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Meniscal root tears, less common than meniscal body tears and frequently unrecognized, are a subset of meniscal injuries that
often result in significant knee joint disorders. The meniscus root attachment aids meniscal function by securing the meniscus in
place and allowing for optimal shock-absorbing function in the knee. With root tears, meniscal extrusion often occurs, and the
transmission of circumferential hoop stresses is impaired. This alters knee biomechanics and kinematics and significantly
increases tibiofemoral contact pressure. In recent years, meniscal root tears, which by definition include direct avulsions off
the tibial plateau or radial tears adjacent to the root itself, have attracted attention because of concerns that significant meniscal
extrusion dramatically inhibits normal meniscal function, leading to a condition biomechanically similar to a total meniscectomy.
Recent literature has highlighted the importance of early diagnosis and treatment; fortunately, these processes have been vastly
improved by advances in magnetic resonance imaging and arthroscopy. This article presents a review of the clinically relevant
anatomic, biomechanical, and functional descriptions of the meniscus root attachments, as well as current strategies for accurate
diagnosis and treatment of common injuries to these meniscus root attachments.
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of the meniscus root attachments profoundly affect meniscal biomechanics and kinematics, leading to accelerated
degenerative changes within the knee joint.30,35,37,56,63,68
Therefore, it is imperative to accurately and concisely identify such lesions to guide treatment, surgical decision making, and prognosis.
For the menisci to function properly, the biomechanical
integrity of each meniscus root on the tibial plateau must
be maintained.1,4 Injuries to the posterior meniscus root
attachments, including root avulsions and full-length
degenerative tears and radial tears adjacent to the root,
have been linked to clinically significant medial meniscal
extrusion, defined as displacement of the meniscus with
respect to the margin of the tibial plateau.42 Meniscal
extrusion may dramatically impair hoop stress force transmission, leading to accelerated degenerative articular
wear.23,42 In fact, a biomechanical study has reported no
difference between the peak tibiofemoral contact pressures
after either a total medial meniscectomy or a posterior
medial meniscal root tear.4
The clinical diagnosis of meniscal root tears remains
challenging, but magnetic resonance imaging (MRI) and
arthroscopy have improved the sensitivity and specificity
for detection. Treatment of meniscal root tears, historically
focused on partial meniscectomy, has recently evolved into
a variety of repair strategies to restore meniscal function
both biomechanically and clinically. Following is a review
of the anatomy, function, and biomechanics of the meniscus root attachments, with additional pearls and current

It has been increasingly recognized that the menisci,
crescent-shaped fibrocartilaginous structures that provide
tibiofemoral joint congruity, stabilization, shock absorption, and possibly proprioception, are essential for joint
preservation.17,35,37 Each meniscus is composed of an interlacing network of collagen fibers, proteoglycans, and glycoproteins specifically oriented to allow the conversion of
tibiofemoral axial loads into hoop stresses during both
knee extension and deep flexion.17,37,56 Approximately
50% to 70% of total weight transmitted through either
the medial or the lateral knee compartment is transmitted
by each individual meniscus,29 and such dissipation of
axial loads is imperative for the viability and function of
articular cartilage.30,35,37 Injuries that involve detachment
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strategies for accurate diagnosis, surgical indications, and
treatment of meniscal root avulsions.

ANATOMY OF THE MENISCUS ROOT
ATTACHMENTS
The medial and lateral menisci are semilunar-shaped
structures of fibrocartilage with 3 segments: an anterior
horn/root, a body, and a posterior horn/root.19,27 With the
roots acting as an anchor to the bone for the menisci, the
menisci function as shock absorbers by transmitting loads
from the femur to the tibia through the stretching of circumferential collagen bundles in a radial direction, inducing the menisci to extrude toward the outside of the
joint.26,27,49,64A tensile stress, commonly referred to as
a ‘‘hoop stress,’’ is then initiated to resist this extrusion.26
The distribution of hoop stresses by the circumferential
fibers helps to transmit relatively even axial loads across
the joint surfaces, which prevents excessive loading and
articular cartilage breakdown.26,27,64
The superior surfaces of both menisci are concave,
allowing for articulation with the convex femoral condyles.18,26 The inferior surfaces are relatively flat, which
allows the menisci to effectively articulate with the relatively flat tibial plateaus.18,26 The medial and lateral anterior roots both have relatively simple, planar insertions
into the tibial plateau, while the medial and lateral posterior roots have complex, 3-dimensional insertions into the
tibial plateau.25,26 Knowledge of the specific anatomy of
each meniscus root attachment site is important in guiding
diagnosis and management (Figure 1).

Medial Meniscus Anterior Root
In the only known descriptions of quantitative relationships
between the medial meniscus anterior root and other landmarks in the knee, Johnson et al26 depicted the anterior
root as inserting in line with the medial tibial eminence at
an average of 7 mm anterior to the anterior cruciate ligament
(ACL) tibial insertion, and Bhatia et al8 reported that the center of the ACL was approximately 11.5 mm from the posterior
aspect of the medial anterior root. The medial meniscus anterior root attachment has been reported to have the largest
insertion site of any of the meniscus root attachments, with
2 studies reporting different areas: 61.4 and 139 mm2.26,36
Berlet and Fowler7 described 4 types of insertions for
the medial meniscus anterior root. The first type, type I,
inserted on the flat portion of the intercondylar region of
the tibial plateau and occurred in 59% of knees. Type II
presented in 24% of knees and inserted on the downward
slope of the medial articular plateau to the anterior intercondylar area. Type III, which occurred in 15% of knees,
was reported to insert on the anterior slope of the medial
tibial plateau. Type IV was anchored only by the peripheral coronary ligament with no direct attachment to the
tibial plateau and presented in 1 of the 34 knees (3%).7
Others have also described similar variants as type IV
and reported that 11% to 14% of knees presented with
this condition.48,51

Figure 1. Photograph demonstrating the relationship of the 4
meniscus roots—medial meniscus anterior root attachment
(MARA), lateral meniscus anterior root attachment (LARA),
medial meniscus posterior root attachment (MPRA), and lateral meniscus posterior root attachment (LPRA)—in comparison with the anterior intermeniscal ligament (AIL), anterior
cruciate ligament footprint (ACL), and posterior cruciate ligament footprint (PCL). The location of the accessory shiny white
fibers (SWFs) is labeled in relation to the MPRA (lowermost
solid arrow). The lateral meniscal expansion (LME) is also
labeled in relation to the LPRA (lowermost dashed arrow).
Berlet and Fowler7 also described the anterior horn as
associating with the ACL in 59% of knees. Other researchers have reported the anterior horn as connecting to the
anterior intermeniscal ligament, also known as the transverse ligament, in approximately 70% of knees.7,36,48,57
Nelson and LaPrade48 reported that the anterior intermeniscal ligament traversed from the anterior horn of the
medial meniscus to the anterior horn of the lateral meniscus in 46% of knees and from the anterior horn of the
medial meniscus to the lateral aspect of the joint capsule
anterior to the lateral meniscus in 26% of knees. The role
of the anterior intermeniscal ligament is controversial.
Poh et al57 sectioned the anterior intermeniscal ligament
and reported that the tibiofemoral contact mechanics of
both the medial and lateral compartments were not significantly affected by sectioning. Considering this, the investigators reasoned that the individual tibial attachments of
the anterior horns cause the menisci to distribute loads
individually. Paci and colleagues53 also sectioned the anterior intermeniscal ligament but did note a significant
increase in peak contact pressures of the medial compartment of the knee. The authors reasoned that the anterior
intermeniscal ligament may play an important stabilizing
role in the knee as well and should be protected.

Medial Meniscus Posterior Root
Johannsen et al25 qualitatively described the medial
meniscus posterior root as posterior to the apex of the

3018 Bhatia et al

The American Journal of Sports Medicine

Figure 2. Pertinent anatomic relationships (right knee) as reported by Johannsen et al.25 (A) Superior view and (B) posterior view.
ACL, anterior cruciate ligament bundle attachments; LPRA, lateral meniscus posterior root attachment; LTE, lateral tibial eminence; MPRA, medial meniscus posterior root attachment; MTE, medial tibial eminence; PCL, posterior cruciate ligament bundle
attachments; SWF, shiny white fibers of posterior horn of medial meniscus. (Reprinted with permission from Johannsen AM, Civitarese DM, Padalecki JR, Goldsmith MT, Wijdicks CA, LaPrade RF. Qualitative and quantitative anatomic analysis of the posterior
root attachments of the medial and lateral menisci. Am J Sports Med. 2012;40(10):2342-2347.)
medial tibial plateau, lateral to the inflection point of articular cartilage of the medial tibial plateau, and anteromedial
to the posterior cruciate ligament (PCL) tibial attachment
point, which expanded on previous studies.26,36,49 Johannsen et al25 also elucidated specific quantitative landmarks
of the medial meniscus posterior root attachment. They
reported that the posterior root was approximately
9.6 mm posterior and 0.7 mm lateral to the apex of the
medial tibial eminence. The root was also described as being
3.5 mm lateral to the medial tibial plateau articular cartilage inflection point and 8.2 mm anterior to the most superior PCL tibial attachment (Figure 2).
Anderson et al5 first reported on the appearance of what
the authors called the ‘‘shiny white fibers,’’ a posterior-based
sheet of supplemental fibers continuous with the main, dense
posterior root attachment, distinct in visual appearance but
not an entirely separate structure on the posterior horn of
the medial meniscus (Figure 3). These diagonally oriented
fibers were reportedly named after their brilliant white
appearance during arthroscopy and were not considered
part of the root attachment.6,25 Johannsen et al25 reported
their attachment area to be 47.3 mm2. Previous studies26,36
have reported the insertion area of the entire posterior root
as approximately 47 mm2 and 80 mm2. However, Johannsen
et al25 reported that the central, most dense root attachment
averaged 30.4 mm, but when the size of the shiny white
fibers was included, the total area of the shiny white fibers
and posterior root averaged 77.7 mm2. Therefore, while previous studies may have included the shiny white fibers in
their root attachment area, these areas may not accurately
describe the precise area of the posterior root that is currently repaired surgically.25

Lateral Meniscus Anterior Root
Johnson et al26 qualitatively reported that the anterior
root attached anterior to the lateral tibial eminence and

Figure 3. (A) Arthroscopic anatomy of the medial meniscus
posterior root attachment with arthroscopic probe under
root, left knee. (B) Note the shiny white fibers (arrow), a distinct landmark on the distal aspect of the posterior horn of
the medial menisci (posterior cruciate ligament tibial attachment debrided, left knee). The shiny white fibers are a
posterior-based sheet of supplemental fibers continuous
with the main, dense posterior root attachment, distinct in
visual appearance but not an entirely separate structure.
The shiny white fibers are the most posterior fibers of the
root, and there is no true plane or separation between
them and the main root attachment. While previous studies
may have included the shiny white fibers in their root attachment area, the precise area of the posterior root that is currently repaired surgically often does not include them.
adjacent to the insertion of the ACL. Zantop et al74
reported that the anteromedial bundle of the ACL was an
average of 5.2 mm medial and 2.7 mm posterior to the lateral anterior root, while the posterolateral bundle was an
average of 11.2 mm posterior and 4.1 mm medial to the
anterior root. Ziegler et al75 reported that the center of
the ACL was an average of 7.5 mm medial to the anterior
root of the lateral meniscus center, 8.5 mm anteromedial to
the posteromedial aspect of the anterior horn of the lateral
meniscus, and 10.2 mm posteromedial to the anteromedial
aspect of the anterior horn. Ziegler et al75 also replicated

Vol. 42, No. 12, 2014

earlier findings26,36 and noted that the anterior horn of the
lateral meniscus attached to the ACL bundles in all knees
studied. Previous studies26,36 reported that the lateral anterior root is smaller than its anterior medial meniscus root
counterpart, with reported areas of 44.5 mm2 and 93 mm2.

Lateral Meniscus Posterior Root
Johannsen et al25 qualitatively described the lateral posterior
root as being posteromedial to the lateral tibial eminence
apex, medial to the lateral articular cartilage edge, anterior
to the PCL tibial attachment, and anterolateral to the medial
meniscus posterior root attachment. This depiction expanded
on previous studies.26,36 These authors also quantitatively
reported on the relationship between the posterior root and
other landmarks in the knee. They reported that the distance
between the lateral tibial eminence apex and the center of
the lateral posterior root was approximately 5.3 mm. Also,
the root was 4.2 mm medial and 1.5 mm posterior to the lateral tibial eminence, 4.3 mm medial to the lateral tibial plateau articular cartilage margin, 12.7 mm anterior to the most
superior margin of the PCL tibial attachment, and 10.1 mm
posterior to the posteromedial corner of the anterior root
attachment of the lateral meniscus25,75 (Figure 2). Ziegler
et al75 also reported that the posteromedial bundle of the
ACL was 10.8 mm anterior to the posterior root.
Researchers first reported26,39 that the posterior root
attachment area was 28.5 mm2 and 115 mm2. Johannsen
et al25 later reported that the area averaged 39.2 mm2,
and the investigators theorized that the discrepancy
between studies mostly related to the method of measurement, because they only measured the main fiber attachment area, as opposed to the central root plus
supplemental fibers. These authors also first described
the presence of an extension of the lateral meniscus attachment that was separated from the main root attachment.
These supplemental fibers inserted on the lateral edge of
the medial tibial eminence and were not considered part
of the main fiber attachment area.25,38

EPIDEMIOLOGY AND PATHOGENESIS
OF MENISCAL ROOT TEARS
Meniscal root tears have been reported to occur in both
acute and chronic settings.56 Acute tears have been
reported in the setting of multiligamentous knee injuries
or attributable to trauma resulting from hyperflexion or
squatting.35,55,56 The posterior horns of the medial and lateral menisci transmit more load than the anterior horns,
especially at 90° of flexion.18,73 The medial meniscus posterior root has the least mobility of all the meniscus roots,
and studies have reported that this stress placed upon
the posterior medial root results in it having the highest
incidence of tears compared with the other roots.27,52,70
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presenting in about 10% to 21% of arthroscopic meniscal
repairs or meniscectomies.9,24,52 Actual prevalence may be
even higher given a recently increasing wealth of knowledge
about the diagnosis of root tears and the realization that
MRI scans may miss approximately one-third of radial tears
adjacent to the posterior root attachment of the medial
meniscus.9,52 Posterior root tears of the medial meniscus
have been reported to have an incidence of about 3% along
with multiligamentous tears.10,33,35,55 Other studies have
reported on risk factors for medial meniscal posterior root
tears. Increased age, female sex, increased body mass index,
and decreased sports activity levels have all been associated
with a higher incidence of medial root tears.9,24,52

Lateral Meniscus Posterior Root
The lateral meniscus root has been reported to be approximately 2 times more mobile than the medial root, which
has led to the hypothesis that the lateral meniscus has
less of a role with stabilization of the knee, and consequently will encounter less stress, than the medial meniscus.6,43,70 Therefore, the lateral posterior horn has been
reported to be less affected by chronic ACL instability episodes than the medial posterior horn.6,50 Brody et al10
defined the meniscus root ‘‘as the last few millimeters of
meniscal tissue angling down to the tibial plateau attachment in the intercondylar notch’’ for diagnosing root tears
based on magnetic resonance appearance. Two studies
using this MRI criterion reported a lateral meniscal posterior root tear in 8% and 9.8% of patients with ACL
tears.10,14 One study also reported an incidence of less
than 1% for lateral root tears without a concomitant ACL
tear.14 The risk factors for lateral meniscal posterior root
tears are relatively unknown. Researchers have reported
that sports activity is involved in approximately 87% of lateral meniscal injuries, and Beldame et al6 reported that
70% occurred with ‘‘pivot-contact’’ sports.69

Anterior Meniscus Roots
Little is known about the cause and incidence of tears of the
anterior roots of the medial and lateral menisci. Thompson
et al70 reported that the anterior horns demonstrated more
mobility than their posterior counterparts, and this may be
why the anterior horns of the menisci are reported to
undergo injury at a much lower incidence than the posterior
horns.6,64-66,70 Studies have reported that 11% of medial
meniscal tears and 5% to 8% of lateral meniscal tears
were located in any part of the anterior horn, without a specific reference of injury to the root attachments.6,64 To date,
case reports are the only available literature specifically
describing anterior meniscal root tears, and these injuries
were iatrogenic in nature or attributable to variant attachments of the anterior roots.16,47,71

Medial Meniscus Posterior Root

BIOMECHANICAL AND KINETIC IMPLICATIONS

The incidence of medial meniscal posterior root tears is
more common than previously thought, with these tears

Few studies have investigated the biomechanical consequences of meniscal root injury. The recent literature has
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demonstrated that meniscal root tears, particularly
posterior root avulsions of the medial meniscus, lead to deleterious alterations in tibiofemoral joint loading profiles.4,45,54,62,67 Previous studies have suggested that the
posterior root of the medial meniscus is essential for maintaining meniscal hoop tension and preventing meniscal
extrusion.20,31 In a landmark study, Allaire et al4 reported
that a posterior root tear of the medial meniscus resulted
in a 25% increase in medial compartment peak contact
pressure compared with the intact state—a similar loading
profile as the total meniscectomized knee. However, when
a posterior medial meniscal root repair was performed, the
loading profile returned to normal.4 Marzo and GurskeDePerio45 reported similar results, with medial posterior
root avulsion significantly decreasing contact area and
increasing peak contact pressures. Repair of the avulsion
restored the loading profiles to the intact knee.45 Similar
effects after lateral meniscal root avulsions of the posterior
root have been reported.38,60 Root avulsion almost always
resulted in significantly decreased tibiofemoral contact
areas and increased mean and peak contact pressures,
but while the mean and peak pressures were restored to
those of the native knee after a transtibial pullout repair,
these same studies reported that the contact areas were
not always restored to those of the native knee.38,60
Further, recent literature has elucidated consequences
of a meniscal root injury as it pertains to meniscal extrusion and knee kinematics. Hein et al23 demonstrated that
medial meniscal root avulsion results in significantly
greater medial meniscal displacement and gap formation
at the root avulsion site when compressive loads are
applied to the knee. The authors concluded that this is
the basis for which meniscal extrusion, a commonly
encountered condition in degenerative knees, occurs.23 It
is possible that extrusion of the meniscus may be responsible for its functional failure in shock absorption.56 Allaire
et al4 also demonstrated that meniscal root injury involving the posterior horn of the medial meniscus resulted in
increased tibial external rotation and lateral translation.
Such changes may ultimately increase the varus limb
alignment commonly reported in patients with these injuries.56 Root repair may avoid such changes by restoring
kinematic profiles to the native state.4,56
Interestingly, while meniscal root repair has been heralded for its ability to restore tibiofemoral joint loading profiles to a more native pattern, evidence suggests that the
margin of error is small when repairs are performed. Starke
et al67 elucidated this by demonstrating that a medial meniscal root repair placed nonanatomically just 3 mm medial or
lateral significantly impairs the ability of the meniscus to
convert axial tibiofemoral loads into hoop stresses.

DIAGNOSIS
Clinical Presentation
Proper diagnosis of meniscal root injury is critical for
appropriate patient counseling and treatment decision
making. Unfortunately, the clinical diagnosis is quite
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challenging because of the low likelihood that common
signs and symptoms associated with meniscal body injury
will manifest in patients with root tears. For example,
patients with posterior root tears may report a history of
joint line pain on the affected side, but mechanical symptoms such as locking, catching, or giving way are less likely
to be present. Lee and coauthors,40 in a review of 21
patients with posterior medial meniscal root tears, noted
that only 14.3% and 9.5% of their patients complained of
knee locking and giving way, respectively. Further, meniscal root injury is not typically associated with an inciting
traumatic event. In one study, 68.9% of patients with
medial meniscal root tears recalled a minor traumatic
event, such as squatting, whereas others could not recall
any specific event leading up to their injury.31 In contrast,
some patients may present with an acute onset of pain,
with higher severity than experienced by patients with
other types of meniscal tears.31
On physical examination, the most commonly encountered signs are posterior knee pain with deep flexion and
joint line tenderness. Lee et al40 noted that 66.7% and
61.9%, respectively, of their cohort of patients with posterior medial meniscal root tears presented with these findings. McMurray testing was positive in only 57.1% of
patients and effusion was noted in only 14.3%.40 Seil and
colleagues61 described a novel varus stress test that was
useful in the clinical diagnosis of a medial meniscal posterior root avulsion. The authors performed the test with the
patient fully relaxed and the knee in full extension. During
varus stress testing, the anteromedial joint line was palpated and meniscal extrusion was reproduced. Extrusion
disappeared when the knee was returned to normal alignment.61 Although the authors did not objectively quantify
the sensitivity or specificity based on results from a large
series, they recommended it as a useful tool for diagnosis
and clinical follow-up.61

Imaging
In the absence of highly sensitive and specific history and
physical examination findings, MRI has become increasingly used to diagnose meniscal root tears. However, making an accurate diagnosis with MRI is often dependent on
the quality of the imaging and the skill of the radiologist.
In one study evaluating 67 patients with arthroscopically
confirmed posterior medial meniscal root tears, a root tear
could be demonstrated on preoperative MRI in only 72.9%
of the patients, while the rest demonstrated degeneration
and/or fluid accumulation at the posterior horn without
a visible meniscal tear.52 Others have reported significantly
improved detection ability—up to 93.3% sensitivity, 100%
specificity, and 100% positive predictive value—using a variety of magnetic resonance sequences and interpretation
signs suggestive of root tears.12,14,22
Although frequently variable in sagittal cut views, the
posterior medial meniscus root is visualized most easily
in 2 consecutive coronal MRI images as a band of fibrocartilage anchoring the posterior horn to the tibial plateau.35,42 T2-weighted sequences are generally considered
to be the best images for visualization of tears given their
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Figure 4. Visualization of meniscal root tears via magnetic resonance imaging. (A) Coronal T2-weighted section demonstrating
medial meniscal extrusion (arrow) (left knee). (B) Axial image demonstrating high signal in region of meniscus root and posterior
horn with a radial root tear (arrow) (right knee). (C) Sagittal image demonstrating ghost sign (arrow) (right knee).
maximum specificity and sensitivity values,41 although
some consider axial images to provide the highest sensitivity and specificity.12 Given the difficulty of visualizing
a frank tear because of the relatively small size of each
meniscus root, the presence of meniscal extrusion has
been described as a finding that highly correlates with
the presence of a root tear.11,44 Medial meniscal extrusion
is defined as partial or total displacement of the meniscus
from the tibial articular cartilage39,42 (Figure 4). Studies
have reported that .3 mm extrusion on midcoronal imaging is significantly associated with articular cartilage
degeneration, severe meniscal degeneration, complex tear
patterns, and tears involving the meniscus root.13,42
Meniscal extrusion less than the 3-mm threshold was
reportedly not associated with these findings.13 Lerer
et al42 even purported that meniscal extrusion is a cause
rather than a consequence of cartilage degeneration.11
Although knees with medial meniscal extrusion are more
likely to have a meniscal root tear, not all cases of meniscal
extrusion are reflective of this. Magee44 postulated that
there may be a subset of patients in whom the meniscus
root is stretched rather than torn, resulting in pathologic
meniscal extrusion without a frank root tear.
Other important signs associated with root tears
include the presence or absence of a ghost sign, which is
the absence of an identifiable meniscus in the sagittal
plane or high signal replacing the normal dark meniscal
signal.32,42,56 The MRI ghost sign is thought to represent
a radial tear caught perfectly in line showing only a portion
of the meniscus (Figure 4). Other signs for meniscal root
lesions include a radial linear defect at the posterior bony
insertion of the meniscus roots on axial imaging and vertical linear defects on coronal imaging32 (Figure 4). Also,
when treating patients with radial meniscal posterior
tears, the clinician must differentiate true medial meniscal
root tears from paracentral posterior horn radial tears to
determine the appropriate treatment. The latter tears,
because of a limited vascular supply in the paracentral posterior horn, have a far lower likelihood for side-to-side
healing of repairs than do true meniscal root tears.35 A
summary of important pearls for the diagnosis of meniscal

root tears on MRI is provided in Table 1. In the senior
author’s (R.F.L.) practice, it is commonly noted that
patients present with ipsilateral tibiofemoral compartment
bone marrow edema and insufficiency fractures in the
presence of posterior horn meniscal root tears.21
Lateral meniscal root tears are also best visualized with
standard magnetic resonance protocols. Typically, lateral
meniscus roots are best seen on coronal and sagittal
sequences that depict the posterior slope and apex of the
lateral tibial eminence.14 To date, however, the sensitivity
and specificity for the detection of lateral root tears by MRI
are unknown.

TREATMENT DECISION MAKING
The treatment of meniscal root tears can be broken down
into 3 groups: (1) nonoperative, (2) partial meniscectomy,
and (3) meniscal root repair. Historically, patients with
root injuries have been treated with one of the first two
options, and nonoperative management of these injuries
may still be indicated in certain situations. For example,
in patients who are poor surgical candidates (multiple
comorbidities preventing surgical intervention, advanced
age, or the presence of advanced degenerative joint disease), an initial trial of nonoperative management remains
the treatment of choice. In these cases, initial surgical
meniscectomy or repair is either not indicated or not possible. Surgical treatment of meniscal root tears is best
reserved for patients with excellent chondral health and
relatively acute meniscal root tears. Appropriate indications for surgical technique are imperative for success.
An overview of treatment algorithm principles is depicted
in Figure 5.

NONOPERATIVE TREATMENT
Although nonoperative management of root tears fails to
restore native anatomy and function and may induce
joint-space narrowing and arthritic changes over time,63
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TABLE 1
Clinical Pearls for the Diagnosis and Treatment of Meniscal Root Tearsa
Clinical Diagnosis
d

d

Have suspicion in patients with
posterior knee pain
Assess for effusion and
painful flexion

MRI Evaluation
d

d

d

d

d
d

Treatment

Assess for meniscal extrusion .3 mm
at level of the MCL
Assess for ghost meniscal sign on
sagittal MRI
Assess for vertical linear defects on
coronal MRI
Differentiate true root tear from posterior
horn radial tear
Determine status of cartilage
Assess for the presence of bony edema or
insufficiency fractures of the ipsilateral
tibiofemoral joint

d

d

d
d

Intimate knowledge of root insertional
anatomy is essential for restoration of
meniscal function
Proper indications for surgical repair:
young patients with traumatic tears and
excellent chondral health
Proper tensioning of root repair
Proper anatomic placement of root repair
on tibia

a

MCL, medial collateral ligament; MRI, magnetic resonance imaging.

are a common form of nonoperative treatment to prolong
or prevent the need for a total knee arthroplasty.

OPERATIVE TREATMENT
Meniscectomy

Figure 5. Treatment decision making for meniscal root tears.
Appropriate indications for root repair are imperative for success with this procedure.

certain groups of patients may best be treated nonsurgically. Elderly patients, poor surgical candidates, or patients
with advanced arthritis should attempt a period of nonoperative treatment before undergoing surgical intervention.
Symptomatic treatment with anti-inflammatory medications (oral or topical), activity modification, and/or unloader
bracing may alleviate joint pain associated with a root tear.
In the case of advanced arthritis, intra-articular injections

Surgical options for the treatment of meniscal root injuries
include partial meniscectomy or repair. Historically, partial or complete meniscectomy has been performed for
root tears or avulsions, often providing short-term symptomatic relief with unknown long-term consequences.
However, a recent retrospective study of 58 patients with
medial meniscal root tears who underwent either meniscectomy or repair reported that while both partial meniscectomy and repair significantly improve subjective
outcome scores (Lysholm and International Knee Documentation Committee [IKDC] scores, P \ .05), the repair
group had more improvement and less progression of
arthritic changes at a mean follow-up of 4 years.32 Further,
given that root tears biomechanically simulate a total
meniscectomized state, there has been a recent trend
toward repair over meniscectomy.4,25 Nevertheless, for
patients with chronic root tears and symptomatic grade 3
or 4 chondral lesions (ie, preexisting arthritis) who fail
nonoperative treatment, or patients with partial root tears
and a substantial portion of the footprint still intact (exact
percentage or quantity of footprint yet to be determined),
partial meniscectomy remains the preferred treatment
option. Care should be taken to avoid debriding the entire
footprint so that a partial tear is not converted into a complete tear, thereby creating a functionally meniscusdeficient knee. Advantages of partial meniscectomy over
repair include decreased operative time, a less stringent
postoperative rehabilitation protocol with no weightbearing restrictions, and faster return to activities and sports.

