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ABSTRACT

Background: The purpose of this study was to establish the role of HRS for
evaluation of knee joint pathologies, compared with MRI. The study hypothesis
was that HRS can be used as a primary screening tool, for the evaluation of knee
joint pathologies. Materials and Methods: This was a hospital-based
prospective observational study that comprised 103 patients. The inclusion
criteria were based on complaints of unilateral or bilateral knee joint
pain/instability. The patients were referred for MRI of the knee, to the radiology
department, with complaints of pain in the knee joint, as well as with or without
history of preceding trauma. The patients were examined using 1.5T (Siemen’s
Magnetom Avanto Tim + Dot system). The following images were acquired in
the following sequences for knee joint analysis. After obtaining informed
consent from the patient, HRS was performed using a linear transducer with a
frequency ranging from 4 to 13 MHz (Siemens Acuson S3000, Siemens Acuson
S2000, and Siemens Acuson Juniper). The patients were placed in the supine
and prone positions. The data were analyzed statistically using SPSS software
v20. The P value of less than .05 was considered statistically significant.
Sensitivity, specificity, positive predictive value (PPV), negative predictive
value (NPV), and accuracy were calculated. Result: This prospective
observational study was conducted over a period of 1 year. There were 106
patients, with suspected knee joint pathologies, evaluated with imaging. In this
study, majority (n = 30) of the patients were in the age group of 21 to 30 years
of age, with a mean age of 32.9 years (Table 1). Seventy-six (76%) patients were
males and 24 (24%) were females. Seventy-four patients gave history of
preceding trauma to their knee. Out of the 103 patients, a total of 26 lateral
meniscal tears and 43 medial meniscal tears were detected with HRS and 50
medial meniscal tears and 32 lateral meniscal tears were detected with MRI.
Almost perfect agreement (k = 0.82) was seen between HRS and MRI in
detection of medial meniscal tear and substantial agreement (x = 0.61) was seen
between HRS and MRI in detection of lateral meniscal tear. HRS demonstrated
sensitivity, specificity, and accu racy of 84.0%, 98.0, and 91%, respectively, in
detection of medial meniscal tear and 65.6%, 92.7%, and 84.1%, respectively,
in detection of lateral meniscal tear. Conclusion: HRS shows good accuracy
and sensitivity in diagnosis of a meniscal tear, knee joint effusion, and
tendinopathy. However, in this study, HRS demonstrated low sensitivity but
good specificity and accuracy in diagnosing a lateral meniscal tear. Both ACL
and PCL are partially visualized due to deep and oblique location; therefore,
HRS is not recommended as a primary imaging modality, for the evaluation of
cruciate ligament tears.

INTRODUCTION

The knee joint is commonly assessed joint for
A  myriad of
mechanisms and a wide variety of pathological
various

internal ~ derangement.

disorders affecting the

structures of the knee joint are a significant cause of
pain and instability.["?]

Knee injuries are especially common and detrimental
to high quality of life and account for a significant
proportion of musculoskeletal trauma encountered in
the emergency department.l)

injury

intra-articular

69

International Journal of Academic Medicine and Pharmacy (www.academicmed.org)

ISSN (0): 2687-5365; ISSN (P): 2753-6556



As the stability of the knee joint relies upon the strong
ligaments  (cruciate—anterior and  posterior;
collateral—medial and lateral), muscles, tendons,
and menisci (medial and lateral) that bind the femur
and the tibia together, the same are more prone to
injury and therefore should be assessed properly for
their anatomy and pathology.

