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Abstract

Pain in the knee joint has become one of the most common pathologies that are affecting humans of all age groups in the
modern world. Many of the arthropathies are resolved with supportive care and complete tests but some of the diseases
require early diagnosis and prompt treatment to prevent any long time effects. Doppler ultrasonography has
revolutionized our way of approaching these diseases. It has several advantages over other imaging techniques. It is non-
invasive and there is no use of a contrast dye which permits us to use this technique even in those patients who are hyper
allergic. There is no use of radiations in ultrasonography. It can detect various minor abnormalities like cartilage
thinning, partial or complete tears, synovial joints, abnormalities in the bony structure, inflammation debris in the joint,
hematoma, and any ligamentous injury. It also helps us in the localization of the injury which further assist us in several
aspects, one of which being the administration of the drugs with the help of an injection at the most optimal site.
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INTRODUCTION is the most prevalent disorder in the modern world [6].
The number of patients suffering from osteoarthritis is
increasing day by day because of the obesity epidemic
and the aging process [7].

Knee joint disorders are one of the most
common complaints in the field of orthology affecting
people of all age groups [1]. Whether the cause of knee
pain is the consequence of aging, excessive pressure, or
any other pathological disorder, the knee joint is one of
the most vulnerable joints in the human body since it is
one of the most diligent joints present throughout the
body [2, 3]. A joint is made up of ligaments, cartilage,
bone, and synovial fluid. There are two groups of
muscles that coordinate movement at the knee joint.
The first one is the quadriceps and second is the
hamstring muscles. Some sort of destruction in any of
the structures supporting the knee joint can cause knee
pain which causes difficulty in walking. Most of the
knee problems reported in the elderly are simply
because of the normal aging process and continuous
wearing and tearing thus poses a great challenge for the
clinicians [3-5]. Out of the many diseases, osteoarthritis

Diagnosing the etiology of the knee pain
includes a proper medical examination and the clinician
may order some imaging tests [8]. Over the course of
years, many diagnostic imaging techniques have been
improved to assess the exact severity of the disease
affecting the fragile structures of the knee joint like
magnetic resonance imaging [9, 10], Doppler
ultrasonography [11], X-Rays [12], and CT scan. We
have come a long way to get as much information as we
can by using these techniques and which undoubtedly
have helped us a lot in the assessment of the disease as
compared to the situation a decade ago but there is still
a long way to go. Out of the various imaging techniques
used by rheumatologists, the Doppler ultrasonography
is the most common imaging technique being used
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these days [13]. Thanks to the advancements being
made every day to perfect this technique. By using
ultrasonography, we can detect very minute changes in
the physiology of the joints which are governing the
pathological changes affecting the tendons, ligaments,
bones that make the joint, fluid accumulation and
inflammation of the joint such as in inflammatory
arthropathy, and destruction of the articular surfaces
such as those observed in the degenerative type of
diseases [14].

The utilization of Doppler ultrasonography has
several advantages over other imaging techniques. One
of the most beneficial things about this technique is that
there is no injection of the contrast dye involved to
which some people are allergic to. This is a non-
invasive technique. It is readily accessible and is of
very low cost as compared to Magnetic resonance
imaging. We can also study the structure of the tendons,
ligaments, and bones on a micro level. Another huge
advantage of using Doppler ultrasonography is that
there are no radiations involved in this technique so the
chances of malignancies as a result of ultrasonography
are almost zero. The chance of the associated
complications because of this imaging technique is
almost next to nothing. There are some structures in
which MRI has the upper hand like menisci, cruciate
ligaments, and bone marrow but still ultrasonography
can be employed sub-optimally. In this article, we will
throw light on how Doppler ultrasonography provides
aid in diagnosing various knee disorders and in some
cases even treating them [15, 16].

Ultrasonography in Various Knee Disorders

Knee ultrasound is useful if we want to
diagnose multiple conditions like cellulitis, abscess of
the soft tissue, cellulitis, cystic lesions, joint effusions,
and help in differentiating whether the dilation in the
knee is because of the cyst or aneurysm, injuries of the
muscle like the rupture of the quadriceps tendon,
inflammatory conditions affecting the bursa of the knee
like prepatellar bursitis, infrapatellar bursitis, etc.

