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Anatomy and physical examination of the knee
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literature
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Objective: The objective of this study was to review the
physical examination tests available to a practitioner in
order to arrive at a clinical diagnosis or suspicion of a
meniscal lesion.

Background: The menisci transmit weight bearing
forces and increase stability of the knee. The menisci also
facilitate nutrition, provide lubrication and shock
absorption for the articular cartilage and promote knee
proprioception. The combinations of torsional and axial
loading appear to be the cause of most meniscal injuries.
Diagnosis of acute knee injuries has long been a topic for
discussion throughout the orthopedic literature. Many
clinical tests and diagnostic studies have been developed
to increase the clinician’s ability to accurately diagnose
these types of disorders of the knee.

Conclusion: The accuracy of all diagnostic tests is
thought to be dependant upon the skill of the examiner,
and the severity and location of the injury. The multitude
of tests described to assess meniscal lesions suggests that
none are consistently reliable. However, recent research
has focused on a composite score to accurately predict
meniscus lesions. The combination of a comprehensive
history, multiple physical tests and diagnostic imaging
for confirmation is typical for a clinical meniscal lesion
diagnosis while the gold standard remains the
arthroscopic procedure itself.

(JCCA 2009; 53(4):319-333)
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Objectif : L’objectif de cette étude était de passer en
revue les examens physiques que peut faire passer un
praticien pour en arriver a un diagnostic clinique ou un
soupgon de lésion méniscale.

Contexte : Le ménisque transmet les forces de charge
et accroit la stabilité du genou. Le ménisque facilite
également la nutrition et fournit de la lubrification et une
absorption des chocs pour le cartilage articulaire, en
plus de promouvoir la proprioception du genou. Les
combinaisons de charge de torsion et axiale semblent
étre la cause de la plupart des blessures méniscales. Le
diagnostic d’une blessure aigué au genou est depuis
longtemps un sujet de discussion dans la littérature
orthopédique. Bon nombre de tests cliniques et d’études
diagnostiques ont été créés pour accroitre la capacité
d’un clinicien a diagnostiquer avec exactitude ces types
de troubles du genou.

Conclusion : On croit que I’exactitude des tests
diagnostiques dépend de I’aptitude de |’ examinateur,
ainsi que de la gravité et I’endroit de la blessure. La
multitude de tests décrits pour évaluer les lésions
méniscales suggere qu’il n’en existe pas qui soit fiable de
facon constante. Cependant, la recherche récente a mis
[’accent sur un résultat combiné pour prédire avec
exactitude les lésions méniscales. La combinaison
d’antécédents détaillés, de nombreux tests physiques et
d’imagerie diagnostique aux fins de confirmation est
typique pour le diagnostic clinique d’une lésion
méniscale, bien que la norme d’excellence reste la
technique arthroscopique.

(JACC 2009; 53(4):319-333)
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Figure 1  The superior tibial plateau with the menisci (courtesy Primal Pictures Ltd. www.primalpictures.com)
Lateral Medial
Meniscus Meniscus

Anatomy
The tibio-femoral, or knee joint is the largest articulation
in the body. It is a double condyloid joint with 20° of
freedom of motion.! The condyles of the femur rest in an
incongruent manner on the shallow convex surface of the
tibia, thus the knee joint relies on other structures to pro-
vide both static and dynamic stability.! This stability is
accomplished by the various soft tissue structures: the an-
terior and posterior cruciate ligaments, the medial and
lateral collateral ligaments, the menisci, the capsule and
the muscles crossing the joint.!-4

Historically, the medial and lateral cartilages (menisci)
of the knee were thought to be vestigial structures that
had no real significance with regard to dynamic knee
function.> However, orthopedic literature clearly shows
that the medial and lateral menisci serve very important
roles in knee stability, function and dynamic loading and
are thus important in maintaining proper joint health.!-9

The medial and lateral menisci although similar in func-
tion have subtle differences in their shape and thus their
biomechanical role in the knee. The knee joint menisci are
a pair of wedge shaped (in cross-section), semilunar fibro-
cartilage structures that are attached to the tibial plateau
along the periphery via the coronary ligaments and to the
femur via the ligaments of Humphrey and Wrisberg.!0 In
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addition, the menisci are attached to the patella via the
patellomeniscal ligaments which are thickenings of the
anterior joint capsule.3!1 When viewed from above the
medial meniscus appears ‘C’ shaped while the lateral me-
niscus appears more ‘O’ shaped3 (see the shape in Figure
1) The surface of each meniscus is concave superiorly,
providing a congruous surface to the femoral condyles and
is flat inferiorly to accompany the relatively flat tibial pla-
teau.3-10 (see the contact depicted in Figure 2)

The medial meniscus is much less mobile during joint
motion than the lateral meniscus owing in large part to its
firm attachment to the knee joint capsule and medial col-
lateral ligament (MCL).3 On the lateral side the meniscus
is less firmly attached to the joint capsule and has no at-
tachment to the lateral collateral ligament. In fact, the
posterior horn of the lateral meniscus is separated entire-
ly from the posterolateral aspect of the joint capsule by
the tendon of the popliteus muscle as it descends from the
lateral epicondyle of the femur.3

The menisci are made of type 1 collagen.5 Gray (1999)
has shown that the menisci are collagenous structures,
however the different regions of each meniscus have dif-
ferent cell types. The predominant cell in the inner third
are chondrocytic in nature and termed fibrochondro-
cytes.”-12 In the middle third the primary cell is fibrocytic
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Figure 2 Contact area between the convex articulating
surface of the femur and the flat tibial plateau is
increased by the menisci

and in the outer third of the meniscus the cells are fibrob-
lastic (active fibrocytes).” The different cell type in the
outer periphery of the meniscus as compared to the cen-
tral portion of the meniscus helps explain some of the
healing properties of the different regions.!3 Bullough et
al (1970) demonstrated that the majority of the collagen
was arranged in a circumferential orientation which pro-
vides “hoop stress” and allows the menisci to elongate as
the femur places axial and torsional loads upon the knee
joint. Interspersed among the longitudinal fibers are radi-
ally oriented fibers that act as “tie rods” to provide addi-
tional structural rigidity.!4