Meniscal Root Repair
For most other situations, repair of meniscal root injuries
is indicated for both symptomatic relief and prevention of
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degenerative joint disease. Indications for meniscal repair
over meniscectomy are constantly expanding. The main
indications for meniscal repair currently include (1) acute,
traumatic root tears in patients who have yet to develop
osteoarthritis, with the goal of preventing arthritic
changes in the future; and (2) chronic symptomatic root
tears in young or middle-aged patients without significant
preexisting arthritis.35,56 More specifically, for lateral
sided injuries, posterior root tears are often associated
with ACL injuries, and the root should be repaired during
concomitant ACL reconstruction. On the medial side, there
are usually 2 injury patterns, acute and chronic. An acute
medial root tear is often associated with a multiligamentous knee injury, specifically a complete tear of the MCL
where the meniscocapsular ligaments are maintained but
the meniscus is avulsed at the root.55 In these situations,
there is a clear indication for a root repair to prevent the
development of arthritis. In contrast, chronic tears are
often due to subtle, nonspecific injuries and have been
reported to go on to rapid ipsilateral compartment cartilage degeneration if not properly diagnosed.35,55 The physician must distinguish whether the tear is a result or
a cause of arthritis, which is often a difficult task. If there
is a significant amount of preexisting medial compartment
arthritis with chronic changes on imaging, repair may not
be indicated; however, if there are early chondral changes
with evidence of a root tear and meniscal extrusion, meniscal repair would be indicated to attempt to prevent the progression of arthritis.
To date, repair techniques fall into 2 broad categories:
transosseous suture repairs and suture anchor repairs.
All of the reported techniques are performed arthroscopically to avoid open posterior dissections of the knee.35
The following techniques have been described for posterior
medial or lateral meniscal root tears only, and techniques
for fixation of the anterior roots have yet to be established
in the literature.
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row technique to maximize fixation and healing.2 Marzo
and Kumar46 also described a transosseous technique;
however, they did not use posterior accessory portals,
instead facilitating suture passage with a commercial
suture passing device. They drilled a 7-mm tunnel using
an ACL guide and tied their sutures over a washer.
Finally, Nicholas et al49 were the first to report a technique
using a small intraosseous socket created with a retrograde
reaming device (FlipCutter; Arthrex Inc, Naples, Florida,
USA), thus removing only a minimal amount of tibial
bone, which may be advantageous in the setting of concomitant cruciate reconstructions that require drilling of multiple bone tunnels.
The senior author’s current preferred technique for fixation of a posterior horn meniscal root tear involves transosseous suture repair tied over a button on the
anteromedial tibia (Figure 6). In addition to the 2 standard
arthroscopy portals, an accessory posteromedial portal is
placed to facilitate suture passage. For root avulsions,
recently described arthroscopic landmarks are used for
anatomic placement of the posterior root bone tunnels
according to directional components referenced off the apices of the tibial eminences, as reported by Johannsen
et al25 and detailed in the anatomy section above. For
radial root tears, fixation is performed in situ, based on
the work of Padalecki et al,54 who reported that an in
situ pullout repair of radial tears restored joint mechanics
(contact area and pressure) to the intact state. For a posterior horn medial root tear, the surgeon typically uses
a curved suture passer through a cannula to insert a nitinol
wire to shuttle 2 sutures that are passed via an accessory
posteromedial portal; this is followed by creation of the
bone tunnel at an anatomic location. The sutures are
passed in an anterior-to-posterior configuration. The
knee is cycled and the sutures are tied over a button on
the anteromedial aspect of the proximal tibia (Figure 7).

Stitch Configuration
Transosseous Suture Repair
Over the past decade, several techniques have been
described for fixation of both the medial and lateral posterior roots using transosseous sutures through the proximal
tibia. For posterior horn medial meniscal root repair, Raustol et al58 described an arthroscopic technique using an
accessory posteromedial portal placed at a high angle to
facilitate suture passage using 2 eyelet pins. The pins
were passed through the medial root, creating a mattress
stitch, and exited anterolaterally, where they were tied
over a bone bridge. Kim et al34 described passing 2 nonabsorbable sutures using a suture passer with a shuttle
through the medial meniscus root, retrieving them
through a 5-mm tibial bone tunnel drilled using an ACL
guide, and tying them over a screw and washer anteromedially. Ahn et al3 were the first to describe the use of a posterior transseptal portal to facilitate visualization of the
root. In their technique, the ACL guide is placed through
the posteromedial portal, the tunnel is drilled, and sutures
are then passed and tied over a post. In a subsequent
study, the authors elucidated the potential for a double-

One recent area of interest involves the biomechanical
properties of various suture techniques for transtibial pullout repair of posterior horn medial meniscal root tears.
Kopf et al37 first examined the properties of 3 commonly
used meniscal root fixation techniques (2 simple stitches,
modified Kessler stitch, and loop stitch) using 64 detached
human meniscus roots in a cadaveric study. Regarding primary fixation strength, the modified Kessler stitch was the
strongest technique, but none of the 3 tested suture fixation methods were able to restore the strength of the native
roots, leading the authors to recommend a slow, conservative postoperative rehabilitation course after fixation.37
More recently, Feucht et al16 published a similar study
examining suture strength in a biomechanical porcine
model using 4 different techniques: 2 simple sutures, modified Mason-Allen, horizontal mattress, and 2 modified loop
sutures. The investigators reported that the modified
Mason-Allen technique provided the best biomechanical
properties with regard to cyclic loading and load-to-failure
testing, followed by the 2-simple-suture technique. The
other 2 techniques had lower stiffness and higher
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Figure 6. Preferred technique for fixation of a posterior horn
medial meniscal root tear involves transosseous suture repair
tied over a button on the anteromedial tibia. Proper tensioning
and anatomic placement of the attachment are critical for healing and restoration of meniscal function. (Reprinted with permission from Padalecki JR, Jansson KS, Smith SD, et al.
Biomechanical consequences of a complete radial tear adjacent to the medial meniscus posterior root attachment site:
in-situ pullout repair restores derangement of joint mechanics.
Am J Sports Med. 2014;42(3):699-707.
displacement during cyclic loading. Regarding the optimal
number of sutures used, Rosslenbroich et al59 found that 2
sutures were better than 1 suture for posterior lateral
meniscal root fixation, with elongation and stiffness similar to the intact state for the 2-suture group and significantly lower for the 1-suture group. Both the 1- and 2suture groups, however, demonstrated lower ultimate failure loads compared with the intact group, again reinforcing a need for a conservative postoperative course after
repair.

Suture Anchor Repair
The theoretical advantages of suture anchor repairs are
that they avoid the need for tibial bone tunnels that could
interfere with concomitant ligament reconstruction, and
they avoid the need for distal fixation that places the
sutures at risk for failure due to abrasion.35 Arthroscopic
fixation of meniscal root tears via use of a suture anchor
technique was originally described by Engelsohn et al15
using an accessory posteromedial portal. The repairs
were then tensioned using standard arthroscopic knot
tying techniques from the anteromedial portal. The
authors reported that in ligamentously stable knees,
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Figure 7. Steps taken during arthroscopic repair of the posterior medial meniscus radial root (left knee). (A) Radial root
tear. (B) Probing of root tear through posteromedial knee portal cannula. (C) Placement of shuttle suture device through
body of root tear. (D) Transosseous pullout repair of root
tear. (E) Pullout sutures tied over a button on the anteromedial tibia.
a high posteromedial portal would be necessary to accomplish appropriate anchor placement.15 Others have
reported a similar technique for repair of posterior horn
medial meniscal root tears, with placement of the high
posteromedial portal approximately 4 cm proximal to the
joint line and posterior to the medial femoral condyle,
with insertion of a double-loaded metal suture anchor
and suture passage using a suture hook and a shuttle
suture.28 The optimal location and orientation of suture
anchor placement have yet to be identified in the
literature.

POSTOPERATIVE MANAGEMENT
To date, there are no consensus guidelines for postoperative rehabilitation after meniscal repair. Most authors suggest full leg extension in either a long cylinder cast32,40 or
a knee immobilizer56 for 2 weeks after repair, followed by
passive range of motion from 0° to 30° for 2 weeks and
a progressive increase of approximately 20° per week until
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full flexion is recovered.56 Active flexion is typically
allowed after the fourth week postoperatively in a controlled fashion from 0° to 90°, and flexion beyond 90° is
avoided to prevent further stress on the repair construct.
Isometric strengthening exercises for the quadriceps begin
on postoperative day 1, and zero to partial weightbearing is
allowed for the first 6 weeks, followed by an increase to full
weightbearing by 2 months after surgery.
In contrast to a standard postoperative rehabilitation
protocol for all meniscal repairs, the protocol used by the
senior author is individualized to each patient. Each
patient’s protocol is based on the range of motion that is
found to be stable intraoperatively by using the transosseous approach, and immediate passive motion is performed
rather than immobilization in extension for 2 weeks. Intraoperatively, before tying the sutures over a button on the
proximal tibia, the surgeon tensions the sutures, ranges
the knee through a 90° arc of motion, and determines the
tension placed on the meniscus via direct visualization
and probing. For example, upon tension of the sutures
before tying, if the knee can be flexed to 60° without putting tension on the repair, yet there is moderate tension
at 90°, 60° is chosen for the maximum flexion angle for
motion during the first 4 weeks of rehabilitation, followed
by a slow, progressive increase in range of motion as tolerated over the next 4 weeks. An early emphasis is placed on
edema control, isometric quadriceps exercises, and gentle
passive knee range of motion starting on postoperative
day 1. The patient is instructed to be nonweightbearing
for the first 6 weeks, followed by a progressive increase
in weightbearing, with full weightbearing typically
achieved by 2 months. Return to full activities or sports
is generally attempted at 5 to 6 months postoperatively,
depending on other concomitant procedures.

CLINICAL OUTCOMES
Optimal treatment of meniscal root tears is still debatable.
Recent clinical studies have attempted to compare clinical
outcomes between nonoperative management, meniscectomy, and meniscal root repair. A summary of clinical
results is provided in Table 2. Historically, partial meniscectomy was the treatment of choice for radial tears involving the meniscus root. However, a retrospective review by
Ozkoc et al52 of 70 posterior horn medial meniscal root
tears treated with arthroscopic partial meniscectomy demonstrated that although mean Lysholm knee scores significantly improved, degenerative changes as defined by
a Kellgren-Lawrence radiographic grade increased postoperatively at a mean follow-up of 4.7 years. The authors concluded that partial meniscectomy provides symptomatic
relief in most cases of posterior medial meniscal root tears
but does not arrest the progression of radiographically evident arthritis.52 Lee and colleagues39 recently performed
a review of 102 knees with medial meniscal posterior
horn tears to identify predictors of meniscal extrusion.
The authors reported that tears in a radial orientation
were more likely to have meniscal extrusion than nonradial tears. Increased amounts of meniscal extrusion,
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additionally, were associated with osteoarthritis severity.39 Given the recent biomechanical evidence demonstrating the functional importance of the posterior
meniscus root attachment in preventing a marked increase
in tibiofemoral contact stress similar to total meniscectomy, such findings are expected.4,45
Clinical outcomes studies for medial meniscal root
repairs suggest that when performed correctly, root repair
may be a more effective long-term solution than partial
meniscectomy because of improved clinical and radiographic results and a relatively high healing rate. In one
of the largest clinical series comparing partial meniscectomy to root repair, Kim et al32 evaluated 58 consecutive
patients who underwent either a partial meniscectomy or
a posterior medial meniscal root repair via a pullout suture
technique with a mean follow-up of 48.5 months. Similar to
Ozkoc et al,52 Kim et al32 reported a significant improvement in Lysholm and IKDC subjective knee scores in
both the meniscectomy and repair group when compared
with the preoperative state, but the repair group had better Lysholm and IKDC scores, less joint-space narrowing,
and less progression of the Kellgren-Lawrence radiographic arthritis grade than the partial meniscectomy
group. The repair group also had less meniscal extrusion
postoperatively, and 93.3% had complete or partial healing
of the meniscus. A second-look arthroscopy was performed
in 14 patients in the repair group. Of this subgroup, 10 of
the 14 patients had normal restoration of hoop tension.
The authors concluded that arthroscopic pullout repair of
a medial meniscal root tear provides better clinical and
radiographic results long term than does partial meniscectomy and carries a higher possibility of complete healing
and restoration of the meniscus’s ability to convert axial
loads into hoop stresses.32 In a review of 21 consecutive
knees with posterior root tears of the medial meniscus
treated with an arthroscopic pullout suture repair at
a mean follow-up of 31.8 months, Lee et al40 demonstrated
significant improvement in functional scores, with complete healing observed in all patients who underwent
second-look arthroscopies. Radiographic progression of
arthritis was observed in only 1 of 21 knees undergoing
root repair.40
While arthroscopic repair of posterior medial meniscal
root tears has demonstrated efficacy, the optimal surgical
technique (pullout suture method vs suture anchor technique) has yet to be determined.49 Root repair using the
pullout suture technique has the inherent disadvantage
of requiring a separate tibial tunnel but avoids the potential complication of loosening of the suture anchor. However, because the suture anchor technique involves using
a knot pusher to place an arthroscopic knot directly on
the meniscus root, more precise tensioning of the repair
may potentially be achieved with this technique. Jung
and colleagues28 reported on the results of 13 patients
with medial meniscal root tears that were treated with
an all-inside repair using a suture anchor. One patient
experienced loosening of the suture anchor at 8 months
postoperatively and required arthroscopic removal. Kim
and colleagues31 performed a head-to-head comparison of
functional and radiographic results of arthroscopic suture
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TABLE 2
Summary of Results From Meniscal Root Repair Outcomesa
Study

Objective

Level of
Evidence

Duration of
Follow-up

No.

Ozkoc et al52
2008

Define clinical
Level 4,
features of radial
retrospective
root tears and
report the outcome
of arthroscopic
treatment.

67 patients (70
knees)

56.7 mo (range,
8-123 mo)

Kim et al32 2011

Clinically,
radiographically,
and
arthroscopically
compare findings
in patients with
PHMM root tears
treated with
partial
meniscectomy or
root repair.

Level 3,
retrospective
comparison
study

58 patients (28
meniscectomies,
30 repairs)

48.5 mo

Lee et al39 2011

Determine the effect
of a radial tear on
degenerative
PHMM tear
extrusion and
identify predictors
of medial meniscal
extrusion.

Level 4,
retrospective

102 knees

—

Lee et al40 2009

Document the short- Level 4,
term clinical
retrospective
efficacy of
arthroscopic
pullout suture
repair in treating
posterior root tears
of the medial
meniscus.

20 consecutive
patients (21
knees)

31.8 mo (range,
24-48 mo)

13 patients

30.8 mo (range,
24-40 mo)

Jung et al28 2012 Evaluate subjective
and objective
outcomes after
repair of medial
meniscal root
tears.

Level 4,
retrospective

Methods

Key Findings

Conclusion

Patients with PHMM root Mean Lysholm score
Arthroscopic partial
tears were treated with
improved from 53 to 67
meniscectomy for tears
partial meniscectomy.
after arthroscopic
of the PHMM generally
A retrospective review
partial meniscectomy.
improves symptoms
Preoperative KL grade
of postoperative MRI
but does not arrest the
and surgical findings
of 2 (range, 0-3)
progression of
was conducted. Clinical
increased significantly
radiographically
results evaluated with
to 3 (range, 2-4).
demonstrated
Lysholm scores.
osteoarthritis.
Radiologic evaluation
with KL grades.
58 consecutive patients
Lysholm and IKDC scores Arthroscopic pullout
with PHMM root tears
improved in both
repair of a medial
underwent partial
groups (P \ .05). The
meniscal root tear gave
meniscectomy or
repair group had better
significantly better
pullout repair. Patients
Lysholm and IKDC
clinical and radiologic
were evaluated by
scores and less jointresults than partial
Lysholm and IKDC
space narrowing and
meniscectomy, and
subjective knee scores,
progression of KL
sound healing with
joint-space narrowing,
grade than did the
restoration of hoop
and KL grade on
meniscectomy group (P
tension of the meniscus
simple radiographs;
\ .05). In a subgroup
was observed on MRI
second-look
analysis of the repair
and second-look
arthroscopy performed
group, 28 (93.3%)
arthroscopy.
in 14 patients with
showed complete or
pullout repair.
partial healing.
Tears were classified as
Extrusion was found to be Meniscal extrusion in
root (n = 17) and
associated with both
osteoarthritic knees
nonroot (n = 85) tears
the presence of a radial
was associated with
or as radial (n = 46)
component and the
degenerative meniscal
and nonradial (n = 56)
preoperative KL grade.
tear and osteoarthritis
tears. Multiple
severity. Arthroscopic
regression analysis
meniscal procedures,
was used to identify
especially meniscal
predictors of meniscal
repair, should be
extrusion.
cautiously considered
in patients with
meniscal extrusion.
Patients were treated by KL radiographic grade
Arthroscopic pullout
arthroscopic pullout
increased by 1 grade in
suture repair is an
suture repair of PHMM
only 1 knee. On secondeffective treatment for
root tears. Clinical
look arthroscopy, all
alleviating meniscal
results were evaluated
repaired menisci had
symptoms in patients
by use of Lysholm knee
healed without
with a symptomatic
and HSS scores and
additional chondral
posterior root tear of
radiographic grade.
lesions. Preoperative
the medial meniscus
Second-look
HSS and Lysholm knee
with degenerated
arthroscopic findings
scores improved (P \
articular cartilage of
for 10 knees were also
.0001).
less than grade III. No
analyzed.
discernible
radiographic
degenerative arthritic
changes were found
with the limited shortterm follow-up.
Patients with a PHMM
No patients had joint line This study demonstrated
root tear underwent
tenderness, effusion, or
symptomatic
all-inside repair using
positive McMurray test
improvement after
a suture anchor.
result postoperatively.
meniscal root repair
Postoperative
Improvements in
using a suture anchor.
evaluation was
Tegner activity level
However, follow-up
performed using joint
and Lysholm score
MRI scans did not
line tenderness,
were statistically
show complete healing
McMurray test, and
significant. Mean
of all repaired root
follow-up MRI.
medial meniscal
tears.
Functional evaluations
extrusion was 3.9 mm
were performed using
preoperatively and 3.5
Tegner activity level
mm postoperatively (P
and Lysholm knee
. .05).
score.

(continued)
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TABLE 2
(continued)
Study

Objective
31

Kim et al

2011

Evaluate functional
and radiographic
results of
arthroscopic
suture anchor
repair for PHMM
root tears and
compare with
pullout suture
repair.

Level of
Evidence
Level 3,
prospective

No.
45 patients (22 in
pullout suture
group, 23 in
suture anchor
group)

Ahn et al1 2010

Evaluate
Level 4,
effectiveness of allretrospective
inside repair of
PHLM root fullthickness tears.

25 patients

Shelbourne
et al63 2011

Evaluate long-term
radiographic and
subjective results
of patients with
PHLM root tears
left in situ at the
time of ACLR.

33 patients

Level 3, cohort

Duration of
Follow-up

Methods

Key Findings

Conclusion

25.9 mo (range,
24-27 mo)

For 2 groups of patients, Both groups showed
Significant functional
the investigators
significant
improvement was seen
compared IKDC
improvements in
in both the suture
criteria, KL grade, gap
function and meniscal
anchor repair and
distance at PHMM root
extrusion (P \ .05) but
pullout suture repair
tear, structural
did not show
groups. Reduction of
healing, meniscal
significant differences
meniscal extrusion
extrusion, and
in KL grade or gap
seems to be
cartilage degeneration
distance on MRI (P .
appropriate to preserve
of the medial femoral
.05). Complete
its protective role
condyle.
structural healing was
against progression of
seen in 11 cases in the
cartilage degeneration
pullout suture group
after complete healing.
and 12 cases in the
suture anchor group (P
. .05).
18 mo (range, 12- Patients underwent allNo postoperative effusion, After repair of posterior
48 mo)
inside repair of PHLM
joint-line tenderness,
lateral meniscal root
root tear with
or positive McMurray
tears, MRI showed that
concomitant ACLR.
provocation testing was
the displaced lateral
Clinical and MRI
observed. No
meniscus was reduced,
outcomes were
statistically significant
mainly in the sagittal
assessed
improvement in
plane.
postoperatively.
meniscal extrusion was
observed in the coronal
plane at 18-month
follow-up MRI scans (P
= .096); however,
sagittal extrusion
improved significantly
(P = .007).
10.6 y
Patients who had isolated The mean subjective total At a mean 10-y follow-up
PHLM root tear and
score was 84.6 6 14 in
of posterior lateral
.5 y of objective and
the study group vs 90.5
meniscal root tears left
subjective follow-up
6 13 in the control
in situ, mild lateral
were evaluated and
group (P = .09). The
joint-space narrowing
compared with
measured amount of
was measured without
a matched control
lateral joint-space
significant differences
group without meniscal
narrowing compared
in subjective or
tears based on sex,
with the other knee
objective scores
chronicity of tear, age,
was 1.0 6 1.6 mm in
compared with
and follow-up time. No
the study group vs 0 6
controls.
repair of root tear
1.1 mm in the controls
performed. Patients
(P \ .006).
were evaluated
subjectively and
objectively using the
IKDC criteria.

a
ACLR, anterior cruciate ligament (ACL) reconstruction; HSS, Hospital for Special Surgery score; KL, Kellgren-Lawrence radiographic grade; IKDC, International Knee Documentation Committee subjective score; MRI, magnetic resonance imaging; PHLM, posterior horn lateral meniscus; PHMM, posterior horn
medial meniscus.

anchor repair versus pullout suture repair in 51 patients
with posterior medial meniscal root tears. The authors
reported that both methods resulted in significantly
improved functional scores.31
As noted above, the literature has demonstrated a clear
benefit of surgically repairing posterior root tears of the
medial meniscus. However, surgical repair of the posterior
root of the lateral meniscus remains controversial. Some
authors have reported a high degree of symptomatic
improvement in posterior lateral meniscal root tears that
were treated with repair at the time of concomitant ACL
reconstruction (ACLR), whereas others have postulated
that repair is unnecessary.1,63 In a study of 27 patients
treated with ACLR and posterior lateral meniscal root

repair, Ahn et al1 reported a significant improvement in
postoperative meniscal extrusion, particularly in the sagittal plane, hypothesizing that repair may lead to improved
joint health.

COMPLICATIONS
Meniscal root repairs are not without potential complications. The transosseous suture fixation technique has several unique disadvantages, including (1) the need for
drilling bone tunnels that may potentially interfere with
concomitant ligament reconstruction, (2) an increased
risk for suture abrasion within the bony tunnel during
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knee motion before meniscal healing, and (3) an increased
possibility of creep within the suture itself, decreasing the
strength of the repair. For these reasons, anchor repair
was developed. Unfortunately, complications of anchor
repair include anchor pullout with subsequent failure of
fixation, as well as technical difficulty associated with
the procedure.31
Other notable complications, and perhaps the most
prevalent, include retear of the root repair and progression
of arthritis. The prevalence of these complications is
unknown. Further, the surgeon must be aware of other
common postoperative complications after knee surgery,
including infection, arthrofibrosis, and deep vein thrombosis, especially in high-risk patients. Iatrogenic injury to the
cruciate ligaments or posterior knee neurovascular structures is another potential complication, as noted by Vyas
and Harner.72
In addition to the noted complications above, performing an arthroscopic meniscal root repair using either technique is a demanding procedure in a ligamentously intact
knee. With an intact ACL and PCL, the insertion sites
for the posterior horn of the medial and lateral menisci
are not easily visualized. Properly identifying the footprints themselves, in addition to placing pullout sutures
or anchors precisely in these footprints, can be difficult
even for advanced arthroscopists. Further, debridement
of the ruptured edges could potentially cause a loss of tissue substance and shorten the root, resulting in a nonanatomic repair. Multiple circumstances intraoperatively can
prevent precise anatomic repair of root tears and induce
loss of meniscal tension, either from failure to restore adequate tension intraoperatively or from a failure of fixation,28,31 thereby increasing stress on surrounding
cartilage and altering meniscal function at the site of
repair.67 Together, these effects may contribute to failure
of the meniscal repair and progression of arthritis.
Recent studies on the quantitative anatomic landmarks
of the meniscus roots have provided a better understanding of the appropriate location for an anatomic repair,
but several variables have yet to be elucidated. The optimal repair technique, the strength and function of the
native compared with surgically fixed roots, and longterm outcomes of available repair techniques for the posterior roots remain unknown. Similarly, a large gap in
knowledge exists for the anterior roots, because few studies have attempted to define the quantitative and arthroscopically pertinent anatomy, biomechanical function,
and optimal repair techniques for the anterior roots.

FUTURE DIRECTIONS
Management of patients with meniscal root lesions is a relatively new concept within orthopaedics, and the optimal
treatment strategy is still evolving. The consequences of
medial meniscal root tears are well established, particularly with regard to meniscal extrusion, tibiofemoral load
alteration, and progression of arthritis.35,55,56 Thus far,
preliminary studies suggest a clear benefit for surgical
repair over partial meniscectomy in select patients with
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acute traumatic tears to best preserve the inherent jointprotective function of the human meniscus.32,56 Although
much of the current body of work has helped refine surgical techniques and short-term outcomes, there is a clear
need for longer term data investigating biomechanical consequences of root tears, surgical techniques, and outcomes
of repair.

