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ABSTRACT
Introduction: Musculoskeletal imaging has rapidly expanded
in last few years and ultrasound has become popular modality
for evaluation of various joints. Magnetic resonance imaging is
accepted as the gold standard technique for evaluation of
various knee pathologies. However, ultrasound being
inexpensive, widely available and non-invasive technique
which also allows dynamic imaging can be used for
assessment of knee joint as an alternative to MRI.
Aim: To evaluate role of ultrasound for assessing various knee
pathologies and to assess the accuracy of ultrasound in
comparison to MRI.
Materials and Methods: This prospective study included 100
patients whose symptoms were suggestive of knee disease
and were undergoing both ultrasound and MRI. Ultrasound
examination of the involved knee was done together with an
ultrasound examination of the contralateral normal knee for
comparison followed by MRI of the symptomatic knee in all 100
patients. MRI was regarded as gold standard. Comparison was
made between ultrasound and MRI using KAPPA coefficient.
Sensitivity, specificity, PPV, NPV and accuracy were calculated
to assess diagnostic accuracy of ultrasound as compared to
MRI and ultrasound.
Results: Most common ultrasound finding in present study
was knee effusion followed by osteophytes. Almost perfect
agreement was noted between ultrasound and MRI for
detecting medial meniscus tear, meniscal cyst, medial
meniscal extrusion, MCL tear, Bakers cyst and osteophytes.
Only slight agreement was noted between ultrasound and MRI

INTRODUCTION
The knee joint is one of the most vulnerable joint of the body.
Wide range of pathological conditions involving tendons,
ligaments, muscles, synovial space and articular cartilage affect
knee joint and they constitute a major cause of pain and
instability.1,2 While bony changes can be immediately recognized
in an x-ray image, the soft tissue structures cannot be
appreciated. Magnetic resonance imaging (MRI) has overcome
limitations of other imaging modalities with multiplanar imaging
capabilities, non-invasive nature and lack of radiation.3,4
But is expensive and is not readily available at many hospitals
with limitations to claustrophobic patients and patients
with implants. Knee arthroscopy is a valuable diagnostic
and therapeutic procedure but is invasive and associated with
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for detecting lateral meniscal degeneration and ACL tear.
Among various pathologies ultrasound showed accuracy of
100 for detecting baker’s cyst and accuracy of 99 for detecting
MCL tear and patellar tendinopathy.
Conclusion: Ultrasound is a good imaging modality for extraarticular lesions such as patellar tendinopathy, medial and
lateral collateral ligaments. Ultrasound can also be an effective
imaging modality for evaluating patients with medial meniscal
tears, baker’s cyst and knee effusion. For detection of meniscal
degeneration ultrasound performs poorly as compared to MRI.
Both anterior and posterior cruciate ligaments are not clearly
visualized on ultrasound, thus it is poor modality for evaluating
both.
Keywords: Cruciate Ligament, Collateral Ligament, Meniscus,
Osteoarthritis.
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complications such as joint infection, deep vein thrombosis and
pulmonary embolism.5-7 Ultrasound (USG) can reliably assess
tendon injuries, ligament injury, muscle trauma, synovial lesions
and bursitis. Nerves and vessels around knee joint can also be
reliably assessed.8 It can be performed readily, quickly and both
knees can be assessed at the same appointment. It is
inexpensive, portable and provides real-time dynamic examination
and thus help in diagnosis in the community or even on the sports
field.9
Ultrasound can be done even in patients with metallic implants,
which is a limitation in magnetic resonance imaging. The other
advantage is clinical assessment by radiologist at time of
examination.9
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As there is little literature available regarding ultrasound as
diagnostic tool to evaluate knee joint especially in India. This study
is planned to evaluate the role of ultrasound and compare
ultrasound findings with those of MRI or arthroscopy.
MATERIALS & METHODS
This study was a prospective study comprising 100 patients and
was conducted in the Department Of Radiodiagnosis and
Orthopedics, Shri Guru Ram Rai Institute of Medical & Health
Sciences, Patel Nagar, Dehradun. All measurements were done
using linear probe of frequency ranging from 5-13 Hz on one of
the mentioned machines Philips IU22 ultrasound machine or
Samsung Accuvix XG.
Patients whose symptoms were suggestive of knee disease and
were undergoing both ultrasound and MRI as per clinical
requirement were recruited in the study. After informed written
consent, patients were recruited into the study. Ultrasound
examination of the involved knee was done together with an
ultrasound examination of the contralateral normal knee for
comparison in all patients followed by MRI of the symptomatic
knee in all patients. The ultrasound and MRI examination were
done by two consultant radiologists, one doing the ultrasound and
the other consultant radiologist doing the MRI image analysis with
both having enough experience in the field of musculoskeletal
system and both were blinded to each other’s’ findings.
Sonographic Technique of Examination
Ultrasound of knee joint was performed in supine and prone
position. Anterior, posterior, medial and lateral approaches to the
knee were performed by placing the ultrasound probe in the
longitudinal and transverse planes.2,9,10
Anterior knee was examined with patient supine with knee flexion
of 20 -30 degrees by placing a small pillow beneath popliteal
space. Suprapatellar, juxtrapatellar and infrapatellar regions were
examined in succession. Structures that were evaluated
were quadriceps tendon, suprapatellar synovial recess, prepatellar

