant health economic  
consequences. OA is recently seen as a whole-
organ disorder. Besides articular cartilage degen-
eration, formation of osteophytes, bone erosion,  

meniscus atrophy, effusion and synovial inflamma-
tion are hallmarks of the disease [1] .  

The epidemiology of the disorder is complex  
and multifactorial, with genetic, biological, and  
biomechanical components. Joint replacement is  

an effective treatment for symptomatic end-stage  

disease, although functional outcomes can be poor  

and the lifespan of prostheses is limited. Conse-
quently, the focus is shifting to disease prevention  
and the treatment of early osteoarthritis. This task  

is challenging since conventional imaging tech-
niques can detect only quite advanced disease [2] .  
Recommendations for the diagnosis of knee OA  

include three main symptoms: Knee pain, short-
lived morning stiffness, and functional limitation  

in combination with three signs on physical exam-
ination (crepitus, restricted movement and bony  

enlargement) [3] .  

Severity of knee OA is primarily assessed using  
conventional radiography especially by evaluation  

of Joint Space Narrowing (JSN). However, Struc-
tural alterations visible on radiographs such as  

bone abnormalities and JSN are known to appear  

only at relatively late stages of the disease. It is  

also known that JSN is a surrogate of both cartilage  
thinning and meniscal extrusion, and there are no  

means to directly evaluate cartilage and meniscus  
morphological damage from radiographs [1] . MRI  
has been the most accurate modality used to eval-
uate the different roles of structural disorders in  

incident knee osteoarthritis, to compare predicta-
bility of individual features of semi quantitative  
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scores for knee replacement and to formulate dif-
ferent disease progression models [4] . Despite its  
best sensitivity, MRI is expensive and sometimes  
not practical. For some patients MRI is difficult  
to be used because of the presence of a pacemaker  

or other absolute or relative contraindication to  

MRI.  

Nowadays, ultrasonography is a promising  

technique for assessing soft tissue abnormalities  

such as joint effusion, synovial hypertrophy, Baker's  

cyst, and other structural changes including the  

decrease in cartilage thickness, meniscus bulging,  

and formation of osteophytes [5] . Advantages of  
ultrasound include its easy availability and multi-
planar capability, as well as economic advantages.  

Also its ability to compress, dynamically assess  

structures and compare easily with the contralateral  
side. A great advantage of knee ultrasound is the  
assessment of para-articular disease. With ultra-
sound, the patient's point of clinical tenderness can  

be correlated with the underlying anatomical struc-
tures and associated pathology.  

Patients and Methods  

This study was a cross sectional study carried  

on 20 patients with knee OA (12F, 8M; their age  
ranged from 35-75 with mean age 53 years). Pa-
tients were referred from the Outpatient Clinics of  

the Orthopedics and Rheumatology Departments.  
The study was carried out from September 2018  

to July 2019 at the Radiology Department of Ain  

Shams University Hospitals.  

Comprehensive explanations of the procedures  

were provided for all cases (Table 1).  

Table (1): Distribution of the studied cases according to  
different parameters (n=20).  

Exclusion criteria:  

1- Patients with history of recent significant trauma  

or surgery.  

2- Patients with history of inflammatory arthritis  
or other medical conditions affecting knee joint.  

Equipment: Dynamic ultrasound imaging was  
conducted using clinical ultrasound (LOGIQ P7)  
with high frequency linear transducer (6-12MHz).  

B-mode imaging settings were kept constant for  

each subject and focus was always set at the level  
of region of interest. Knee ultrasound was per-
formed and interpreted by experienced muscu-
loskeletal radiologist. Each patient was examined  

for the presence of medial and lateral femoral  
cartilage thinning, medial and lateral osteophytes,  

medial and lateral meniscal degeneration, joint  

effusion and popliteal cyst. With the patient lying  
supine and knee slightly flexed 20-30º, suprapatellar  

and parapatellar joint recesses were evaluated for  

joint effusion. The probe is then moved laterally  

and medially to evaluate the parapatellar joint  

recesses. The V-shaped hypoechoic hyaline carti-
lage covering the femoral trochlea was examined  
with the knee in full flexion. With the knee slightly  
flexed and external rotation of the hip, the Anterior  
Horn of Medial Meniscus (AHMM) was examined,  
also femur and tibia were examined for detection  

of the presence of osteophytes. Maintaining slight  

flexion of the knee, but with internal rotation of  

the hip, the Anterior Horn of Lateral Meniscus  

(AHLM) was examined and lateral femur and tibia  

were examined for the presence of osteophytes.  