CONCLUSION
Tears of the posterior root attachment of the medial meniscus often lead to meniscal extrusion, a state in which tibiofemoral loads in the medial compartment are comparable
with a total meniscectomized knee, a risk factor for rapid
joint degeneration. Given the recently understood functional significance of the meniscus root attachments, accurate early diagnosis of root tears, especially in patients
with minimal preexisting chondral disease, is paramount.
Treatment for meniscal root tears historically was focused
on partial meniscectomy, which has recently been found to
induce an unacceptably high rate of arthritic progression
postoperatively. Therefore, repair of meniscus root attachments has increased in popularity and, when done properly in select patients, demonstrates a high rate of
healing as well as biomechanical and clinical efficacy in
restoring the innate ability of the meniscus to dissipate
axial tibiofemoral loads, thereby slowing or halting
arthritic progression.32,40,56
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Introduction: More evidence on diagnostic validity of physical examination tests for knee disorders is
needed to lower frequently used and costly imaging tests.
Objective: To conduct a systematic review of systematic reviews (SR) and meta-analyses (MA) evaluating
the diagnostic validity of physical examination tests for knee disorders.
Methods: A structured literature search was conducted in ﬁve databases until January 2016. Methodological quality was assessed using the AMSTAR.
Results: Seventeen reviews were included with mean AMSTAR score of 5.5 ± 2.3. Based on six SR, only
the Lachman test for ACL injuries is diagnostically valid when individually performed (Likelihood ratio
(LRþ):10.2, LR-:0.2). Based on two SR, the Ottawa Knee Rule is a valid screening tool for knee fractures
(LR-:0.05). Based on one SR, the EULAR criteria had a post-test probability of 99% for the diagnosis of
knee osteoarthritis. Based on two SR, a complete physical examination performed by a trained health
provider was found to be diagnostically valid for ACL, PCL and meniscal injuries as well as for cartilage
lesions.
Conclusion: When individually performed, common physical tests are rarely able to rule in or rule out a
speciﬁc knee disorder, except the Lachman for ACL injuries. There is low-quality evidence concerning the
validity of combining history elements and physical tests.
© 2016 Elsevier Ltd. All rights reserved.
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1. Introduction
Knee disorders and injuries are common reasons for consultation in primary care (Mody & Brooks, 2012). The lifetime prevalence
Abbreviations: SR, Systematic-review; MA, Meta-analysis; ACL, Anterior cruciate
ligament injuries; PCL, Posterior cruciate ligament injuries; OA, Osteoarthritis; PFP,
Patellofemoral pain; PRISMA, Preferred Reporting Items for Systematic Reviews and
Meta-Analyses; Sn, Sensitivity; Sp, Speciﬁcity; PPV, Positive predictive value; NPV,
Negative predictive value; LR, Likelihood ratio; DOR, Diagnostic odds ratio;
AMSTAR, Assessment of methodological quality of multiple systematic reviews.
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of knee pain is 45%, and at least 31% of the affected individuals will
consult a health care practitioner (Baker et al., 2003; Jette & Delitto,
1997). Common knee disorders include traumatic injuries such as
meniscal injuries (Snoeker et al., 2013), anterior cruciate ligament
(ACL) injuries (Granan et al., 2013), fractures (Bharam, Vrahas, & Fu,
2002) or overuse or degenerative disorders like osteoarthritis (Tveit
et al., 2012), patellofemoral pain (PFP) (Barber Foss et al., 2012) and
tendinopathies (Andersen et al., 2013). Knee disorders often result
in disabilities as well as in a decrease in health-related quality of life
and may lead to workplace absenteeism (Filbay et al., 2015; Laslett
et al., 2012). Efﬁcient management of patients suffering from knee
disorders is often lacking because the initial diagnosis is either
erroneous or incomplete. Too often clinicians rely on medical imaging which in turn increase healthcare costs and may incur unnecessary delays in diagnosis and initiation of care (Stein, 2005).
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Moreover, evidence suggests that medical imaging may be less
valid than a complete physical examination in a large proportion of
cases (Jackson, O'Malley, & Kroenke, 2003).
Clinicians rely on thorough patient history elements and physical examination tests to make a diagnosis where the patient's responses and ﬁndings are combined to make a valid diagnosis. This
process remains the cornerstone for optimal, fast and efﬁcient
management of patients with musculoskeletal disorders (Jackson
et al., 2003). However, evidence indicates that the ability to make
a valid diagnosis for common knee disorders based on a complete
physical examination in primary care remains a challenge (Skou,
Thomsen, & Simonsen, 2014). Therefore, it is important to synthesize the evidence of the diagnostic validity of physical examination to better help clinicians in making a valid diagnosis.
In recent years, systematic reviews of primary diagnostic studies
for all diagnoses and tests for hip (Rahman et al., 2013; Reiman
et al., 2013) and shoulder disorders (Hegedus et al., 2012) have
been published. Also, many new systematic reviews (SR) and metaanalysis (MA) regarding the diagnosis of meniscal injuries
(Hegedus et al., 2007; Hing et al., 2009; Meserve, Cleland, &
Boucher, 2008; Ryzewicz et al., 2007), ACL injuries (Benjaminse,
Gokeler, & van der Schans, 2006; van Eck et al., 2013), knee osteoarthritis (Zhang et al., 2010) and patellofemoral pain (PFP) (Cook
et al., 2012) and have been published. However, evidence for
knee disorders has not been synthesized in one clinically useful
format. Therefore, the objective of this study is to provide updated
information to clinicians working with individuals affected by knee
disorders by systematically reviewing all the SR and MA reporting
the diagnostic validity of physical examination tests performed
individually or in combination with patient history elements for
diagnosis of common knee disorders.

diagnose a speciﬁc knee disorder, the number of studies included in
the SR, the number of studies pooled for a MA, and the total number
of participants included in the review. The diagnostic properties of
the clinical tests under study were extracted and included (when
reported): sensitivity (Sn), speciﬁcity (Sp), positive and negative
predictive values (PPV/NPV), positive and negative likelihood ratios
(LRþ/-) and diagnostic odds ratio (DOR (LRþ/LR-)).
2.3.2. Assessment of methodological quality of the included
systematic reviews (AMSTAR)
The methodological quality of the included SR and MA was
assessed with the AMSTAR tool (Shea et al., 2007a). The AMSTAR is
a validated and highly reliable tool aimed at assessing the quality of
systematic reviews (Shea et al., 2007b, 2009. Each of the 11
methodological items are marked as “yes”, “no”, “cannot answer”
(when unclear or insufﬁcient information to answer) and “not
applicable” (Shea et al., 2007a). Two raters independently assessed
the methodological quality of each included review, then compared
ratings and resolved any differences if present. In order to achieve
consensus, a structured process was employed, where rechecking
of the facts in the text was initially performed, followed by a discussion of the adherence to standards as well as the use of an independent third rater in case of persistent disagreement.
A total score out of 11 can be calculated adding the number of
“yes” answers (Shea et al., 2007b, 2009). To objectively synthesize
and formulate recommendations, the methodological quality was
used to establish the strength of evidence. A review with an
AMSTAR score 8/11 was considered of high-quality, between 5
and 7/11 was considered of moderate-quality and <5 was considered of low-quality. No systematic reviews or meta-analysis were
excluded based on methodological quality.

2. Methods
2.4. Data analyses
2.1. Study design
The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines were used to guide the design
of this systematic review (Liberati et al., 2009; Moher et al., 2009).
The tool is a list of 27 items, which assesses the adequate transparent reporting of the results of a systematic review or a metaanalysis.
2.2. Literature search and study identiﬁcation
A literature search was performed in ﬁve bibliographical databases: Pubmed, Medline, CINAHL, Embase, the Cochrane Database
of Systematic reviews and Pedro using relevant and MESH based
keywords. The keywords were adapted to the various databases, as
demonstrated in Appendix 1. Databases were searched from their
date of inception to January 2016. References lists of included
studies and important textbooks on musculoskeletal diagnosis
were also investigated to verify the completeness of the current
search (Cook & Hegedus, 2011; Magee, 2014).
2.3. Data extraction and quality assessment
2.3.1. Study selection and data extraction
Each article, title and abstract were screened by two independent reviewers to determine eligibility. To be included, articles
needed to 1- be a systematic review or a meta-analysis, 2- report on
the diagnostic properties of at least one physical test for at least one
knee disorder and 3- be written in English or French.
Data extraction of the selected SR/MA included: the study
design (i.e: SR or MA), the examination physical tests evaluated to

The mean methodological score of each review was calculated.
Cohen's kappa was used to calculate pre-consensus inter-rater
agreement on individual methodological items of the AMSTAR tool.
Overall results and related 95% conﬁdence intervals for each diagnostic property statistic extracted from the reviews were directly
extracted when pooled results were presented in the original papers. If no pooled results for a given diagnostic property statistic
were presented, the range of estimates reported in the SR was
extracted. For each relevant diagnostic test, the range of point estimates for Sn, Sp, LR ± and DOR (where applicable) across all
included SR/MA was reported for a qualitative assessment of the
evidence.
Sensitivity (Se) and speciﬁcity (Sp) relate respectively to the
proportion of true positive and true negative when a test is performed and do not inform on the probability of a patient having a
disorder if a test is positive or negative, while PPV/NPV inform on
that probability considering the prevalence of the studied sample
(Hing et al., 2009; Jaeschke, Guyatt, & Sackett, 1994). Because of
these issues, the positive and negative likelihood ratio (calculated
using both Se and Sp and representing the odds for a patient of
having or not having a disorder) is advocated to guide clinical
decision-making (Hegedus et al., 2007; Jaeschke et al., 1994).
Although no universal agreement exists, a test was considered valid
if it reaches a LRþ of 5 or more and a LR-of 0.2 or less in order to
formulate recommendations regarding its validity (Jaeschke et al.,
1994). These values produce a moderate shift in post-test probability, signifying that a disorder is present if the test is positive and
absent if the test is negative, and when a test performs up to these
values, it is useful to make a valid diagnosis (Cook et al., 2012;
Jaeschke et al., 1994).
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3. Results
3.1. Overall description of included reviews
As shown in Fig. 1, 6750 potential studies were initially identiﬁed, 6669 articles were excluded and 17 reviews were ultimately
included. Table 1 presents the overall characteristics of the included
reviews. Eleven reviews included a MA while the six others were SR
without a MA. Eight reviews evaluated meniscal injuries, and the
most common tests were the McMurray, the Apley's manoeuver
and the joint line tenderness tests (Table 3). Six reviews assessed
ACL injuries, and the most common tests evaluated were the
Lachman, the anterior drawer and the pivot shift tests (Table 4).
One clinical prediction rule for the screening of knee fractures was
evaluated in two reviews (Table 5). One clinical prediction rule and
one set of diagnostic criteria to diagnose knee osteoarthritis were
the focus of two reviews (Table 6). Combinations of tests for ACL
and posterior cruciate ligament (PCL) tears, meniscal injuries and
for cartilage defects were appraised in two reviews (Table 7).
3.2. Methodological quality of included reviews
The AMSTAR scores for the assessment of methodological
quality of the SR/MA are presented in Table 2. AMSTAR score ranged
from 1 to 8 (out of 11) with a mean of 5.5 ± 2.3 indicating a moderate methodological quality. Seven reviews reached a score of 7 or
higher. More than ten out of seventeen reviews performed a
comprehensive literature search (item 3), provided a list of studies
(item 5), provided characteristics of the included studies (item 6)
and assessed the scientiﬁc quality of the included studies (item 7).
Between seven and ten out of seventeen reviews duplicated study
selection and data extraction (item 2), used the status of publication as an inclusion criteria (item 4), used the scientiﬁc quality of
the included studies in the conclusion (item 8), used appropriate
methods to combine ﬁndings (item 9) and stated potential conﬂict
of interest (item 11). However, only one review assessed the likelihood of publication bias (item 10) while no reviews provided an “a
priori” design (item 1). The average inter-rater reliability for individual item was substantial (kappa ¼ 0.69). The majority of items
reached substantial agreements (k > 0.6) (items 1, 4, 5, 6, 7, 8, 9, 11).
All other items reached a moderate agreement (k > 0.4) (items 2, 3,
10). After discussion between the two raters, consensus was always
achieved.
3.3. Summary of ﬁndings
3.3.1. Meniscal injuries
Table 3 presents the diagnostic properties of the physical tests
used for the diagnosis of meniscal injuries. Eight SR/MA provided
data on the diagnosis of meniscal injuries (Hegedus et al., 2007;
Hing et al., 2009; Jackson et al., 2003; Meserve et al., 2008;
Ryzewicz et al., 2007; Scholten et al., 2001; Smith et al., 2015;
Solomon et al., 2001) with AMSTAR scores ranging from 2 to 8
out of 11 with a mean of 4.8. Based on the data extracted from the
review by Hegedus et al. (Hegedus et al., 2007), the highest quality
review with the most studies included in the meta-analyses (8/11,
n ¼ 18), the McMurray's test demonstrated the highest Sn with a
score of 70.5% (95% CI: 67.4e73.4%) (Hegedus et al., 2007). The point
estimates for Sn varied across all included SR/MA (range:
52.0e70.5%). Also based on the data by Hegedus et al., the joint line
tenderness demonstrated the highest Sp with 77.4% (95% CI:
75.6e79.1%) (Hegedus et al., 2007). Again, the point estimates for
the Sp of this test varied across all included SR/MA (range:
29.0e83.0%). Based on the data extracted from Smith et al. (Smith
et al., 2015), the most recent and highest quality review to
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provide data for the LRþ/- (8/11, n ¼ 9), the joint line tenderness
also demonstrated both the highest LRþ with 4.0 (95% CI: 2.1e7.5)
and the lowest LR-with 0.23 (95% CI: 0.12e0.44). The point estimates of the joint line tenderness LR ± varied across others
included SR/MA for both LRþ/- (range LRþ: 0.9e4.0; range LR-:
0.23e1.1). The Thessaly's test diagnostic validity was also presented
for the ﬁrst time by the review of Smith et al. (Smith et al., 2015),
with a reported LRþ of 5.6 (95% CI: 1.5e21.0) and LR-of 0.28 (95% CI:
0.11e0.71). Overall, authors' recommendations from all included
SR/MA were that clinicians should not use these tests individually
because of their poor diagnostic validity and advised combining the
results of the tests even though no evidence was presented to
support this approach (Hegedus et al., 2007; Hing et al., 2009;
Jackson et al., 2003; Meserve et al., 2008; Ryzewicz et al., 2007;
Scholten et al., 2001; Smith et al., 2015; Solomon et al., 2001).
3.3.2. Anterior cruciate ligament injuries
Table 4 presents the diagnostic properties of the physical examination tests used for the diagnosis of ACL injuries. Six SR/MA
provided data on the diagnosis of ACL injuries (Benjaminse et al.,
2006; Jackson et al., 2003; Leblanc et al., 2015; Scholten et al.,
2003; Solomon et al., 2001; van Eck et al., 2013) with AMSTAR
scores ranging from 2 to 8 out of 11 with a mean of 5.3. Based on the
data extracted from Benjaminse et al. (Benjaminse et al., 2006), the
highest quality meta-analysis with the most studies included in
analysis (8/11, n ¼ 28) to also provide 95% CI for LRþ/-, the Lachman
test demonstrated the highest Sn with 85.0% (95% CI: 83.0e87.0%).
For Sn, the point estimates were relatively similar across all
included SR/MA (range: 81.0e89.0%). In terms of LR, the Lachman
test also reached the highest LRþ and lowest LR-with 10.2 (95% CI:
4.6e22.7) and 0.20 (95% CI: 0.10e0.30) respectively (Benjaminse
et al., 2006). The point estimates for the LR þ varied across the
included SR/MA (range: 4.5e42.0), but was more consistent for the
LR- (range: 0.10e0.22). The Pivot Shift test demonstrated the
highest Sp with a score of 98.0% (95% CI: 96.0e99.0%) (Benjaminse
et al., 2006), but important variations in the point estimates across
all included SR/MA was observed (range: 81.0e98.0%). Overall,
authors’ recommendations from all included SR/MA were that the
Lachman test is of high diagnostic value both to rule in or out an
ACL injury while a positive Pivot Shift test can be used to rule in an
ACL injury (Benjaminse et al., 2006; Jackson et al., 2003; Scholten
et al., 2003; Solomon et al., 2001; van Eck et al., 2013). One review concluded that the anterior drawer test may be used to rule in
an ACL injury, but not rule out, and could be used instead of the
Lachman in situations where the evaluator has less training performing the test (Benjaminse et al., 2006).
3.3.3. Knee fractures
Table 5 presents the diagnostic properties for the Ottawa Knee
Rule, a clinical prediction rule used to exclude a knee fracture and
avoid unnecessary radiograph of the knee at the emergency
(Bachmann et al., 2004). Two reviews providing data on this clinical
prediction rule with AMSTAR score of 2 and 7 out of 11 (Bachmann
et al., 2004; Jackson et al., 2003). Both reviews reported similar
diagnostic properties for the rule. Bachmann et al. calculated 98.5%
(95% CI: 93.2e100%) for Sn, 48.6% (95% CI: 43.4e51.0%) for Sp and
0.05 (95% CI: 0.02e0.23) for LR- (Bachmann et al., 2004). Overall,
the authors' recommendations from both included SR/MA are that
this clinical prediction rule, with its low LR-, is considered useful to
exclude a fracture if all the rule's criteria are negative; if this is not
the case, the clinician cannot rule out a fracture and should order a
knee radiograph (Table 5).
3.3.4. Knee osteoarthritis
Table 6 presents the diagnostic properties of one set of
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Fig. 1. Bibliographic search ﬂowchart (Liberati et al., 2009; Moher et al., 2009).

diagnostic criteria and one clinical prediction rule for the diagnosis of knee OA. Two reviews were found providing data on such
tools with AMSTAR scores of 1 and 2 out of 11 (Jackson et al.,
2003; Zhang et al., 2010). The clinical criteria from the American
College of Rheumatology for the diagnosis of knee OA include: age
50 years, stiffness 30 min, crepitus, bony tenderness, bony
enlargement, and no palpable warmth (Jackson et al., 2003). If at
least three criteria are present, the Sn is 95.0% and Sp is 69.0%. If a
fourth criterion is present, the Sn drops to 84.0%, but the Sp increases to 89.0%. The study by Zhang et al. (EULAR rule) is presented as both a MA with the results of the validation of the rule
in two cross-sectional studies (Zhang et al., 2010). For the clinical
prediction rule, they reported a post-test probability of 99% for
the diagnosis of OA (Kellgren Lawrence 2) if six criteria were
present based on an estimated prevalence of 12.5% in
adults aged  45 years (Zhang et al., 2010). The criteria include
three symptoms: knee pain, morning stiffness for less than
30 min, functional limitations, and three signs: knee crepitus,
knee restricted range of motion and bony enlargements (Table 6).
In both reviews, the authors concluded that a clinical diagnosis
of knee OA can be done with the clinical criteria, but knee radiography remains necessary to assess the radiological grading of
OA.

3.3.5. Patellofemoral pain
Two reviews evaluated the diagnostic validity of 25 tests for PFP
(AMSTAR score: 7 and 6/11) (Cook et al., 2012; Nunes et al., 2013).
Both reviews used the same ﬁve studies and one included four
more for a total of nine studies (Cook et al., 2012; Nunes et al.,
2013). Overall, ﬁve tests had a LRþ5: the active instability test
(LRþ: 249.0), pain during stair climbing (LRþ: 11.6), Clarke's sign
(LRþ: 7.4), pain during prolonged sitting (LRþ: 7.5), and patellar tilt
(LRþ: 5.4, 95%CI:1.4e20.8) (Cook et al., 2012; Nunes et al., 2013).
They also reported that pain during squatting demonstrated a LR¼ 0.20 (95%CI:0.1e0.4) (Cook et al., 2012; Nunes et al., 2013).
Combining tests had a mitigated effect on improving the diagnosis
of PFP (Cook et al., 2012; Nunes et al., 2013). However, they
acknowledged that the primary diagnostic studies included in their
SR reported heterogeneous results with an overall high risk of bias
(Cook et al., 2012; Nunes et al., 2013). The authors of the included
reviews proposed to view PFP as a diagnosis of exclusion (Cook
et al., 2012; Nunes et al., 2013). No individual tests can be recommended at this time to diagnose or exclude a PFP.
3.3.6. Posterior cruciate ligament injuries
The SR by Kopkow et al. evaluated the diagnostic validity of 11
tests for PCL injuries (AMSTAR score: 7/11) (Kopkow et al., 2013). In

Table 1
Characteristics of the included reviews.
Authors

Study design

Disorders

Gold standard from primary
diagnostic studies

Number of studies
evaluated

Number of studies
selected for pooled analysis

Number of participants
included in pooled analyses

AMSTAR
Score

(Scholten et al., 2001)

Systematic review
and Meta-analysis

Meniscal injuries

Arthroscopy or MRI

N ¼ 13

N ¼ 2231

6/11

Systematic review
and meta-analysis

Meniscal injuries

N ¼ 2670

8/11

(Ryzewicz et al., 2007)

Systematic Review

Meniscal injuries

Arthroscopy or MRI

N ¼ 32

e

2/11

(Meserve et al., 2008)

Systematic review
and Meta-analysis

Meniscal injuries

Arthroscopy (MRI
accepted in combination)

N ¼ 11

McMurray's n ¼ 11
Joint line tenderness
Apley's Test n ¼ 4
McMurray's n ¼ 14
Joint line tenderness
Apley's test n ¼ 7
McMurray's n ¼ 5
Apley's n ¼ 2
Joint line tenderness
McMurray's n ¼ 8
Joint line tenderness
Apley's Test n ¼ 3

6/11

Systematic Review
Systematic Review
and Meta-analysis
Systematic review

Meniscal injuries
Meniscal injuries

Arthroscopy or MRI
Arthroscopy or MRI

N ¼ 11
N¼9

e
N¼9

McMurray's
n ¼ 1232
Joint line tenderness
n ¼ 1354
e
n ¼ 1234

Anterior Cruciate
Ligament injuries

Arthroscopy or MRI

N ¼ 17

Variable

6/11

Systematic review
and meta-analysis
Systematic review
and meta-analysis

Anterior Cruciate
Ligament injuries
Anterior Cruciate
Ligament injuries

Arthroscopy or MRI

N ¼ 28

Anterior Drawer Test n ¼ 6
Lachman Test n ¼ 6
Pivot Shift Test n ¼ 4
N ¼ 28

Variable

8/11

Arthroscopy or MRI

N ¼ 20

Anterior Drawer Test n ¼ 17
Lachman Test n ¼ 13
Pivot Shift Test n ¼ 12

6/11

Systematic review
and meta-analysis
Systematic Review

Anterior Cruciate
Ligament injuries
Anterior Cruciate Ligament
injuries and Meniscal Injuries
Acute Knee Disorders, Anterior
Cruciate Ligament injuries
and Meniscal Injuries
Knee fracture with
the Ottawa Knee Rule
Knee Osteoarthritis

Arthroscopy or MRI

N¼8

7/11

Arthroscopy or MRI

N ¼ 23

Variable

3/11

Arthroscopy/MRI/radiography/
clinical diagnosis

N ¼ 35

Lachman n ¼ 5
Pivot Shift n ¼ 4
ACL n ¼ 15
Meniscal n ¼ 9
ACL n ¼ 11
Meniscal n ¼ 4

Anterior Drawer
Test n ¼ 1579
Lachman
Test n ¼ 934
Pivot Shift
Test n ¼ 1192
n ¼ 1196

Variable

2/11

Radiography or follow-up

N ¼ 11

N¼6

N ¼ 4249

7/11

Clinical features and radiographs

N ¼ 313

Variable

Variable

1/11

Arthroscopy or clinical or
imaging (accepted by authors)
Unreported

N¼9

e

e

7/11

N¼5

N¼2

N ¼ 145

6/11

Arthroscopy or MRI

N ¼ 11

e

e

7/11

(Hegedus et al., 2007)

(Scholten et al., 2003)

(Benjaminse et al., 2006)
(van Eck et al., 2013)

(Leblanc et al., 2015)
(Solomon et al., 2001)
(Jackson et al., 2003)

Systematic review
and meta-analysis

(Bachmann et al., 2004)

Systematic review
and meta-analysis
Systematic Review,
Meta-analysis
and Delphi consensus
Systematic review

(Zhang et al., 2010)

(Cook et al., 2012)
(Nunes et al., 2013)
(Kopkow et al., 2013)

Systematic review
and meta-analysis
Systematic review

Patellofemoral pain
Patellofemoral pain
Posterior Cruciate
Ligament injuries

N ¼ 18

n ¼ 14

n¼4
n¼8

3/11
8/11
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(Hing et al., 2009)
(Smith et al., 2015)

Arthroscopy or MRI

n ¼ 10

MRI: magnetic resonance imaging.
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Table 2
Assessment of the methodological quality of the included systematic reviews (AMSTAR).

their review including eleven studies, they reported that the posterior drawer test was the most frequently studied test with a Sn
ranging from 22% to 100% (Kopkow et al., 2013). They reported that
the included primary study in their SR with the lowest risk of bias
(i.e: moderate) showed a LRþ of 50.1 (95% CI: 7.1e351.7) and a LR-of
0.11 (95% CI: 0.03e0.40) for this test (Kopkow et al., 2013). The
authors also reported that the quadriceps active test appeared to be
the most speciﬁc test with a Sp ranging from 96% to 100% based on
two included studies from their SR (Kopkow et al., 2013). Kopkow
et al. concluded that at this time, evidence was insufﬁcient to
recommend any physical tests to diagnose or exclude a PCL injury
(Kopkow et al., 2013).
3.3.7. History taking and physical examination for the diagnosis of
common knee disorders
Table 7 presents the diagnostic properties extracted from reviews on the complete physical examination (including a thorough
history and physical tests) for the diagnosis of various knee disorders (Jackson et al., 2003). We found two reviews providing data on
such evaluation for four knee disorders with AMSTAR scores of 2
and 3 out of 11 (Jackson et al., 2003; Solomon et al., 2001). For ACL
injuries, Jackson et al. (Jackson et al., 2003). reported point estimates for LRþ and LR-of 15.0 (95% CI: 5.1e23.0) and 0.27 (95% CI:
0.12e0.42) respectively. For PCL injuries, Jackson et al. (Jackson
et al., 2003). also reported point estimates for LRþ and LR-of 16.2
(95% CI: 5.2e25.0) and 0.20 (95% CI: 0.13e0.49) respectively.
Therefore, a complete physical examination appears valid to diagnose an ACL injury and diagnose or exclude a PCL injury, although
the deﬁnition of what constitutes a complete physical examination
was not provided. Likewise, for the diagnosis of cartilage lesions,
the complete physical examination may be considered valid with
LRþ of 13.0 (95%CI: 2.7e24.0) and a LR-of 0.51 (95% CI: 0.40e0.62)
(Jackson et al., 2003). For the diagnosis of meniscal injuries, Solomon et al. reported in their review a LRþ: 2.7 (95% CI: 1.4e5.1) and a

LR-: 0.40 (95% CI: 0.20e0.70) (Solomon et al., 2001) and concluded
that a complete physical examination is not valid to diagnose or
exclude a meniscal injury. However, the review by Jackson et al.
concluded that a complete physical examination might be valid to
identify the presence of lateral meniscal injury or to exclude a
medial or lateral meniscus injury (Jackson et al., 2003). Overall,
studies that reviewed the complete physical examination for
various knee disorders concluded that a complete physical examination is probably superior to individual tests but it remains unclear how well this approach may perform (Jackson et al., 2003;
Solomon et al., 2001). Based on this evidence, a complete physical
examination may be diagnostically superior to individual tests but
further research is needed.
4. Discussion
The objective of this study was to systematically review all SR
and MA evaluating the diagnostic validity of physical examination
tests for common knee disorders performed individually or in
combination. This review found a mean AMSTAR score of 5.4 ± 2.4
(95% CI: 4.2e6.6). Gagnier et al. recently evaluated the methodological quality of seventy-six orthopaedic SR and MA using the
AMSTAR tool and the analysis of this review mirrors their ﬁndings
(AMSTAR score: 5.4 vs 5.9) (Faggion, 2015; Gagnier & Kellam, 2013).
Therefore, in accordance with other published literature, the mean
AMSTAR score is at best moderate for the included SR and MA.
However, given the wide range of methodological scores, key reviews of high methodological quality were found and the estimate
from these reviews may be used to guide clinical decision-making
for the diagnosis of common knee disorders. Moreover, conclusions
across SR and MA were most often consistent, independently of the
year of publication and number of included primary diagnostic
studies, reinforcing to a certain extent the strength of the evidence.
Eight SR/MA provided data for the diagnosis of meniscal injuries

Table 3
Description of diagnostic properties for selected tests for meniscal injuries based on results from included reviews.
Tests

Properties

Solomon et al,, (2001)

Scholten
et al., (2001)

Jackson et al., (2003)

Hegedus et al., (2007)

Ryzewicz
et al., (2007)

Meserve et al., (2008)

Hing et al., (2009)

Smith et al., (2015)

McMurray's test

Sn

53.0 ± 15.0%a

10.0e66.0%b

70.5%
[95% CI: 67.4e73.4%]
71.1%
[95% CI: 69.3e72.9%]
e

16.0e67.0%b

55.0%
[95% CI:
77.0%
[95% CI:
2.4
[95% CI:
0.58
[95% CI:
3.99
[95% CI:
22.0%
[95% CI:
88.0%
[95% CI:
2.20
[95% CI:
76.0%
[95% CI:
77.0%
[95% CI:
3.3
[95% CI:
0.31
[95% CI:
10.98
[95% CI:

16.0e88.0%b

e

61.0%
[95% CI:
84.0%
[95% CI:
3.2
[95% CI:
0.52
[95% CI:
e

e

e

e

e

e

e

e

e

83.0%
[95% CI:
83%
[95% CI:
4.0
[95% CI:
0.23
[95% CI:
e

59.0± 36.0%a

57.0e98.0%b

LRþ

1.5e9.5b
0.40e0.90b

e

e

e

DOR

1.3
[95% CI: 0.90e1.7]
0.80
[95% CI: 0.60e1.1]
e

e

e

e

Sn

e

e

e

4.5
[95% CI:
60.7%
[95% CI:
70.2%
[95% CI:
3.4
[95% CI:
63.3%
[95% CI:
77.4%
[95% CI:
e

LR-

Apley's
maneuver

Sp
DOR
Joint line
tenderness

e

e

e

e

e
a

79.0 ± 4.0%

e

3.7e5.4]
16.0e41.0%b
55.7e65.5%]
80.0e93.0%b
68e72.4%]
e
2.6e4.4]
b

Sp

15.0± 22.0%a

13.0e95.0%b

LRþ

0.90
[95% CI: 0.80e1.0]
1.1
[95% CI: 1.0e1.3]
e

0.80e14.9b

76.0%
[95% CI: 65.0e87.0%]
29.0%
[95% CI: 10.0e46.0%]
e

0.20e2.1b

e

e

e

e

e

4.5
[95% CI: 3.8e5.4]

e

Sn

LRDOR
Number of primary diagnostic
studies included in analysis
AMSTAR Score

28.0e95.0%

e
b

69.0e98.0%b

67.0e97.0%
60.9e65.7%]

29.4e87.0%b
75.6e79.1%]
e

50.0e60.0%]
20.0e98.0%b
62.0e87.0%]
0.82e8.86b
1.3e4.6]
0.24e1.45b
0.46e0.81]

45.0e74.0%]
69.0e92.0%]
1.7e5.9]
0.34e0.81]

1.04e15.31]
17.0e28.0%]
72.0e96.0%]
0.27e17.66]
73.0e80.0%]
e
64.0e87.0%]
e
1.6e6.2]
e
0.23e0.42]

73.0e90.0%]
61.0e94.0%]
2.1e7.5]
0.12e0.44]
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Sp

52.0%
[95% CI: 35.0e68.0%]
97.0%
[95% CI: 87.0e99.0%]
e

3.02e39.95]

N¼9

N ¼ 13

N¼4

N ¼ 18

N ¼ 11

N ¼ 11

N ¼ 11

N¼9

3/11

6/11

2/11

8/11

2/11

6/11

3/11

8/11

Sn: sensitivity, Sp: speciﬁcity, LR: likelihood ratio, DOR: diagnostic odds ratio.
a
Data presented as mean ± SD (standard deviation), calculated by authors.
b
Indicates that the authors could not pool the data and did not calculate a mean value with standard deviation. Therefore, we presented the range of values based on the data presented in the article.
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Table 4
Description of diagnostic properties for physical examination tests for Anterior Cruciate Ligament (ACL) injuries based on results from included reviews.
Tests

Properties

Lachman test

Scholten et al., (2003)

Benjaminse et al., (2006)

van Eck
et al., (2013)

84.0 ± 15.0%a

87.0%
[95% CI: 76.0e98.0%]

86.0%
[95% CI: 76.0e92.0%]

85.0%
[95% CI: 83.0e87.0%]

81.0%c

Sp

100%

93.0%
[95% CI: 89.0e96.0%]
e

91.0%
[95% CI: 79.0e96.0%]
2.0e102.1b

94.0%
[95% CI:
10.2
[95% CI:
0.20
[95% CI:
70.0
[95% CI:
24.0%
[95% CI:

81.0%

LRDOR
Sn

Sp
LRþ
LRDOR
Anterior drawer test

Jackson et al., (2003)

Sn

LRþ

Pivot shift test

Solomon et al., (2001)

Sn
Sp
LRþ
LRDOR

Number of primary diagnostic
studies included in analysis
AMSTAR Score

42.0
[95% CI: 2.7e651.0]
0.10
[95% CI: 0.00e0.40]
e
38.0± 28.0%

a

e
e
e

e

a

3.8
[95% CI: 0.70e22.0]
0.30
[95% CI: 0.05e1.50]
e

e
b

18.0e48.0%

97.0%
[95% CI: 93.0e99.0%]
e

97.0e99.0%b

e

62.0 ± 23.0%a

0.10e0.40b

61.0%
[95% CI: 40.0e82.0%]

e

e

67.0± 42.0%

e

48.0%
[95% CI: 38.0e59.0%]
87.0%
[95% CI: 83.0e91.0%]
e
e
e

8.2e26.9b
0.50e0.80

b

e
62.0%
[95% CI: 42.0e78.0%]
88.0%
[95% CI: 83.0e92.0%]
1.7e87.9b
0.10e0.80b
e

98.0%
[95% CI:
8.5
[95% CI:
0.90
[95% CI:
12.0
[95% CI:
55.0%
[95% CI:
92.0%
[95% CI:
7.3
[95% CI:
0.50
[95% CI:
21.0
[95% CI:

c

c

Leblanc
et al., (2015)
89.0%
[95% CI:
76.0e98.0%]
e

92.0e95.0%]
4.5c

e

0.22c

e

4.6e22.7]
0.10e0.30]
e

e

23.0e206.0]
28.0%

c

81.0%

c

21.0e27.0%]

79%
[95% CI:
63.0e91.0%]
e

96.0e99.0%]
5.35c

e

c

e

4.7e15.5]
0.84
0.80e1.0]
e

e

5.0e31.0]
38.0%

c

e

81.0%

c

e

52.0e58.0%]
90.0e94.0%]
c

e

0.67c

e

e

e

4.52
3.5e15.2]
0.40e0.60]
8.0e53.0]

N ¼ 15

N ¼ 11

N ¼ 17

N ¼ 28

N ¼ 20

N¼8

3/11

2/11

6/11

8/11

6/11

7/11

Sn: sensitivity, Sp: speciﬁcity, LR: likelihood ratio, DOR: diagnostic odds ratio.
a
Data presented as mean ± SD (standard deviation), calculated by authors.
b
Authors did not pool data. Ranges of values are therefore presented.
c
95% CI not presented in review.

(Hegedus et al., 2007; Hing et al., 2009; Jackson et al., 2003;
Meserve et al., 2008; Ryzewicz et al., 2007; Scholten et al., 2001;
Smith et al., 2015; Solomon et al., 2001), two SR provided data for
the diagnosis of PFP (Cook et al., 2012) and one for the diagnosis of
PCL injuries (Kopkow et al., 2013). Overall, the authors' conclusions
regarding the evidence supporting the use of physical tests performed individually to diagnose one of these common knee

disorders is inconclusive. It appears that none of the physical tests
studied (McMurray's, Apley's manoeuver, joint line tenderness and
Thessaly test) are able to make a valid diagnosis of a meniscal injury
when performed individually, even in high-quality reviews. Likewise, based on moderate quality reviews when performed individually, relevant physical tests are unable to diagnose or exclude a
PFP or a PCL injury.

Table 5
Description of diagnostic properties for selected tests for knee fractures based on results from included reviews.
Test
Ottawa Knee Rule

a

Properties

Jackson et al., (2003)

Bachmann et al., (2004)

Sn

100.0%
[95% CI:
49.0%
[95% CI:
1.96
[95% CI:
0.11
[95% CI:

98.5%
[95% CI: 93.2e100%]
48.6%
[95% CI: 43.4e51.0%]
e

Sp
LR þ
LR Number of primary diagnostic studies included in analysis
AMSTAR Score

N¼2
2/11

94.0e100.0%]
46.0e52.0%]
1.92e1.99]
0.06e0.18]

0.05
[95% CI: 0.02e0.23]
N¼6
7/11

Sn: sensitivity, Sp: speciﬁcity, LR: likelihood ratio.
a
Ottawa Knee Rule criteria (Bachmann et al., 2004; Jackson et al., 2003): A knee radiograph examination is required only for patients who have at least ONE of the
followings: 1) aged 55 years or older, 2) isolated tenderness of patella (no bone tenderness of knee other than patella), 3) tenderness at the head of ﬁbula, 4) inability
to ﬂex knee to 90 , or 5) inability to bear weight both immediately and in the emergency department for 4 steps (unable to transfer weight twice onto each lower limb
regardless of limping).
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Table 6
Description of diagnostic properties for selected tests for osteoarthritis based on results from included reviews.
Test

Properties

Solomon et al., (2001)

Zhang et al., (2010)

American College of Rhumatology Criteriab

Sn (at least 3 criteria)
Sp (at least 3 criteria)
Se (4 criteria present)
Sp (4 criteria present)
Post test probability

95.0%a
69.0%a
84.0%a
89.0%a
e

e
e
e
e
99.0%a

Unclear
2/11

Unclear
1/11

EULAR Rulec
Number of primary diagnostic studies included in analysis
AMSTAR score

Sn: sensitivity, Sp: speciﬁcity.
a
Data presented directly from authors.
b
The clinical criteria from the ACR for the diagnosis of osteoarthritis (Jackson et al., 2003) include: age older than 50 years, stiffness for less than 30 min, crepitus, bony
tenderness, bony enlargement, and no palpable warmth. Based on a prevalence of 34% in primary care, the presence of at least 3 criteria increases the probability of having
osteoarthritis to 62%.
c
EULAR's clinical prediction rule criteria (Zhang et al., 2010) for the diagnosis of osteoarthritis include: 3 symptoms: knee pain, morning stiffness for less than 30 min,
functional limitations, and 3 signs: crepitus, restricted movement and bony enlargement. Based on a background prevalence of 12.5% in adults age more or equal to 45 years,
the post-test probability of having radiographic knee OA (KL  2) increase with the number of criteria present to 99% when all six criteria are present.

Six SR/MA provided data for the diagnosis of ACL injuries
(Benjaminse et al., 2006; Jackson et al., 2003; Leblanc et al., 2015;
Scholten et al., 2003; Solomon et al., 2001; van Eck et al., 2013).
The evidence suggests that out of the three tests that were investigated (Lachman, anterior drawer test and the pivot shift), the
Lachman appears to be valid when individually performed to diagnose or exclude an ACL injury and the Pivot Shift may be used to
diagnose an ACL injury because of its high speciﬁcity. Of note, one
SR included in the present analysis concluded that the use of the
pivot shift for patients under anaesthesia reached higher speciﬁcity
than the Lachman (van Eck et al., 2013). Clinically, the evidence
indicates that clinicians can rely on the Lachman test to rule in or
out an ACL injury. It should be noted that some authors expressed
concerns about the use of the anterior drawer test in clinics because
of its lower validity compared to the Lachman test even if this test
reaches an adequate validity (Jackson et al., 2003).
Two reviews provided data for the screening of knee fracture
using the Ottawa Knee Rule (Bachmann et al., 2004; Jackson et al.,
2003). The evidence indicates that the Ottawa Knee Rule is valid
to exclude knee fractures (Stiell et al., 1997) and has been used
extensively in clinical practice since its original development two
decades ago. The implementation of this tool in clinical practice,
namely in emergency departments, has been shown to decrease
radiograph use, to lower direct healthcare costs and to diminish
time spent by patients in the emergency department, without
compromising patients’ safety and quality of care. (Perry & Stiell,
2006; Stiell & Bennett, 2007). Clinicians can therefore rely on the
rule to avoid unnecessary radiographic evaluation in this setting.
Two reviews provided data for the diagnosis of OA using diagnostic criteria and a clinical prediction rule (Jackson et al., 2003;
Zhang et al., 2010). The American College of Rheumatology has issued criteria for the diagnosis of osteoarthritis of the knee without
the use of radiographs, but only the sensitivity and speciﬁcity are
reported, a fact that limits clinical interpretation (Jackson et al.,
2003). Moreover, initial development of the criteria mainly classify patients from having OA or rheumatoid arthritis (Altman et al.,
1986) and there remains conjecture in the literature about the use
of the criteria in primary care (Peat et al., 2006). The recent EULAR
prediction rule provides LRþ and LR- and therefore enables the
calculation of post-test probability (Zhang et al., 2010). The posttest probability of this rule is very high if all six symptoms and
signs are present. However, to our knowledge, the diagnostic capabilities of this combination when fewer than six criteria are
positive has not been presented, which limits its usefulness for
clinicians. Clinically, the evidence indicates that clinicians may use
the proposed criteria to diagnose clinical knee OA without the use
of radiographs as proposed by both medical associations. However,

radiographs remain necessary for radiological grading as can be
used to plan a consultation with an orthopaedic surgeon. More
evidence is needed to better deﬁne the clinical diagnosis of knee OA
in the general population (Jackson et al., 2003; Peat et al., 2006).
The authors from all the included SR/MA argued that the majority of primary diagnostic studies were of low to medium
methodological quality. Commonly cited poor methodological aspects included a low number of patients and/or of cases, a retrospective study design, the lack of blinding, high risk of spectrum
bias and inadequate description of index tests and reference standards (Hegedus et al., 2007; Jackson et al., 2003). These biases have
been shown to inﬂate the diagnostic validity of the index test under
study (Whiting et al., 2013). Moreover, only two reviews reported
the reliability of clinical tests (Cook et al., 2012; Zhang et al., 2010).
Reliability is an important and commonly overlooked diagnostic
quality that ultimately inﬂuences the validity of the test and its
usefulness for clinicians (Desmeules et al., 2013). More precise
discussion on this subject is beyond the scope of this review, but
evaluating the available evidence on the reliability of knee physical
tests is warranted.
The evidence presented above demonstrates that the diagnosis
of common knee disorders cannot be made by relying exclusively
on one physical test, with exception of ACL injuries. The presented
evidence can inform clinicians of the validity of physical tests that
may be useful to diagnose or exclude a disorder. Interestingly, our
review presents evidence, although limited and in low quality reviews, that a complete physical examination may be diagnostically
superior to individual tests. However, in the present review, the
deﬁnition of the history elements and physical tests included in a
complete physical examination was notably lacking. Indeed, we do
know that clinicians rely on combinations of history elements and
physical tests to make a diagnosis when patients present with a
knee problem. It has been reported that clinicians with extensive
training with musculoskeletal disorders are able to diagnose knee
disorders with high conﬁdence using a complete physical examination (Daker-White et al., 1999; Desmeules et al., 2013; Moore
et al., 2005). Our review also shows that when clinical prediction
rules are developed they may become useful, valid tools for the
diagnosis of common knee disorders such as OA and fractures. Of
interest, several clinical prediction rules have been developed in
recent publications not presented in the included reviews (Cook
et al., 2010; Kastelein et al., 2008, 2009; Wagemakers et al., 2008;
Wagemakers et al., 2010) and demonstrated that the combination
of speciﬁc history elements and physical tests have improved the
diagnostic validity compared to individual tests for speciﬁc knee
disorders. We believe that more methodologically sound diagnostic
studies are needed and should focus on the evaluation of the
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Table 7
Description of diagnostic properties of the history taking and physical examination for selected knee disorders based on results from included reviews.
Disorders

Properties

Solomon et al., (2001)

Jackson et al., (2003)

Anterior cruciate ligamentb

Sn

82.0%a

Sp

94.0%a

LRþ

Sn

25.0
[95% CI: 2.1e306.0]
0.04
[95% CI: 0.01e0.48]
91.0%a

Sp

98.0%a

LRþ

Sn

21.0
[95% CI: 2.1e205.0]
0.05
[95% CI: 0.01e0.50]
e

Sp

e

LRþ

e

LR-

e

Sn
Sp
LRþ

Sn

77.0± 7.0%a
91.0± 3.0%a
2.7
[95% CI: 1.4e5.1]
0.40
[95% CI: 0.20e0.70]
e

74.0%
[95% CI:
95.0%
[95% CI:
15.0
[95% CI:
0.27
[95% CI:
81.0
[95% CI:
95.0
[95% CI:
16.2
[95% CI:
0.20
[95% CI:
0.51
[95% CI:
0.96
[95% CI:
13.0
[95% CI:
0.51
[95% CI:
e
e
e

Sp

e

LRþ

e

LR-

e

Sn

e

Sp

e

LRþ

e

LR-

e

LRPosterior cruciate ligamentb

LRCartilage lesionsb

Any meniscusb

LRMedial meniscusb

Lateral meniscusb

Number of primary diagnostic studies included in analysis
AMSTAR Score

N¼3
N ¼ 3/11

60.0e88.0%]
92.0e98.0%]
5.1e23.0]
0.12e0.42]
63.0e98.0%]
81.0%e100.0%]
5.2e25.0]
0.13e0.49]
0.37e0.65]
0.91e1.0]
2.7e24.0]
0.40e0.62]

e
86.0%
[95% CI:
72.0%
[95% CI:
3.1
[95% CI:
0.19
[95% CI:
88.0%
[95% CI:
92.0%
[95% CI:
11.0
[95% CI:
0.13
[95% CI:

79.0e92.0%]
61.0e83.0%]
0.54e5.7]
0.11e0.77]
77.0e99.0%]
89.0e95.0%]
1.8e20.2]
0.00e0.25]

N ¼ 35
2/11

Sn: sensitivity, Sp: speciﬁcity, LR: likelihood ratio.
a
Data presented as mean ± SD (standard deviation), calculated or presented directly from the authors.
b
The examination tests used in the primary diagnostic studies on the complete physical examination varies greatly and are often partially or not reported (Jackson et al.,
2003).

clinical prediction rules that incorporate well-deﬁned and speciﬁc
history elements and physical tests.
5. Strengths and limitations of the present review
This SR has the advantage to provide an overview of the diagnostic validity for common knee disorders. Every included SR/MA
was methodologically assessed using the AMSTAR. A limitation of
this SR was the difﬁculty to combine the point estimates of SR and
MA. We chose to present the range of the point estimates across
included SR/MA to obtain an overall qualitative appraisal of the
evidence. Moreover, the analysis of the range of the point estimates
across the included SR/MA provided an opportunity to show the
frequent wide range and heterogeneity of the evidence.
Future SRs could be improved by following the established
reporting guidelines (Liberati et al., 2009; Moher et al., 2009). In

particular, presentation of a priori design, meta-analysis, assessment of publication bias and presentation of conﬂict of interests
were rarely present. Improving the quality of primary diagnostic
studies would enable the meta-analysis and more precise estimate
of the true diagnostic value of certain tests. Lastly, the aim of this SR
was to synthesize all SR/MA and therefore some new and recent
primary diagnostic studies evaluating new physical examination
tests or clinical prediction rules were not part of our analyses.
Nonetheless, we believe that our review provides useful recommendations to clinicians and researchers working with patients
suffering from common knee disorders.
6. Conclusions
Many SR and MA are of low to moderate quality, which
warrants caution from clinicians when reading these reviews for
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clinical guidance. However, a few methodologically sound reviews provide high-quality evidence for ACL and meniscal injuries. The evidence suggests that clinicians may diagnose or
exclude an ACL injury with the Lachman test, exclude a knee
fracture using the Ottawa Knee Rule and make a diagnosis of
knee OA based on the results of the American College of Rhumatology and EULAR rules. For other knee disorders (meniscal injury,
PFP, PCL injury and others), the available evidence does not
demonstrate that tests used individually are diagnostically
valid. Globally, very few clinical tests, when performed individually, can diagnose or exclude a knee disorder. Based on limited
and low quality evidence, the combination of history elements
and physical tests may be more diagnostically valid. In the
context of increasing healthcare costs, the development of clin-
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Appendix 1. detailed search strategy with keywords and
descriptors.

Search details

Results

(((((Reliab* OR reproduc* OR validity OR accuracy OR variability OR “predictive value”)) OR (interobserver* OR intertester* OR interrater* OR
interexamin* OR intraobserver* OR intratester* OR intrarater* OR intraexamin* OR “observer variation” [Mesh])) OR ((inter OR intra) and
(rater* OR examin* OR tester* OR observer*)))) and ((((patholog* OR lesion* OR ruptur$ OR torn OR tear* OR trauma OR traumas OR effusion*
OR instabilit* OR laxity OR injur* OR disorder* OR syndrome OR pain OR osteoarthr* OR alignment)) and (knee* OR “anterior cruciate
ligament*” OR “posterior cruciate ligament*” OR “medial collateral ligament*” OR menisc* OR patell* OR “knee” [Mesh] OR “knee joint”
[Mesh] OR “ligaments, articular” [Mesh] OR “patella” [Mesh])) and (“physical examination” OR “physical examination” [Mesh] OR “clinical
assessment” OR test OR tests OR manual* OR manoeuv* OR maneuv* OR palpation OR examiner*))

5345

(patholog$ or lesion$ or ruptur$ or torn or tear$ or trauma$ or effusion$ or instabilit$ or laxity or injur$ or disorder$ or syndrome or pain or
osteoarthr$ or alignment). mp.
(knee$ or “anterior cruciate ligament$” or “posterior cruciate ligament*” or “medial collateral ligament*” or menisc$ or patell$). mp. or knee/
or exp knee joint/or exp ligaments, articular/or patella/
(“physical examination” or “clinical assessment” or examiner$ or test$ or manual$ or man?euv$ or palpation). mp. or exp physical
examination/
(reliab$ or reproduc$ or validity or accuracy or variability). mp.
((inter or intra) adj (rater$ or examin$ or tester$ or observer$)). mp.
(interobserver$ or intertester$ or interrater$ or interexamin$ or intraobserver$ or intratester$ or intrarater$ or intraexamin$). mp. or
observer variation/
4 or 5 or 6
1 and 2 and 3 and 7

4 840 034

patholog* or lesion* or ruptur* or torn or tear* or trauma$ or effusion* or instabilit* or laxity or injur* or disorder* or syndrome or pain or
osteoarthr* or alignment
knee or knees or “anterior cruciate ligament*” or “posterior cruciate ligament*” or “medial collateral ligament*” or menisc$ or patell* or MH
“Knee” or MH “Knee Jointþ” or MH “Patella” OR MH “Patellar Ligament” or MH “Anterior Cruciate Ligament” or MH “Medial Collateral
Ligament, knee” or MH “Posterior Cruciate Ligament”
“physical examination” or “clinical assessment” or examiner* or test* or manual* or maneuv* or manoeuv* or palpation or MH “Physical
Examination”
reliab* or reproduc* or validity or accuracy or variability
MH “Reliability” or MH “Reliability and Validity” or MH “Interrater reliability” or MH “Intrarater reliability” or “Test-Retest Reliability”
((inter or intra) N (rater* or examin* or tester* or observer*
interobserver* or intertester* or interrater* or interexamin* or intraobserver* or intratester* or intrarater* or intraexamin*
S4 OR S5 OR S6 OR S7
S1 AND S2 AND S3 AND S8
(patholog$ or lesion$ or ruptur$ or torn or tear$ or trauma$ or effusion$ or instabilit$ or laxity or injur$ or disorder$ or syndrome or pain or
osteoarthr$ or alignment). mp.
(knee or knees or “ anterior cruciate ligament$ ” or “ posterior cruciate ligament$ ” or “ medial collateral ligament$ ” or menisc$ or patell$).
mp. or knee/or exp knee ligament/or patella ligament/or patella/or knee meniscus/
(“ physical examination ” or “ clinical assessment ” or examiner$ or test$ or manual$ or man?euv$ or palpation). tw, kw. Or exp physical
examination/
(reliab$ or reproduc$ or validity or accuracy or variability). mp.
((inter or intra) adj (rater$ or examin$ or tester$ or observer$)). mp.
(interobserver$ or intertester$ or interrater$ or interexamin$ or intraobserver$ or intratester$ or intrarater$ or intraexamin$). mp. or
observer variation/
intrarater reliability/or interrater reliability/or test retest reliability/or reliability/
4 or 5 or 6 or 7
1 and 2 and 3 and 8

ical prediction rules comprising history elements and physical
examination tests from methodologically sound diagnostic
studies are necessary to further advance the diagnosis of knee
disorders.

144 958
4 110 216
1 312 329
12 210
46 037
1 325 926
3935
965 537
44 735

700 651
201 057
48 676
292 870
24 654
452 480
3783
6 587 026
176 966
3 319 371
1 846 828
17 804
41 503
112 517
1 856 756
3660
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ABSTRACT
Background: Common clinical tests often fail to identify posterior cruciate ligament (PCL) ruptures, leading to undetected tears and potential degenerative changes in the knee. The lateral-anterior drawer (LAD) test has been proposed
but not yet evaluated regarding its effectiveness for diagnosing PCL-ruptures.
Hypothesis: The LAD will show greater tibial translation values in lateral-anterior direction in a PCL-Cut condition
compared to a PCL-Intact condition, thus serving as a useful test for clinical diagnosis of PCL integrity.
Study Design: Descriptive laboratory study.
Methods: Threaded markers were inserted into the distal femur and proximal tibia in eighteen cadaveric knees. Each
femur was stabilized and the tibia translated in lateral-anterior direction for the LAD test versus in a straight posterior
direction for the posterior sag sign (PSS). Each test was repeated three times with the PCL both intact and then cut,
in that order. During each trial, digital images were captured at start and finish positions for the evaluation of tibial
marker displacement. Tibial marker translation during each trial was digitally analyzed using photography. The PSS
values served as a reference standard.
Results: The LAD tibial translation was significantly greater (U=-3.680; p<0.002) during the PCL-Cut (10.6±5.6mm)
versus PCL-Intact (7.7±5.1mm) conditions. The PSS tibial translation was significantly greater (U=-3.724; p<0.002)
during the PCL-Cut (11.0±5.3mm) versus PCL-Intact (6.4±3.5mm) conditions. There was no significant difference
(t=2.029; p=0.07) in mean tibial translation in respective directions after PCL dissection during the LAD test
(2.9±2.1mm) versus the PSS (4.6±2.8mm).
Conclusion: The LAD test detected changes in cadaveric tibial translation corresponding with changes in PCL integrity to a degree at least as effective for assessing PCL integrity as the PSS. Further clinical study will be required to
assess the utility of the LAD as a physical examination tool for diagnosing PCL injuries.
Level of Evidence: 2 (laboratory study)
Key words: Lateral-anterior drawer test, posterior cruciate ligament, tibial translation
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INTRODUCTION
Approximately two million sports injuries are registered in Germany per year, and 30% of these cases
involve the knee joint,1 making it the second most
involved body region for sports injury at a national
level.2 A posterior cruciate ligament (PCL) rupture
is considered to be one of the more severe sportsrelated knee injuries.3 The epidemiology of PCL
injuries has not been sufficiently clarified to date.4,5
Depending on the patient population, the reported
incidence of PCL injuries ranges between 1% and
44% of all acute knee injuries.6-10 However, the
estimated number of undetected PCL ruptures is
high,11,12 thus, epidemiological data regarding actual
incidence might even be greater. Moreover, detection of a PCL-rupture can be delayed or missed,
often due to mild acute symptoms, poorly understood pathology, and insufficient diagnostic testing.3
A PCL-injury can be sustained during many sports
including but not limited to snow skiing, martial
arts, soccer, rugby, and American football.1,3,13,14
Overlooked or misdiagnosed PCL-ruptures can lead
to knee joint biomechanical changes,15,16 ultimately
lending to the development of irreversible secondary
failures, and serious functional impairments.11,12,14,17
Undetected knee instability related to PCL-rupture can produce early cartilage degeneration in
response to increased compression and shearing
forces in the medial and patellofemoral knee joint
compartments.12,16,17 In addition, PCL-insufficiency
leads to collagen maladaptation and functional deficits similar to those seen in ACL insufficiency.3,8,18,19
Concomitant posterolateral corner injury can lead
to additional knee instability and degenerative
changes.20 Thus, PCL-insufficiency detection is critical, necessitating precision clinical testing.
Three clinical tests are most commonly used for
examining PCL integrity, including the posterior sag
sign (PSS), the posterior drawer test and the quadriceps active test.21 However, these often do not clearly
identify PCL-ruptures.3,22 Kopkow et al.23 used a systematic review to report the clinical accuracy (sensitivity, specificity, positive and negative likelihood
ratios) of these tests and found that the interpretation may be invalid due to poor methodology in most
studies that were included.23 The posterior drawer
test examines the supine patient with the knee flexed

to 80-90 degrees and the foot flat on the table. The
tibia is passively translated posteriorly, parallel to
the tibial plateau. However, often the patient presents with a posteriorly subluxed tibia (at rest, prior
to performing the test) due to gravity, lending to
minimal or unavailable posterior passive tibial movement, producing a false negative test.3,12 Similarly,
joint swelling or obesity could hinder an examiner’s
ability to palpate anterior tibial step-off, possibly
decreasing posterior drawer test clinical accuracy.12
Similar interpretation challenges arise with the interpretation of the PSS and/or the quadriceps active test,
where test outcomes depend on consistent quadriceps muscle relaxation. Both tests are likely to be
misinterpreted if the patient exhibits apprehension
or increased post-traumatic muscle tone. Finally, the
use of medical imaging for diagnosing PCL-ruptures
should be viewed with caution.24 Because the PCL
can heal in an elongated position21,25-27 it may appear
intact while in fact remaining lax.
The LAD test, which is an adaption of the lateral
shear test of Cyriax, has been introduced as a manually applied testing alternative that attempts to
resolve the previously discussed challenges encountered while testing for PCL-rupture.28 In contrast
to other previously established clinical PCL tests,
utilizing the LAD test does not require precise palpation of any bony landmark, any visual rating of
tibial displacement, or considerable muscle relaxation, due to the testing direction that is out of any
muscle’s functional plane. Additionally, utilizing the
LAD test might be psychologically advantageous for
the patient since the manual load is not applied in
the direction of instability. Any comparison of the
LAD test to other well-accepted tests for identifying PCL-rupture has yet to be conducted. Therefore,
the purpose of this study was to establish whether
the LAD test sufficiently detects changes in in-vitro
tibial translation when the PCL is disrupted. This
was achieved by examining intra-specimen alterations of lateral-anterior tibial translation in specially
embalmed cadaveric knees during both intact- and
cut-PCL conditions. Moreover, the authors further
assessed the test utility by comparing the changes
in LAD translation data produced during both PCL
conditions versus changes in PSS tibial translation
data produced during the same PCL conditions.
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METHODS
Subjects
The cadaveric specimen sample consisted of 18
previously embalmed right-sided cadaveric lower
extremities (36-94 years old; mean 79 years) sectioned from pelvis to foot. The cadavers, embalmed
according to the method of Thiel,29 fulfilled the following criteria:
• A complete right leg with pelvis
• Undamaged muscle tissue
• No visible (surgical) scars in the knee region
• Intact cruciate ligaments*
• Undamaged posterior capsule*
(*Verified through arthroscopy performed between
PCL conditions)
The Thiel cadaveric preservation method is known
to sustain a high degree of suppleness, allowing
near-natural passive movement of all body parts.29
Utilizing these naturally preserved cadavers enabled
the investigator to perform both the LAD test and
PSS under conditions similar to the movement conditions found in a living person.29
Pre-measurement preparation of the
anatomical specimen
Threaded markers (commercially available 2cm
Phillips-head screws) were inserted into the distal
femur and proximal tibia in order to compare the
extent of tibial translation produced with the PCLIntact versus PCL-Cut during both the LAD and
PSS testing procedures, respectively. Markers were
placed in a standardized manner, positioning the
knee in 90° flexion on a wooden wedge (37 x 50 x
32 cm3) that was fixed to the treatment table and
the tibia positioned in neutral rotation (at the midpoint between maximum available tibial external
and internal rotation). For the LAD test assessment,
markers were inserted 3 and 5 cm distal to the knee
joint line at the anterior-medial proximal tibia and
3 cm proximal to the knee joint line at the anteriormedial distal femur. For the PSS assessment, markers were inserted in the lateral proximal tibia 3 cm
distal to the knee joint line, as well as in the lateral
distal femur 3 cm proximal to the same joint line.