The menisci are supplied mainly by the superior and
inferior medial and lateral geniculate arteries which form
a peripheral plexus within the synovial and capsular tis-
sues of the knee.®!3 Nourishment to the outer third of the
menisci is provided by small branching capillaries from
this genicular plexus that penetrate the knee capsule.®
Anorczky and Warren (1983) have shown that only the
peripheral 10-30% of the meniscus or what has been
termed the “red zone” receives this blood supply. In the
middle third or the “red/white zone” the blood supply is
very limited and in the “white zone” or inner third of the
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Figure 3 Showing the red zone (dark grey box), red/
white zone (light grey box) and white zone (white box),
which represents the blood supply to the meniscus
(courtesy Primal Pictures Ltd. www.primalpictures.com)

meniscus there is no active blood supply with a reliance
on diffusion and circulation of the synovial fluid for
nourishment.!3 (see the zones of the meniscus in Figure
3) The tenuous blood supply of the inner regions of the
menisci is one of, if not the main detrimental factor in the
poor healing properties of the meniscus.2-7-9-13-16
Biomechanical studies demonstrate that in extension at
least fifty percent of the axial forces are transmitted
through the meniscus.!-3:7:12 Conversely in flexion the
meniscus transmits eighty-five to ninety percent of axial
forces.l:37 In addition to transmitting weight bearing
forces and increasing stability, the menisci facilitate nu-
trition, provide lubrication and shock absorption for the
articular cartilage and promote knee proprioception.!-?
The combination of torsional and axial loading appear
to be the cause of most meniscal injuries.2-3-7-17 The ana-
tomical arrangement of the knee’s soft tissue structures
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ensures that during flexion with the tibia internally rotat-
ed, the posterior horn of medial meniscus is pulled in to-
wards the center of the joint.” This movement can
produce a traction injury of the medial meniscus tearing
it from its peripheral attachment along the medial joint
capsule of the knee.”18

Meniscal tears are classified by their complexity, plane
of rupture, direction, location and overall shape.3 Specifi-
cally they may be classified as vertical longitudinal, ob-
lique, horizontal cleavage, radial, and complex.3 The
“bucket handle” tear is the most common type of vertical
longitudinal tear and generally amenable to repair.3 Anat-
omy and body mechanics dictate that in isolated injuries
to the menisci, the medial meniscus is injured more often
than the lateral, and more specifically, the posterior horn
more-so than the anterior horn.z17-19 Seventy-five to
ninety percent of all tears sustained during sports such as
football, baseball, basketball, and soccer involve the me-
dial meniscus.3

Diagnosis of acute knee injuries has long been a topic
for discussion throughout the orthopedic literature. Many
clinical tests and diagnostic studies have been developed
to increase the clinician’s ability to accurately diagnose
disorders of the knee. Torn menisci or ligamentous struc-
tures within the knee cause significant pain and disability
and thus, require expeditious management.%17-21 Prompt
accurate diagnosis of a meniscus injury is necessary con-
sidering the diverse and potentially degenerative conse-
quences of this injury for patients, especially those
athletically inclined.17-19

In athletes, isolated meniscus tears typically result
from a single traumatic event.!”-19 Effusion is usually
minimal and develops over a twenty-four to forty-eight
hour period after the inciting injury.2-3-6-9-17-21 The occur-
rence of subsequent swelling secondary to haemarthrosis
is approximately twenty percent in a peripheral (vascular)
meniscus tear.3:17.19 The acute meniscus tear is often as-
sociated with an immediate limited range of motion espe-
cially in flexion.20.22,24

The presence of chronic recurrent pain and swelling
after exercise is also indicative of a meniscal tear irritat-
ing the joint.3-8:21 Other common symptoms of a menis-
cus tear include locking, catching, buckling and joint line
pain along either the medial or lateral joint line cor-
responding to the site of injury.3-6:89.17-21 A history of
degenerative joint disease or anterior cruciate ligament
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injury both in the acute setting or with a chronic ACL de-
ficiency, also predisposes one to a meniscus tear.?

Important historical questions should include the lo-
cation of pain, duration of pain, a change in activities,
trauma, an acute noise or an audible “pop,” swelling sur-
rounding the knee joint, a feeling of give way weakness
or buckling, locking or catching of the tibiofemoral
articulation, and possibly associated hip, back or thigh
pain.3-8.9:-19.21 Concomitant or differential diagnosis’ to be
considered include degenerative joint disease of the knee,
osteochondral defect, cruciate/collateral ligament injury,
patellar dislocation, plica, capsular lesion, muscle strain.
Of course the practitioner must also rule out the possibil-
ity of a vascular injury which carries the risk of more se-
rious sequelae.

A specific history and physical examination should give
the clinician clues toward the diagnosis of a lesion of either
meniscus. Although the location of pain will be similar it
should also be noted that degenerative meniscal tears may
present spontaneously without trauma or apparent mech-
anism. Clinically, the orthopedic literature abounds with
several descriptions of physical examination procedures
and diagnostic tests to specifically assess the integrity of
the menisci, such as joint line tenderness (JLT),2* Apley
compression test,23 Anderson medial-lateral grind test,25
McMurray’s test,26 Bounce home maneuver2* and newer
tests such as the Axially loaded pivot shift test,!0 KKU
knee compression rotation test?’, Ege’s test?2 and Thessaly
test.28 Therefore, we reviewed the medical literature to
summarize the available evidence about the diagnostic ac-
curacy of the diagnostic procedures for assessing meniscal
lesions of the knee. We conducted a literature search of
MEDLINE (1966-2007) to identify articles written in
English. The Medical Subject Headings (MeSH) terms
“knee,” “knee injury” and “meniscus”’ were combined
with the terms “physical examination,” “diagnosis,” “clin-
ical examination,” “sensitivity,” “specificity,” “accuracy,’
and “screening.” In addition the cited references of rele-
vant publications were examined to indentify articles not
found on the initial searches. Articles comparing physical
examination procedures to the findings of magnetic reso-
nance imaging (MRI) were excluded.