bursa, patellar tendon and anterior cruciate ligament (ACL).2,9,10
In anterior approach knee was maximally flexed with patient in
supine position and probe was placed in sagittal plane over
patellar tendon to visualize anterior cruciate ligament. In same
position probe was placed in transverse plane in suprapatellar
region to visualize cartilage.2,9,10
The medial aspect of knee was examined with leg externally
rotated. Relevant anatomic structures that were examined were:
the medial collateral ligament (MCL), medial femorotibial joint
space, medial meniscus and pes anserinus complex.2,9,10
The lateral aspect of knee was examined with leg internally
rotated. From anterior to posterior aspect, the structures that were
evaluated are femorotibial joint space, the lateral meniscus, the
lateral collateral ligament (LCL), and superior tibiofibular joint.2,9,10
The posterior region of the knee was examined with patient in
prone position with knee extended. Main structures that were
examined were semimembranosus bursae, posterior cruciate
ligament (PCL), posterior horns of menisci and neurovascular
structures.2,9,10
Statistical Analysis
Data was subjected to standard statistical analysis and all
statistical tests were conducted using Statistical Package for the
Social Sciences (SPSS) for Windows version 21.0 (SPSS Inc.,
Chicago, IL).
MRI was regarded as the gold standard exam for various knee
pathologies as arthroscopy was not done for all patients.
The agreement between studies including US vs. MRI was
calculated using the Kappa (k) coefficient. Kappa (k) coefficients
were interpreted using the guidelines outlined by Landis and
Koch, where strength of the kappa coefficients is interpreted in the
following manner: 0.01-0.20 slight; 0.21-0.40 fair; 0.41-0.60
moderate; 0.61-0.80 substantial; 0.81-1.00 almost perfect.11-13
Sensitivity, specificity, PPV, NPV and accuracy were calculated to
assess diagnostic accuracy of ultrasound as compared to MRI
and ultrasound.