Bursae

Numerous bursae are present in the knee
which serves the function of reducing the friction
between the joints. These are various sacs filled with
fluid and any condition that compromises the structural
integrity of the sac can result in the effusion of the
fluid. The joint effusion on an ultrasound can appear as
anechoic if the injury is acute or hypoechoic if the
injury is containing some debris material. There are
four bursae present around the knee joint and all are
prone to inflammation.

Prepatellar Bursitis

Prepatellar bursitis is the bursa present
between the skin and the knee and is the most
commonly inflamed bursitis of the knee because of its

relatively superficial position [17]. Prepatellar bursitis
is commonly seen in those people who spend much of
their time kneeling, hence the name housemaid's knee.
Other risk factors include infectious diseases,
rheumatoid arthritis, direct injury to the bursa, or gout
[18-20]. Ultrasound helps differentiate inflammation
and tendinopathy and also in obtaining needle aspirates
from the optimal position [21]. The inflamed bursa
appears as an area of hypoechogenicity showing
synovial fluid accumulation which is sometimes
accompanied by thickened synovium [22].

Knee Tendon Bursitis

Knee tendon bursitis also known as PES
Anserine Bursitis is the inflammation of the bursa that
is present between the tibia and the three muscles out of
which two are the knee adductors while one is a part of
the hamstring muscles namely sartorius, gracilis, and
semitendinosus. This type of bursitis is commonly seen
in athletes due to overexertion of the hamstring muscles
and the usage of inappropriate training techniques [24].
Sonographically, a normal bursa appears to show
hyperechogenicity peripherally and hypoechogenicity
in the center. In knee tendon bursitis, ultrasound shows
a cystic mass and sometimes reveals inflammatory
exudates in the bursae [25]. Doppler ultrasonography
also plays an effective role in locating the accurate site
of the PES anserine bursa for the proper administration
of peripheral nerve blockers needed in this disease [26].

Popliteal Cysts

Popliteal cyst, also called baker’s cyst, is a
condition in which fluid accumulates in the popliteal
fossa. It is the enlargement of the gastrocnemius and
semi membranosus bursa resulting in a rigid knee joint
which causes pain when there is flexion or full
extension of the knee [27]. It is commonly seen in
diseases that destroy the articular cartilage or those that
result in meniscal tears. The diagnosis of the popliteal
cyst is confirmed by using ultrasound or magnetic
resonance imaging. It is important to pinpoint the
location of the flow of synovial fluid that is being sent
from the knee joint into the cyst [28]. There is also a
chance of rupture of the cyst which can produce further
complications like hemorrhages, loose bodies, or
bruising of the leg by leakage of the fluid [29]. The
ultrasound detects Baker cyst as a structure filled with
fluid on the medial aspect of the popularity of fossa
which sometimes crosses the midline when it is large
enough. In case of fracture, the inferior aspect of the
bursa may show a pointed appearance [30].

Tendinopathies

One of the major strengths of ultrasonography
is assessing the physiological condition of different
tendons. We can easily differentiate whether the
pathology is being caused by a rupture of the tendon or
some inflammation. Identification of the site of tendon
rupture by ultrasonography has given some new
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insights and has been proven successful in surgical
techniques.

Osgood-Schlatter Disease

Osgood-Schlatter disease is an inflammatory
condition in which there is the formation of a bump
over the knee which causes pain when there is exertion
over the knee joint [31]. The pathophysiology of the
disease includes repeated tension over the growth plate
of the upper tibia which causes intermittent pain in the
knee joint, especially after exertion. The disease is
common in those people in whom there is an overuse of
the knee joint like athletes, workers, etc. The goal of
ultrasound is to diagnose the disease in its early stages
[32]. This disease has some unique features and
ultrasonography can show these abnormalities perfectly
[33]. Increased swelling over the surface of the tibia,
increased vascularity of formation of a new tuberosity
on the anterior surface of the tibia will be noticed and is
shown by acoustic shadowing on the ultrasound [34,
35].

