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Traumatic knee lesions are frequently en-
countered both in general practice and in 
the hospital setting. These injuries are often 
caused by sports and other physical activi-
ties and may lead to severe pain and dis-
ability (1,2).

The initial evaluation of a patient who sus-
tained a knee trauma is usually aimed at 
ruling out a fracture. To this end, several  
clinical decision aids have been devel-
oped, of which the so-called Ottawa knee 
rule is the most widely accepted and com-
monly used example (3,4). This prediction 
rule involves taking the clinical history and  
performing a brief physical examination to 
determine the likelihood of a fracture and 
the need for a knee radiograph. Physical 
examination in the acute stage is, how-
ever, often limited by joint swelling, pain, 
and guarding (5,6). Moreover, only bony  
abnormalities can be visualized on knee 
radiography, although many other non- 
osseous traumatic abnormalities may be 
present, such as lesions of the ligaments, 
menisci, tendons, and cartilage. 

To evaluate these structures non-invasively 
and accurately, magnetic resonance imag-
ing (MRI) has been established as the best 
available imaging technique. Since the in-
troduction of MRI for clinical purposes in 

the mid-1980s, the technique has improved 
substantially and is still evolving, especially 
with the introduction of dedicated knee 
coils and optimization of pulse sequences. 
Nowadays, MRI is commonly used for the 
evaluation of the knee joint and has largely 
replaced invasive diagnostic arthroscopy 
for this purpose (7-10). Nevertheless, MRI 
is rarely performed in the initial evaluation 
after trauma, but usually at a later stage in 
case of persisting symptoms. This is largely 
due to the high costs, limited availability, 
and long duration of an MRI examination.

Considering the capabilities of MRI and the 
limitations of thorough physical examination 
in the acute stage after trauma, one may 
wonder whether MRI could play a role in the 
initial evaluation after trauma. One might 
even hypothesize that despite the costs of 
MRI, it could be cost-saving from a societal 
perspective: detailed information in an early 
stage may result in a more timely diagnosis 
and treatment in patients who would other-
wise have been followed up. Conversely, it 
may identify patients who do not need spe-
cific treatment, and can be discharged from 
follow-up. In a patient population that con-
sists largely of young and physically active 
persons, this may lead to shorter absence 
from work, reduced loss of productivity and 
hence to lower costs to society. 
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AIMS AND OUTLINE  
OF THIS THESIS

The purpose of this thesis was to study vari-
ous aspects of MRI for traumatic knee injury, 
starting with a review of MRI for traumatic 
knee injury and a systematic review on its  
diagnostic performance. Second, we aimed 
at assessing the costs and effectiveness of 
applying a brief MRI examination in the ini-
tial evaluation after knee trauma. Finally, our 
purpose was to evaluate the natural course 
of meniscal lesions and the development of 
degenerative knee abnormalities on follow-
up MRI. 

Review studies on MRI for 
traumatic knee injury
In chapter 2 we discuss the indications for 
knee MRI in the setting of trauma, the most 
commonly used MRI techniques, and we re-
view and illustrate the MRI appearance of 
the most frequently encountered knee ab-
normalities. 

We performed a systematic review and me-
ta-analysis on the diagnostic performance of 
MRI of the menisci and cruciate ligaments, 
described in chapter 3. In this study, we also 
analyzed whether diagnostic performance 
differs across lesions and how the diagnostic 
accuracy is influenced by study design char-
acteristics and magnetic field strength of the 
MRI scanner.

Randomized controlled trial 
in the hospital emergency 
department
We conducted a prospective randomized 
controlled trial (RCT) to investigate the ap-
plication of MRI in the initial evaluation after 
knee trauma, focusing on its value in thera-
peutic decision-making, its effectiveness, 
and costs. Patient visiting the emergency 
department of our hospital because of acute 
knee trauma were randomized between the 
current diagnostic work-up (radiography) 
and a strategy in which radiography was  
followed by a short MRI examination. 

In chapter 4 we study whether such a short 
MRI examination can aid in the prediction 
if specific treatment is required after acute 
knee trauma or if patients can be discharged 
without the need for further follow-up. 