Table 1: Knee pathologies on ultrasound and MRI
PATHOLOGIES
ULTRASOUND
EFFUSION
72
QUADRICEPS TENDINOPATHY
0
PATELLAR FRACTURE
1
PATELLAR TENDINOPATHY
3
BURSITIS
0
ACL TEAR
3
PARTIAL ACL TEAR
0
PCL TEAR
3
MCL TEAR/SPRAIN
5
MEDIAL MENISCUS TEAR
22
MEDIAL DEGENERATION
7
MEDIAL MENISCAL CYST
1
MEDIAL MENISCAL EXTRUSION
1
LATERAL MENISCAL TEAR
13
LATERAL MENISCAL DEGENERATION
3
LCL TEAR/SPRAIN
3
OSTEOPHYTES
30
CARTILAGE THINNING
11
BAKERS CYST
7
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MRI
76
0
1
2
1
23
15
7
5
26
25
1
1
10
7
3
28
20
7
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Table 2: Agreement level between ultrasound and MRI for detecting various knee pathologies.
PATHOLOGIES
KAPPA VALUE
SIG
AGRREMENT
EFFUSION
.74
<.001
SUBSTANTIAL
PATELLAR TENDINOPATHY
.79
<.001
SUBSTANTIAL
MEDIAL MENISCUS TEAR
.83
<.001
ALMOST PERFECT
LATERAL MENISCAL TEAR
.59
<.001
MODERATE
MEDIAL MENISCUS DEGENRATION
.23
.003
FAIR
LATERAL MENISCAL DEGENERATION
.16
.070
SLIGHT
MENISCAL CYST
1
<.001
ALMOST PERFECT
MEDIAL MENISCAL EXTRUSION
1
.000
ALMOST PERFECT
ACL TEAR
.02
.666
SLIGHT
PCL TEAR
.58
<.001
MODERATE
MCL TEAR
.90
<.001
ALMOST PERFECT
LCL TEAR
.65
<.001
SUBSTANTIAL
BAKERS CYST
1.00
<.001
ALMOST PERFECT
OSTEOPHYTES
.95
<.001
ALMOST PERFECT
CARTILAGE THINNING
.58
.<.001
MODERATE
Table 3: Diagnostic accuracy of ultrasound compared to MRI for detecting various knee pathologies.
PATHOLOGIES
SENSTIVITY
SPECIFICITY
PPV
NPV
ACCURACY
EFFUSION
90.7
87.5
95.8
75.0
90.0
PATELLAR TENDINOPATHY
100
98.98
66.67
100
99.00
MEDIAL MENISCUS TEAR
80.77
98.65
95.45
93.59
94.00
LATERAL MENISCAL TEAR
70.00
93.33
53.85
96.55
91.00
MEDIAL MENISCUS DEGENERATION
20.00
97.33
71.43
78.49
78
LATERAL MENISCAL DEGENERATION
14.29
97.85
33.33
93.81
92.00
MEDIAL MENISCAL CYST
100.0
100.0
100.0
100.0
100.0
MEDIAL MENISCAL EXTRUSION
100.0
100.0
100.0
100.0
100.0
MCLTEAR
100.0
98.98
83.33
100.0
99.00
LCL TEAR
100.0
98.97
66.67
98.97
98.00
BAKERS CYST
100.0
100.0
100.0
100.0
100.0
OSTEOPHYTES
100.0
97.22
03.33
100.00
98.00
CARTILAGE THINNING
50.00
98.75
90.91
88.76
89.00

RESULTS
Patients included in the study ranged in age from 9 to 70 years
with a mean age of 37.1 years. The majority of patients belonged
to the age group between 20 and 30 years, comprising 32% of all
patients. Males constituted 65 % and females constituted 35% of
patients. The most common clinical complaint among study
population was knee pain, seen in 87% of patients.
Most common ultrasound finding in our study was knee effusion
(72%), followed by osteophytes (30%), medial meniscal tear
(22%) and lateral meniscal tear (13%) as shown in table 1.
Agreement between ultrasound and MRI for detecting various
knee pathologies is shown in table 2. Almost perfect agreement
was noted between ultrasound and MRI for detecting medial
meniscus tear, meniscal cyst, medial meniscal extrusion, MCL
tear, Bakers cyst and osteophytes. Only slight agreement was
noted between ultrasound and MRI for detecting lateral meniscal
degeneration and ACL tear.
Sensitivity, specificity and accuracy of USG in detecting various
knee pathologies with MRI as gold standard are shown in table 3.
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Among various pathologies ultrasound showed accuracy of 100
for detecting baker’s cyst, accuracy of 99 for detecting MCL tear
and patellar tendinopathy and accuracy of 98 for detecting LCL
tear and osteophytes.
DISCUSSION
In the last decade, musculoskeletal imaging has rapidly expanded
due to the imaging capabilities of magnetic resonance imaging
and ultrasound. Musculoskeletal ultrasound has shown
considerable expansion in the last few years.
MRI is accepted as the gold standard technique for evaluation of
various knee pathologies.3,4 However in India MRI is not always
available on demand especially in small hospitals. It also does not
allow dynamic testing and is a rather lengthy and expensive
imaging modality. Ultrasound (US) on the other hand is an
inexpensive, widely available and non-invasive technique which
also allows dynamic imaging but there are concerns regarding the
diagnostic accuracy.9
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Most common ultrasound finding in our study was knee effusion
(72%), followed by osteophytes (30%) and medial meniscal tear
(22%). Effusion was also seen as most common ultrasound
finding in other studies by Singh B et al and Yousif et al.14,15
Knee effusion is commonly seen in various knee pathologies and
can be detected by ultrasound. In our study substantial agreement
was noted between ultrasound and MRI in detection of effusion.
Ultrasound also demonstrated sensitivity of 90.7, specificity of
87.5, and accuracy of 90.0. Similar sensitivity and specificity of
ultrasound was also seen in study by Draghi F et al.16 In recent
study Singh B et al ultrasound showed sensitivity, specificity and
accuracy of 100 for detecting knee effusion.14 Anterior tendons of
knee consist of quadriceps and patellar tendons and are involved
in acute inflammation or more chronic degenerative processes. In
a study by Khan KM et al 24 athletes with patellar tendinosis who
underwent tenotomy, ultrasonographic findings were proven to be