Magnetic resonance imaging (MRI) is a noninvasive,
gold standard imaging technique which is
indispensable for assessing the different kinds of
knee pathologies and injury occurring in intra-
articular knee structures along with the extra-articular
ligaments, tendons, and periarticular muscles. In
recent times, MRI has been shown to have a very
important part in diagnosing various types of knee
pathologies, since it is radiation free and has
multiplanar capabilities without exposure of the
patient to harmful radiation.’> However, it is costly,
not widely available, and has some contraindications.
High-resolution sonography (HRS) is noninvasive,
affordable, easily available, and allows for dynamic
evaluation. It is well accepted by the patients and
does not have any major contraindications like MRI.
It can easily be carried out in claustrophobic patients
too. Few studies have shown that knee joint
pathologies such as joint effusion, collection of
bursal fluid, meniscal tears, collateral and cruciate
ligament tears, tears of tendons, bursitis, occult
fractures, and tendonitis can be diagnosed by
HRS."#1 HRS also provides high spatial resolution
images of superficial structures of the knee joint,
compared with MRI.[!

The purpose of this study was to establish the role of
HRS for evaluation of knee joint pathologies,
compared with MRI. The study hypothesis was that
HRS can be used as a primary screening tool, for the
evaluation of knee joint pathologies

MATERIALS AND METHODS

This was a hospital-based prospective observational
study that comprised 103 patients. The inclusion
criteria were based on complaints of unilateral or
bilateral knee joint pain/instability. The patients were
referred for MRI of the knee, to the radiology
department, with complaints of pain in the knee joint,
as well as with or without history of preceding
trauma. The participation of the patient in the study
was purely voluntary, and informed consent was
obtained prior to conducting HRS, on all the patients.
Patients who were unwilling to participate in the
study or had contraindications to MRI were excluded.
MRI of the symptomatic knee was done followed by
HRS. The images were interpreted by two
radiologists, each of whom had no knowledge of the
imaging findings. One radiologist performed all the
HRS and the other interpreted all the MRIs.

MRI Technique

The patients were examined using 1.5T (Siemen’s
Magnetom Avanto Tim + Dot system). The following
images were acquired in the following sequences for

knee joint analysis: PD: axial, coronal, and sagittal
with 3.5-mm slice thickness and interslice gap of 1
mm; TIW axial and coronal, T2W sagittal and T2
GRE sagittal with 3.5-mm slice thickness and
interslice gap of 1 mm; and short tau inversion
recovery (STIR) coronal 3.5-mm slice thickness and
interslice gap of 1.2 mm. 3D sequences and cine
loops were not performed routinely.

HRS Technique

After obtaining informed consent from the patient,
HRS was performed using a linear transducer with a
frequency ranging from 4 to 13 MHz (Siemens
Acuson S3000, Siemens Acuson S2000, and Siemens
Acuson Juniper). The patients were placed in the
supine and prone positions. Four approaches were
performed: anterior, posterior, medial, and lateral for
the assessment of knee joint pathologies.l'*!% Depth
and gain were adjusted to acquire acceptable image
quality. Both longitudinal and transverse sonographic
images were obtained.

ment (ACL), the transducer was placed over the
patellar tendon in the suprapatellar region in the
sagittal imaging plane, and for evaluation of the
femoral cartilage, the transducer was placed in the
same position, for the transverse imaging plane.[l*!!]
For the evaluation of the posterior knee, the patient
was placed in the prone position, with the knee
extended. The key structures which were evaluated in
the posterior knee were the presence of Baker’s cyst,
the posterior horns of the menisci (medial and
lateral), the posterior cruciate ligament (PCL), and
the popliteal neurovascular bundle.['*!1

For the evaluation of the medial knee, the patient was
examined in the supine position with the hip rotated
externally and knee flexed to 30° to 45°. The
structures which were evaluated in the medial aspect
of the knee were the medial collateral ligament
(MCL), the body and anterior horn of the medial
meniscus, medial tibiofemoral joint space, and the
pes anserine tendon complex (sartorius, gracilis, and
semitendinosus).th410:11]

For evaluation of the lateral knee, the patient was
examined in the supine position with hip rotated
internally with the slight flexion of the knee. The key
structures which were evaluated in the lateral knee
were the iliotibial band (or tract), lateral collateral
ligament (LCL), common peroneal nerve, popliteus,
lateral tibiofemoral joint space, and anterior horn and
body of the lateral meniscus.[!*10:11]