In our RCT, we also collected data on costs 
and quality of life, and we analyzed the 
costs and effectiveness for each diagnostic 
strategy from a societal perspective (11,12). 
The results of this study, in which patients 
with acute wrist and ankle trauma were also  
included, are presented in chapter 5. 

In chapter 6 the cost analysis is specifically 
focused on knee trauma, including an ad-
ditional modeled diagnostic strategy consist-
ing of selective use of MRI only if radiogra-
phy showed no fracture. 

Using the data of the RCT, we performed 
a value of information analysis to study the  
requirements and targets of future outcomes 
research into the use of MRI for acute knee 
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trauma in the emergency department set-
ting, described in chapter 7.

MRI follow-up study in general 
practice
As mentioned earlier, traumatic knee abnor-
malities are also frequent in primary care, 
with a reported incidence of 5.3 per 1000 
patients in Dutch general practice (13). 
Furthermore, in the Netherlands most pa-
tients with knee trauma are managed by 
the general practitioner (14). As part of a 
large observational cohort study into knee 
complaints in general practice (15), we per-
formed an MRI follow-up study in a subgroup 
of 134 adult patients who visited the general 

practitioner because of knee trauma. These 
patients underwent initial MRI between 3 to 
6 weeks after trauma, as well as a follow-up 
MRI after one year. 

We evaluated the natural course of meniscal 
lesions (chapter 8) and the development or 
progression of knee osteoarthritis (chapter 
9) during the one year follow-up. In these 
studies, we also assessed predictive factors 
for meniscal status change and for develop-
ment or worsening of osteoarthritic change 
after one year. 

In chapter 10 the main findings in this thesis 
are summarized and discussed. 
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ABstract

Magnetic resonance imaging (MRI) is a well-
established technique for detecting internal 
derangements of the knee joint with high 
diagnostic accuracy. It is an effective tool to 
select patients for targeted therapeutic ar-
throscopy. In this article, indications for knee 
MRI and most commonly used MRI tech-

niques are outlined, followed by an overview 
of the most frequently encountered trau-
matic knee derangements in daily practice 
and their appearance and grading system 
on MRI. Lesions discussed include fractures, 
osteochondral lesions, bone bruise, cruciate 
and collateral ligament lesions, and menis-
cal tears. Finally, common pitfalls and recent 
developments in knee MRI are addressed.
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Magnetic resonance imaging (MRI) is a 
well-accepted imaging modality in the di-
agnostic workup of patients with knee com-
plaints and has largely replaced diagnostic 
arthroscopy for this purpose (1-4). Whereas 
conventional radiographs may only reveal 
large osseous lesions, MRI is capable of 
depicting soft-tissue abnormalities, such 
as meniscal lesions, cruciate ligament and 
collateral ligament lesions, tendinous le-
sions, and loose bodies, which may lead 
to targeted therapeutic arthroscopy. In ad-
dition, subtle osseous abnormalities such 
as radiographically occult fractures, bone 
marrow edema, and osteochondral lesions 
can be diagnosed with MRI. Previous studies 
have demonstrated a high diagnostic accu-
racy of knee MRI as compared to arthros-
copy, in particular with regard to meniscal 
tears and cruciate ligament ruptures (5-7). 
This article starts with a brief discussion on 
the indications for knee MRI in the setting 
of trauma. The most commonly used MRI  
examination techniques are outlined next, 
followed by an overview of the most fre-
quently encountered traumatic knee ab-
normalities in daily practice and their MRI 
characteristics. Finally, several common pit-
falls and recent advances in knee MRI are 
discussed. 

Indications for Knee MRI

Many studies have reported on the indica-
tions for MRI of the knee joint in various clin-
ical settings. In the context of trauma, MRI is 
generally considered a valuable diagnostic 
tool when there is a history of acute knee 

trauma (8), posttraumatic limited or painful 
range of motion, or mechanical knee symp-
toms, such as catching, locking, snapping, 
or crepitus (9). Previous studies have evalu-
ated the value of MRI in the acute stage after 
trauma, and found that MRI has limited cost 
effectiveness in this setting (10,11). MRI is 
therefore usually performed at a later stage 
if symptoms persist. Although the diagnostic 
performance of knee MRI is high, close cor-
relation with the clinical history and findings 
on clinical examination is essential to avoid 
misinterpretation (12).