Instrumentation
To objectively record tibial translation changes produced during the PCL-Intact versus PCL-Cut conditions during both the LAD and PSS tests, digital
images were captured using a commercial-quality
digital reflex camera (Nikon D 70s, Nikon Corp.,
Japan) mounted on a commercial-grade photo tripod
(Manfrotto 322RC2, Manfrotto Distribution, Cassola,
Italien). All joint positions during each experimental stage were verified with an inclinometer (Baseline Bubble Inclinometer; 3B Scientific, Fabrication
Enterprises INC. White Plains, NY, USA). The fluidfilled inclinometer´s scale was set at zero in full knee
extension prior to every usage. A hand-held dynamometer (MicroFet2TM; Hoggan Health Industries,
West Jordan, UT, USA) was utilized during all LAD
trials in order to insure consistent force reproduction during test procedures. The device was manually calibrated prior to every usage.
Preparatory Procedures
To ensure measurement validity the camera was
aligned perpendicular to each testing plane, the focal
distance was established and maintained through
all measurements, and an object of known dimension was placed in a consistent position in the visual
field (to be later used during the digitization process
for measurement calibration purposes).30 To insure
compliance with these criteria, a ruler of standard
length (10-20 cm) was mounted on a wooden wedge
in a consistent position with respect to the cadaveric
specimen and camera, while the camera was positioned as follows prior to data capture:
1. For the LAD test-the camera was positioned 1
m away from the specimen along a line that
was 45 degrees anterior-medial to the tibia,
allowing for data capture in an oblique plane.
2. For the PSS-the camera was positioned 1 m
away from the specimen, directly lateral to
the tibia at the height of the joint line, allowing for data capture in the parasagittal plane.
Data capture utilized a within-camera focal length
of 55 mm in natural room illumination. The camera
was manually focused during each trial prior to data
capture. Digital images of marker start and finish
positions were used to establish tibial marker translation for each condition during each test trial.
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The cadaveric leg was repeatedly moved in flexion and extension at the knee and hip joint for five
minutes to reduce tissue stiffness and minimize
any residual muscle resistance. The specimen was
then placed on the wooden wedge as previously
described. The bony pelvis was fixated with a belt to
ensure stability. The screw markers were applied to
the tibia and femur as previously described.
Data Collection Procedures
The leg was adjusted to the position for PSS (90° hip
flexion, 90° knee flexion, calf free-floating, and heel
stabilized on a wooden block), consistent with previous reports. When used in-vivo, this position aims
to maximize the influence of gravity on posterior
displacement.31 For the PSS start position the tibia
was manually translated to the maximum anterior
position (Figure 1). For the PSS finish position the
tibia was allowed to fully sag posteriorly in response
to gravitational pull (Figure 2). The PSS trial was
repeated three times. Digital images of start and finish positions were captured for each trial.
Following the third PSS trial the leg was repositioned
for the LAD test. The LAD test examines the knee
while positioned in 90° flexion and the hip positioned
at 45° flexion. While being aligned rather oblique
to the tibial plateau in the extended knee, the PCL
describes a circular arc of more than 60° during knee
flexion,32 thus lending the PCL alignment to become
gradually more vertical oriented with respect to the
tibial plateau, attaining a near perpendicular posi-

Figure 1. Start position of the PSS; T = Tibia; F = Femur;
L = Line coursing parallel to tibial diaphysis through lateral
tibial marker; M = lateral femoral marker.

tion in the 90 degrees flexed knee.32-35 Thus, LAD
knee testing position lends the PCL to inhibiting
lateral tibial movement on the femur15,16,18,36 when
the more vertically oriented intact PCL and intercondylar eminence encounter the lateral femoral
condyle’s medial edge.37 The LAD testing force is
applied from medial and slightly posterior (known
as medial-posterior) to lateral and slightly anterior
(known as lateral-anterior) in a direction towards
the anterolateral tibial tubercle, or Gerdy’s Tubercle28 (Figure 3). In response, the cadaveric knee was
flexed to 90° with the femur stabilized on the aforementioned 45° inclined wedge. The tibia was posi-

Figure 2. Finish position of the PSS; T = Tibia; F = Femur;
L = Line coursing parallel to tibial diaphysis through lateral
tibial marker; M = lateral femoral marker.

Figure 3. The LAD test performance in the clinical setting;
* = medial arm pushing proximal tibia in lateral-anterior
direction towards Gerdy´s Tubercle; = lateral hand stabilizing the femur in a medial-posterior direction.
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ous in-vivo LAD pilot testing amongst eight highly
experienced testers. The LAD test trial was repeated
three times. Digital images of start and finish positions were captured for each trial.

Figure 4. Start position of the LAD test with PCL dissected;
T = Tibia; F = Femur; L = Line coursing parallel to tibial
diaphysis through anterior-medial tibial markers; M = anterior-medial femoral marker.

After performing PSS and LAD trials with an intact
PCL, an experienced anatomist examined the internal condition of the cadaveric knee through arthroscopy with the specimen positioned as previously
during the LAD test. Herein the anatomist confirmed the intact status of the cruciate ligaments and
posterior capsule. If the anatomist had any doubt
regarding the integrity of the cruciate ligaments
and/or posterior capsule, then the specimen would
have been excluded from the study. However, this
did not occur in any specimen. Next, the PCL was
completely transected across the ligament mid-substance using an internal cutting tool guided through
the arthroscope. The anatomist then re-examined
the internal knee compartment to ensure that the
ACL and posterior capsule remained intact.
Following isolated PCL transection, three LAD test
trials were performed in the same fashion described
above and digital images were captured at each start
and finish position. The leg was then repositioned
for the PSS as previously described and three trials
were performed, capturing digital images as before.

Figure 5. Finish position of the LAD test with PCL dissected; T = Tibia; F = Femur; L = Line coursing parallel to
tibial diaphysis through anterior-medial tibial markers; M =
anterior-medial femoral marker.

tioned in neutral rotation, with the foot fixed to the
treatment table using a fixation strap. For the LAD
start position, the proximal tibia was then gently
manually positioned in the medial-posterior direction until the medial capsular structures were taut
(Figure 4). For the LAD finish position, the proximal tibia was manually translated in lateral-anterior
direction towards Gerdy´s Tubercle (Figure 5). The
proximal tibia was translated across the complete
LAD test path from the start to finish positions until
the first detectable manual resistance requiring a
pushing force between 112 and 122 N was encountered. This force data range was based on previ-

Data Reduction and Analysis
Tibial marker displacements were digitized using
a custom MATLAB Program (The Mathworks, Inc,
Natwick, MA USA). The custom MATLAB program
prompted the user to select a baseline image representing a resting position. In this image, a section of a
standardized ruler of known distance (10-20 cm) was
used to calibrate the subsequent measures. Using
the coordinates of the two reference points, the total
length of the selected segment was then calculated
using the Pythagorean theorem. The selected distance was then converted to pixels/mm in order to
proceed with further measurements. Three points
on this baseline image were then chosen: two fixed
points on the tibia, followed by one point on the
femur. Each measurement point was established by
zooming in on the intersection between the exact
same four representative image pixels, reducing any
error to less than a fraction of one pixel size. Lines
were then extrapolated from the selected points in
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order to create a 90° angle between the points. The
coordinates of a fourth point were calculated as the
intersection of the two lines. The distance from
this fourth point to the femoral marker was then
calculated. A second image representing the end
translation position was then chosen and the procedure was repeated exactly as for the baseline image.
Using the two calculated distances from point four
to the femoral marker, the total change in distance
between the two images was then calculated in
millimeters.
Several investigators have previously published
studies using this standardized measurement procedure across different joint systems and tissues.
Gilbert et al.38,39 used the same measurement procedure when examining the uniplanar translation
of cadaveric lumbar nerve roots during a clinical
straight leg raise procedure. Similarly, Lohman et
al.40,41 used this approach to examine the uniplanar
translation of cadaveric cervical nerve roots during upper extremity neural tension testing. In both
cases, embedded nerve root marker translation was
measured with the same process using digital fluoroscopic images. Moreover, Wilhelm et al.42 measured
uniplanar cadaveric iliotibial band deformation
mounted in a load cell during clinical-grade stretching, where markers were measured in the same
fashion on digital images. Finally, the inter-tester
reliability and construct validity of this uniplanar
measurement approach has been previously established by Cobb et al.43 who applied the approach to
uniplanar tarsal bone translation during different
foot postures. Their investigation tested the reliability of more than one digitizer and every single image
was normalized to an object of known dimension,
thus establishing the validity of this uniplanar analysis process for any image capture system at any location. In each study, significant changes in uniplanar
translation were consistently observed in response
to the respective study’s change in conditions.
Data analyses were completed using the SPSS 22
(IBM Corp, Armonk NY, USA) software. Descriptive data, being the mean of the three trials from
each test (PSS and LAD), were established for each
condition. A Shapiro-Wilk test was used to establish data normality. Because the pre- versus postcut test data violated the assumption of normality,

a within-specimen Wilcoxon Signed-Rank test was
used to test for significant differences in tibial translation between the intact and cut PCL conditions.
The translation differences data were normally distributed, so a within-specimen t-Test was utilized to
test for differences between the LAD versus PSS test
conditions. The PSS values were used as a reference
standard. Due to potential errors in measurement
accuracy, all values were rounded to one decimal
figure. Significance was set at α ≤ 0.05.
RESULTS
Specimen
A total of 18 cadaveric specimens were examined
and no specimen was eliminated in response to
exclusion criteria.
Digital Images
A total of 24 digital images were captured per specimen [3 trials x 2 positions (start position vs. end
position) x 2 PCL conditions (intact vs. cut) x 2 tests
(PSS vs. LAD)]. All in all, 432 images were analyzed
via MATLAB as above.
LAD Testing Force Analysis
The mean (SD, 95%CI) pushing force while performing the LAD test in the PCL-Intact condition was
115.5 N (1.6; 114.6 – 116.2). The mean (SD, 95%CI)
pushing force while performing the LAD test with
PCL-Cut was 115.1 N (2.3; 114 – 116.2). There was no
statistically significant difference in LAD force values between the PCL-Intact versus PCL-Cut conditions (u = - 0.259; p = 0.795; Figure 6)

Figure 6. Testing Power for LAD test; PCL = Posterior Cruciate Ligament; Cut = Dissected; N = Newton; Error Bars =
95% Conﬁdence Interval.
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Table 1. Descriptive Data; LAD = Lateral-Anterior Drawer Test; PSS = Posterior
Sag Sign; PCL = Posterior Cruciate Ligament; Cut = Dissected; SD = Standard
Deviation; 95%CI = 95% Conﬁdence Interval

Lateral-anterior drawer test
Proximal tibial lateral-anterior translation produced
during the LAD (LADtrans) during the PCL-Intact
condition was compared to the same during the
PCL-Cut condition. The LADtrans during the PCLCut condition was significantly greater (u = -3.680,
p = 0.002) than the LADtrans during the PCL-Intact
condition (Table 1).
Posterior sag sign
Proximal tibial anterior-posterior translation produced during the PSS (PSStrans) during the PCLIntact condition was compared to the same during
the PCL-Cut condition. The PSStrans during the
PCL-Cut condition was significantly greater (u =
-3.724, p = 0.002) than the PSStrans during the PCLIntact condition (Table 1).
Concurrence of the LAD and the PSS
In order to compare the LAD test outcomes to the
outcomes of a widely accepted clinical PCL test, PSS
values were used as a reference standard.22 Based
on t-Test results, the tibial translation difference
between PCL-Intact and PCL-Cut during the LAD
was not significantly different (t = 2.029, p = 0.07)
in magnitude from the same tibial translation difference during the PSS (Table 1). In order to rule out a
Type II error, a post-hoc power analysis (Cohen´s r)
confirmed an effect size of r = 0.3.
DISCUSSION
The statistically significant increase in lateral-anterior tibial translation during the LAD test after isolated PCL transection supports the hypothesis that
there is an objective causality between PCL integrity
and amount of tibial translation detected by the LAD

Figure 7. Difference in mean tibial translation PCL-Intact
versus PCL-Cut; Diff = Difference; mm = Millimeter; Cut =
Dissected; PCL = Posterior Cruciate Ligament; Error Bars =
95% Conﬁdence Interval.

test. The mean increase of 2.9mm in lateral-anterior
translation represents a 38% increase in this lateralanterior movement. Thus, the results of the current study show that the LAD test can detect PCL
deficient knees in this in-vitro model. Other in-vivo
investigations support the current findings.15,16 Li et
al.15 and van de Velde et al.16 biomechanically demonstrated that the PCL exhibits an important control
function in the medial-lateral direction. In 90 degrees
of knee flexion the amount of lateral tibial translation increased approximately 1.1mm15 and 1.9mm16,
respectively, in patients with PCL-deficient knees
when performing a single-leg lunge. While these
published lateral translational values are not large,
they may be relevant in the knee. The knee exhibits
such tight congruencies in the collateral directions
throughout the flexion-extension range. Therefore,
any increase in lateral translation outside of the normal condition could be troublesome.
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A possible explanation for the higher translation
values witnessed in the lateral-anterior direction
during the PCL-Cut condition in the current study
could be that Li et al.15 and van de Velde et al.16 conducted their tests in-vivo. This is in contrast with
cadaveric testing, where no muscular knee protection or dynamic stabilization occurs and the only
stability is provided by passive structures (such as
patellar retinacula). Thus, the subjects’ knees in Li
et al.15 and van de Velde et al.16 that were actively
flexed during single leg lunges were potentially
constrained through active and passive structures,
lending to knee joint centering and decreased joint
translations.44 Moreover, these investigators only
examined pure lateral tibial translation versus the
lateral-anterior test in the current investigation. In
the current study, the translation force was directed
in an lateral-anterior direction in order to bypass the
intercondylar eminence, which can serve as a structural constraint to lateral translation within the knee
joint37 and may partially explain decreased translation found in the aforementioned studies.
Considering the increase in lateral translation after
PCL transection that was found in the current study,
the LAD test could provide the clinician with a
clinical appreciation for 3-D biomechanical compromise in response to PCL-rupture. While previously
reported translational values are small, this presence
of lateral-anterior compromise speaks to the threedimensional constraining capability of the PCL and
the LAD test could provide the clinician with clinical insight into the knee’s three-dimensional stability failure in response to a PCL injury.
In the current study, the posterior tibial translation during the PSS significantly increased after
the PCL was cut, which represents a 72% displacement increase. Because the PSS is commonly judged
dichotomously, objective data regarding the effect
of isolated PCL transection on posterior tibial displacement during the PSS is limited, creating a challenge for making any direct comparison between
the current data and other investigators’ findings.
In response, the authors must contrast the current
PSS data with posterior drawer test data from other
studies, where documented posterior tibial translation is well objectified. The current data amplitudes
are found to be slightly smaller compared to other

posterior drawer test displacement data45-47 but any
small translation differences could be explained by
dissimilar test characteristics. In contrast to the posterior drawer test biomechanical and manual force
application strategies of Bergfeld et al.45 and Fontbote et al.47, the present study did not apply any
posteriorly directed force onto the tibia. Rather, by
definition, only gravity created the free-floating posterior tibial translation during the PSS procedure. As
one would expect, posterior tibial translation was
less during the PSS versus previously documented
posterior drawer test findings, where a posteriorly
directed force was applied to the tibia.45,47
The current findings suggest that the LAD and
PSS discover similar tibial translation changes in
response to isolated PCL transection, as the LAD
translation data were not significantly different
(1.7mm) from the PSS data. The PSS was chosen as
a comparison because it is well recognized,22 and
while the quadriceps active test could serve as a
comparison, it was not applicable to our specimen
sample because it requires an in-vivo quadriceps
activation that is unavailable in cadaveric specimens.12,14 Similarly, while the posterior drawer test
could be used for comparison, the test results are difficult to judge, due to a poorly recognizable starting
position for the posterior drawer test.48 Moreover,
the PSS fulfills all the criteria required of a meaningful comparison test.49 The PSS is independent from
the LAD test, meaning that investigators did not use
the PSS results to determine LAD test results. Additionally, since in the PSS tibial translation is judged
in straight posterior direction, the PSS does not
include the LAD testing direction. Furthermore, the
PSS exhibits a consistency with the examined LAD
test concerning the structure to be evaluated and
it presents with a standardized performance procedure. Moreover, investigators have reported respectable sensitivity (79%) and specificity (100%) for the
PSS.22,48,50 Finally, post-hoc effect size calculations
minimized any suspicion for a Type II error, suggesting a sufficient sample size and trustable findings of
non-significance.
Investigators have reported the value of the PSS for
clinical testing PCL failures in certain circumstances.
However, the PSS could be more difficult to judge
when the patient has a history of Osgood-Schlatter´s
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disease, which is the most common apophysitis in
pre-pubescent athletes with a prevalence of 21%
in young athletes.51 Moreover, if there is swelling
or obesity, the landmarks may be more difficult to
locate. In order to reliably interpret the amount of
any posterior tibial sag in the PCL deficient knee,
the examiner has to be able to visually measure the
anterior tibial plateau as the referred landmark for
PSS judgment. The bony prominence in patients
presenting with a history of Osgood-Schlatter´s disease would possibly reduce any visually measurable
displacement of tibia on femur in the sagittal plane.
Diagnosis of PCL injuries can be difficult, therefore,
additional clinical tests are needed.23,52 Correspondingly, an in-vivo study for assessing inter-rater and
intra-rater reliability, as well as the clinical accuracy
and criterion validity of the LAD test with respect to
MRI findings, is forthcoming. In order to increase the
clinician’s confidence in clinical detecting PCL disruption, the LAD could be added to the toolbox and
clustered with the PSS for detecting PCL tears with
greater confidence. This is complemented by the
practicality of the LAD test, where the manual contact of the test provides the examiner with an appreciation of the tissue integrity associated with the tibial
translation. These features can be useful to aid clinician’s confidence in making the diagnosis, especially
considering the lower incidence of this trauma over
ACL injury.53 Because of the PCL’s lower injury rate,
most clinicians do not have the opportunity to witness this injury on a frequent basis. Thus, more testing options could help them trust their judgment,52
which could lead to faster and better utilization of
more confirming test procedures, such as MRI.
The value of accurate and timely PCL failure detection has been debated. Patients with isolated PCL
tears appear to perform at quite high levels and are
less often treated surgically in the acute phase.54,55
Yet, other afflictions may arise over time as a consequence of missed isolated PCL tears, such as cartilage
and meniscal degeneration. Hamada et al.56 evaluated 61 patients with isolated PCL deficient knees,
witnessing extensive cartilage and meniscal degeneration as early as three months after the initial PCL
rupture. Geissler and Whipple57 investigated acute
and chronic isolated PCL deficient knees, reporting
meniscal lesions in 36% and cartilage degeneration

in 49% of their patient population presenting with
chronic isolated PCL ruptures. Moreover, van de
Velde et al.16 observed increased cartilage deformation during single leg lunges in patients with PCL
ruptures using MRI and dual orthogonal fluoroscopic imaging. These findings add to the value of
early detection of PCL deficiency and the LAD may
serve to enhance the clinician’s detection of that
condition in order to allow for clinical decision making regarding interventions.
LIMITATIONS AND FUTURE RESEARCH
The study presents with several limitations. First, the
LAD versus PSS testing order was not randomized.
While this could have influenced the test outcomes,
randomizing the trials would have required more
frequent camera angle changes, which could have
increased the risk of data collection error. Thus, the
authors chose to exercise the consistent data collection in the order that was previously documented.
The second limitation to this study is found in a
lack of absolute blinding, where the examiner was
not completely blinded to the test outcomes. However, open eyes and no complete blinding were used
because the examiner was required to observe the
hand placement and limb alignment throughout the
test in order to maximize test consistency. Additionally, based on the location of the markers and the
orientation of the camera, the examiner was not able
to visualize the marker translation in the respective
movement planes for each test. Moreover, while
blinding was not achieved during the test procedures, image digitization was conducted by an independent investigator at a different location and time
point, without knowledge of specimens in attempt
to reduce any measurement bias.
Third, when interpreting the results of a cadaver
study, it is important to note that the role of muscle
tension and/or joint forces has not been included.
Thus, any application to an in-vivo situation is premature. However, the major goal of this investigation was to examine if the proposed LAD test was
able to demonstrate an increased tibial translation in
lateral-anterior direction in a PCL-insufficient knee.
The LAD test shows promising results, but before it
could be recommended for routine use, it should be
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further evaluated. Future cadaveric research could
focus on a comparison of the LAD to the posterior
drawer test and include accurate biomechanical
testing with more precision technology, such as a
material testing system (MTS). Future in-vivo studies should establish both the inter-rater and intrarater reliability of the LAD test with subjects who
have sustained a PCL-rupture. Because the influence of other ligament injures on LAD response has
not been tested, future research should include a
measure of other ligament failures (such as ACL) on
lateral-anterior tibial displacement to further elucidate the role of PCL failure in test outcomes. Furthermore, future research should include an in-vivo
comparison of the LAD test versus PSS and posterior
drawer test for diagnosing PCL-ruptures. Novice versus expert testers using the LAD test in-vivo should
be compared in terms of their diagnostic decisionmaking. Since the meniscofemoral ligaments, if
present, are assumed to be a secondary stabilizer to
at least posterior tibial translation,58 future research
should investigate the effect of meniscofemoral ligaments on lateral knee stability and their influence
on LAD test outcomes in the PCL-deficient knee.
CONCLUSION
In summary, the LAD and PSS both detected significantly increased laxity in this in-vitro model that
examined isolated PCL disruption. These findings
are complemented by the practicality of the LAD
test, where the manual contact of the test provides
the examiner with an appreciation of the tissue
integrity associated with the tibial translation. Additionally, the LAD in this in-vitro model suggests an
appreciation of 3-D biomechanical compromise in
response to isolated PCL-rupture. Moreover, the LAD
may provide the examiner additional test information after PCL injury when severe knee joint swelling or increased quadriceps muscle tone may hinder
accurate PSS or posterior drawer test interpretation
of the extent of abnormal tibial translation. Furthermore, the tibial step-off that must be visualized during the PSS and/or palpated during the posterior
drawer test may be diminished in the presence of
obesity, swelling, increased muscle tone or tibial
tubercle hyperostosis, making a clinical interpretation of those tests difficult for the novice examiner.
The results of the current study offer biomechanical

support to carrying out future in-vivo studies that
examine the utility of the LAD in clinically diagnosing PCL injuries. Once fully investigated, the LAD
test could be clustered with other tests to assist in a
clinician’s examination of a patient with suspected
PCL-rupture.
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Physical Examination of the Knee: A Review of the Original
Test Description and Scientific Validity of Common
Orthopedic Tests
Gerard A. Malanga, MD, Steven Andrus, MD, Scott F. Nadler, DO, James McLean, MD
ABSTRACT. Malanga GA, Andrus S, Nadler SF, McLean J.
Physical examination of the knee: a review of the original test
description and scientific validity of common orthopedic tests.
Arch Phys Med Rehabil 2003;84:592-603.
Objectives: To present the original descriptions of common
orthopedic physical examination maneuvers of the knee and
then to review the literature to support the scientific validity of
these tests.
Data Sources: MEDLINE (1970 –2000) searches were performed, as were reviews of various musculoskeletal examination textbooks that describe physical examination maneuvers of
the knee. These references were then reviewed for additional
references and crossed back to the original description (when
possible) of these named tests.
Study Selection: All articles that discussed the sensitivity
and specificity of the physical examination maneuvers were
extracted. This information was reviewed for accuracy and
then summarized.
Data Extraction: Multiple MEDLINE and text searches
were performed by using the terms of the test maneuver, the
joint tested, and the term physical examination. Any article
with this information was reviewed until the article describing
the original description was found. Articles dating from that
original article to the present were reviewed for information on
the sensitivity and specificity of the test.
Data Synthesis: Literature reviewing the sensitivity and
specificity of the tests reviewed is summarized in text and table
form. The Lachman test seems to be very sensitive and specific
for the detection of anterior cruciate ligament tears. For posterior cruciate ligament tears, the posterior drawer test is also
very sensitive and specific and is enhanced with other tests,
such as the posterior sag sign. For meniscal tears, the McMurray test is very specific but has a very low sensitivity, whereas
joint line tenderness has fairly good sensitivity but lacks good
specificity. Although collateral ligament testing seems to be
sensitive and specific, there is a lack of well-designed studies
that scientifically validate the sensitivity and specificity of
these tests. Common tests for patellofemoral pain and patellar
instability lack sensitivity when correlated with pathologic
operative findings.
Conclusions: Most physical examination tests could be referenced back to an original description, with variable informa-
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tion on the sensitivity and specificity along with other information about the validity of these tests in clinical practice. To
standardize how physical examinations are performed and
compared, they should follow the original description or
agreed-on standards. In addition, the significance of a physical
examination finding must be understood to ensure that patients
with knee complaints are accurately diagnosed and properly
treated.
Key Words: Anterior cruciate ligament; Knee; Menisci,
tibial; Physical examination; Posterior cruciate ligament; Rehabilitation.
© 2003 by the American Congress of Rehabilitation Medicine and the American Academy of Physical Medicine and
Rehabilitation
USCULOSKELETAL PROBLEMS are among the most
common reasons for patient visits to physicians. UnforM
tunately, it seems that most physicians are not adequately
1

trained in the evaluation of many musculoskeletal problems.2-5
The knee is particularly susceptible to traumatic injury because
of its vulnerable location midway between the hip and the
ankle, where it is exposed to the considerable forces transmitted through the distal extremity from the ground. A thorough
examination of all knee structures should be a part of every
knee evaluation. To ensure the most accurate diagnosis possible, it is crucial that testing maneuvers be performed correctly
and that the examiner is aware of each maneuver’s sensitivity,
specificity, and limitations. We reviewed the literature to find
the original descriptions of commonly used physical examination maneuvers of the knee and then searched the literature
again for studies that examined the sensitivity and specificity of
these tests.
METHODS
MEDLINE (1970 –2000) searches were performed, as were
reviews of various musculoskeletal examination textbooks.
Key words used included knee, examination, anterior cruciate
ligament, posterior cruciate ligament, medial collateral ligament, lateral collateral ligament, patellofemoral pain, patellar
dislocation, McMurray test, Lachman test, anterior drawer
test, posterior drawer test, pivot shift test, apply grind test,
bounce home test, and grind test. The articles were obtained
from local medical libraries and, when necessary, through
interlibrary loan. The articles were then reviewed for additional
references and searched back to the original description (when
possible) of the named tests. All articles that discussed the
sensitivity and specificity of these tests were extracted. This
information was reviewed for accuracy and then summarized.
Tests for the Anterior Cruciate Ligament
The anterior cruciate ligament (ACL) is among the main
stabilizers of the knee, and injury to it often results in significant disability. Three of the most commonly applied tests to
determine an ACL injury are the anterior drawer test, the
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Table 1: ACL Tests
Test

Anterior
drawer
test

Lachman
test

Description

Reliability and Validity Tests

Comments

The subject is supine, hip
flexed to 45° and knee
flexed to 90°. Examiner sits
on the subject’s foot, with
hands behind the proximal
tibia and thumbs on the
tibial plateau. Anterior force
applied to the proximal
tibia. Hamstring tendons
palpated with index fingers
to ensure relaxation.
Increased tibial
displacement compared
with the opposite side is
indicative of an ACL tear.