Statistical Analysis

Images were independently interpreted by two
different radiologists with at least 8 years of
experience, and the findings were recorded on a
predefined proforma. The data were analyzed
statistically using SPSS software v20. The P value of
less than .05 was considered statistically significant.
Sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and
accuracy were calculated. MRI was regarded as the
gold standard examination for various knee joint
pathologies. The agreement between studies of HRS
and MRI was calculated using the kappa (k)
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coefficient. Strength of the kappa coefficient was
interpreted in the following manner: 0.01 to 0.20,
slight; 0.21 to 0.40, fair; 0.41 to 0.60, moderate; 0.61

to 0.80, substantial; and 0.81 to 1.00, near perfect.l'>
14]

RESULTS

This prospective observational study was conducted
over a period of 1 year. There were 106 patients, with
suspected knee joint pathologies, evaluated with
imaging. In this study, majority (n = 30) of the
patients were in the age group of 21 to 30 years of
age, with a mean age of 32.9 years (Table 1).
Seventy-six (76%) patients were males and 24 (24%)
were females. Seventy-four patients gave history of
preceding trauma to their knee.

Table 1: Age Distribution of Study Patients

Age Frequency Percentage
1-10 00 00

11-20 40 19.4

21-30 64 31.0

3140 48 233

41-50 38 18.4

51-60 10 4.8

>60 6 2.9

Anterior Tendons of Knee

There were four cases of quadriceps tendinopathy
and three cases of patellar tendinopathy, observed
with HRS, while MRI demonstrated six and four of
these cases, respectively.

Substantial agreement with coefficient k = 0.79 was
noted between HRS and MRI in detection of
quadriceps tendinopathy, and it was found to be
significant statistically (P <.001).

Almost perfect agreement with coefficient k =0.85
was noted between HRS and MRI in detection of
patellar tendinopathy, and it was also found to be
statistically significant (P <.001).

HRS demonstrated accuracy, sensitivity, and
specificity of 98%, 66.6%, and 100.0%, respectively,
in detection of quadriceps tendinopathy and 100.0%,
75.0%, and 99%, respectively, in detection of patellar
tendinopathy. However, sample size with positive
cases was small to be able to accurately comment on
the same.

Effusion

Knee joint effusion was the most common finding
detected in 86 patients, with HRS and 90 patients
with MRI. Substantial agreement with coefficient k =
0.67 was noted between HRS and MRI in detection
of knee joint effusion, and it was found to be
significant statisti cally with P < .001. HRS
demonstrated sensitivity, specificity, and accu racy of
92.2%, 90% and 92%, respectively, in detection of
effusion.

Meniscal Tears

Out of the 103 patients, a total of 26 lateral meniscal
tears and 43 medial meniscal tears were detected with
HRS and 50 medial meniscal tears and 32 lateral
meniscal tears were detected with MRI. Almost
perfect agreement (x = 0.82) was seen between HRS
and MRI in detection of medial meniscal tear and
substantial agreement (k = 0.61) was seen between

HRS and MRI in detection of lateral meniscal tear.
HRS demonstrated sensitivity, specificity, and accu
racy of 84.0%, 98.0, and 91%, respectively, in
detection of medial meniscal tear and 65.6%, 92.7%,
and 84.1%, respectively, in detection of lateral
meniscal tear.

Cruciate Ligament Tears

Out of the 103 patients, a total of 7 ACL tears and 6
PCL tears were detected on HRS, as well as 20 ACL
tears and 11 PCL tears were detected with MRI.
Slight agreement (k = 0.13) was seen between HRS
and MRI, in detection of an ACL tear and substantial
agreement (K = 0.55) was seen between HRS and
MRI in detection of a PCL tear. Due to the small
number of cases showing cruciate liga ment tears,
sensitivity, specificity, and accuracy values which
were calculated were unreliable.