MRI EXamination 
TechniQue

MRI Equipment
Apart from the traditional closed whole-body 
MRI units, several other magnet designs ex-
ist, some of which have been designed spe-
cifically for extremity imaging (ie, dedicated 
extremity closed and open systems) (13). 
The effect of magnetic field strength, which 
usually varies between 0.2 and 1.5 Tesla, 
has been demonstrated to be of no signifi-
cant influence on diagnostic performance 
of meniscal and cruciate ligament tears (5); 
however, a high field strength system is con-
sidered necessary for high-resolution imag-
ing of the articular cartilage. A dedicated 
extremity or knee coil should be used to 
maximize the signal-to-noise ratio.

Patient Positioning
The patient is usually imaged in the supine 
position with the knee nearly or fully extend-
ed and slightly rotated externally to align 
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the anterior cruciate ligament parallel to the 
sagittal plane for better visualization. 

Pulse Sequences
A wide variety of MRI pulse sequences can 
be performed to produce diagnostic quality 
images. These include spin-echo, fast (tur-
bo) spin-echo, and gradient-echo sequenc-
es, which all have been proven suitable for 
knee imaging. T1 or proton density-weighted 
sequences are most suitable for visualizing 
the ligamentous anatomy. T2 or short tau 
inversion recovery (STIR) sequences with fat 
saturation are essential to demonstrate bone 
marrow edema. Typically, a routine scan-
ning protocol would consist of a combina-
tion of one or more of these sequence types 
performed in the axial, sagittal, and coronal 
planes using thin sections (maximum 3 mm 
with an interslice gap of 0.5 to 1 mm). A 
field-of-view of 12 to 16 cm depending on 

Figure 1. Fracture. (A) Sagittal T2-weighted turbo spin-echo 
image. Intra-articular fracture of the tibial plateau (long ar-
row) with an associated lipohemarthrosis in the suprapatellar 
recess (short arrow). (B) Coronal short tau inversion recovery 
image shows extensive bone marrow edema surrounding the 
fracture (arrows). Figure 2. Avulsion fracture. Coronal proton density-weighted 

turbo spin echo image shows an avulsion fracture of the fibu-
lar head at the insertion of the conjoint tendon of the fiular 
collateral ligament and biceps femoris tendon (arrow).



19

MRI for traumatic knee injury: a review

patient size is commonly used with a high-
resolution matrix of at least 140 steps in the 
phase-encoding direction and 256 steps in 
the frequency-encoding direction. Although 

many institutions use standardized protocols 
for routine scanning, individual tailoring is 
necessary to yield optimal diagnostic perfor-
mance for specific clinical queries. For ex-
ample, a thin section axial sequence should 
be included in the protocol if damage to the 
patellofemoral joint is suspected and a cor-
onal T2-weighted sequence is necessary to 
demonstrate collateral ligament lesions.

Osseous and Chondral 
Lesions

Fractures and Dislocations
Occasionally, fractures may be invisible on 
conventional radiographs. If a fracture is 
strongly suspected, tomographic techniques 
such as computed tomography (CT) and MRI 

Figure 3. Stress fracture. (A) Coronal proton density-weighted 
turbo spin echo image. Running athlete with recurrent pain 
on the medial side of the knee. A stress fracture is demon-
strated in the medial tibial metaphysis (arrow), which was not 
visible on plain radiography. (B) Coronal short tau inversion 
recovery image. There is extensive bone marrow edema sur-
rounding the stress fracture (arrows).

Figure 4. Bone marrow edema. Coronal short tau inversion 
recovery image shows bone marrow edema in the medial 
femoral condyle (long arrow) in a patient who sustained a di-
rect hit to the medial side of the knee. In addition, soft-tissue 
edema is seen superficial to the iliotibial tract (short arrow), 
indicating a grade 1 lesion or sprain.
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may be indicated to reveal a radiographi-
cally occult fracture. Fracture lines appear 
as dark signal intensity lines on all pulse 
sequences, and are usually surrounded by 
areas of bone bruise visible on fat-saturated 
images (Fig. 1). In case of an intra-articular 
fracture, fatty bone marrow will leak into the 
joint space, resulting in a lipohemarthrosis, 
which is usually visible in the suprapatellar 
recess (Fig. 1A). MRI may also be used to 
demonstrate avulsion fractures, which can 
be hard to diagnose on plain radiography 
if there is no displacement (14) (Fig. 2). 
Stress fractures may also be difficult to di-
agnose on plain radiographs, but are well 
visualized on MRI (Fig. 3). In the setting of 