consistent with those of both MRI and histopathologic results.17 In
our study substantial agreement (k= 0.79, sig<0.001) was noted
between ultrasound and MRI for detection of patellar tendinopathy
[Fig 1]. Ultrasound also demonstrated high sensitivity, specificity
and accuracy in detecting patellar tendinopathy. The quadriceps
tendon is less commonly affected by tendinopathic change than
the patellar tendon and when seen it usually relates to persistent
strenuous overuse. In our study also, no case of quadriceps
tendinopathy was seen. Meniscal lesions are a major cause of
knee pain and have adverse effects on the proper functioning of
the knee joint. Tears and degenerations constitute the majority of
meniscal lesions. In our study almost, perfect agreement was
noted between US and MRI in detection of medial meniscus tears
[Fig 2, 3]. Unlu EN et al in their study showed moderate
agreement between US and MRI (κ = 0.5−0.75, sig = 0.005) in
detection of tears.18

Fig 1: (a) USG image depicts thickened and hypoechoic patellar tendon at its tibial attachment suggestive of tear
(b) MRI PDFS sagittal image shows patellar tendon tear at its tibial attachment.

Fig 2: (a) USG image depicts linear hypoechoic area in medial meniscus suggestive of tear
(b) MRU PDFS sagittal image shows tear in posterior horn of medial meniscus.
29 | P a g e
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Fig 3: (A) USG image depicts linear hypoechoic area in medial meniscus suggestive of tear
(b) MRI PDFS sagittal image shows tear in medial meniscus.

Fig 4: (A) USG image depicts hypoechoic and bulky medial collateral ligament at its femoral attachment suggestive of
tear (B) MRI PDFS coronal image shows medial collateral ligament tear at its femoral attachment.
Ultrasound in comparison to MRI in our study showed a sensitivity
of 80.7, specificity of 98.6 and accuracy of 94. Similarly, in study
by Singh A et al sensitivity of ultrasound in detecting medial
meniscal tears was 77.7, specificity was 90.4 and accuracy was
86.6 with MRI as gold standard.19 In study by Singh B et al also
ultrasound showed high sensitivity, specificity and accuracy in
detecting medial meniscal tears with MRI as gold standard.14
However, in study by Ghosh N et al ultrasound showed sensitivity
of 100 but lower specificity of 40 as compared to our study.20
Sample size in this study was small and bedside ultrasound was
performed by sports medicine specialist for diagnosing the
lesions.
For detecting lateral meniscus tears moderate agreement was
noted between ultrasound and MRI in our study and in study by by
Unlu EN et al.18 In our study the sensitivity, specificity and
accuracy of ultrasound in detection of lateral meniscal tears were
70.0, 93.3 and 91.0 respectively. Similar results were seen in
studies by Singh B et al and Singh A et al who evaluated various
knee pathologies on ultrasound and used MRI as gold
30 | P a g e