29 99 ¢

The Tests
Palpation of the medial and lateral joint lines is the most
basic procedure of the meniscal assessment.2* Flexing the
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Figure 4 Apley’s Test

knee and adding tibial rotation either internally or exter-
nally allows for easier palpation of the periphery of the
medial and lateral meniscus respectively.2* Muellner et al
(1997) have stated that the most important finding in pa-
tients with a meniscal tear is localized tenderness along
the joint line. It is estimated that sixty to eight percent of
patients with meniscal lesions will have a joint line that is
painful upon palpation.24 Palpation of the joint line is in-
duced through digital pressure by the practitioner into the
“red zone” of the meniscus. (refer to the “red zone” de-
picted in Figure 3)

The Apley compression test was originally described
by Apley in 1947. Since then the test has been known as
“Apley’s test.” In his article he described the procedure
of the test as follows: For this examination the patient lies
on his face. To start the examination, the surgeon grasps
one foot in each hand, externally rotates as far as possi-
ble, and then flexes both knees together to their limit.
When this limit is reached, he changes his grasp, rotates
the feet inward and extends the knees together again. The
surgeon then applies his left knee to the back of the pa-
tient’s thigh. It is important to observe that in this posi-
tion his weight fixes 1 of the levers absolutely. The foot
is grasped in both hands, the knee is bent to a right angle
and the powerful external rotation is applied. This test
determines whether simple rotation produces pain. Next,
without changing the position of the hands, the patient’s
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s
Figure 5 Anderson Grind Test

leg is strongly pulled upward, while the surgeon’s weight
prevents the femur from rising off the table. In this posi-
tion of distraction the external rotation is repeated. Two
things can be determined 1) whether or not the maneuver
produces pain and 2) still more important, whether the
pain is greater than in rotation alone without the distrac-
tion. If the pain is greater, the distraction test is positive
and a rotation sprain may be diagnosed. Then the surgeon
leans well over the patient and with his whole body
weight compresses the tibia downward onto the table.
Again he rotates powerfully, and if addition of compres-
sion had produced an increase in pain, this grinding test
is positive and meniscal damage is diagnosed.?? (refer to
the compression and rotation as shown in Figure 4)

The Anderson medial-lateral grind test was originally
described by Anderson and published by Anderson and
Lipscomb in 1986.25 The test is performed with the pa-
tient supine. The examiner cradles the test leg between
the trunk and the arm while the index finger and thumb of
the opposite hand are placed over the anterior joint line.
A valgus stress is applied to the knee as it is passively
flexed to 45°; then a varus stress is applied to the knee as
it is passively extended, producing a circular motion to
the knee. The motion is repeated, increasing the varus
and valgus stresses with each rotation of the knee.25 (re-
fer to the flexion and valgus stress shown in Figure 5)

The McMurray or “McMurray’s” test is arguably the

323



Review of the Physical Examination of the knee Menisci

Figure 6 McMurray’s Test

most commonly used test to diagnose tears of the menis-
cus.?* The test was first described in 1940 by McMurray.26
He described the test as follows: In carrying out the ma-
nipulation with the patient lying flat, the knee is first fully
flexed until the heel approaches the buttock; the foot is
then held by grasping the heel and using the forearm as a
lever. The knee being now steadied by the surgeon’s other
hand, the leg is rotated on the thigh with the knee still in
full flexion. During this movement the posterior section of
the cartilage is rotated with the head of the tibia, and if the
whole cartilage, or any fragment of the posterior section is
loose, this movement produces an appreciable snap in the
joint. By external rotation of the leg the internal cartilage
is tested, and by internal rotation any abnormality of the
posterior part of the external cartilage can be appreciated.
By altering the position of flexion of the joint the whole of
the posterior segment of the cartilages can be examined
from the middle to their posterior attachment. Probably
the simplest routine is to bring the leg from its position of
acute flexion to a right angle, whilst the foot is retained
first in full internal, and then in full external rotation.
When the click occurs with a normal but lax cartilage, the
patient experiences no pain or discomfort, but when pro-
duced by a torn cartilage which has already given trouble,
the patient is able to state that the sensation is the same as
he experienced when the knee gave way previously.20 (re-
fer to the valgus stress and rotation shown in Figure 6)
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Figure 7 Bounce Home Test

The Bounce home test evaluates for a possible limita-
tion in the ability of the knee to fully extend.2* A lack of
full knee extension may signify a torn meniscus frag-
ment, an other intra-articular pathology such as a loose
body or joint effusion, or a displaced bucket handle tear
that requires immediate orthopedic consultation.2* The
test is performed with the patient lying supine and the
examiner holding the heel of the foot in his hand. After
passively flexing the knee, the knee is then allowed to
passively extend. The knee should fully extend and
“bounce home” with a sharp endfeel.? If full extension
of the joint is not complete or has a rubbery end feel,
there is probably a torn meniscus or some other blockage
present.?? There have been two modifications of the
bounce home test described in the literature. Oni de-
scribed a modification in which the knee is forcibly ex-
tended in a quick jerk.30 He so named this modification
the knee jerk test.30 With this test pain will occur in the
area of tissue injury. In addition, Shybut and McGinty
described a modification of simply forced hyperexten-
sion of the knee. A blocking of forced extension indicates
a positive test and could be the result of a tear of the me-
niscus.3! (refer to the hyperextension shown in Figure 7)

Recently four newer diagnostic tests have been pub-
lished in the sports medicine literature.1922.27.28 The Axi-
ally loaded pivot shift test as described by Kurosaka et al
(1999), is a modification of the pivot shift maneuver as