a radiographically demonstrated fracture, 
CT with multiplanar and three-dimensional 
(3D) reconstructions is often performed to 
demonstrate the exact course of the fracture 
lines to guide treatment planning. MRI is, 
obviously, more suitable for evaluating as-
sociated soft-tissue lesions (15,16). Like-
wise, MRI may be helpful in assessing the 
full extent of ligamentous disruptions that 
are invariably present after knee dislocation, 
as well as demonstrate additional osseous, 
vascular, or nervous injuries (17).

Patellar dislocations are commonly associ-
ated with rupture of the medial patellar reti-
naculum and this may be well visualized on 
axial MRI sequences (18).

Figure 5. Kissing contusion. Sagittal T1-weighted 3D fast 
field echo with spectral presaturation inversion recovery 
(SPIR) image. Patient with complete ACL rupture follow-
ing skiing injury. Bone marrow edema is seen in the lateral 
femoral condyle (long arrow) and the posterolateral aspect 
of the tibial plateau (short arrow), a so-called kissing contu-
sion, which typically occurs due to the trauma mechanism 
of a total ACL rupture.

Figure 6. Osteochondritis dissecans. Sagittal T2-weighted 
turbo spin echo image shows a large defect of the articu-
lar surface of the medial femoral condyle (long arrow). Since 
there is complete detachment of an osteochondral fragment 
(dislocated to the intercondylar notch, not shown), this lesion 
was classified as grade 4 osteochondritis dissecans. In ad-
dition, a Baker’s cyst is present (short arrow), which is most 
often associated with internal derangements of the knee joint 
or degenerative osteoarthritis.
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Bone Marrow Edema/Bone 
Bruise
Bone marrow edema is most easily identi-
fied on T2 or STIR sequences with fat sup-
pression on which it appears as an area of 
high signal intensity (Fig. 4). Bone bruise 
can occur as an isolated finding usually 
after a direct hit. More often, though, it is 
associated with other abnormalities such as 
ligamentous lesions, and frequently a typi-
cal pattern of bone bruise according to type 
of injury is seen (19). For example, during 
the mechanism of complete anterior cruci-
ate ligament (ACL) rupture, a transient sub-
luxation combined with impaction between 
the lateral femoral condyle and the postero-
lateral aspect of the tibial plateau typically 
occurs, resulting in a characteristic pattern 
of bone marrow edema in these locations, 
which is sometimes referred to as a “kissing 
contusion” (Fig. 5).

Articular Cartilage Lesions
Damage to the articular cartilage may be 
caused by acute trauma, but more common-
ly is the result of chronic repetitive trauma or 
degenerative change. It may be difficult to 
distinguish between an acute and chronic 
chondral lesion, but analyzing the pattern 
of concurrent lesions such as ligament tears 
and bone bruise may help in the diagnosis. 
Osteochondritis dissecans is a local defect 
of the articular surface most commonly seen 
in adolescents and young adults. It is usually 
caused by repetitive trauma and MRI find-
ings range from subchondral edematous 
changes to complete separation of an os-
teochondral fragment from the surrounding 
subchondral bone. Several grading systems 

Figure 7. Normal ACL. (A) Sagittal proton density-weighted 
turbo spin echo image demonstrates the normal ACL as a 
straight low signal intensity band running from the medial 
aspect of the lateral femoral condyle to the tibial plateau (ar-
row). (B) On the coronal proton density-weighted image the 
insertion site of the ACL on the tibial plateau is well visualized 
(long arrow). In addition, the attachment of the PCL on the 
lateral aspect of the medial femoral condyle (short arrow) and 
a normal MCL (arrowhead) are seen.



Chapter 2

22

exist, which all refer to the integrity of the ar-
ticular surface and demarcation and stabil-
ity of the osteochondral fragment (20) (Fig. 