Collateral Ligament Tears

Out of the 103 patients, a total of ten MCL tears and
seven LCL tears were detected on HRS. There were
eight MCL tears and seven LCL tears detected with
MRI. Substantial agreement (x = 0.63) was seen
between HRS and MRI, in the detection of an MCL
tear and almost per fect agreement (k = 0.83) was
noted between HRS and MRI in detection of an LCL
tear. Again, due to the small number of cases showing
cru ciate ligament tears, sensitivity, specificity, and
accuracy values which were calculated were
unreliable.

Baker’s Cyst

Baker’s cyst was present in five patients on HRS and
in six patients on MRI. Almost perfect agreement (k
= 0.90) was seen between HRS and MRI in the
detection of Baker’s cyst. The most common
pathologies observed on HRS were knee joint
effusions (84%) followed by medial meniscal (43%)
and lateral meniscal (26%) tears (Table 2).
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Table 2: Knee Pathologies on HRUS and MRI

Pathologies HRUS MRI
Effusion 172 180
Quadriceps tendinopathy 8 12
Patellar tendinopathy 6 8
Medial meniscal tear 86 100
Lateral meniscal tear 52 64
ACL tear 14 40
PCL tear 12 22
MCL tear 20 16
LCL tear 14 14
Baker’s cyst 10 12
Osteophytes 62 52

Sensitivity, specificity, accuracy, and agreement
level of HRS in detecting the various knee joint
pathologies with MRI as gold standard are shown in
Table 3. Among various pathologies, HRS
demonstrated an accuracy of 99% for detecting
Baker’s cyst and patellar tendinopathy, 98% for
detecting quadriceps tendinopathy and LCL tear, and
94% and 93% for detecting MCL and PCL tear,
respectively. Almost perfect agreement was noted
between HRS and MRI for detecting the medial
meniscal tear, LCL tear, patellar tendinopathy,
Baker’s cyst, and osteophyte.

DISCUSSION

In recent years, musculoskeletal imaging has
expanded rapidly due to imaging capabilities of MRI
and HRS, to detect the musculoskeletal pathologies.
Although the role of MRI has been undoubtedly
established, HRS continues to be investigated for
musculoskeletal imaging, as an effective accessory
tool. Not much information is available on the
effective utilization of musculoskeletal HRS, for
evaluation of knee joint pathologies, in developing
countries. Over the past few decades, literature has
shown that HRS is quite sensitive and specific for
assessing numerous patholo gies of knee joint, such
as the meniscal tears and liga ment injuries.”!

This study is unique since it has been conducted in a
considerably basic setup, in a developing country,
which has limited resources for a large population.
The chances for bias are less since the observers were
blinded to the findings of the other imaging modality.
In this study, the majority (n = 60) of the study
population were in the age group 21 to 30 years of
age and mean age was 32.9 years. There were 156
males and 50 females and male predominance, which
was similar to studies conducted by Khan et al15 and
Singh et al.l'6]

In this study, 148 patients gave history of preceding
trauma to the knee. The most common HRS findings
in the study were knee joint effusion (n = 172)

followed by medial meniscal tear (n = 86),
osteophytes (n = 62), and lateral meniscal tear (n =
52).

Anterior tendons of knee, which include quadriceps
and patellar tendons, are the most common tendons
eval uated in knee trauma. Overuse of the anterior
compart ment tendons causes more stress and injury.

Tendinopathy is one of the most common causes of
acute knee joint pain. In this study, HRS had a
sensitivity of 75% and 66.6% in detecting patellar
and quadriceps tendinopathy in comparison to 84%
and 87.5% reported by Basha et al,['”) In this cohort,
there was almost perfect agreement with a coefficient
k = 0.85, which was noted between HRS and MRI, in
detection of knee patellar tendinopa thy. Likewise,
there was substantial agreement with coefficient k =
0.79, which was noted between HRS and MRI, in
detection of knee quadriceps tendinopathy. All these
comparisons were noted to be statistically signifi cant
(P < .001). This would indicate that HRS has the
reliability needed, for the evaluation of patellar and
quadriceps tendinopathy.