Jumper's Knee

This disease is also called patellar tendonitis
and it is characterized by symptomatic pain on the
anterior surface of the knee. The overuse of the patellar
tendon is the pathophysiology of this disease which can
lead to tearing of the tendon [36]. The patellar tendon
connects the tibia to the patella and straightens out the
knee. This disease is most commonly seen in those
people who play sports that involve jumping like
volleyball and basketball [37]. It is a degenerative
disorder rather than an inflammatory disease. Usually,
the diagnosis is based upon care for medical history but
ultrasound and MRI are sometimes used to confirm the
diagnosis [38, 39]. Sonographically, there is the
presence of hypoechoic focal lesions located in the
proximal insertion of the patellar tendon which
represents zones of intratendinous lesions and, also by
measuring the flow on power Doppler ultrasonography,
we can easily find information about the site of
pathology [40, 41].

Rupture of the Quadriceps Tendon

On a normal ultrasound, parallel rays running
across the length of the muscle can be seen which
represents the convergence of the four muscles [42].
The quadriceps tendon has three layers. The superficial
layer is formed by the rectus femoris muscle. The
intermediate layer is formed by vastus medialis and
vastus lateralis while the deepest layer is formed by
vastus intermedius. The tears in the quadriceps tendon
show duality in their nature i.e. partial or complete.
Complete tears are the ones in which there is the
complete destruction of the soft tissue resulting in the
rupture of all three layers of the quadriceps tendon. In
contrast to the complete tear, the partial tear represents
the rupture of a single or multiple layers. The function
of the tendon is the extension of the knee which is lost

after the rupture rendering the knee incompetent for
straightening ultimately resulting in the loss of a normal
gait [43, 44]. There is a tearing or popping sensation
accompanied by pain and swelling. By using
ultrasonography, not only we can determine the site of
the tear but also we can find information about whether
the tear is complete or incomplete. On a normal
ultrasound, parallel rays running across the length of the
muscle can be seen which represents the convergence
of the four muscles. Ultrasonogram shows an anechoic
area superior to the patella with disrupted quadriceps
and b which it is accompanied by hematoma [45].

Other Tendinopathies

Other than the aforementioned diseases, some
other tendinopathies can also be visualized by using
ultrasonography like distal biceps femoris and pes
anserinus tendinitis, which are seen mostly in athletic
people. Ultrasonography shows thickening of the bands
or synovial fluid effusion in the neighborhood of the
knee bursae [46].

Ligaments

There are four ligaments present in the knee
joint namely anterior cruciate ligament, posterior
cruciate ligament, medial collateral ligament, and
lateral collateral ligament. The anterior and posterior
cruciate ligament keeps in check the anterior and
posterior movement of the knee cruciate ligament helps
in stabilizing the knee. Both the cruciates are
intracapsular ligaments and appear hypoechoic while
the collateral ligaments are outside the joint capsule and
appear hyperechoic on an ultrasonogram [47].
Commonly, injuries to the ligaments occur when the
knee is stretched or when there is a direct impact on the
knee when the foot is in a planted position. Injury to the
ligament can be a complete or a partial tear. In a
complete tear, there is the presence of hypoechoic
granulation tissue whereas, in partial tear, this
hypoechogenicity is localized to a small portion.

Anterior Cruciate Ligament Injury

The anterior cruciate ligament connects the
knee to the shin bone and originates from the medial
wall of the lateral femoral condyle and inserts into the
intercondylar area. Injury to the ACL occurs when the
feet stay planted and the knee is stretched in the
opposite direction. This results in overstretching of the
anterior cruciate ligament. Sonographically, the anterior
cruciate ligament appears as a small oval-shaped
hypoechoic structure but when there is a tear present in
the ligament, there is hypoechoic collection along the
intercondylar notch representing a presence of a
hematoma [48-50].

Posterior Cruciate Ligament Injury

The posterior cruciate ligament joins the
medial condyle of the femur to the posterior part of the
intercondylar area. The PCL is an opposite analog of
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the ACL and prevents the sliding of the femur over the
tibia in such a way that tibia is not displaced
posteriorly. Falling when the knee is bent while the foot
is pointing downwards is a common cause of injury to
the ligament and occurs mostly in contact sports [51].
Ultrasound shows this injury as enlargement of the
entire posterior ligament and also there is the loss of
sharply defined posterior border [52].