6). Chondromalacia is usually diagnosed in 
the setting of degenerative change and is 
therefore not discussed here.

Ligamentous InJurY

Cruciate Ligament Tears 
Anterior Cruciate Ligament (ACL)
The ACL is an intracapsular extrasynovial 
structure composed of two separate bundles 
of fibers and is usually evaluated on T2-
weighted or proton density-weighted imag-
es, where it appears as a straight low-signal 
intensity band running from the medial as-
pect of the lateral femoral condyle to the 
tibial plateau adjacent to the anterior tibial 
spine. The ACL is usually well evaluated in 
the sagittal plane, but images in the axial 

Figure 8. Complete ACL rupture. Sagittal proton density-
weighted turbo spin echo images. (A) Nonvisualization of 
continuous ACL fibers with amorphous high signal intensity 
material in this area (arrow), consistent with complete ACL 
rupture. (B) Complete disruption of the ACL fibers with the 
completely torn ACL lying on the tibial plateau (arrow), re-
sembling the “double PCL sign” that can be seen with bucket 
handle meniscal tears.

Figure 9. Buckled PCL sign. Sagittal T2-weighted turbo spin 
echo image. Abnormal alignment of the femur and tibia due 
to complete ACL rupture, resulting in a buckled appearance 
of the PCL, the so-called buckled PCL sign (arrow).
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and coronal plane can be helpful in assess-
ing the femoral and tibial attachments (Fig. 
7).

Primary signs of a total ACL rupture are a 
complete disruption of the ACL fibers, ab-
normal signal intensity within the ligament 
and in the surrounding region, abnormal 
slope of the ACL, and nonvisualization of 
ACL fibers both in the sagittal and coronal 
planes (Fig. 8). Hemorrhage and edema 
may appear as an amorphous mass produc-
ing mass effect. Many indirect signs of ACL 
rupture have been described, such as the 
“anterior drawer sign,” “buckled PCL sign,” 
and the aforementioned “kissing contusion" 

(21-24). The anterior drawer sign refers to 
an abnormally anterior position of the tibial 
plateau relative to the femoral condyle in 
the extended knee, which is normally pre-
vented by an intact ACL. Related to this is 
a buckled appearance of the PCL on sagit-
tal images (the buckled PCL sign), which is 
caused by the abnormal alignment of femur 
and tibia (Fig. 9). The presence of one or 
more of these indirect signs increases the 
likelihood of, but does not rule out, an ACL 
rupture. Usually, however, the diagnosis of 
complete ACL rupture can be made using 
primary signs alone. In partial ACL ruptures, 
focal areas of high signal may be seen with-
in the ACL, with largely intact fibers and a 

Figure 10. Partial ACL rupture. Two consecutive sagittal proton density-weighted turbo spin echo images. Focal areas of high 
signal intensity are seen in the course of the ACL, with partial discontinuity of the ACL fibers (long arrows). A couple of intact fibers 
are also noted (short arrows). Since the knee was stable on physical examination, this lesion was interpreted as a partial or subtotal 
ACL rupture.
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clinically stable knee (Fig. 10). Partial ACL 
ruptures are difficult to diagnose and dif-
ferentiate from complete tears and clinical 
correlation is essential (25).

Posterior Cruciate Ligament (PCL)
The normal PCL is visualized as a dark 
structure running from the lateral aspect of 
the medial femoral condyle to attach on the 
posterior tibial plateau (Figs. 7B and 11). 

Since it is composed of one bundle of fibers, 
it appears more uniformly hypointense than 
the ACL. The same primary signs of ACL 
rupture can be applied to the PCL (Fig. 12). 
Isolated PCL lesions are rare and PCL rup-

tures most commonly occur due to a direct 
blow on the anterior tibia with a flexed knee 
in the setting of a “dashboard injury" (26).