J Can Chiropr Assoc 2009; 53(4)



MD Chivers, SD Howitt

Figure 8 Axially Loaded Pivot Shift Test

described by MaclIntosh, which is used for the diagnosis
of ACL ruptures.1% For this test the patient lies supine
with the knee in full extension. The examiner applies a
valgus force to the proximal tibia in full internal rotation.
Next, an axial load is transmitted through the tibia and
the knee is brought into 30—45° of flexion. The maneuver
is repeated whilst returning the knee to full extension
again with axial compression.19 The test is regarded as
positive when the patient feels specific pain along the
joint line or a click is appreciated by the examiner.10
(refer to the valgus stress with an internally rotating leg
shown in Figure 8)

The knee compression rotation test was developed by
Sarachai et al (2007). To carry out this test the patient lies
supine on the examining table. The knee is passively
flexed by grasping the patient’s ankle, with the other hand
positioned over the joint line. Knee compression is created
by pushing the tibia onto the femur, then the tibia is rotated
on the femur both internally and externally. This maneu-
ver is repeated at 120°, 90°, 60°, 30°, and 0°.26 A positive
test is indicated when the patient experiences joint line
pain, or the examiner appreciates a click or grinding along
either the medial or lateral joint line.2” (refer to the com-
pression and rotation shown in Figure 9)

Ege’s test as described by Akseki et al (2005), is per-
formed with the patient standing with the knees in exten-
sion and the feet held 40 cm apart. To detect a medial
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Figure 9 Knee Compression Rotation Test

meniscus tear, the patient squats with both lower legs in
maximal external rotation and stands up slowly.22 For lat-
eral meniscal tears both lower extremities are held in max-
imum internal rotation while the patient squats and returns
to standing.22 The test is positive when pain and/or a click
is felt by the patient or is audible to the examiner.2? (refer
to the squat with rotation as shown in Figures 10 a,b)

The Thessaly test is also a weight bearing test. It was
originally described by Karachalios et al (2005). It at-
tempts to reproduce dynamic load transmission in the
knee joint. The examiner supports the patient by holding
his outstretched hands. The patient then rotates his knee
and body both internally and externally three times keep-
ing the knee in slight flexion at 5°.28 The same testing
procedure is then repeated with the patient maintaining
the knee in more flexion at 20°.28 A positive test results
in joint line discomfort or locking or catching.28 (refer to
the slightly flexed knee with rotation as shown in Figures
11 a,b)

The diagnostic accuracy of these tests has often been
questioned, and a review of the available sports medicine
and orthopedic literature reveals conflicting results in re-
gards to their purported usefulness.24.32.33

With newer surgical advancements, arthroscopy has
become the gold standard for the accurate diagnosis of
internal derangements of the knee including cruciate lig-
ament tears, tears of the menisci, cartilage defects and
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Figure 10a Ege’s Test (Internal Rotation)

Figure 11a  Thessaly Test (Internal Rotation) Figure 11b  Thessaly Test (External Rotation)
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other less common causes of significant intra-articular
knee pain.33 It is commonplace in the literature investi-
gating diagnostic methods in the physical examination
of the knee to compare the findings of the physical
examination to the findings at arthroscopy. Thus, in the
proceeding discussion all of the reported sensitivities,
specificities, and predictive values are in comparison to
the findings of arthroscopy which as the gold standard is
deemed to have a 100% sensitivity and specificity.