Harilainen11
Sensitivity: 41%
Sensitivity (under anesthesia): 86%
Katz and Fingeroth12
Sensitivity: 22.2% (acute injuries)
Sensitivity: 53.8% (chronic injuries)
Specificity: ⬎97% (acute and chronic)
Jonsson et al14
Sensitivity: 33% (acute injuries)
Sensitivity: 95% (chronic injuries)

350 acute knees evaluated, with 79 arthroscopically confirmed
acute ACL injures. Prospective study.

Patient lies supine.
Knee held between full
extension an 15° of flexion.

Femur is stabilized with 1
hand while firm pressure is
applied to the posterior
aspect of the proximal tibia
in an attempt to translate it
anteriorly.
Test is positive (indicating
ACL rupture) when there is
anterior translation of the
tibia with “soft” endpoint.

Pivot shift
test

Leg picked up at the ankle; the
knee is flexed by placing
the heel of the hand behind
the fibula. As the knee is
extended, the tibia is
supported on the lateral
side with a slight valgus
strain. A strong valgus force
is placed on the knee by the
upper hand. At
approximately 30° of
flexion, the displaced tibia
will suddenly reduce,
indicating a positive pivot
shift test.

Donaldson et al15
Sensitivity: 70% (acute injuries)
Sensitivity (under anesthesia): 91%
Specificity: not reported
Mitsou and Vallianatos16
Sensitivity: 40% (acute injuries)
Sensitivity: 95.24% (chronic injuries)
Specificity: not reported
Kim and Kim13
Sensitivity (under anesthesia): 79.6%
Specificity. Not reported
Torg et al17
Sensitivity: 95%
Specificity: not reported

Donaldson et al15
Sensitivity: 99%
Specificity: Not reported
Katz and Fingeroth12
Sensitivity (under anesthesia):
84.67%
Specificity (under anesthesia): 95%

Kim and Kim13
Sensitivity (under anesthesia): 98.6%
Specificity: not reported
Mitsou and Vallianatos16
Sensitivity: 80% (acute injuries)
Sensitivity: 98.8% (chronic injuries)
Jonsson et al14
Sensitivity: 87% (acute injuries)
Sensitivity: 94% (chronic injuries)
Lucie et al35
Sensitivity: 95%
Katz and Fingeroth12
Sensitivity: 98.4%
Specificity: ⬎98%
Donaldson et al15
Sensitivity: 35%
Sensitivity (under anesthesia): 98%

Testing performed only with patient under anesthesia.
Retrospective study.
Limited sample size: 9 acute ACL injuries and 12 chronic.
107 patients, all with documented acute or chronic ACL
ruptures.
Specificity not assessed because only positive ACL ruptures
included.
Retrospective study.
Study not designed to evaluate specificity because authors
reviewed only positive cases.
144 knees, with 60 acute injuries all assessed within 3 days of
injury. In the group of 80 chronic injuries, the 4 falsenegative drawer tests were associated with bucket-handle
tears.
Testing performed only with patient under anesthesia.
Retrospective study.
All ACL injuries were chronic. 93 knees with combined tears of
the ACL and median meniscus. All 5 false negatives were
associated with bucket-handle tears of the meniscus.

Retrospective study.
Study not designed to evaluate specificity because authors
reviewed only positive cases.
Testing performed only with patient under anesthesia.

Retrospective study.
Limited sample size: 9 acute ACL injuries and 12 chronic
injuries.
Testing performed only with patient under anesthesia.
Retrospective review study.
All ACL injuries were chronic. 144 knees, with 60 acute injuries
all assessed within 3 days of injury.
107 patients, all with documented acute or chronic ACL
ruptures.
Specificity not assessed because only positive ACL ruptures
included.
50 knees tested. There was not an adequate sample size of
intact ACLs to determine specificity.
Testing performed only with patients under anesthesia.
Retrospective study.
Limited sample size: 9 acute ACL injuries and 12 chronic.
Retrospective study.
Study not designed to evaluate specificity because authors
reviewed only positive cases.
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Lachman test, and the pivot shift test. These tests are summarized in table 1.
Anterior drawer test. Although the anterior drawer test has
been widely used in the diagnosis of ACL ruptures, its origin
remains obscure. According to Paessler and Michel,6 Paul
Segund described, as early as 1879, the “abnormal anteriorposterior mobility” of the knee that is associated with ACL
ruptures. George Noulis, who Paessler and Michel6 credited
with the earliest description of what we now call the Lachman
test, also explained the drawer tests in large degrees of flexion
(knee flexion ⱖ90°). In a translation of Noulis’s 1875 thesis,
published in the textbook Diagnostic Evaluation of the Knee,
by Strobel et al.7 Noulis describes the following test:
With the patient’s leg flexed, the thigh can be grasped with
one hand at the lower leg with the other hand keeping the
thumbs to the front and fingers to the back. If the lower leg
is held in this grip and then moved backwards and forwards, it will be seen that the tibia can be moved directly
backwards and forwards.7
Noulis observed a great deal of tibia displacement when both
cruciate ligaments were severed. The assumption that a positive anterior drawer test indicates a tear of the ACL was not
commonly accepted until much later.8,9 Increased anterior tibial
displacement, when compared with the uninvolved side, is now
supported as indicative of an ACL tear.10
Some limitations of this test remain, with sensitivities reported of 22.2% to 41% when it is performed in the alert
patient and ranges of 79.6% to 91% when performed with the
patient under anesthesia.11-16 Differences in the tests’ accuracy
are also noted in people with acute versus chronic injury, with
a positive anterior drawer test present in 50% to 95% of chronic
injuries.9,10 Anterior drawer test results may also be affected by
a concomitant injury. Konin10 found that 54% of those with no
other injuries, 67% with associated medial meniscal injuries,
82% with associated lateral meniscal injuries, and 89% with
associated medial collateral ligament (MCL) injury tested positive for ACL injury. Those data suggest that the anterior
drawer test becomes increasingly more sensitive as the secondary restraints of anterior stability are lost.
False-negative anterior drawer tests in instances of isolated
ACL tears may occur secondary to protective spasms of the
hamstring muscles and the anatomic configuration of the femoral condyle, whereas false-positive results may occur with
posterior cruciate ligament (PCL) insufficiency.16 With a PCL
tear, sagging of the tibia may result in a false sense of its
neutral position, which results in a false sense of anterior
movement, when, in fact, the tibia is moving into its normal
neutral position.
Overall, there is wide variation in the reported sensitivities
of the anterior drawer test, with those performed with the
patient under anesthesia having a somewhat limited use in the
clinical setting. The test’s relatively low sensitivity for detecting ACL tears in the acute setting should serve as a caution to
examiners not to rule out an acute ACL injury solely on the
basis of a negative anterior drawer test. Conversely, the specificity of the test is quite high, and, therefore, a positive anterior
drawer would strongly suggest ACL pathology.
Lachman test. The Lachman test was described by Torg et
al,17 who trained under Lachman at Temple University. Interestingly, Paessler and Michel6 traced descriptions of what we
now call the Lachman test to Noulis’s 1875 thesis. Despite
these very early descriptions, the test was not widely recognized or used until Torg’s classic description of the Lachman
test, which is given below:
The examination is performed with the patient lying supine on the table with the involved extremity on the side
Arch Phys Med Rehabil Vol 84, April 2003

of the examiner. With the patient’s knee held between full
extension and 15 degrees of flexion, the femur is stabilized
with one hand while firm pressure is applied to the posterior aspect of the proximal tibia in an attempt to translate
it anteriorly. A positive test indicating disruption of the
anterior of cruciate ligament is one in which there is
proprioceptive and/or visual anterior translation of the
tibia in relation to the femur with a characteristic “mushy”
or “soft” end point. This is in contrast to a definite “hard”
end point elicited when the anterior cruciate ligament is
intact.17
Numerous studies have examined the sensitivity and specificity of the Lachman test, and other studies have compared its
accuracy with that of the original anterior drawer test. Torg17
originally reported that in 88 (95%) of 93 individuals with
combined lesions involving the ACL and medial meniscus, the
Lachman test was positive. The false-negative tests were attributed to incarcerated bucket-handle tears that blocked forward translation of the tibia. Donaldson et al15 noted a sensitivity of greater than 99% for this test and found it to be
relatively unaffected by associated ligamentous or meniscal
injuries. This was in contrast to the significant variability found
with the anterior drawer test when it was used with patients
with injuries to the secondary restraints of the knee. The
sensitivity of the Lachman test has been reported to range from
80% to 99%, with a specificity of 95%.12,13,15-18 The test has
therefore been found to be the most sensitive and specific test
for the diagnosis of ACL tears, especially in cases of acute
injury.
There are certain limitations to the test. Draper and Schulthies19 noted that the Lachman test is not easily performed by
examiners who have small hands or on patients with a large
thigh girth.20,21 Various modifications of the Lachman test have
been proposed, including “prone,” “drop leg,” and “stabilized”
Lachman tests.20,22-24 Few studies have been performed comparing the sensitivity and specificity of these modified tests
with those of the original Lachman test.
Pivot shift test. The pivot shift is both a clinical phenomenon that results in a complaint of a giving way of the knee and
a physical sign than can be elicited on examination of the
injured knee.25 Hey Groves26 in 1920 and Palmer27 in 1938
published photographs showing patients voluntarily producing
what is now called the pivot shift phenomenon. The phenomenon was characterized as an anterior subluxation of the lateral
tibial plateau in relation to the femoral condyle when the knee
approaches extension with reduction produced with knee flexion.25,28-31 The pivot shift is enhanced by the convexity of the
tibial plateau in the sagittal plane.32,33 The pivot shift test was
initially described25,34 as follows:
The leg is picked up at the ankle with one of the examiner’s hands, and if the patient is holding the leg in
extension, the knee is flexed by placing the heel of the
other hand behind the fibula over the lateral head of the
gastrocnemius. As the knee is extended, the tibia is supported on the lateral side with a slight valgus strain applied
to it. In fact, this subluxation can be slightly increased by
subtly internally rotating the tibia, with the hand that is
cradling the foot and ankle. A strong valgus force is placed
on the knee by the upper hand. This impinges the subluxed
tibial plateau against the lateral femoral condyle, jamming
the two joint surfaces together, preventing easy reduction
as the tibia is flexed on the femur. At approximately 30
degrees of flexion, and occasionally more, the displaced
tibial plateau will suddenly reduce in a dramatic fashion.
At this point, the patient will jump and exclaim, ‘that’s
it!’25
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Table 2: PCL Tests
Test

Description

Posterior sag sign

Patient lies supine with the hip flexed
to 45° and the knee flexed to 90°. In
this position, the tibia rocks back, or
sags back, on the femur if the PCL is
torn. Normally, the medial tibial
plateau extends 1cm anteriorly
beyond the femoral condyle when
the knee is flexed 90°. If this step-off
is lost, the step-off test is
considered positive.
Subject is supine with the test hip
flexed to 45°, knee flexed to 90°, and
foot in a neutral position. The
examiner is sitting on the subject’s
foot with both hands behind the
subject’s proximal tibia and thumbs
on the tibial plateau. Apply a
posterior force to the proximal tibia.
Increased posterior tibial
displacement as compared with the
uninvolved side is indicative of a
partial or complete tear of the PCL.

Posterior drawer
test

Reliability and Validity
Tests

Rubinstein et al40
Sensitivity: 79%
Specificity: 100%

Double-blinded, randomized, controlled
study.
39 subjects enrolled in study (75 knees
for analysis).
Examiners all fellowship-trained in
sports medicine, with at least 5y
experience.
Included only patients with chronic PCL
tears.

Rubinstein et al40
Sensitivity: 90%
Specificity: 99%

See above.

Loos et al39
Sensitivity: 51%
Specificity: not reported

Compilation study from registry of
knee surgeries in the United States
and Australia. 102 PCL injuries
included. Multiple examiners at
different sites, without indication that
study was randomized or controlled.
Retrospective study of 20 patients.
All false negatives were found to have
both anterior and posterior cruciate
injuries at surgery.
54 acute PCL tears studied over a 10-y
period. Posterior drawer test was
performed with patient under
anesthesia.
Retrospective study of only 10 patients.

Moore and Larson50
Sensitivity: 67%
Specificity: not reported
Hughston et al53
Sensitivity: 55.5%
Specificity: not reported

Quadriceps active
test

Subject is supine with knee flexed to
90° in the drawer-test position. The
foot is stabilized by the examiner,
and the subject is asked to slide the
foot gently down the table.
Contraction of the quadriceps
muscle in the PCL-deficient knee
results in an anterior shift of the
tibia of ⱖ2mm. The test is
qualitative.

Several studies have been performed to determine the diagnostic sensitivity and specificity of the pivot shift test in the
diagnosis of ACL injuries. The reported sensitivity of pivot
shift in ACL injuries ranges from 84% to 98.4%, with a
specificity of 98.4% when the test is performed with the patient
under anesthesia; in the alert patient, values as low as 35%
have been described.12,15,35
Many authors8,11,36-38 have recommended various modifications of the classic pivot shift test, including the addition of hip
abduction, knee flexion, and external tibial rotation. Because
the specificity is high, the pivot shift will usually be indicative

Comments

Clendenin et al49
Sensitivity: 100%
Specificity: not reported
Harilainen11
Sensitivity: 90%
Specificity: not reported
Daniel et al43
Sensitivity: 98%
Specificity: 100%

Rubinstein et al40
Sensitivity: 54%
Specificity: 97%

Prospective study that included only 9
patients with arthroscopically
confirmed PCL tears.
92 subjects included in study, 25 with
no history of knee injury.
Study was not blinded or randomized,
as the examiners were told which
knee was the index knee.
Double-blinded, randomized, controlled
study.
39 subjects enrolled in study (75 knees
for analysis).
Examiners all fellowship-trained in
sports medicine, with at least 5y
experience.
Included only patients with chronic PCL
tears.

of an ACL tear. Additionally, a positive pivot shift test in a
conscious patient may reflect the patient’s inability to protect
the knee, which may suggest that these patients are less likely
to respond to nonoperative treatment.
Tests for the PCL
Many authors39-43 have reported on the difficulties associated
with the diagnosis of PCL injuries. Three tests commonly used
to diagnose PCL injuries are the posterior sag sign, the posteArch Phys Med Rehabil Vol 84, April 2003
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rior drawer test, and the quadriceps active test. These tests are
summarized in table 2.
Posterior sag sign. Mayo Robson44 in 1903 described this
phenomenon, although it is unclear who coined the term posterior sag sign.45 A detailed description of the test as it is
performed today is as follows:
The patient lies supine with the hip flexed to 45 degrees
and the knee flexed to 90 degrees. In this position, the tibia
“rocks back,” or sags back, on the femur if the posterior
cruciate ligament is torn. Normally, the medial tibial plateau extends 1 cm anteriorly beyond the femoral condyle
when the knee is flexed 90 degrees. If this step off is lost,
it is considered positive for a posterior cruciate tear.46
Few studies have attempted to establish the posterior sag
sign’s sensitivity and specificity in the diagnosis of PCL injuries. Rubinstein et al,40 in a blinded, randomized, and controlled study to assess the accuracy of the clinical examination
in PCL injuries, reported a sensitivity of the posterior sag sign
for detecting PCL injury of 79%, with a specificity of 100%.
The overall sensitivity of the clinical examination to detect
PCL injury when all tests were used was 90%, with a specificity of 99%. Staubli and Jakob,47 in a nonrandomized, unblended, and controlled study, evaluated the accuracy of the
“gravity sign near extension,” in which the knee is maintained
in near extension. They reported that the gravity sign near
extension was detectable in 20 of 24 PCL-deficient knees, for
a sensitivity of 83%. Overall, the posterior sag sign is a useful
test for diagnosing PCL injuries, with a relatively high sensitivity and very high specificity when used on its own.
Posterior drawer test. Noulis accurately described the opposing forces of the ACL and PCL in his 1875 thesis.6,7
Paessler and Michel,6 in their historical review, give the following account of Noulis’s description:
When the leg was then moved forward and backward, it
was found that the tibia will slide anteriorly and posteriorly. Noulis observed much movement of the tibia when
both cruciates had been severed. When only the ACL was
severed, movement of the tibia could be shown when the
knee was “barely flexed.” However, when the posterior
cruciate ligament had been divided, it took about 110
degrees of flexion to produce this movement of the tibia.6
Paessler and Michel6 explained that Noulis’s 110° of flexion
would translate into 70° of flexion today, because at that time
180° was considered as full extension. A more detailed and
contemporary description of the posterior drawer test as it is
commonly performed follows:
The subject is supine with the test hip flexed to 45 degrees,
knee flexed to 90 degrees, and foot in neutral position. The
examiner is sitting on the subject’s foot with both hands
behind the subject’s proximal tibia and thumbs on the
tibial plateau. Apply a posterior force to the proximal tibia.
Increased posterior tibial displacement, as compared to the
uninvolved side, is indicative of a partial or complete tear
of the PCL.48
Numerous studies8,11,39,40,43-50 have reported on the accuracy
of the posterior drawer test in identifying injuries to the PCL.
Many of these studies lacked adequate sample sizes or had
other flaws in their methodology, which makes interpretation
of the results difficult. Rubinstein40 reported that the posterior
drawer test was the most accurate test for identifying PCL
injuries, with a sensitivity of 90% and a specificity of 99%. In
general, when all of the clinical tests for PCL injuries were
analyzed on the basis of the grade of PCL tear, the examination
sensitivity for grade I sprains was only 70%, with a 99%
specificity, whereas the sensitivity of grade II and III sprains
was 97%, with 100% specificity. The study included only
Arch Phys Med Rehabil Vol 84, April 2003

patients with chronic PCL tears; therefore, the accuracy of the
posterior drawer test in acute PCL injuries cannot be inferred
from this study. Loos et al39 identified 102 PCL injuries in
13,316 knee operations performed in the United States and
Australia. In their study, the sensitivity of the posterior drawer
test was 51%. The study was not designed to evaluate specificity, because only patients with surgically documented PCL
injuries were included (no control group was reported). Hughston et al51 reported a sensitivity of 55.5% when the posterior
drawer test was performed with the patient under anesthesia.
The large number of false negatives was explained by a lack of
injury to the posteriorly situated arcuate complex. Studies by
Clendenin et al49 and Harilainen11 of patients under anesthesia
found positive posterior drawer tests even though posterior
capsules were intact.
Simonsen et al41 found a sensitivity of 91% and a specificity
of 80%, and O’Shea et al42 found a sensitivity of 100% and a
specificity of 99% when performing a complete knee examination; neither reported on the specificity and sensitivity of the
individual maneuvers for PCL tears. In summary, the posterior
drawer test has a high sensitivity and specificity, and its accuracy is increased when results are combined with other tests for
posterior instability, such as the posterior sag sign.
Quadriceps active test. The quadriceps active test was
described by Daniel et al43 in 1988. Daniel’s description of the
test follows:
With the subject supine, the relaxed limb is supported with
the knee flexed to 90 degrees in the drawer-test position.
The subject should execute a gentle quadriceps contraction
to shift the tibia without extending the knee. At this
90-degree angle, the patellar ligament in the normal knee
is oriented slightly posterior and contraction of the quadriceps does not result in an anterior shift of the tibia
although there may be a slight posterior shift. If the
posterior cruciate ligament is ruptured, the tibia sags into
posterior subluxation and the patellar ligament is then
directed anteriorly. Contraction of the quadriceps muscle
in the posterior cruciate-ligament deficient knee results in
an anterior shift of the tibia of 2 mm or more. The test is
qualitative.43
In an unblinded, nonrandomized study, Daniel43 reported a
positive quadriceps active test in 41 of 42 knees that had a PCL
rupture, for a sensitivity of 98%. Daniel reported a negative
quadriceps active test in all the normal knees and the knees
with ACL disruptions but intact PCLs, for a specificity of
100%. Rubinstein40 reported a sensitivity for the quadriceps
active test of 54% and a specificity of 97%. This compares with
findings of a sensitivity of 79% and 90% for the posterior sag
sign and posterior drawer test, respectively, with ⱖ99% specificity for both tests.
Significantly different sensitivities for the quadriceps active
test may reflect study methodology and slightly different patient populations. The blinded, randomized, and controlled
study by Rubinstein40 did not find the quadriceps active test to
be as sensitive in detecting PCL disruption as were other tests.
Tests for the Medial and Lateral Collateral Ligaments
The MCL is among the most frequently injured ligaments in
the knee. Valgus stress testing is the primary method used to
diagnose MCL injury, although few studies have evaluated its
accuracy or interexaminer reliability. Injuries of the lateral
collateral ligament (LCL) are less common, and even fewer
studies have evaluated the accuracy of the varus stress test in
the diagnosis of this injury. These tests are summarized in
table 3.
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Table 3: MCL and LCL Tests
Text

Valgus stress
test

Description

Patient supine on the examination table.
Flex the knee to 30° over the side of the
table, place 1 hand about the lateral
aspect of the knee, and grasp the ankle
with the other hand. Apply abduction
(valgus) stress to the knee. The test
must also be performed in full
extension.

Reliability and Validity
Tests

Harilainen11
Sensitivity: 86%
Specificity: not reported

Garvin et al56
Sensitivity: 96%
Specificity: not reported

Varus stress
test

Patient supine on the examination table.
Flex the knee to 30° over the side of the
table, place 1 hand about the medial
aspect of the knee, and grasp the ankle
with the other hand. Apply adduction
(varus) stress to the knee. The test must
also be performed in full extension.

McClure et al57
Interexaminer reliability
in extension: 68%
Interexaminer reliability
in 30° flexion: 56%
Sensitivity: not reported
Specificity: not reported
Harilainen11
Sensitivity: 25%
Specificity: not reported

Comments

72 patients studied with MCL tears confirmed
on arthroscopy. Valgus stress testing was
performed in 20° of flexion, and testing in
extension was not done. Clinical examination
was performed in the ER under unknown
conditions, and no indication is given
regarding the number of examiners or their
training. There is also no documentation of
the elapsed time between ER evaluation and
arthroscopic evaluation.
Retrospective study of 23 patients who had
undergone surgery for MCL tears.
Nonstandardized clinical examination of the
MCL was used, sometimes with the patient
under anesthesia and sometimes performed
before anesthesia.
Physicians did not perform testing in this study,
and the physical therapists’ experience was
varied. Standardized examination techniques
between the examiners were not used. Data
variability of the clinical categories was
insufficient to allow for accurate
determination of reliability values.
Only 4 patients were studied with LCL tears
confirmed on arthroscopy. Varus stress
testing was performed in 20° of flexion, and
testing in extension was not done. Clinical
examination was performed in the ER under
unknown conditions, and no indication was
given regarding the number of examiners or
their training. There was also no
documentation of the elapsed time between
ER evaluation and arthroscopic evaluation.

Abbreviation: ER, emergency room.

Valgus and varus stress tests. Although the originator of
the valgus and varus stress tests for detecting ligament laxity is
unclear, Palmer9 described “abduction and adduction rocking”
of the knee to determine the integrity of the collateral ligaments, which is an early reference to the valgus and varus
stress tests used today. A description of Palmer’s test from his
1938 article is given below:
In order to demonstrate lateral rocking, it is of the greatest
importance that the patient be made to relax his muscles.
In many cases this can be performed if the extremity is
grasped so, that it rests firmly and painlessly in the grip of
the examiner. The best way is to hold the leg with the foot
supported in the armpit with the calf resting against the
forearm. The other hand supports the back of the knee.
When it is felt that the muscles are relaxed, a surprise
abduction movement is made. It is then felt how the
articular surfaces snap apart and, when the muscles start to
function as a reflex action, spring together again with a
click which is clearly discernible to the hand supporting
the back of the knee.
Currently, varus and valgus testing are performed with slight
abduction of the hip and 30° of knee flexion. Hughston et al8
concluded that a valgus stress test positive at 30° and negative
at 0° indicates a tear limited to the medial-compartment ligaments (MCL with or without the posterior capsule), whereas a

valgus stress test positive at 0° indicates a tear of both the PCL
and the medial-compartment ligaments. They did not find that
the integrity of the ACL had any effect on the valgus stress test
in extension. Marshall and Rubin52 noted that the valgus stress
test in extension implicates one or both cruciate ligaments in
addition to the MCL and posterior capsule.
Injuries resulting in straight lateral instability are rare. Hughston et al53 reported on the operative findings of 3 patients with
straight lateral instability demonstrated by positive varus stress
testing in extension. Surgery revealed a torn PCL, lateral capsule, arcuate ligaments, and a torn ACL in 2 patients, among
other findings. Marshall and Rubin,52 in their review of this
subject, reported that a positive varus stress test in flexion
implicates the LCL, whereas a positive test in extension denotes a combined injury of the LCL, popliteus, and cruciate
ligaments.
Little is known about the accuracy of valgus and varus stress
testing. Harilainen11 noted that of 72 patients with arthroscopically confirmed MCL tears, 62 were diagnosed on clinical
examination, for a sensitivity of 86%. Of 4 patients with an
LCL tear confirmed on arthroscopy, 1 instability was diagnosed on clinical examination, for a sensitivity of 25%. The
flawed design of the study significantly limits its overall clinical utility.
Arch Phys Med Rehabil Vol 84, April 2003
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Table 4: Patellofemoral Tests
Test

Patellofemoral
grinding test
and
patellofemoral
compression
test (for PFS)

Apprehension
test (for
patella
dislocation)

Description

Reliability and Validity Tests

No studies were found that
The subject is lying supine with the
document the sensitivity or
knees extended. The examiner stands
specificity of the
next to the involved side and places
patellofemoral grinding test
the web space of the thumb on the
in the diagnosis of PFS.
superior border of the patella. The
subject is asked to contract the
quadriceps muscle while the
examiner applies downward and
inferior pressure on the patella. Pain
with movement of the patella or an
inability to complete the test is
indicative of patellofemoral
dysfunction.
Sallay et al72
Performed by pressing on the medial
aspect of the patella with the knee
Sensitivity: 39%
flexed 30° with the quadriceps
Specificity: not reported
relaxed. It requires the thumbs of
both hands pressing on the medial
side of the patella to exert the
laterally directed pressure. Often the
finding is surprising to the patient,
and he/she becomes uncomfortable
and apprehensive as the patella
reaches the point of maximum
passive displacement, with the result
that he/she begins to resist and
attempts to straighten the knee, thus
pulling the affected patella back into a
relatively normal position.