Collateral Ligament Tears 
Medial Collateral Ligament (MCL)
The MCL can be divided into two layers: the 
superficial fibers and the deep fibers that are 
attached to the joint capsule and the medial 
meniscus. The two layers are separated by 
a potential space, the tibial collateral bursa, 
which can be filled with fluid in the setting of 
a MCL lesion. The MCL is best visualized on 
coronal images where it appears as a dark 
band extending from the medial femoral 
condyle to insert on the medial aspect of the 
tibia approximately 4-5 cm below the joint 
line (Fig. 7B). Lesions of the MCL are grad-
ed as follows: Grade 1 (sprain) lesions are 
defined as high signal intensity superficial 
to the MCL representing edema, with intact 
MCL fibers (Fig. 13A). In grade 2 (partial 
tear) lesions, fluid signal extends partially 
through the MCL, although some fibers re-
main intact (Fig. 13B). In grade 3 lesions, 
complete discontinuity of the MCL fibers is 
seen along with surrounding edema, con-
sistent with a complete rupture (Fig. 13C). 
MCL injuries are usually caused by valgus 
stress, and are often associated with other 
knee derangements.

The combination of an ACL tear, MCL tear, 
and medial meniscal tear occurs with valgus 
stress to the knee while the foot is fixed on 
the ground, and is also known as the “un-
happy triad” or O’Donoghue’s triad (27).

Figure 11. Normal PCL. The normal PCL is visualized as 
a dark band running from the lateral aspect of the medial 
femoral condyle to the posterior tibial plateau (long arrow) 
on this sagittal proton density-weighted turbo spin echo im-
age. Also note the presence of a meniscofemoral ligament of 
Humphrey (short arrow), which may mimic a loose body.
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Lateral Collateral Ligament (LCL)
The LCL complex consists of several indi-
vidual components. The fibular collateral 
ligament (or the lateral collateral ligament 
proper) extends from the lateral femoral 

condyle and merges with the biceps femoris 
tendon to form the conjoint tendon, which 
inserts on the fibular head. The iliotibial 
tract is a continuation of the tensor fascia 
lata and inserts at Gerdy’s tubercle on the 
anterolateral aspect of the tibia (Fig. 4). 
Like the MCL, the LCL is best visualized on 
coronal images. Lateral collateral ligament 
injuries are usually classified similarly as 
medial collateral ligament lesions, using the 
3-point grading system as outlined above. 
Lesions of the LCL are most often caused 
by varus stress and therefore may be associ-
ated with impression fractures of the medial 
tibial plateau. In addition, LCL ruptures are 
frequently seen together with other injuries 
of the posterolateral corner (28) (Fig. 14).

Figure 12. PCL ruptures. Sagittal proton density-weighted turbo 
spin echo images. (A) Thickened PCL with focal areas of high 
signal intensity and partial discontinuity of the PCL fibers (ar-
row), consistent with a partial PCL rupture. (B) Complete non-
visualization of the PCL fibers with high signal intensity in this 
area (arrow), indicating a PCL rupture. (C) Complete disruption 
of all PCL fibers indicative of a complete midsubstance tear of 
the PCL (arrow).
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Figure 13. MCL lesions. (A) Coronal turbo inversion recovery mag-
nitude image demonstrates edema surrounding intact MCL fibers 
(arrow), consistent with a grade 1 lesion. (B) Coronal T2-weighted 
turbo spin echo image shows a partial disruption of the MCL fibers 
with surrounding edema and a wavy appearance of the remaining 
fibers (arrow), indicating a grade 2 (partial) rupture. (C) A complete 
(grade 3) rupture of the MCL is visualized on this coronal short tau 
inversion recovery image. Complete discontinuity of the MCL fibers 
is seen with extensive soft-tissue edema in this region (arrow).

Figure 14. Complete LCL rupture. Coronal T2-weighted turbo 
spin echo image. There is complete discontinuity of the LCL 
and biceps femoris tendon (arrow), indicating a total rupture. 
Extensive soft-tissue edema is seen in this region. In addition, 
the patient had severe injury to the posterolateral corner, in-
cluding rupture of the posterior joint capsule, as well as a total 
ACL rupture and partial PCL rupture.
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Meniscal PathologY

The menisci serve an important role in knee 
function, stability and load transmission, 
and are composed of fibrocartilage fibers. 