The Value of the Tests

McMurray’s Test

Originally described in 1940, McMurray’s test has been
the subject of much debate and is still considered the pri-
mary test for the examination of the knee menisci.® Ander-
son and Lipscomb investigated 100 meniscus tears and
found that McMurray’s test was positive in 58% thus es-
tablishing its diagnostic accuracy. Fowler and Lubliner
(1989) conducted a prospective study of 161 consecutive
patients to evaluate the predictive value of five common
clinical tests for meniscus tear. All patients were suspect-
ed of having a meniscal tear with or without concomitant
ligament pathology.3* A positive McMurray had a high
correlation with meniscal tear with a specificity of 95%.34
Evans et al.(1993) evaluated 104 consecutive patients for
the accuracy of the McMurray test for the diagnosis of me-
niscal tear and also looked at the inter-examiner reliability
in performing the test. Patients with suspected anterior or
posterior cruciate ligament tears were excluded.?> The
authors found that for inter-examiner reliability only a
“thud” on the medial joint line with associated tibial ex-
ternal rotation was significantly associated with a medial
meniscus tear.’> The sensitivity of the medial thud was
16% and the specificity was 98% with a positive predic-
tive value of 83%.35 The sensation of pain on the medial
joint line was not correlated with a tear of the medial me-
niscus.? Interestingly, Evans et al (1993) found that for
the diagnosis of lateral meniscus tears McMurray’s test
was less than accurate. They found that lateral joint line
pain with internal rotation as originally described by
McMurray2¢ had a poor correlation with lateral meniscus
tears, with a positive predictive value of only 29%.35
Sensitivity and specificity calculations for McMurray’s
test in diagnosing lateral meniscus tears were not per-
formed. Corea et al. (1994) also compared the McMurray
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test to surgical findings, using 93 patients with a suspected
meniscus injury. He found a sensitivity of 59%, a specifi-
city of 93%, and a positive prediction value of 83%.3% On
the basis of low sensitivity they considered the McMurray
test to be of limited value in clinical diagnosis.3¢ Kurosaka
et al (1999) evaluated a battery of tests in their cohort of
160 knees, including McMurray’s test. They found that
none of the tests used had a diagnostic accuracy over 75%,
and that for all the tests used the sensitivity was lower than
the specificity indicating that only a small percentage of
patients with meniscus lesions exhibited a positive sign on
physical examination.!9 For McMurray’s test the authors
found an overall sensitivity of 37%, a specificity of 77%
and a diagnostic accuracy of 45%.19 Akseki et al (2005)
compared the results of their new diagnostic test, Ege’s
test to the results of McMurray’s test and JLT. They found
that all three tests were well correlated to the arthroscopic
findings.22 Specifically, McMurray’s test had a kappa
score of 0.321 indicating a fair agreement between a pos-
itive test and surgical findings.22 The authors stratified
their results into medial and lateral tears as diagnosed by
each specific test.22 For McMurray’s test they established
a sensitivity of 67%, a specificity of 69%, a diagnostic ac-
curacy of 69%, a positive predictive value of 80% and a
negative predictive value of 53% for lesions of the medial
meniscus.2 They also ascertained a sensitivity of 53%, a
specificity of 88%, a diagnostic accuracy of 82%, a posi-
tive predictive value of 59% and a negative predictive val-
ue of 88% for tears of the lateral meniscus.22 Karachalios
et al (2005) also stratified their calculations into tears of
either the medial or lateral meniscus. For McMurray’s test
they found a sensitivity of 48%, a specificity of 94% and
a diagnostic accuracy of 78% for injuries of the medial
meniscus.28 For lesions of the lateral meniscus the authors
found a sensitivity of 65%, a specificity of 86% and a di-
agnostic accuracy of 84%.28 The authors also examined
McMurray’s test in patients with a combined ACL injury
and a meniscus injury. With combined injuries McMur-
ray’s test had a sensitivity of 45%, a specificity of 76%
and a diagnostic accuracy of 74%.28 Recently, Surachai et
al (2007) examined McMurray’s test and found an overall
sensitivity of 70%, a specificity of 82%, a diagnostic ac-
curacy of 73%, a positive predictive value of 92% and a
negative predictive value of 48%.27 In their investigation
Surachai et al (2007) found higher percentages for Mc-
Murray’s test when used in the diagnosis of medial menis-
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cus tears as compared to lateral lesions.2” In their study of
the composite knee examination, which included a battery
of tests, Lowery et al (2006) found a sensitivity of 20%, a
specificity of 96% and a positive predictive value of 84%
for McMurray’s test. In a meta-analysis Scholten et al
(2001) reviewed the available medical literature concern-
ing various tests of the knee examination including the
presence of effusion, joint line tenderness, McMurray’s
test and Apley’s compression test. They identified eleven
studies of substantial quality that investigated McMur-
ray’s test.37 Scholten et al pooled the results of the individ-
ual studies deemed high quality and found an overall
sensitivity of 48% and a specificity of 86%.37 The authors
did find that McMurray’s test was the only physical exam-
ination procedure that had a favorable estimated positive
predictive value.37 The negative predictive value of all the
tests reviewed was poor.37 In another published review,
Solomen et al (2001) found that the overall sensitivity of
McMurray’s test was 53% and the specificity was 59%.
More recently in a rigorous systematic review, Ryzewicz
et al (2007) identified five research studies evaluating Mc-
Murray’s test. The authors noted that of the articles re-
viewed there was a large difference in the reported overall
diagnostic accuracy of the test. They speculate that this is
due to the varying criteria for clinically diagnosing a me-
niscus tear using McMurray’s test.38 For example, some
articles used a palpable or audible thud as a positive test,
whereas others used solely the recreation of pain to con-
stitute a positive result. As such, this detection bias plays
a role in the differing results between studies. A lower
threshold for a positive test will obviously detect more
tears, thus improving the sensitivity however this comes at
the expense of specificity.38