Medial Collateral Ligament Injury

There are two portions of the medial collateral
ligament namely the deep and superficial. The deep part
of the ligament is most commonly damaged out of the
two. Injury to this ligament occurs when the force is
applied from the lateral side of the knee when the leg is
in a fixed position [53]. Ultrasonography shows this
injury as heterogeneously hypoechoic mass lesions due
to the presence of edema and hemorrhage and also,
there is a loss of sharply defined margins of the
ligaments [54]. There is thickening of the whole
ligament. According to a study, the sensitivity of
sonography for medial Collateral ligament injuries was
found to be nearly 94%.

Lateral Collateral Ligaments

The lateral collateral ligament originates from
the lateral condyle of the femur to the fibular head.
Lateral collateral ligament injury occurs when there is
the application of force on the inside of the knee which
causes the ligament to overstretch or tear. A partial tear
shows tendon thickening while a complete tear will
show hypoechoic focal hematoma and destruction of
the fibers of the ligament.

Cartilaginous

In diseases affecting the cartilage, it is very
important to assess the extent of damage to the
cartilaginous structure for prompt treatment. Cartilage
on ultrasound appears hypoechoic with a smooth
contour. Ultrasound has a number of advantages over
Magnetic resonance imaging in detecting cartilaginous
thinning and minute surface defects.

Osteoarthritis

One of the most common joint disorders is
osteoarthritis. It has become one of the most prevalent
degenerative cartilaginous diseases affecting lifestyles
of a huge population [55]. The most important measure
taken to detect osteoarthritis is the thickening of the
cartilage which represents the onset and the progression
of the disease. There are also other associated
conditions like the formation of osteophytes, erosion of
the bones, and synovial lesions. Osteoarthritis is
detected on ultrasonography as the decreased quantity
of tibiofemoral cartilage, thinning of the hyaline
cartilage [56, 57]. Sometimes, bony lumps can also be
seen in the knee floating around. Bony erosion will be
revealed as hypoechoic like defects along the sharp
margins of articular cartilage [58].

Rheumatoid Arthritis

Rheumatoid arthritis is an autoimmune
disorder in which multiple joints of the body are
affected by its own defenses. It is characterized by
progressive  disability,  systemic  complications,
persistent synovial inflammation, and the presence of
antibodies against the rheumatoid factor [59]. The T
cells are found in abundance in the synovium of the
joint but the pathophysiology behind destruction of the
joints mediated by T-cells is still unknown. According
to some studies, smoking is one of the most common
environmental risk factors found in patients with
rheumatoid arthritis [60]. Studies also link some genetic
factors to rheumatoid arthritis. The morphological
changes brought about are easily detectable by the use
of ultrasound. Ultrasound helps us to monitor the
response of the disease to the administered drugs [61,
62]. Increased synovial thickening and presence of
bony erosions are some of the common findings in
which conventional therapy does not do much better.
Power Doppler ultrasonography also enables us to look
for increased vascularity in the synovium. Hyperplasia
of the synovium of the joint is the major contributor to
cartilage damage. Nowadays, the treatment of
rheumatoid arthritis has improved significantly over the
recent decade owing to early diagnosis of the disease.
Disease modifying anti-rheumatic agents has proven to
be effective in its treatment after which tissue necrosis
factor inhibitors are usually the second line of drugs in
the treatment regimen.

CONCLUSION

Doppler ultrasonography has revolutionized
our ways of diagnosing most diseases and also helps us
with the necessary precise treatment. The development
of high-resolution ultrasonography has made it one of
the most commonly used imaging techniques in the
field of orthology. Tendinopathies, ligament injuries,
disease-causing degeneration of articular cartilage,
complete or partial rupture of a tendon, synovial lesions
or, inflammation of bursae, all can be assessed with
maximum accuracy using ultrasonography. To cure any
disease completely, there must be a whole
understanding of the location and severity of the disease
so that prompt treatment measures can be performed as
early as possible. Doppler ultrasonography helps us in
climbing this step.
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