standard.14,19 Unlu EN et al and Wareluck et al used arthroscopy
as gold standard in evaluating lateral meniscus tears on
ultrasound and also showed sensitivity and specificity similar to
our study.18,21 Meniscus degeneration occurs with aging resulting
in pain and knee dysfunction. MRI is regarded as the gold
standard in the evaluation of degeneration. However it can be
identified on ultrasound also.9
The agreement for detection of medial meniscus degeneration
using ultrasound in our study was fair. Unlu EN et al in their study
also showed poor agreement (κ < 0.5, P = 0.123) for both lateral
and medial meniscal degeneration and more degenerative lesions
were detected by MR than USG.18 Thus ultrasound is not a
suitable test for detection of meniscal degeneration and performs
poorly in differentiation of tears from degeneration.
Collateral ligaments are also commonly injured during sports or
traffic injuries. In our study almost perfect agreement was noted
between ultrasound and MRI in detection of medial collateral
ligament tear [Fig 4]. Ultrasound also demonstrated sensitivity of
100.0, specificity of 98.9 and accuracy of 99.0.
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Compared to our study Singh B et al and Singh A et al showed
slightly lower sensitivity (83.3 and 84.6) but similar specificity (97.7
and 100) and accuracy (96 and 96.6) of ultrasound for detecting
medial collateral ligaments tears.14,19 Ghosh N et al showed lower
sensitivity of 67.0 and specificity of 83.0 for ultrasound in their
study. However in their study bedside ultrasound was performed
by sports medicine specialist for diagnosing the lesions.20
For detecting lateral collateral ligament tear substantial agreement
was noted between ultrasound and MRI in our study. Ultrasound
also demonstrated sensitivity of 100, specificity of 98.97 and
accuracy of 98.0 in our study. In study done by Singh B et al
sensitivity, specificity and accuracy of USG in diagnosing lateral
collateral ligament tears were 84.6 , 97.8 and 95.0 respectively.14
Thus ultrasound can be an effective imaging modality for
evaluating patients with collateral ligament injuries.
Currently, MRI and arthroscopy are the reference standards for
diagnosing an ACL injury. Due to its deep location and oblique
orientation, the anterior cruciate ligament is barely visible with
ultrasound, thus it is still not possible to directly visualize the ACL
using sonography.2 Various direct and indirect methods are
described in various studies to look at anterior cruciate ligament.
Ultrasound had shown high sensitivity and specificity in
diagnosing ACL tear in these studies.19,22-24
We used both anterior and posterior approaches to look for
anterior cruciate ligament tear. In anterior approach knee was
maximally flexed with patient in supine position and probe was
placed in sagittal plane over patellar tendon and Hoffa pad was
used as acoustic window. In posterior approach probe was placed
on posterior aspect of knee (posterior fossa) in midline.
In our study ACL was only partially visible with both these
approaches. We were unable to visualize normal ACL’s in most of
patients. Anterior cruciate ligament tears were seen in only 3
patients on ultrasound compared to 23 patients on MRI in our
study. Only slight agreement was seen between ultrasound and
MRI in detecting anterior cruciate ligament tears with k=.02, sig
=0.66.
Posterior cruciate ligament can also depicted on ultrasound
by posterior approach. The intermediate and distal portion of

posterior cruciate ligament is demonstrated by ultrasound. The
proximal portion of this ligament and its insertion into femur cannot
be demonstrated.2,9 We used posterior approach to look at PCL
injuries and were able to identify PCL tears [Fig 5] in 3 patients in
contrast to 7 patients identified on MRI. In our study moderate
agreement was noted between US and MRI (κ = 0.58, sig< 0.001).
In our study ultrasound showed high specificity of 100 which is
consistent with other studies done Singh B et al, Singh A et al and
Lalitha P et al.13,19,29 However, ultrasound showed low sensitivity
of 42.86 in our study which is consistent with study done by Singh
A et al who showed sensitivity of 33.3 in their study. However
other studies by Wang C et al and Lalitha P et al and Wang C et al
showed higher sensitivity of 83.3 and 83.3 and 75.16,25