Joint Line Tenderness

In the most recent investigation evaluating joint line ten-
derness (JLT), Wadley et al (2007) attempted to determine
the positive predictive value of posterior joint line tender-
ness in diagnosing posterior horn meniscus tears. Seventy-
one patients scheduled for arthroscopy of their knees took
part in the study. Each one of three examiners blinded to
the history or previous examination of the patients as-
sessed each knee for joint line tenderness. Their results in-
dicate a positive predictive value of 60% with 33 of 55
patients with JLT having a posterior meniscus tear.3 The
overall sensitivity was 84.6% but the specificity was only
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31.2%.%° In 75.8% of the patients, all three examiners
found the same point of maximal tenderness. This corre-
sponded to a kappa score of 0.48 suggesting good inter-ex-
aminer reliability.3° Rose et al (2006) examined 129 knees
with a definite history of knee trauma and associated knee
pain. They found that tenderness of the joint line had a
higher diagnostic accuracy (93%), sensitivity (95%) and
specificity (93%) for lateral meniscus tears as compared to
tears of the medial meniscus.32 Similarly, Eren (2003) ex-
amined 104 knees with a history of trauma and found that
tenderness of the joint line had a higher diagnostic accu-
racy (96%), sensitivity (89%) and specificity (97%) for
the diagnosis of lateral meniscus lesions. In accordance
with the results of Rose et al (2006), the rates obtained for
tears of the medial meniscus were much lower.40 In both
studies, patients with positive findings for cruciate liga-
ment or collateral ligament injuries were excluded from
the study. These three investigations are unique in that
they are the only studies performed to date evaluating
joint line tenderness as the sole physical examination pro-
cedure for diagnosing tears of the meniscus. Five other
studies!0.22.25.28.34 evaluated joint line tenderness in com-
bination with other commonly used physical examination
procedures. Anderson and Lipscomb (1986) examined the
medial-lateral grind test, McMurray’s test and joint line
tenderness in a series of 100 patients with suspected me-
niscus tears. The authors found that joint line tenderness
was 77% accurate for the diagnosis.25 The authors did not
report the sensitivity, specificity or positive predictive val-
ue. Fowler and Lubliner (1989) examined joint line ten-
derness tests in a cohort of 165 knees. Of those, 125 had
joint line tenderness producing a sensitivity of 85% and a
specificity of 29%.34 Akseki et al (2005) compared joint
line tenderness to Ege’s test, one of the newer diagnostic
procedures. In examining 150 knees they found a higher
sensitivity for the diagnosis of medial tears (88% vs.
67%), a higher specificity for the diagnosis of lateral tears
(80% vs. 44%) and a higher diagnostic accuracy for lateral
tears (77% vs. 71%).22 In examining patients with suspect-
ed meniscal pathology with or without an associated ACL
rupture and a history of precipitating trauma, Kurosaka et
al (1999), calculated a sensitivity of 55% a specificity of
67% and a diagnostic accuracy of 57% for joint line ten-
derness. Of their cohort 68% had chronic ACL deficiency
and acute injuries were excluded in this study.l® Shel-
bourne et al (1995) evaluated the correlation of joint line
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tenderness with meniscus tear in patients with acute ACL
injuries. One hundred and seventy three patients were
evaluated for joint line tenderness, and then the meniscus
was inspected during subsequent ACL reconstruction.33
They found that in a knee with an ACL tear, joint line ten-
derness was neither sensitive nor specific for the presence
of an associated meniscal tear.33 Karachalios et al (2005)
investigated five physical examination tests and compared
the results to magnetic resonance imaging (MRI). For
joint line tenderness, they found a sensitivity of 71% and
specificity of 87% and an overall diagnostic accuracy of
81% for the medial meniscus.?8 For the lateral meniscus
they found a sensitivity of 78%, a specificity of 90% and
a diagnostic accuracy of 89%.28 With a combined ACL
and meniscus lesion they found JLT to be 65% sensitive,
80% specific and had a diagnostic accuracy of 80%.28 The
authors found significant heterogeneity of the sensitivity
and specificity of all tests except for Apley’s test.28 Low-
ery et al (2006) documented a sensitivity of 65% and a
specificity of 65% for diagnosing meniscus tears using
JLT. They also found a positive predictive value of 55%.15
Scholten et al (2001) reviewed nine studies that examined
the results of joint line tenderness. The overall sensitivity
and specificity for joint line tenderness generated from the
pooled analysis of all the available literature was 77% and
41% respectively.37 In addition, the pooled positive pre-
dictive value for using joint line tenderness in diagnosing
a meniscus lesion was not substantially increased indicat-
ing poor additional diagnostic value.3’ Solomon et al
(2001) in their review found an overall mean sensitivity of
79% and a specificity of 15%. They calculated that the
logical regression (LR) for a positive test was 0.9 (95% CI,
0.8-1.0) and for a negative test 1.1 (95% CI, 1.0-1.3).18
Essentially the regression means the probability of an an-
ticipated outcome, with a negative test being more proba-
ble. More recently, Ryzewicz et al (2007) performed a
systematic review on the diagnosis of meniscus tears. In it
they identified four studies of acceptable methodological
quality investigating joint line tenderness. Their conclu-
sions are very similar to those of Scholten et al (2001), in
that joint line tenderness alone is not sufficient for the di-
agnosis of tears of the meniscus.38

Bounce Home Test (Forced Hyperextension)
There are currently no research studies investigating the
sensitivity, specificity or diagnostic accuracy of the
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bounce home test as originally described. Fowler and Lu-
bliner (1989) found that pain with forced hyperextension
generated a sensitivity of 44% and a specificity of 86% in
their cohort of patients. Kurosaka et al (1999) also includ-
ed the forced hyperextension test as described by Shybut
and McGinty3! into their investigation. They found a sen-
sitivity of 47%, a specificity of 67% and a diagnostic ac-
curacy of 51% for the maneuver.!? Lowery et al (2006)
found that forced knee hyperextensions generated a sensi-
tivity of 36%, a specificity of 86% and a positive predic-
tive value of 73%. The knee jerk test as described by Oni2’
has not been investigated in the literature.

Apley’s Test

Fowler and Lubliner (1989) in their thorough investigation
of the clinical examination of the knee meniscus examined
the utility of Apley’s test. They reported a sensitivity of
16% and a specificity of 80%.3* More recently Kurosaka
et al (1999) reported a sensitivity of 13% and a specificity
of 90%. In addition, they reported a diagnostic accuracy of
28%.10 Karachalios et al (2005) also reported on the clin-
ical examination results of Apley’s test with lesions of the
medial meniscus determined to have a sensitivity of 41%,
a specificity of 93% and a diagnostic accuracy of 75%.
Furthermore, for lesions of the lateral meniscus they found
a sensitivity of 41%, a specificity of 86% and a diagnostic
accuracy of 82%.28 For combined lesions of the ACL and
either the medial or lateral meniscus Karachalios et al
(2005) attained a sensitivity of 20%, a specificity of 84%
and a overall diagnostic accuracy of 59% for Apley’s test.
It should be noted that the authors used MRI as the gold
standard.

(Anderson’s) Media-Lateral Grind Test

Anderson and Lipscomb (1986) reported on and investi-
gated a manipulative test for the diagnosis of meniscus
tears. They compared the results of the medial-lateral
grind test to those of McMurray’s test in one hundred pa-
tients with a suspected meniscus tear. All patients with a
suspected ligament tear of the cruciates or collaterals
were excluded.?> There were a total of 100 tears of the
meniscus occurring in 93 patients.2> The authors report
that the medial-lateral grind test was positive in 68% of
the knees examined, thus reporting a diagnostic accuracy
of 68%.% The authors did not report sensitivity and spe-
cificity.
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Thessaly Test