With the patient prone, and the transducer in the  
sagittal plane, the probe was moved over the medial  
and lateral aspects of the posterior knee for the  
assessment of posterior horns of medial and lateral  

menisci.  

Age:  
Range  
Mean ±  SD  

Gender:  
Female  
Male  

Side:  
Left  
Yes  

35-75  
52.85± 11.20  

12 (60%)  
8 (40%)  

12 (60%)  
8 (40%)  

The MRI study was performed in MRI Unit of  
Radiology Department, Ain Shams University  
Hospitals using super conductive MR scanner  
(Philips Achieva-XR 1.5 Tesla), using a standard  
scanning protocol. It was interpreted by an expe-
rienced musculoskeletal radiologist.  

Results  

Inclusion criteria:  

1- Age group: Patients above 30 years age.  

2- Patients clinically suspected or diagnosed as  

knee osteoarthritis.  

Each subject was evaluated for the presence of  

medial and lateral femoral cartilage thinning, medial  

and lateral femoral and tibial osteophytes, medial  

and lateral meniscal degeneration, joint effusion  
and Baker's cyst using ultrasound and MRI. Figs.  

(1,2).  
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Fig. (1): US findings in all subjects.  
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Fig. (2): MRI findings in all subjects.  

The sensitivity, specificity, accuracy, Positive  

Predictive Value (PPV) and Negative Predictive  
Value (NPV) for each parameter were calculated.  
A sensitivity lower than 70% was considered as  
indicator of poor performance, from 70% to 80%  
as fair, from 80% to 90% as good and greater than  

or equal to 90% as excellent performance. The p-
value for each parameter was calculated using chi-
square test, p-value <0.01 was considered highly  

significant, p-value <0.05 was considered signifi-
cant, while p-value >0.05 was considered non-
significant.  

The sensitivity of ultrasound was excellent in  
the detection of medial cartilage thinning (90%),  
medial osteophytes (90%), medial and lateral me-
niscal degeneration (94.4% and 93.3%), joint ef-
fusion (90%) and Baker's cyst (100%), it was good  

in the detection of lateral osteophytes (87.5%),  
while it was fair in the detection of lateral cartilage  

thinning (75%).  

The accuracy of ultrasound was excellent in  
the detection of medial cartilage thinning (90%),  

medial and lateral osteophytes (90% for both),  
medial and lateral meniscal degeneration (95%  

and 90%), joint effusion (90%) and Baker's cyst  

(100%), while it was fair in the detection of lateral  

cartilage thinning (75%).  

The specificity of ultrasound detection of medial  

meniscal degeneration, lateral osteophytes and  
Baker's cyst was 100%, while it was 80% and 75%  

for lateral meniscal degeneration and lateral carti-
lage thinning respectively.  

p-values for medial and lateral meniscal degen-
eration, lateral osteophytes and Baker's cyst were  

all <0.01 (highly significant), while only the p-
value for lateral femoral cartilage thinning was  
non-significant (p-value=0.06).  

The specificity, NPV and the p-value couldn't  
be calculated for medial cartilage thinning, medial  
osteophytes and joint effusion as they were positive  
in all subjects, so we had no true negatives nor  
false positives in our results.  
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The overall sensitivity of the ultrasound in knee  

OA was 89.3%, the overall specificity was 93.1%,  

the overall accuracy was 90%, while the overall  

PPV and NPV were 98.3 and 65.9 respectively and  

the p-value was <0.01 (highly significant) (Table  
2).  

Table (2): The diagnostic performance values of ultrasound detection of knee OA parameters  

in reference to corresponding magnetic resonance imaging.  

Parameters  Sensitivity  Specificity Accuracy  PPV  NPV p-value 

Medial cartilage thinning  90.0  – 90.0  100.0  – – 
Medial osteophytes  90.0  90.0  100.0  
Medial menscial deg  94.4  100.0  95.0  100.0  66.7  <0.01  
Lateral cartilage thinning  75  75  75  92.3  42.9  0.06  
Lateral osteophytes  87.5  100.0  90.0  100.0  66.7  <0.01  
Lateral menscial deg  93.3  80  90  93.3  80.0  <0.01  
Effusion  90.0  90.0  100.0  
Baker's cyst  100.0  100.0  100.0  100.0  100.0  <0.01  

Total  89.3  93.1  90  98.3  65.9  <0.01  

PPV: Positive Predictive Value. NPV: Negative Predictive Value  

Fig. (3): 54 years old male complains of increasing left knee pain for the last 3 months. US image (A) and corresponding axial  

PD MRI image (B) showing severe femoral cartilage thinning.  