Fig 5: Ultrasound image with linear probe depicts
thickened and hypoechoic right posterior collateral
ligament with echogenic? bony fragments at its tibial
insertion suggestive PCL tear with avulsion fracture

Fig 6: (A) Ultrasound image depicts osteophytes along medial aspect of tibio-femoral joint
(B) MRI T1W1 image shows tibio-femoral osteophytes.
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For detecting Baker’s cyst ultrasound in our study showed
sensitivity, specificity and accuracy of 100. In study by Singh B et
all and Ward EE et al ultrasound showed similar sensitivity,
specificity and accuracy of 100 in detecting baker’s cyst.14,27
Osteoarthritic changes including osteophytes, medial meniscal
extrusion and morphological articular cartilage changes in the
femoral condyle of the knee joint can also be reliably identified by
ultrasound.28-30
For detecting osteophytes [Fig 6] almost perfect agreement was
noted between ultrasound and MRI in detection of osteophytes.
Ultrasound also showed high sensitivity of 100, specificity of 97.2
and accuracy of 98.0 for detecting osteophytes compared to MRI
as gold standard. Nearly similar results were seen in study by
Podlipská, J. et al.31
In our study for detecting cartilage thinning ultrasound showed
moderate agreement with MRI. Sensitivity of ultrasound was 50,
specificity was 98.7 and accuracy was 89 compared to MRI as
gold standard. Podlipská, J. et al determined the site-specific
diagnostic performance of semi-quantitative ultrasound grading of
knee femoral articular cartilage using MRI as a reference. For
medial femoral cartilage ultrasound showed sensitivity ranging
from 97.4 – 74.5, specificity ranging from 54.2 – 70.2 and
accuracy ranging from 64.8 – 73.0. Findings were lower for lateral
femoral cartilage.31 Saarakkala, S. et al in their study showed that
positive findings in ultrasound are a strong indicator of
arthroscopic cartilage changes but negative findings do not rule
out degeneration.32
Thus ultrasound has good sensitivity and specificity for detecting
osteophytes but sensitivity and specificity is somewhat variable for
cartilage thinning. It is not an alternative to MRI. But due to its low
cost it can be used to look for progression of disease.

LIMITATIONS
The present study has a limitation of sample size. We recommend
that the study should be done on large number of patients as well
as at multiple centres.
CONCLUSION
The knee joint is one of the most important joints in the human
body responsible for weight-bearing and a group of complex
movements during ordinary life activities and even in vigorous
sports making it susceptible to different knee conditions.
Ultrasound is inexpensive and rapidly available modality which
can be used for evaluation of various knee pathologies.
Ultrasound is a good imaging modality for extra-articular lesions
such as patellar tendinopathy, medial and lateral collateral
ligaments with good sensitivity, specificity and accuracy compared
to MRI.
Ultrasound can be an effective imaging modality for evaluating
patients with medial meniscal tears especially those who cannot
afford MRI or have various contraindications to MRI. However, for
evaluating lateral meniscal tears it has low sensitivity even though
its specificity is good. Thus, in selected patients with trivial trauma
or those with contraindication to MRI it can be used to rule out
lateral meniscal injury. For detection of meniscal degeneration
ultrasound is not a suitable test and performs poorly as compared
to MRI.
Both anterior and posterior cruciate ligaments are not clearly
visualized on ultrasound, thus it is poor modality for evaluating
32 | P a g e

both. However, it performs better for posterior cruciate ligament
tears as compared to anterior cruciate ligament tears and can be
used in when MRI is not available.
Ultrasound is a good imaging modality for evaluation of baker’s
cyst and knee effusion and shows good accuracy for detecting
both of them. It can also be used for evaluation of osteoarthritis as
a complementary imaging technique to X-rays to clarify tissuespecific structural osteoarthritic changes, especially when MRI is
not justified.

ETHICAL CONSIDERATIONS
Approval was taken from institutional ethical committee. Patient’s
confidentiality was protected during data collection.
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