Comments

The diagnosis of PFS is based on clinical
examination, including the patella
compression test. The lack of another
criterion standard (eg, arthroscopy) in the
diagnosis of PFS makes any
determination of sensitivity or specificity
of specific clinical tests for this condition
problematic.

19 patients underwent arthroscopic
evaluation in this study, and all 19
exhibited gross lateral laxity of the
patellofemoral articulation under
anesthesia. This laxity was most
prominent at 70° to 80° of flexion.

Abbreviation: PFS, patellofemoral syndrome.

A few studies have compared the clinical examination of
collateral ligament injuries with varus and valgus stress testing
versus magnetic resonance imaging (MRI) of the ligaments.54,55 Yao et al54 reported that the agreement between
MRI and the clinical grade of injury was modest, with a 65%
correct classification. Mirowitz and Shu55 reported a correlation coefficient between MR diagnosis and clinical diagnosis of
.73 for MCL injuries. Garvin et al56 reported in a retrospective
study that a tear of the MCL was predicted from the clinical
examination in 22 of 23 patients, for a sensitivity of 96%. The
retrospective design of the study, which included only serious
injuries, along with the nonstandardized clinical examination
performed primarily with patients under anesthesia, limits its
clinical usefulness.
McClure et al57 addressed the interexaminer reliability of the
valgus stress test. Tests were performed by 3 physical therapists on 50 patients with unilateral knee problems. The interexaminer reliability was 0.6, with 68% agreement between
examiners, for the knee in extension and .16, with 56% agreement between examiners, for the knee in 30° of flexion.
In summary, there is a lack of well-designed studies that
evaluate the sensitivity and specificity of the varus and valgus
stress tests, or their interexaminer reliability, in the diagnosis
and grading of collateral ligament injuries.58 Future studies
would be clinically useful but challenging to design, because
most patients with collateral ligament injuries are currently
managed without surgery. Therefore, the criterion standard of
arthroscopically identifying ligament injuries would be hard to
justify.
Arch Phys Med Rehabil Vol 84, April 2003

Tests for Patellofemoral Disorders
Anterior knee pain is among the most common complaints
that cause patients to consult a physician. Two of the most
common tests used in the evaluation of patellofemoral disorders are the patellar compression, or grinding, test and the
patella apprehension test. These tests are summarized in table
4.
Patellofemoral grinding test. The term chondromalacia
patellae did not appear in published form until 1924.59 Aleman
is credited with using this term as early as 1917,60 although the
first mention of chondromalacia in the English language was in
1933 by Kulowski.61 In 1936, Owre62 published the results of
a clinical and pathologic investigation of the patella. His description of the patellofemoral grinding test follows:
Pressure-pain over the patella is tested by clasping the
patella with the thumb and index finger of each hand with
the remaining fingers resting against the thigh and leg.
While the patient lies with the leg relaxed and extended,
the patella is pressed against the medial and lateral femoral
condyles. By moving the patella in an upward and downward direction the greater part of the surface cartilage may
be examined in this manner. In some cases, pain is elicited
on the slightest pressure of the patella against the condyle,
at other times considerable pressure must be exerted to
obtain a positive response of an unpleasant sensation.62
Owre considered a positive test as indicated by pain to be
predictive of pathologic changes to the retropatellar cartilage or
chondromalacia patella. In current use, a positive test may or
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may not be associated with the pathologic diagnosis of chondromalacia patella, as determined by direct arthroscopic visualization and probing. Solomon et al5 provide a more contemporary description of the test: “The subject is lying supine with
the knees extended. The examiner stands next to the involved
side and places the web space of the thumb on the superior
border of the patella. The subject is asked to contract the
quadriceps muscle, while the examiner applies downward and
inferior pressure on the patella.” Pain with movement of the
patella, or an inability to complete the test, is indicative of
patellofemoral dysfunction.
These 2 descriptions vary significantly. In the first (or passive grind) test, the potentially pathologic and painful patella is
compressed against the patellofemoral joint in an effort to
reproduce pain from pathologic chondral changes on the patella. The latter description involves an active contraction of
the quadriceps with external compression on the patella, which
presumably would result in a more dynamic compression of the
patella against the femur. Neither test replicates how the patella
normally moves within the patellofemoral joint.
There are no studies that document the sensitivity or the
specificity of the patellofemoral grinding test in the diagnosis
of patellofemoral syndrome. Several studies in the last 20
years, however, have shown a generally poor correlation between retropatellar pain and articular cartilage damage.63-69 We
caution against the use of the active grind test because we have
found it to cause pain in normal asymptomatic subjects while
teaching this maneuver to students and residents.
O’Shea et al42 reported on the diagnostic accuracy of clinical
examination of the knee in patients with arthroscopically documented knee pathology, including chondromalacia patella.
They reported that only 11 of 29 patients were correctly diagnosed as having the pathologic findings of chondromalacia
patella on the basis of history, physical examination, and standard radiographs, for a sensitivity of 37%.
In summary, the correlation is poor between the clinical
history and examination and the diagnosis of chondromalacia
patella. An explanation for the disparity between clinical signs
and pathologic findings is not simple and reflects the continuing question of what ultimately causes the pain in patients with
patellofemoral syndrome.
Apprehension test for patellar dislocation. This test was
first described by Fairbank in 1936.70 The test, often referred to
as the Fairbank’s Apprehension Test, has been described by
Fairbank as such:
While examining cases of suspected recurrent dislocation
of the patella, I have been struck by the marked apprehension often displayed by the patient when the patella is
pushed outwards in testing the stability of this bone. Not
uncommonly, the patient will seize the examiner’s hands
to check the manipulation, which she finds uncomfortable
and regards as distinctly dangerous. This sign, when
present, I regard as strong evidence in favour of a diagnosis of slipping patella.70
A more detailed and more recent description of the apprehension test for subluxation of the patella was given by Hughston.71 His description is as follows:
This test is carried out by pressing on the medial side of
the patella with the knee flexed about 30 degrees and with
the quadriceps relaxed. It requires the thumbs of both
hands pressing on the medial side of the patella to exert the
laterally directed pressure. Accordingly, the leg with muscles relaxed is allowed to project over the side of the
examining table and is supported with the knee at 30
degrees of flexion by resting the leg on the thigh of the
examiner who is sitting on a stool. In this position the

599

examiner can almost dislocate the patella over the lateral
femoral condyle. Often the finding is surprising to the
patient and he becomes uncomfortable and apprehensive
as the patella reaches the point of maximum passive displacement, with the result that he begins to resist and
attempts to straighten the knee, thus pulling the affected
patella back into a relatively normal position.71
Sallay et al,72 in their 1996 study, reported on the characteristic clinical and arthroscopically determined pathologic
findings associated with patellar dislocations. Only 39% of
patients with a history of dislocation were found to have a
positive apprehension sign. In contrast, 83% had a moderate to
large effusion, and 70% had significant tenderness over the
posterior medial soft tissues. MRI revealed a moderate to large
effusion on all scans. Increased signal adjacent to the adductor
tubercle was seen in 96% of patients, tearing of the medial
patellofemoral ligament was found in 87%, and increased signal was noted in the vastus medialis oblique muscle in 78%. On
arthroscopic evaluation, gross lateral laxity of the patellofemoral articulation of all subjects was most prominent at 70° to 80°
of flexion. This degree of flexion is significantly higher than the
30° classically recommended for the apprehension sign and
may explain the low sensitivity of this test in the diagnosis of
patella dislocation.72
Tests for Meniscal Injuries
Meniscal tears occur commonly; however, their clinical diagnosis is often difficult, even for an experienced clinician.
Because the menisci are avascular and have no nerve supply on
their inner two thirds, an injury to the meniscus can result in
little or no pain or swelling, which makes accurate diagnosis
even more challenging. In 1803, Hey73 described “internal
derangement of the knee,” and since then a significant literature
on the clinical diagnosis of meniscal tears has evolved. These
tests are summarized in table 5.
Joint line tenderness. Joint line palpation is among the
most basic maneuvers, yet it often provides more useful information than the provocative maneuvers designed to detect
meniscal tears. Flexion of the knee enhances palpation of the
anterior half of each meniscus. The medial edge of the medial
meniscus becomes more prominent with internal rotation of the
tibia, allowing for easier palpation. Alternatively, external rotation allows improved palpation of the lateral meniscus.
The literature notes a sensitivity for joint line tenderness of
55% to 85%, with a specificity range of 29% to 67%.74,75 Thus,
joint line tenderness is likely to be present in those with
meniscal tears. However, joint line tenderness alone is common
to other diagnoses and is not pathognomonic for meniscal
injury.
McMurray test. The McMurray test is among the primary
clinical tests to evaluate for a meniscal tear. McMurray76 first
described the test in 1940.77 The original description of the test,
as described by McMurray, was:
In carrying out the manipulation with 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
Arch Phys Med Rehabil Vol 84, April 2003
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Table 5: Tests for Meniscal Injuries
Test

Joint line
tenderness

McMurray
test

Apley grind
test

Bounce
home
test

Description

The medial edge of the medial
meniscus becomes more prominent
with internal rotation of the tibia,
allowing for easier palpation.
Alternatively, external rotation allows
improved palpation of the lateral
meniscus.

With the patient lying flat, the knee is
first fully flexed; the foot is held by
grasping the heel. The leg is rotated
on the thigh with the knee still in full
flexion. By altering the position of
flexion, the whole of the posterior
segment of the cartilages can be
examined from the middle to their
posterior attachment. Bring the leg
from its position of acute flexion to a
right angle while the foot is retained
first in full internal rotation and then
in full external rotation. When the
click occurs (in association with a
torn meniscus), the patient is able to
state that the sensation is the same
as he/she experienced when the knee
gave way previously.
The patient is prone. The surgeon
grasps 1 foot in each hand, externally
rotates as far as possible, then flexes
both knees together to their limit. The
feet are then rotated inward and
knees extended. The surgeon then
applies his left knee to the back of the
patient’s thigh. The foot is grasped in
both hands, the knee is bent to a
right angle, and powerful external
rotation is applied. Next, the patient’s
leg is strongly pulled up, with the
femur being prevented from lifting off
the couch. In this position of
distraction, external rotation is
repeated. The surgeon (next) leans
over the patient and compresses the
tibia downward. Again he rotates
powerfully, and, if addition of
compression produces an increase in
pain, this grinding test is positive and
meniscal damage is diagnosed.
The test is performed with the patient
supine and the foot cupped in the
examiner’s hand. With the patient’s
knee completely flexed, the knee is
passively allowed to extend. The knee
should extend completely or bounce
home into extension with a sharp
endpoint. If extension is not complete
or has a rubbery end feel, there is
probably a torn meniscus or some
other blockage.
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Reliability and
Validity Tests

Kurosaka et al74
Sensitivity: 55%
Specificity: 67%

Comments

Prospective blinded study of 160 patients
with meniscal tears that were
arthroscopically identified. Acute injuries
were excluded.
Prospective study of 160 patients (161
knees) with mensical tears that were
arthroscopically identified.
Prospective evaluation of 100 patients
evaluated by 1 examiner.

Fowler and Lubliner75
Sensitivity: 85%
Specificity: 29.4%
Anderson and Lipscomb82
Sensitivity: 77%
Specificity: Not reported
Evans et al77
Sensitivity: 16%
Specificity: 98%

Prospective study of 104 patients.
Interexaminer reliability between the 2
examiners of the study was only fair.

Fowler and Lubliner75
Sensitivity: 29%
Specificity: 95%

Prospective study of 160 patients (161
knees) with mensical tears that were
arthroscopically identified.

Kurosaka et al74
Sensitivity: 37%
Specificity: 77%

Prospective blinded study of 160 patients
with meniscal tears that were
arthroscopically identified. Acute injuries
were excluded.

Anderson and Lipscomb82
Sensitivity: 58%
Specificity: Not reported

Prospective evaluation of 100 patients
evaluated by 1 examiner.

Fowler and Lubliner75
Sensitivity: 16%
Specificity: 80%
Kurosaka et al74
Sensitivity: 13%
Specificity: 90%

Prospective study of 160 patients (161
knees) with mensical tears who were
arthroscopically identified.
Prospective blinded study of 160 patients
with meniscal tears who were
arthroscopically identified. Acute injuries
were excluded.

No studies were found
that identified the
accuracy of this specific
test.
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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 produced by
a broken 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.76
Several studies75,78-82 have been performed to determine the
clinical accuracy of the McMurray test in predicting meniscal
pathology. Four studies74,75,77,82 were found that evaluated the
McMurray test as it was originally described, without modification.
There seems to be a wide variation in the reported sensitivities (16%–58%) and specificities (77%–98%) of the McMurray test for detecting meniscal tears.74,75,77,82 Evans et al77
found low agreement between examiners, and the McMurray
test was not found useful for diagnosing lateral meniscal tears.
Overall, these findings support the continued utility of the
McMurray test in combination with other physical examination
tests and in patients with a history that is suggestive of meniscal involvement. The test should not be overly emphasized
when it is negative, given its low diagnostic sensitivity.
Apley grind test. The Apley grind test was described by
Apley in 1947.79,80 The original description of the test follows:
For this examination the patient lies on his face. He should
be on a couch not more than 2 feet high, or the tests
become difficult, and he must be well over to the edge of
the couch nearest the surgeon. To start the examination,
the surgeon grasps one foot in each hand, externally rotates as far as possible, and then flexes both knees together
to their limit. When this limit has been 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 patient’s thigh. It is important to
observe that in this position 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 leg is strongly pulled upward, while
the surgeon’s weight prevents the femur from rising off
the couch. In this position of distraction, the powerful
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 distraction. 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 couch. Again he rotates powerfully, and if addition of compression had produced an increase of pain, this
grinding test is positive, and meniscal damage is diagnosed.80
Fowler and Lubliner,75 in their report of 5 clinical signs for
meniscal pathology, prospectively evaluated the accuracy of
the Apley grind test. They reported an overall sensitivity of
16% and a specificity of 80%. Kurosaka et al74 noted a sensitivity of 13% and a specificity of 90%, with an overall accuracy
of 28%, for the Apley grind. The results of these prospective
studies show the limited predictive value of the Apley grind
test for the diagnosis of meniscal injuries.
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Bounce home test. The bounce home test is designed to
evaluate a lack of full extension in the knee, which may
indicate a torn meniscus or other pathology, such as a loose
body or a joint effusion. The test is performed with the patient
supine, with his/her foot cupped in the examiner’s hand. With
the patient’s knee completely flexed, the knee is passively
allowed to extend. The knee should extend completely or
bounce home into extension with a sharp endpoint. If extension
is not complete or has a rubbery end feel, there is probably a
torn meniscus or some other blockage present.44
Oni83 described a modification of the bounce home test,
which he labeled the knee-jerk test, in which the knee is
forcibly extended in 1 quick jerk and pain occurs in the region
of tissue injury. Shybut and McGinty84 described the forced
hyperextension test of the knee, which, in contrast to the
bounce home test and the jerk test, involves forced hyperextension of an already extended knee. A block to full extension
indicates a positive test and may indicate a meniscal tear.
Fowler and Lubliner,75 in their study on the predictive value of
5 clinical tests for meniscal pathology, reported a sensitivity of
44% and a specificity of 95% for the forced hyperextension of
the knee test.
DISCUSSION
Physical examination is essential in the diagnosis of any
medical problem, including musculoskeletal pathology. Given
the large number of patients who consult physicians because of
musculoskeletal complaints, it is important that physicians
truly understand how to perform the various musculoskeletal
tests that are commonly used in clinical practice and that they
understand the significance of the test results. For physicians to
communicate unambiguously, both clinically and in the scientific literature, the physical examination must be standardized.
The information presented here is somewhat artificial, in that
physical examination tests are generally not performed in isolation, but together with other tests. It seems that this would
increase the diagnostic accuracy of the physical examination,
which is important in developing a treatment plan and minimizing unnecessary diagnostic testing. In addition, clinicians
often find that several structures are injured. The pathologic
changes in 1 structure may alter how a different structure is
examined. For example, a meniscal tear in conjunction with an
ACL tear may alter the findings on anterior drawer and Lachman tests. Also, inflammatory changes and swelling after injury may result in a decreased ability to detect findings on
physical examination. Nonetheless, we believe that a properly
performed physical examination is invaluable in the optimal
evaluation and treatment of patients with musculoskeletal injuries and should be taught and performed in a standardized
fashion, with a clear understanding of the significance of each
test maneuver.
The Lachman test seems to be very sensitive and specific for
the detection of ACL tears. For PCL tears, the posterior drawer
test is also very sensitive and specific and is enhanced with
other tests, such as the posterior sag sign. For meniscal tears,
the McMurray test is very specific but has a very low sensitivity, whereas joint line tenderness has fairly good sensitivity
but lacks good specificity. Although collateral ligament testing
seems to be sensitive and specific, there is a lack of welldesigned studies that scientifically validate the sensitivity and
specificity of these tests. Common tests for patellofemoral pain
and patellar instability lack sensitivity when correlated with
pathologic operative findings.
Arch Phys Med Rehabil Vol 84, April 2003
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CONCLUSION
The importance of a properly performed physical examination of the knee cannot be overemphasized. In the same light,
the diagnostic accuracy and limitations of the various tests for
knee pathology need to be understood. With this knowledge,
the thoughtful clinician is better able to plan both diagnostic
and treatment strategies for knee injuries.
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Physical Examination Tests for Assessing a
Torn Meniscus in the Knee: A Systematic
Review With Meta-analysis

K

nee pain has a lifetime prevalence of up to 45% and as many
as 31% of individuals with knee pain will consult a general
practitioner.5 Roughly 5% of these individuals will undergo
a tibial meniscectomy,5 and many more will undergo partial
meniscectomy or meniscus repair. Surgery of the meniscus is a
common orthopedic procedure, constituting 10% to 20% of surgeries
performed in some practices.37 Primary practitioners must make a
STUDY DESIGN: Systematic review and
meta-analysis.

OBJECTIVES: To identify, analyze, and synthesize the literature to determine which physical
examination tests, if any, accurately diagnose a
torn tibial meniscus.
BACKGROUND: Knee pain has a lifetime
prevalence of up to 45%, and as many as 31% of
individuals with knee pain will consult a general
practitioner. Roughly 5% of these individuals will
undergo a tibial meniscectomy and many more will
undergo partial meniscectomy or meniscus repair.
Determining which of these individuals is appropriate for surgical consult depends on clinical
examination findings.
METHODS AND MEASURES: We searched
MEDLINE, CINAHL, and SPORTDiscus from1966 to
August 2006 and extracted all English- and German-language studies that reported the diagnostic
accuracy of individual physical examination tests
for a torn meniscus. We retrieved data regarding
true positives, false positives, true negatives, and
false negatives to create 2-by-2 tables for each
article and test. Like tests were then subjected to
meta-analysis and subanalysis. Cochran Q test and
the I2 statistic were used to examine for the presence of heterogeneity and the extent of the effect of
heterogeneity, respectively. A qualitative analysis
was also performed using the QUADAS tool.

RESULTS: Eighteen studies qualified for the
final analyses. Three physical examination tests
(McMurray’s, Apley’s, and joint line tenderness)
were examined in more than 7 studies and
had enough data to consider meta-analysis.
However, study results were heterogeneous.
Pooled sensitivity and specificity were 70% and
71% for McMurray’s, 60% and 70% for Apley’s,
and 63% and 77% for joint line tenderness. Large
between-study differences could not be explained
by prevalence, study quality, or how well an index
test was described.
CONCLUSIONS: No single physical examination test appears to accurately diagnose a torn tibial meniscus and the value of history plus physical
examination is unknown. Differences between studies in diagnostic performance remain unexplained,
presumably due to local differences in the way
the tests are defined, performed, and interpreted.
We recommend a more standardized approach to
performing and interpreting these tests and the
development of a clinical prediction rule to aid
clinicians in the diagnosis of a torn tibial meniscus.
J Orthop Sports Phys Ther 2007;39(9):541–550.
doi:10.2519/jospt.2007.2560
KEY WORDS: Apley’s, diagnosis, joint line
tenderness, McMurray’s, primary care, tibiofemoral
joint

decision regarding conservative intervention or referral to a specialist for imaging
or surgery. This decision is typically made
after a thorough history and physical examination. Unfortunately, literature regarding the ability of the comprehensive
examination to detect a torn tibial meniscus is equivocal.13,23,25,26,35,38 Despite
frequent reports that items like “locking”
and “giving-way” are common with tibial
meniscus tears, history alone is insufficient as a diagnostic tool.7,23,33 Therefore,
historical items are often combined with
physical examination procedures, such as
range-of-motion and strength testing, in
an attempt to improve diagnostic accuracy.13,23,25,26,35,38 Physical diagnostic tests,
sometimes referred to as “special tests,”
have been an integral part of this process
historically. There are numerous special
tests purported to diagnose torn tibial menisci, including traditional non–weightbearing tests like McMurray’s33 test and
Apley’s4 test, and newer weight-bearing
tests like the Thessaly test.24 With the
introduction of new tests and the continued evaluation of traditional tests, there
is value in examining the body of work regarding special tests of the tibial menisci
and the ability of those tests to discriminate between patients with and without
a torn meniscus. This body of evidence
has been examined previously,22,41,45 with
the most extensive review of individual
special tests for a torn meniscus being
published in 2001.41 Since the Scholten et
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[
al41 review was published, 5 additional articles2,14,23,24,36 reporting on the diagnostic
accuracy of individual special tests have
been published, and we found 1 additional article,27 published in 1999, that was
not included in any of the previous metaanalyses. Additionally, the most recently
published (2003) review45 focused on the
clinical exam in general and, therefore,
cited only 4 studies of individual special
tests, all of which were published in the
1980s. For these reasons, this study will
provide an updated review of published
literature pertaining to the most common
and newest meniscal tests.

METHODS
Search Strategy

T

he search strategy included a
literature search within the dates
of 1966 to August 2006 for the
terms tibial menisci and physical examination using the MEDLINE, CINAHL,
and SPORTDiscus databases (TABLE 1).

TABLE 2

LITERATURE REVIEW
TABLE 1
Number

]

Search Strategy
Search History

Results

1

exp Menisci, Tibial/

4066

2

menisc$.ti.

3307

3

1 or 2

4

exp Physical Examination/

4795
490183

5

clinical examination.tw.

6

(physical adj2 exam$).tw.

16484
26131

7

(objective adj2 exam$).tw.

12976
12927

8

(clinical adj2 test$).tw.

9

(special adj2 test$).tw.

10

4 or 5 or 6 or 7 or 8 or 9

11

3 and 10

495

12

limit 11 to humans

470

Results were limited to studies involving humans, published in the English or
German languages. To maximize the sensitivity of the search strategy, the generic
search strategy reported by Haynes et al19
was not employed, because many of the
older articles may not have used sensitivity, diagnosis, and other terms related to

812
548782

diagnostic accuracy. Recent journals and
personal files were hand searched by 2 of
the authors (E.H. and C.C.) independently for publications, posters, or abstracts.
The reference lists in review articles were
cross-checked and all individual names
of each special test were queried using
MEDLINE.

Summary of Articles for Torn Menisci: McMurray’s Test

Study

Number and Sex of Subjects

Karachalios et al 200524

301 M, 109 F

Akseki et al 20042

110 M, 40 F

Affected Meniscus

Sensitivity/Specificity

+LR/–LR

CS

QUADAS Score*

Med

48/94

8.2/0.55

MR

8

Lat

65/86

4.7/0.41
S

11
11

Med

65/71

2.2/0.50

Lat

68/90

6.9/0.36

Jerosch and Reimer 200423

42 M, 22 F

Med, lat

74/11

0.83/2.35

S

Pookarnjanamorakat 200436

95 M, 5 F

Med, lat

28/92

3.5/0.78

S

8

Kurosaka et al 199927

83 M, 73 F

Med, lat

37/77

1.6/0.82

S

10

Corea et al 199411

93 M, 0 F

Med

65/93

9.5/0.38

S

9

Lat

52/94

8.0/0.52

Grifka et al 199418

61 M, 52 F

Med, lat

66/38

1.1/0.91

S

9

Evans et al 199315

Not stated

Med, lat

24/93

3.5/0.82

S

9

Saengnipanthkul et al 199240

148 M, 42 F

Med

47/94

8.5/0.56

S

8

Boeree and Ackroyd 19917

154 M, 49 F

Med

29/87

2.3/0.81

MR

8

Lat

25/90

2.4/0.84

Fowler and Lubliner 198917

106 M, 55 F

Med, lat

29/96

7.8/0.74

S

10

Steinbruck and Wiehmann 198846

205 M, 95 F

Med

34/86

2.4/0.77

S

10

Lat

15/97

4.9/0.88

Anderson and Lipscomb 19863

76 M, 24 F

Med, lat

58/29

0.82/1.5

S

10

Noble and Erat 198034

163 M, 37 F

Med, lat

62/57

1.4/0.67

S

9

Abbreviations: CS, criterion standard; F, female; Lat, lateral; +LR, positive likelihood ratio; –LR, negative likelihood ratio; M, male; Med, medial; MR,
magnetic resonance imaging; QUADAS, Quality of Diagnostic Accuracy Studies; S, surgery.
* Score indicates number of unequivocal yes responses out of 14 total.
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All abstracts for 470 articles from Medline, 65 articles from CINAHL, 34 articles from SPORTDiscus, and 9 articles
from the hand search were reviewed by
2 of the authors (E.H. and C.C.) indepen-

TABLE 3

dently. After the abstracts of the articles
from the computer and hand search were
read, agreement between the 2 authors
as to which articles to read in full was
determined by consensus. After independently reading the articles in full and

applying the inclusion/exclusion criteria,
the 2 authors (E.H. and C.C.) arrived at
a final list of articles for inclusion in this
paper. If there was disagreement as to
the final selection, a third author (D.M.)
made the conclusive decision. Articles

Summary of Articles for Torn Menisci: Joint Line Tenderness Test

Study

Number and Sex of Subjects

Affected Meniscus

Sensitivity/Specificity

+LR/–LR

CS

QUADAS Score*

Karachalios et al 200524

301 M, 109 F

Med

71/87

5.5/0.33

MR

8

Lat

78/90

7.9/0.24

Pookarnjanamorakat 200436

95 M, 5 F

Med, lat

27/96

6.7/0.76

S

8

Akseki et al 20042

110 M, 40 F

Med

85/45

1.55/0.34

S

10

Eren 200314

104 M, 0 F

S

10

Lat

81/84

5.1/0.23

Med

86/67

2.6/0.20

Lat

93/97

36.0/0.08

Kurosaka et al 199927

83 M, 73 F

Med, lat

55/67

1.6/0.68

S

10

Shelbourne et al 199544

118 M, 55 F

Med

58/53

1.2/0.79

S

10

Lat

38/70

1.3/0.89
9

Grifka et al 199418

61 M, 52 F

Med, lat

95/5

0.99/1.1

S

Saengnipanthkul et al 199240

148 M, 42 F

Med

58/74

2.2/0.57

S

8

Boeree and Ackroyd 19917

154 M, 49 F

Med

64/69

2.1/0.52

MR

8

Lat

28/87

2.1/0.84

Abdon et al 19901

110 M, 35 F

Med

78/69

2.5/0.31

S

9

Lat

22/98

8.84/0.80

Fowler and Lubliner 198917

106 M, 55 F

Med, lat

85/30

1.2/0.51

S

10

Steinbruck and Wiehmann 198846

205 M, 95 F

Med

73/62

1.9/0.43

S

10

Lat

53/91

5.9/0.52

Barry et al 19836

37 M, 7 F

Med, Lat

86/43

1.5/0.32

S

8

Noble and Erat 198034

163 M, 37 F

Med, lat

72/13

0.83/2.1

S

9

Abbreviations: CS, criterion standard; F, female; Lat, lateral; +LR, positive likelihood ratio; –LR, negative likelihood ratio; M, male; Med, medial; MR,
magnetic resonance imaging; QUADAS, Quality of Diagnostic Accuracy Studies; S, surgery.
* Score indicates number of unequivocal yes responses out of 14 total.