Fig. (4): 62 years old male complains of left knee pain for long duration. US image (A) and corresponding coronal T1 MRI  

image (B) showing osteophytes.  
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Fig. (5): US images (A) and (B) with corresponding coronal PD MRI image (C) showing degenerated both PHLM and PHMM  

with PHMM root tear appeared only in the MRI.  

Fig. (6): US image (A) and corresponding sagittal PD MRI image (B) showing joint effusion.  

Discussion  

Recently, high-resolution ultrasound has become  

a promising tool in knee osteoarthritis study. Evi-
dence on ultrasound validity in comparison to  

traditional knee osteoarthritis imaging modalities  
is increasing [6] . Advantages of ultrasound include  
its easy availability and multiplanar capability, as  

well as economic advantages. Also its ability to  

compress, dynamically assess structures and com-
pare easily with the contralateral side. A great  

advantage of knee ultrasound is the assessment of  

para-articular disease. With ultrasound, the patient's  

point of clinical tenderness can be correlated with  
the underlying anatomical structures and associated  

pathology [7] . In addition, for some patients sonog-
raphy may be the test of choice, because of the  

presence of a pacemaker or other absolute or rela-
tive contraindication to MRI.  

Our study demonstrated that ultrasound can be  
reliably used in the assessment of knee OA param-
eters including femoral articular cartilage thinning,  

osteophytes, medial and lateral meniscal degener-
ation, joint effusion and popliteal cyst.  

In our study, the overall sensitivity of the ultra-
sound in the assessment of knee OA parameters  

was good (89.3%), the overall accuracy was excel-
lent (90%) and the overall specificity was 93.1%,  

with a highly significant p-value (<0.01).  

In line with our study, a recent study by Sa-
deghian and Niya, 2018, demonstrated that for the  
knee joint the overall agreement of US findings  

with MRI was 89%. The overall sensitivity for US  

of the knee joint was 95.59%, the overall specificity  

81.88% in the detection of knee osteoarthritis and  

rheumatoid arthritis parameters [6] .  
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Our findings are also supported by a study done  

by Koski et al., 2016 and another study by Podlip-
ská et al., 2016, the two studies reported that  

ultrasound is more sensitive than radiography in  
the determination of osteophytes, cartilage thinning  

and meniscal extrusion in the medial and lateral  
compartments of the knee joint [1,8] .  

Another recent study conducted upon 80 pa-
tients to assess the reproducibility of ultrasound  
findings of knee osteoarthritis published by Abdel  
Razek A.A. and El-Basyouni S.R., 2016 showed  

an excellent inter-observer agreement for the de-
tection of articular cartilage thinning, osteophytes,  

joint effusion, popliteal cyst, synovial thickening  
and meniscal protrusion [8] .  

Nishitani et al., 2014, also reported that ultra-
sound (10MHz) can detect macroscopically unde-
tectable changes in OA reflecting histological and  

biochemical degeneration in both rabbit and human  

OA samples, respectively [9] .  

However our study showed good to excellent  

allover sensitivity, accuracy and specificity for  

ultrasound in the detection of different parameters  
in knee OA, there were some limitations that need  
mentioning. First, our study had a relatively small  

number of patients. Secondly, all patients included  
in our study was diagnosed as knee OA, so some  

parameters as medial cartilage thinning, medial  
osteophytes and joint effusion were positive in all  

patients in MRI (the reference standard), therefore,  

in the statistical analysis we had no true negatives  

nor false positives for these parameters. Conse-
quently, the specificity, NPVs and the p-values  
couldn't be calculated. Further larger studies are  

recommended, particularly, studies with larger  

patient numbers, including patients who are not  
already diagnosed as knee OA.  

In conclusion ultrasound assessment of the knee  
joint is an accurate imaging method for detection  

of knee osteoarthritis parameters including femoral  

articular cartilage thinning, osteophytes, medial  

and lateral meniscal degeneration, joint effusion  
and Baker's cyst. Thus, knee ultrasound can be  

used as a complementary imaging technique to  
radiography, especially when MRI is not available,  
to assess tissue-specific structural OA degeneration  

not detected by conventional radiographs.  
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