Karachalios et al (2005) examined the sensitivity, specifi-
city and diagnostic accuracy of this new dynamic weight
bearing test. In this investigation subjects were examined
clinically with tests of JLT, McMurray’s, Apley’s and the
newly described Thessaly test at 5° and 20° of knee flex-
ion.28 Two hundred and thirteen patients with a suspected
meniscus injury on the basis of the clinical history and
mechanism of injury (Group A) were investigated and
compared to a group of 197 volunteers with no injury to
the meniscus (Group B).28 All patients underwent an MRI
of the knee and those in Group A had further therapeutic
arthroscopy.?® The results indicate that for injury to the
medial meniscus the Thessaly test at 5° knee flexion is
66% sensitive, 96% specific, and 86% accurate.28 For the
lateral meniscus it is 81% sensitive, 91% specific, and
90% accurate.?8 The Thessaly test at 20° of knee flexion is
89% sensitive, 97% specific, and 94% accurate for medial
lesions and 92% sensitive, 96% specific and 96% accurate
for lateral lesions.28 For combined lesions of the ACL and
either of the menisci the Thessaly test at 5° of knee flexion
was 65% sensitive, 80% specific and had a diagnostic ac-
curacy of 80%.28 The test performed at 20° of knee flexion
performed at 80% sensitivity, 91% specificity and had a
diagnostic accuracy of 90% for these combined ligament
and meniscus injuries.28 It is evident that with an associat-
ed ACL tear the test becomes less accurate. Overall this
new dynamic test performed better than all other tests
evaluated in this study. As aresult, the authors recommend
the Thessaly test as the preferred first line test for the di-
agnosis of meniscus tears.28

Ege’s Test

Akseki et al (2005) compared the value of this new
weight bearing diagnostic test with the two other most
commonly used tests: JLT and McMurray’s test. Of 150
knees in 150 patients, 89 reported a specific history of
trauma.22 All patients had a radiographic examination
and underwent arthroscopic surgery.22 There were no sta-
tistically significant differences between the three tests in
detecting a meniscus tear, however there were evident
differences in terms of the sensitivity, specificity, and di-
agnostic accuracy. Ege’s test had a sensitivity of 67%, a
specificity of 81% and a diagnostic accuracy of 71% for
tears of the medial meniscus.22 For the lateral meniscus
Ege’s test had a sensitivity of 64%, a specificity of 90%
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and a diagnostic accuracy of 84%.22 Also, Ege’s test had
the highest overall positive predictive value for medial
meniscus tears (86%).22 Overall, the accuracy of Ege’s
test was equal to that of JLT and was superior to McMur-
ray’s test. It was also the most specific test for both medi-
al and lateral meniscus tears. The authors concluded that
by using Ege’s test they were able to diagnose meniscal
lesions as accurately as JLT but with an increased specif-
icity and thus, Ege’s test should be incorporated into rou-
tine knee examination.22

KKU Knee Compression Rotation Test

Surachai et al (2007) compared the sensitivity, specificity,
and diagnostic accuracy of this new test with McMurray’s
test. Sixty-eight patients with suspected meniscus injury
and who were scheduled for arthroscopy were examined
using the KKU knee compression rotation test and Mc-
Murray’s test.2” KKU knee compression rotation test was
positive in 46 of 51 torn menisci, while McMurray’s was
positive in 39 of 51 torn menisci.2” This generated an 86%
sensitivity, 88% specificity and 87% diagnostic accuracy
for the KKU knee compression rotation test, which was far
superior to the results of McMurray’s test.2’ In 35 cases of
meniscus lesions both tests were positive. This had a bear-
ing on the sensitivity, increasing it to 90% when both tests
were positive, however the specificity and diagnostic ac-
curacy were not significantly affected by the addition of a
positive McMurray test.2’

Axially Loaded Pivot Shift Test

Kurosaka et al (1999) assessed the significance of the Ax-
ially loaded pivot shift test in the diagnosis of chronic me-
niscus lesions. One hundred and sixty knees were
examined using this test as well as McMurray’s test, Ap-
ley’s test, JLT and pain on forced extension.!0 All patients
had knee symptoms for at least 8 weeks and were exam-
ined for isolated tears of the meniscus or with an associat-
ed ACL rupture. !0 The results indicate that 68% percent of
the knees examined had a chronic ACL deficiency and
that there were 144 meniscus tears evident at arthrosco-
py.10 On the clinical examination the Axially loaded pivot
shift test had the highest sensitivity (71%) compared to all
other tests.!0 The test also showed high specificity (83%)
and had a significantly higher diagnostic accuracy than the
other tests used.!0 Incidentally only 13 knees exhibited a
click with this test, with the majority of patients examined
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experiencing pain with a positive result. This was more
apparent in those with chronic ACL deficiency.!0