These are oriented mostly in a circumfer-
ential manner in the peripheral one third of 
the meniscus and both transverse and cir-
cumferential in the central two thirds of the 
meniscus. Because of this difference, the 
periphery of the meniscus is biomechani-
cally more important than the inner part, 
and consequently a torn meniscus can still 
facilitate load transmission as long as the 
periphery remains intact. The periphery of 
the meniscus is vascularized and appears as 
the “red zone” on arthroscopy. Therefore, 
a tear that is confined to the periphery has 
greater healing potential than a tear that 
also involves the avascular central portion, 
also known as the “white zone” arthroscopi-
cally. Depending on the section, the normal 
MRI appearance of the meniscus on sagit-
tal sections is either that of a single bow-
tie shaped structure in the periphery or two 
triangles with facing apices representing the 
anterior and posterior horns more centrally 
(Fig. 15). The anterior and posterior horns 
of the lateral meniscus are approximately 
equal in size, whereas the posterior horn of 
the medial meniscus is nearly twice as large 
as the anterior horn (29). The normal me-
niscus demonstrates low signal intensity on 
all pulse sequences, and should be evalu-
ated on both sagittal and coronal images.

Meniscal Tears
Two criteria for diagnosing a meniscal tear 
are commonly used: (1) an intrasubstance 
area of intermediate or high signal intensity 
that unequivocally extends to the articular 
surface, and (2) abnormal meniscal mor-
phology (30,31). Intrasubstance signal is 
graded as follows: Grade 1 represents in-

Figure 15. Normal lateral meniscus. Sagittal proton density-
weighted turbo spin echo images. (A) In the peripheral part, 
the normal meniscus demonstrates a single bow-tie-shaped 
configuration (arrow). (B) More centrally, the normal meniscus 
is visualized as two triangles with facing apices representing 
the anterior and posterior horns (arrows).
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Figure 16. Grading system of meniscal lesions. Sagittal proton density-weighted turbo spin echo images of the medial meniscus. 
(A) Globular high intermediate signal intensity that does not extend to the articular surface (arrow) representing a grade 1 lesion 
(degenerative change). (B) Linear high signal that does not extend to the inferior or superior articular surface (arrow), indicating 
a grade 2 lesion (degenerative change). (C) Linear high signal intensity that intersects the inferior articular surface (arrow) repre-
senting a grade 3 lesion (meniscal tear). (D) Complex grade 4 tear extending to both the superior and inferior articular surfaces 
(arrow).
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trameniscal high signal intensity of irregu-
lar or globular appearance that is confined 
within the meniscus and does not extend to 
the articular surface (Fig. 16A). In grade 2 
the signal is linear and does not intersect 
the inferior or superior articular surface (Fig. 
16B). It may, however, contact the capsular 
margin at the posterior aspect of the menis-
cus. Both grade 1 and grade 2 lesions do 
not represent a tear, but indicate mucinous 
and mucoid intrasubstance degenerative 
change and are usually encountered after 
the third or fourth decade (32). In children 
and adolescents, prominent vasularity may 
resemble grade 1 or grade 2 lesions. Grade 
3 lesions represent meniscal tears and are 
characterized by linear high or intermediate 
signal intensity that extends to the superior 
and/or inferior articular surface (Fig. 16C). 
Grade 4 is sometimes added to indicate a 

complex tear with multiple components or 
fragmentation (Fig. 16D). Several types of 
tears with different etiology, prognosis, and 
treatment should be distinguished. Hori-
zontal tears, also called degenerative tears, 
are considered the result of severe menis-
cal degeneration and most commonly affect 
the posterior horn of the medial meniscus. 
These tears are usually asymptomatic and 
therefore often left untreated. Radially or 
longitudinally oriented tears and complex 
tears are most often the result of trauma 
and usually symptomatic (33). They have 
the tendency to progress in size or complex-
ity, and fragmentation may occur, which can 
cause severe symptoms such as locking or 
snapping. Treatment, which nowadays typi-
cally consists of arthroscopic partial menis-
cectomy, is usually indicated in these cases. 

Figure 17. Bucket handle tear of the posterior horn of the medial meniscus. (A) The displaced meniscal fragment (the “handle”) 
is visualized in the intercondylar notch (long arrow) under the PCL (short arrow) on this coronal proton density-weighted turbo spin 
echo image. (B) Sagittal proton density-weighted image shows the displaced fragment parallel to the PCL (arrow), the so-called 
double PCL sign.
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