Knee joint effusion was one of the most common
HRS findings in this study, and a substantial
agreement was noted (k = 0.67) between HRS and
MRI, in detection of knee joint effusion. This
comparison was also found to be statistically
significant (P <.001). HRS demonstrated sensitivity,
specificity, and accuracy of 92.2%, 90%, and 92%,
respectively, in detection of knee joint effusion
(Figure 1). The PPV was 98.8% and NPV was 58.2%.
Wang et al evaluated the diagnostic accuracy of HRS
in detecting knee effusion. They demonstrated that
the sen sitivity, specificity, PPV, and NPV of the
sonographic examination, for detecting knee joint
effusion, were 79.1%, 50%, 86.3%, and 37.5%,
respectively.l'8 Singh et al and Draghi et al also
showed good sensitivity and specificity of HRS in
detection of knee joint effusion, which compares
nicely with this study. Singh et al showed the
sensitivity, specificity, and accuracy of 100%, 100%,
and 100%, respectively, in detection of knee joint
effu sion. Draghi et al also posted a sensitivity,
specificity, PPV, and NPV of 81.3%, 100%, 100%,
and 77.5%, respectively.['*201 All these findings
reinstated the fact that HRS can dependably detect
knee joint effusion. It can also further screen for
added diagnostic findings in the knee joint which
makes HRS an important first choice for the
evaluation of the knee.
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Figure 1: (A) Longitudinal high-resolution sonography
image depicts hypoechoic collection within the joint
space suggestive of effusion. (B, C) Magnetic resonance
imaging Proton Density Fat Saturated (PDFS) axial and
coronal images show hyperintense collection within the
joint space suggestive of knee joint effusion.

Figure 3: (A) Transverse high-resolution sonography
image depicts linear irregular hypoechoic area
involving the lateral meniscus suggestive of tear. (B, C)
Magnetic resonance imaging Proton Density Fat
Saturated (PDFS) sagittal and coronal images show
linear hyperintense altered signal intensity area in the
anterior and posterior horn of lateral meniscus
suggestive of tear

Figure 2: (A) Longitudinal high-resolution sonography
image depicts linear hypoechoic area involving the
medial meniscus suggestive of tear. (B, C) Magnetic
resonance imaging Proton Density Fat Saturated
(PDFS) sagittal and coronal images show linear
hyperintense altered signal intensity area in the
posterior horn of medial meniscus suggestive of tear

Figure 4: (A) Longitudinal high-resolution sonography
image depicts heteroechoic and thickened medial
collateral ligament suggestive of sprain/tear. (B)
Magnetic resonance imaging T2IR coronal image shows
hyperintensity and thickening of medial collateral
ligament suggestive of sprain/tear
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Figure S: (A) Longitudinal high-resolution sonography
image depicts heteroechoic lateral collateral ligament
suggestive of tear. (B) Magnetic resonance imaging
Proton Density Fat Saturated (PDFS) coronal image
shows PDFS hyperintensity and thickening of lateral
collateral ligament suggestive of sprain/tear

CONCLUSION

HRS shows good accuracy and sensitivity in
diagnosis of a meniscal tear, knee joint effusion, and
tendinopathy. However, in this study, HRS
demonstrated low sensitivity but good specificity and
accuracy in diagnosing a lateral meniscal tear. Both
ACL and PCL are partially visualized due to deep and
oblique location; therefore, HRS is not recommended
as a primary imaging modality, for the evaluation of
cruciate ligament tears. However, it can be used as a
screening tool and as an alternative modality of
choice, when MRI is not available or contraindicated.
HRS is a good choice as a diagnostic imaging
technique and shows good sensitivity, specificity,
and accuracy in detection of knee joint effusion and
Baker’s cyst. HRS could also be used for evaluation
of collateral ligaments and other knee joint
pathologies, like osteophytes.

This study adds to the growing evidence that HRS
could be used as a primary screening tool or
diagnostic imaging modality, for the assessment of
knee joint pathol ogies. An expensive and time-
consuming investigation like MRI can then be
reserved for those cases where HRS is equivocal and
when a detailed evaluation of deep structures is
required, for certain knee joint pathologies.
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