Composite Score

Often the diagnosis of a meniscus tear is a difficult one to
make even for the experienced clinician. This is because a
variety of signs and symptoms of lesions of the meniscus
have been proposed in the literature. Much like the exam-
ination of specific diagnoses in other joints of the body no
one test has been shown to be pathognomonic for the di-
agnosis of a meniscus tear.!> The clinician relies upon an
accurate history/mechanism and a variety of physical ex-
amination procedures to arrive at a diagnosis of a lesion of
the meniscus. It is from the results of these tests that the
clinician then formulates a treatment plan. Recently, the
literature has begun to explore the accuracy of a set of tests
performed at the same time in the generation of a specific
diagnosis of a meniscus tear. Referred to as a composite
score, it attempts to assess the efficacy of a variety of pro-
cedures in detecting pathology. Scholten et al (2001) in
their review conclude that the physical examination pro-
cedures they analysed (effusion, JLT, McMurray’s test) in
isolation do not seem to be very helpful in guiding clinical
decision making. They state that combining the results of
the various tests might improve the diagnostic accuracy of
detecting a meniscus lesion.37 Oberlander et al (1993)
investigated the accuracy of the clinical examination for
intra-articular knee disorders, including tears of the me-
niscus. Of 296 knees included in the study the correct di-
agnosis was made 56% of the time.*! Included, were other
intra-capsular knee pathology besides solely meniscus le-
sions. When only one knee pathology was present the
diagnostic accuracy was 72%.4! As the number of pathol-
ogies increased the diagnostic accuracy of the knee exam-
ination decreased. Specifically, the authors documented a
sensitivity of 87%, a specificity of 93% and a diagnostic
accuracy of 90% for tears of the medial meniscus.#! For
the lateral meniscus the sensitivity was 81%, the specifi-
city was 93% and the diagnostic accuracy was 95%.4!
O’ Shea et al (1996) examined 156 knees for various pa-
thology. Using a standardized composite knee exam the
authors recognized the correct primary diagnosis in 83%
of the knees.?® Of those given a secondary diagnosis (57
knees) the diagnosis was correct at a rate of 54%.2° Sixty-
eight knees were diagnosed with medial meniscus tears,
60 of which were correctly diagnosed on physical exami-
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nation.2? This generated a sensitivity of 88%, a specificity
of 77% and a diagnostic accuracy of 82%.29 Of 49 lateral
meniscus tears, only 25 were correctly diagnosed pre-op-
eratively.2? This produced a sensitivity of 51%, a specifi-
city of 90% and a diagnostic accuracy of 78%.2° Muellner
et al (1997) examined a cohort of 93 competitive athletes.
Group 1 included 57 patients who also underwent arthro-
scopic surgery. Group 2 consisted of 36 patients who un-
derwent further MRI. Of those patients in Group 1 the
diagnosis of a meniscal lesion was confirmed in 51 of 57
patients.!® Of the 44 medial meniscus lesions all were di-
agnosed preoperatively.!® Seventeen medial menisci were
normal at arthroscopy of which 13 were correctly diag-
nosed.!® The sensitivity was 100%, the specificity was
76%, the diagnostic accuracy was 93%, the positive pre-
dictive value was 91% and the negative predictive value
was 100%.!9 Of the 13 torn lateral menisci, 12 were cor-
rectly identified on examination.!? Forty four lateral me-
nisci were normal, 43 of which were determined on
physical examination.!® The sensitivity calculated was
92%, the specificity was 98%, the diagnostic accuracy
was 96%, the positive predictive value was 92% and the
negative predictive value was 98%.!° Solomon et al
(2001) reviewed nine meniscal studies of which five re-
ported the accuracy of the composite examination (aver-
aged the results of several meniscal tests). The mean
sensitivity of the composite examination was 77% and the
specificity was 91%.37 Recently, Lowery et al (2006) in-
vestigated the composite examination for meniscus pa-
thology in a cohort of 635 knees with either acute or
chronic injury.!> The examination consisted of McMur-
ray’s test, forced hyperextension, JLT and pain with
forced flexion, in addition to a history of mechanical
symptoms.!5 Two hundred and nine knees then underwent
arthroscopic evaluation, while the remainder did not.!3
The results indicate that with a history of mechanical
symptoms and a positive result on four tests examining the
meniscus the sensitivity is 11%, the specificity is 99% and
the positive predictive value is 92%.15 Overall, as the
number of findings indicative of meniscus pathology in-
creased so did the PPV of finding a lesion of the meniscus.
Interestingly the authors found that when concurrent ACL
pathology was present, the positive predictive value of the
composite examination decreased to 67%.15 Ryzewicz et
al (2007) indicated that a composite examination for me-
niscal injuries performs much better than any individual
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Table 1  Summary of Ranges for Sensitivity and
Specificity of the Tests
Sensitivity | Specificity
Test Range Range
McMurray’s 16-70% 59-98%
Joint Line Tenderness 55-95% 15-97%
Bounce Home (forced 36-47% 67-86%
hyperextension)
Apley’s 13-41% 80-93%
Thessaly 65-92% 80-97%
Ege’s 64—-67% 81-90%
KKU (compression 86% 88%
rotation) (1 study)
Axial Loaded Pivot Shift |71% 83%
Composite Score 11-100% 77-99%

test used in isolation. This suggests that a synthesis of ex-
amination findings used in conjunction with an historical
account of the knee injury (mechanism) must be refined
for an accurate diagnosis of a meniscus lesion.38

Discussion

The sports medicine and orthopedic literature is full of
various articles describing various signs and symptoms as
well as diagnostic procedures in an attempt to ensure an
accurate diagnosis of a meniscus lesion. Historically, from
a physical examination perspective, this has included joint
line tenderness, McMurray’s test and Apley’s compres-
sion test. Recently, there have been several newly devel-
oped physical examination procedures to further address
this diagnostic challenge. Our goal was to collect and sum-
marize the available evidence concerning the diagnostic
accuracy of both the older and newer diagnostic tests for
assessing injuries of the knee meniscus. On the basis of the
current review, it is evident that there is a lack of consist-
ency amongst the tests and that the more recent tests have
not yet undergone rigorous scientific investigation. The
accuracy of these tests seems to be relatively poor suggest-
ing, if used in isolation, there is little evidence to support
the notion that an accurate diagnosis of a meniscus lesion
can be made through a physical examination, with the cur-
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rent orthopedic tests. Arthroscopy is truly the only gold
standard. The recent research has focused on a composite
score to accurately predict meniscus lesions and the re-
search in this area is promising as the results more accu-
rately predict the clinical situation of not relying solely on
one test. Further, the composite examination can improve
the clinician’s ability to diagnose meniscus tears more
accurately. This improved diagnostic ability allows the
physician to better counsel the patient regarding the pos-
sible management options. Unfortunately at this time it
has not been well established as to which tests should be
included in the composite examination. From our review it
seems logical that any meniscus evaluation should include
both McMurray’s test as well as joint line tenderness. The
Thessaly test, has shown some promise as a good screen-
ing procedure, however future research should attempt to
further define its diagnostic accuracy.

Conclusion

Future research in the area of diagnosing meniscus tears
is warranted. Currently the need for utilizing more ad-
vanced diagnostic methods or specialty referral can really
only be based on the severity of the patient’s complaints
and a high index of suspicion by the practitioner. A com-
posite score in which a practitioner uses a battery of tests
to suggest the diagnosis is recommended. Further investi-
gations into the statistical value of all the commonly used
tests, which combinations of tests should be used and the
importance of combining the physical examination with
aspects of history taking is needed before any further evi-
dence based recommendations can be made.
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