TABLE 4
Study

Summary of Articles for Torn Menisci: Apley’s Test
Number and Sex of Subjects

Karachalios et al 200524

301 M, 109 F

Affected Meniscus

Sensitivity/Specificity

+LR/–LR

CS

QUADAS Score*

Med

41/93

5.9/0.63

MR

8

Lat

41/86

2.9/0.69

Pookarnjanamorakat 200436

95 M, 5 F

Med, lat

16/100

8.6/0.85

S

8

Jerosch and Reimer 200423

42 M, 22 F

Med, lat

70/33

1.0/0.91

S

11
10

Kurosaka et al 199927

83 M, 73 F

Med, lat

13/90

1.31/0.97

S

Grifka et al 199418

61 M, 52 F

Med, lat

60/70

2.0/0.57

S

9

Fowler and Lubliner 198917

106 M, 55 F

Med, lat

16/80

0.78/1.06

S

10

Steinbruck and Wiehmann 198846

205 M, 95 F

2.63/0.65

S

10

Med

47/82

Lat

23/99

20.0/0.78

Abbreviations: CS, criterion standard; F, female; Lat, lateral; +LR, positive likelihood ratio; –LR, negative likelihood ratio; M, male; Med, medial; MR,
magnetic resonance imaging; QUADAS, Quality of Diagnostic Accuracy Studies; S, surgery.
* Score indicates number of unequivocal yes responses out of 14 total.
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Study

LITERATURE REVIEW

]

Summary of Articles for Torn Menisci: Other Tests
Sensitivity/Specificity

+LR/–LR

CS

QUADAS Score*

Karachalios et al 200524
(Thessaly test 20°)

Number and Sex of Subjects
301 M, 109 F

Affected Meniscus
Med
Lat

89/97
92/96

29.7/0.11
23.0/0.08

MR

8

Akseki et al 20042

110 M, 40 F

Med
Lat

67/81
64/90

3.53/0.41
6.4/0.40

S

11

Pookarnjanamorakat 200436
(Merke’s sign)

95 M, 5 F

Med, lat

71/83

4.18/0.35

S

8

Pookarnjanamorakat 200436
(Steinmann I sign)

95 M, 5 F

Med, lat

27/96

6.8/0.76

S

8

Mariani et al30 1996 (dynamic test)

243 M, 162 F

Lat

85/90

8.5/0.17

S

9

Abbreviations: CS, criterion standard; F, female; Lat, lateral; +LR, positive likelihood ratio; –LR, negative likelihood ratio; M, male; Med, medial; MR,
magnetic resonance imaging; QUADAS, Quality of Diagnostic Accuracy Studies; S, surgery.
* Score indicates number of unequivocal yes responses out of 14 total.

were eligible for inclusion if the criterion
standard was surgery or magnetic resonance imaging (MRI), at least 1 physical
examination test/special test was studied, if the paired statistics of sensitivity
and specificity were both reported for an
individual test, and if the article was in
the English or German languages. Studies were excluded if the special test was
performed under anesthesia or in cadavers, if a group of special tests were assigned the status of “composite physical
examination,” or if the article was a review. The reviewers were familiar with
the literature, thus were not blinded to
the authors, the date of publication, or
the journals in which the manuscripts
were published. A summary of the articles pulled for review based on a consensus of the authors is presented in TABLES
2 through 5. These tables have been organized by special test.

Quality Assessment
After all relevant articles were obtained,
their quality was assessed and data were
extracted from each article. The quality
of each study was determined unmasked
by the lead author examining its internal
and external validity using the Quality
Assessment of Diagnostic Accuracy Studies (QUADAS) tool developed by Whiting et al49 (TABLE 6). QUADAS involves
individualized scoring of 14 components.
Each of the 14 components is scored as
“yes,” “no,” or “unclear.” Individual pro-

TABLE 6

Quality Assessment of Diagnostic Accuracy
Studies (QUADAS) Tool

Item

Yes

No

Unclear

Was the spectrum of patients representative of the patients

__

__

__

who will receive the test in practice?
Were selection criteria clearly described?

__

__

__

Is the reference standard likely to classify the target condition correctly?

__

__

__

Is the period between reference standard and index test short enough

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__

Were uninterpretable/intermediate test results reported?

__

__

__

Were withdrawals from the study explained?

__

__

__

to be reasonably sure that the target condition did not change
between the two tests?
Did the whole sample or a random selection of the sample receive
verification using a reference standard of diagnosis?
Did patients receive the same reference standard regardless of the
index test result?
Was the reference standard independent of the index test (i.e. the index
test did not form part of the reference standard)?
Was the execution of the index test described in sufficient detail to
permit replication of the test?
Was the execution of the reference standard described in sufficient
detail to permit its replication?
Were the index test results interpreted without knowledge of the results
of the reference standard?
Were the reference standard results interpreted without knowledge
of the results of the index test?
Were the same clinical data available when test results were interpreted
as would be available as when the test is used in practice?

* Reproduced with permission of Dr P. Whiting.49

cedures for scoring each of the 14 items,
including operational standards for each
question, have been published, although
a cumulative methodological score is not

advocated.48 Contrary to the recommendation of Whiting et al,48 past studies12,42 43
have arbitrarily used a score of 7 or more
yes answers out of 14 to indicate a high-
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quality diagnostic accuracy study, whereas scores below 7 were indicative of low
quality. Based on extensive experience in
use of the QUADAS tool,10 our consensus
higher quality score was defined at 10 or
more unequivocal yes answers out of 14,
whereas a score below 10 was associated
with a low-quality study. Our consensus
cut-off score of 10 may still be considered
arbitrary. However, this score was only
used to facilitate 1 subgroup analysis;
no studies were excluded based on this
categorization.

Potentially relevant studies of
diagnostic accuracy
identified by database and
hand search: 470M + 65C
+ 34S + 9H = 578
Diagnostic accuracy studies
excluded after title and
abstract review, 512
Diagnostic accuracy studies
retrieved for more detailed
evaluation: 36M + 18C +
3S+ 9H = 66
Diagnostic accuracy studies
excluded based on
inclusion/exclusion
criteria, 45

Statistical Analyses
Meta-analysis was performed using drROC Version 2.00 software (dr2 Consulting, Glenside, PA). Data were eligible for
pooling in 3 special tests: McMurray’s, 32
Apley’s,4 and joint line tenderness (JLT).
Raw data from each individual study for
these 3 tests was placed in a 2-by-2 table
and summarized by the paired statistics
sensitivity and specificity. The dr-ROC
software was used to pool sensitivities
and specificities using the inverse variance method, which gives greater weight
to individual studies with more subjects.
The fixed-effects model was used, as
outcomes of both fixed-effects and random-effects models were similar. The
diagnostic odds ratio and the area under
the curve of the summary receiver operating characteristic curve were both calculated as summary statistics, indicating
the overall diagnostic power of each of
the 3 tests. The Cochran Q test was used
to test for heterogeneity and the I2 statistic20 was used to quantify the percentage
of variation across the studies that was associated with heterogeneity. Where there
was a lack of multiple studies to achieve
a pooled estimate of the diagnostic accuracy of a special test for a torn tibial meniscus, the article results were reported
along with an assessment of the quality
of that study (TABLE 5).
Sources of heterogeneity were explored by performing subgroup analyses.
When performing the subgroup analyses, the studies for each test (McMurray’s, JLT, or Apley’s) were dichotomized

Potentially appropriate
diagnostic accuracy studies
to be included in the
analysis: 10M + 2C+ 0S +
9H = 21
Diagnostic accuracy studies
not reporting on
McMurray’s, Joint Line
Tenderness, or Apley’s,
3
Apley’s
Diagnostic accuracy studies in
the final meta-analyses, 18
McMurray’s test, 14
Joint line tenderness, 14
Apley’s test, 7

FIGURE. Consort QUOROM flow chart for inclusion criteria within the study. Abbreviations: C, articles from Cinahl;
M, articles from MEDLINE; H, articles from the hand search.

based on factors established a priori.
These pre-established factors included
number of unequivocal yes on the QUADAS quality-scoring instrument, prevalence of torn menisci, and description
of a positive test finding. These factors
were chosen because quality, prevalence,
and varying definitions of a positive test
all have an effect on estimates of diagnostic accuracy.29,39 For each subanalysis,
pooled sensitivity, pooled specificity, the
diagnostic odds ratio, the area under the
curve, the Cochran Q, and the I2 statistic were recalculated across subgroups.
Subgroup analysis was performed using dr-ROC Version 2.00 software (dr2
Consulting).

RESULTS

T

he initial database search identified 569 articles, 12 of which were
relevant to this study, whereas the
hand search revealed 9 additional articles
appropriate for the study (FIGURE). Of the
21 articles, 18 were considered suitable for
summary statistical analysis because they
addressed McMurray’s, JLT, or Apley’s
test. A preponderance of the studies were
published before 2003.1,3,6,7,18,23,24,34,40,44,46

Quality Score Summary
Four studies11,14,24,36 were judged to have
a limited spectrum of subjects, while 2
studies6,15 lacked a description of subjects
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LITERATURE REVIEW
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Summary of Results: Main and Subgroup Analyses
Pooled SN (95%
CI upper limit,
lower limit)

Pooled SP (95%
CI upper limit,
lower limit)

DOR (95% CI
upper limit,
lower limit)

AUC (95% CI upper
limit, lower limit)

Q

P (Q)

4.5 (3.7, 5.4)

0.73 (0.71, 0.76)

86

.01

79

I2 (%)
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McMurray’s test
Meta-analysis

70.5 (67.4, 73.4)

71.1 (69.3, 72.9)

10+

75.3 (71, 79)

66.5 (64, 69)

3.6 (2.7, 4.9)

0.70 (0.66, 0.75)

32

.01

77

9–

66.7 (63, 71)

74.2 (72, 76)

5.1 (4.0, 6.6)

0.75 (0.72, 0.78)

53

.01

81

Subanalysis QUADAS

Subanalysis prevalence
0.50+

79.2 (75, 83)

37.6 (34, 42)

2.3 (1.7, 3.2)

0.64 (0.59, 0.69)

20

.01

66

0.49–

60.7 (56, 65)

80.9 (79, 83)

6.8 (5.3, 8.7)

0.79 (0.76, 0.81)

39

.01

75

Subanalysis definition and test
Described

73.1 (69, 77)

72.2 (70, 75)

8.5 (6.3,11.3)

0.81 (0.78, 0.84)

26

.01

65

Not described

67.8 (63, 72)

69.7 (67, 72)

2.3 (1.8, 3.1)

0.64 (0.59, 0.68)

21

.01

62

63.3 (60.9, 65.7)

77.4 (75.6, 79.1)

4.5 (3.8, 5.4)

0.73 (0.71, 0.76)

15, 6

.01

87

10+

60.5 (57, 64)

76.7 (74, 79)

4.1 (3.3, 5.2)

0.72 (0.69, 0.75)

69

.01

87

9–

66.4 (63, 70)

78.0 (76, 80)

5.1 (4.0, 6.5)

0.75 (0.72, 0.78)

83

.01

88

Joint line tenderness test
Meta-analysis
Subanalysis QUADAS

Subanalysis prevalence
0.50+

68.8 (66, 72)

40.3 (36, 45)

1.8 (1.3, 2.5)

0.60 (0.55, 0.65)

23

.01

69

0.49–

58.9 (56, 62)

86.1 (84, 88)

6.9 (5.6, 8.4)

0.79 (0.76, 0.81)

90

.01

87

Described

63.9 (57, 70)

69.4 (63, 75)

7.9 (4.7, 13.3)

0.80 (0.74, 0.85)

25

.01

88

Not described

63.2 (61, 66)

78.4 (77, 80)

4.2 (3.5, 5.0)

0.72 (0.70, 0.75)

129

.01

88

60.7 (55.7, 65.5)

70.2 (68, 72.4)

3.4 (2.6, 4.4)

0.69 (0.65, 0.73)

32

.01

75

Subanalysis definition and test

Apley’s test
Meta-analysis
Subanalysis QUADAS
10+

60.7 (53, 68)

64.3 (61, 68)

1.9 (1.3, 2.8)

0.60 (0.54, 0.66)

12

.02

66

9–

60.7 (54, 67)

76.2 (73, 79)

6.1 (4.1, 9.0)

0.77 (0.72, 0.82)

5

.19

37

0.50+

79.5 (72, 86)

28.2 (23, 34)

2.4 (1.4, 4.3)

0.65 (0.55, 0.73)

4

.25

27

0.49–

50.4 (44, 57)

79.9 (78, 82)

3.8 (2.8, 5.1)

0.71 (0.66, 0.75)

25

.01

84

Described

55.7 (49, 62)

66.6 (64, 69)

3.7 (2.5, 5.3)

0.71 (0.65, 0.75)

27

.01

85

Not described

66.7 (59, 73)

76.4 (73, 80)

3.0 (2.0, 4.5)

0.68 (0.61, 0.73)

4

.29

21

Subanalysis prevalence

Subanalysis definition and test

Abbreviations: AUC, area under the curve; CI, confidence interval; DOR, diagnostic odds ratio; QUADAS, Quality of Diagnostic Accuracy Studies; SN,
sensitivity; SP, specificity.

for judgment on spectrum. No study was
performed in the primary care setting, nor
did any study have an equal ratio of males
to females (for all subjects in the metaanalysis, males outnumbered females
almost 3 to 1). Selection criteria (both
inclusion and exclusion) were clearly described in 9 of 18 articles.2,3,11,14,23,24,27,34,44
Arthroscopy or arthrotomy were the
criterion standards in 16 articles, with

MRI serving as the criterion standard in
2 studies.7,24 Eight of 18 studies reported
an adequate period between reference
standard and index test results, indicating that the target condition had not
changed in the interim.1,2,15,17,18,23,36,46 All
studies confirmed the target condition
with the criterion standard in all subjects,
with 1 exception.40 Subjects in all studies
received the same reference standard, re-

gardless of the index test result, and that
reference standard was independent of
the index test in all cases.
Verification bias, which occurs when
only subjects with a positive test receive
the diagnostic criterion standard, may
still have existed in all but 3 studies,15,23,24
because the special test or tests were used
to admit subjects to 15 of the 18 studies. A
detailed description of all studied special
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test or tests was lacking in 11 of 18 studies.1,3,6,7,18,23,24,34,40,44,46 In 14 of 18 studies,
the description of the criterion standard
lacked sufficient description.1-3,6,7,11,15,18,23
,24,27,34,36,40,44,46
Blinding of the physician
from the results of the special test was
reported in 2 of 18 studies.23,40 Similarly, 2 of 18 studies described the results
of the special test as uninterpretable or
equivocal.3,18 Finally, all but 2 studies17,36
reported no withdrawals or explained
those withdrawals sufficiently.

Summary of Analytic Findings
Three special tests—McMurray’s,32 JLT,
and Apley’s4—were included in the metaanalysis. McMurray’s32 test had a pooled
sensitivity of 70.5 (95% CI: 67.4 to 73.4)
and a pooled specificity of 71.1 (95% CI:
69.3 to 72.9). JLT had a pooled sensitivity of 63.3 (95% CI: 60.9 to 65.7) and a
pooled specificity of 77.4 (95% CI: 75.6 to
79.1). Apley’s4 test had a pooled sensitivity of 60.7 (95% CI: 55.7 to 65.5) and a
pooled specificity of 70.2 (95% CI: 68.0
to 72.4).
All 3 tests had a significant P value for
the Cochran Q test (P[Q] .01), signifying
that statistical heterogeneity was present
in the meta-analyses (TABLE 7). The I2 value, an indication of how great an effect the
heterogeneity had on the meta-analysis of
each test,20 was 79% for the McMurray’s
meta-analysis, 87% for the JLT metaanalysis, and 75% for the Apley’s metaanalysis. These numbers combined with
information provided by the summary
receiver operating characteristic curves
indicate that none of the 3 tests analyzed
possess discriminative power in the diagnosis of a torn tibial meniscus secondary
to heterogeneity between studies.

Subgroup Analyses
Quality Factors for subgroup analysis

were established a priori and included
number of unequivocal yes answers on
the QUADAS quality-scoring instrument,
prevalence of torn menisci, and description of a positive test finding. The effect
of case control design was also chosen as
an a priori subgroup analysis secondary

to recent evidence that this research design heavily biases diagnostic accuracy
studies.29,39 Because only 2 studies15,24 incorporated this design, subgroup analysis was not attempted. Heterogeneity
remained significant among high-quality (QUADAS score of 10 or greater) and
low-quality (QUADAS score of less than
10) studies for both the McMurray’s32
and JLT tests. However, for Apley’s4 test,
the group of 3 lower-quality studies18,24,36
showed a P(Q) value of .19, suggesting
homogeneity. Nonetheless, studies varied significantly in design (case control,
prospective, and retrospective), patient
population, and report of the index test
or tests. Furthermore, small sample sizes
prevented drawing further conclusions
about Apley’s4 test.
Prevalence Prevalence of torn menisci
allowed dichotomization of studies into
groups, with prevalence 0.50 and above
and 0.49 and below. Heterogeneity remained among the 2 groups for both the
McMurray’s32 and JLT tests. The pooled
sensitivity for both tests rose slightly in
the higher prevalence group (79% and
69%, respectively) at a greater cost in
specificity (38% and 40%, respectively).
For Apley’s4 test, the group of 4 studies
with higher prevalence18,23,27,36 showed a
P(Q) value of .25, signifying homogeneity. Studies varied significantly in design
(case control, prospective, and retrospective), blinding, and report of the index
test or tests. Moreover, the small sample
size prevented drawing further conclusions about Apley’s4 test.
Definition Subgroup analysis of definition of a positive finding demonstrated
comparable findings with the previous 2
subgroup analyses. The studies fell into
3 categories: those with no description
of the index test, those that described the
index test according to the original author, and those that used a modified description of the original index test. These
3 categories were dichotomized for the
subgroup analysis into studies with clear
index test description and those without
a clear description. Heterogeneity remained among the 2 groups for both the

McMurray’s32 and JLT tests. For Apley’s4
test, heterogeneity was not significant
(P[Q] = .29) for the 3 studies18,23,46 in
the group where the index test was not
described.

DISCUSSION

T

he purposes of this analysis
were to summarize the available literature on the diagnostic accuracy
of physical examination tests to detect
a torn tibial meniscus and to pool the
data from original articles to produce
an estimate of the clinical utility of these
special tests. Available German- and
English-language literature produced
a sufficient quantity of data for 3 tests:
McMurray’s,32 JLT, and Apley’s.4 The
diagnostic accuracy of these 3 tests appears to be poor, but this conclusion is
tenuous, based on the poor quality of the
studies and the amount of heterogeneity
in the data. Despite close examination of
the data from the main analysis and the
subgroup analyses, the source or sources
of heterogeneity could not be identified. Therefore, we are left to speculate,
based on clinical experience, as to the
source of heterogeneity. First, despite a
call in 1999 for “large, simple studies of
clinical examination,”31 a study in 2005
by Flahault et al16 that precisely listed
sample size requirements for diagnostic
accuracy studies with dichotomous outcomes and the high-profile work of the
Standards for Reporting of Diagnostic
Accuracy (STARD) initiative8,9 to help
with design and reporting of diagnostic
accuracy studies, 0 of 18 studies have a
large enough sample size to detect, for
example, a sensitivity or specificity of
90% with a lower limit of the 95% confidence interval around that point estimate at or above 85%.16 Further, despite
the STARD initiative8,9 criteria for the
designing and reporting of diagnostic
accuracy studies, the design/reporting of
all 18 studies is lacking in some fashion.
Future research needs to follow the design and reporting recommendations of
the STARD initiative,8,9 with the sample
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size recommendations of Flauhalt et al,16
to produce large, well-designed studies
of diagnostic accuracy.
In addition to bias and lack of sample size, which limits power, threshold
differences may produce heterogeneity.
Because McMurray’s,32 JLT, and Apley’s4
tests all involve pain, the interpretation
of pain by multiple examiners is likely
to vary (a change in the threshold) and,
therefore, change sensitivity and specificity values among studies. A more strict
interpretation of pain increases specificity, while a less strict interpretation increases sensitivity. That the 3 special tests
are performed inconsistently is plausible,
because Kappa values, numbers reflecting agreement beyond chance, are poor
to fair13,15,17 according to the scale advocated by Landis and Koch.28
The results of our meta-analysis
compared to those of 3 previous metaanalyses performed by Scholten et al,41
Solomon et al,45 and Jackson et al22 can
be found in TABLE 8. Our more extensive
meta-analysis showed McMurray’s32 test
to be more sensitive and JLT to be more
specific than previously reported. Further, we have the first study that incorporates the QUADAS tool and with enough
data on Apley’s4 test to perform a metaanalysis. Unfortunately, Apley’s4 test appears to have poorer accuracy than either
McMurray’s32 test or JLT. Therefore, despite more extensive data, our conclusion
is no different from that of our brethren:
individual special tests are of little value
in diagnosing a torn tibial meniscus.
Because the McMurray’s,32 JLT, or
Apley’s4 tests are not diagnostically accurate when used alone, the clinician
can either combine these tests with other
components of physical examination or
abandon the use of these tests for possibly
more promising tests. Several studies have
combined special tests with other components of physical examination like patient
history and imaging, and physical signs
like swelling.13,23,25,26,35,38 Unfortunately,
no conclusions can be made when examining these studies, due to their vast differences. One study13 examined the ability

LITERATURE REVIEW
TABLE 8

Number of studies
Sample size (n)

]

Comparison of Meta-analyses
Hegedus et al

Scholten et al41

18

13

Solomon et al45
9

Jackson et al22
4

2670

2231

1018

424

SN, 71; SP, 71

SN, 48; SP, 86

SN, 53; SP, 59

SN, 52; SP, 97

SN, 63; SP, 77

SN, 77; SP, 41

SN, 79; SP, 15

SN, 76; SP, 29

SN, 61; SP, 70

Not reported

Not reported

Not reported

Mcmurray’s32 test
Summary statistic
Joint line tenderness test
Summary statistic
Apley’s4 test
Summary statistic

Abbreviations: SN, sensitivity; SP, specificity.

of the composite physical examination
(CPE) to detect an unstable meniscus in
patients with primary osteoarthritis of the
knee and reported a sensitivity of 88% and
a specificity of 20%. These unremarkable
numbers, combined with a fair level of
agreement ( = .24), indicate that even the
CPE is not accurate for diagnosis in this
patient population. Another study26 examined the accuracy of the CPE in athletic
children and found that the CPE modified
the posttest probability of detecting a torn
meniscus by only a small amount. A third
study35 enrolled only male military personnel and found the CPE to be only slightly
more useful in this population than in
athletic children. The last 3 studies23,25,38
advocated the combination of history with
3 to 5 special tests. In 2 of these 3 remaining studies,25,38 the CPE for a torn medial
meniscus was more sensitive than specific,
while for a torn lateral meniscus the CPE
was more specific than sensitive.
Because the diagnostic performance of
the CPE is equivocal at this time, another
solution may be to look to alternate physical examination tests. Several recently
described weight-bearing tests demonstrated promising diagnostic accuracy but
lacked a sufficient number of articles for
meta-analysis. The Thessaly test,24 which
is performed at 20° of knee flexion, had
sensitivity of 89% and specificity of 97%
for the medial meniscus, and sensitivity of 92% and specificity of 96% for the
lateral meniscus.24 Merke’s sign involves
standing rotation but is performed in full
knee extension, and may have value as a

positive test to rule in a torn meniscus.
Finally, another weight-bearing test that
may have value as a positive test to rule
in a torn meniscus is the Ege’s test, which
involves rotation of the lower extremities
and squatting, with a specificity of 81%
for the medial meniscus and 90% for the
lateral meniscus.2 While these statistics
are promising, caution is advised, because
each of these tests has only been studied
once, and at least 1 of these studies24 is a
case control design that overstates the diagnostic accuracy of the test.29,39 Finally,
for those patients who cannot tolerate
weight bearing or squatting, the Dynamic
test30 or Steinmann I sign may be worth
further investigation. All of these tests,
weight bearing and non-weight bearing
alike, are summarized in TABLE 5.
The chief limitation of this metaanalysis is that of the others: the quality of the contributing studies limits the
conclusions that can be drawn from the
synthesis of those studies. There was heterogeneity in the data among studies for
the McMurray’s,32 JLT, and Apley’s4 tests.
The heterogeneity may have had a number of sources. The patient populations
varied from study to study in their ages,
ratio of males to females (with females being mostly underrepresented), and in the
chronicity of injury. Study designs also
varied, including prospective, retrospective, and case control. Both retrospective
and case control designs elevate the estimates of diagnostic accuracy.29,39 Further,
there were many sources of bias inherent
in the design of the studies that have been
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shown to vary diagnostic accuracy. Most of
the studies lacked a detailed description of
the reference standard, and many studies
used the index test as part of the admission
criteria for the study. Both of these design
features decrease the estimate of diagnostic accuracy.29,39 Also, many studies failed
to mask the physician from the results of
the special tests and failed to describe the
special test. These design features tend to
overestimate diagnostic accuracy.29,39 One
final limitation was that the lead author
was the only author to perform qualitative assessment of the articles using the
QUADAS tool, which may have affected
1 subgroup analysis. Despite the fact that
interrater agreement for individual items
on the QUADAS tool is low, correlation
between the total score assigned by separate raters is high.21 Therefore, the effect
on the subgroup analysis based on quality
is probably minimal.

CONCLUSION

T

he current literature examining the diagnostic accuracy of special tests to detect a torn tibial meniscus shows that Apley’s, McMurray’s, and
joint line tenderness tests are not diagnostic. This conclusion must be tempered by
the fact that all of the studies are underpowered,16 most of the studies possess numerous design or reporting faults,8,9 and
the heterogeneity between studies makes
the summary estimates of sensitivity and
specificity less than valuable.
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ABSTRACT
Background: The anterior cruciate ligament (ACL) is one of the most commonly injured ligaments in the
knee. With the prevalence of ACL tears increasing, there is a growing need for clinical tests to rule in and
rule out a suspected tear. A new clinical test for detecting ACL tears has been introduced with preliminary
studies showing promising results.
Hypothesis/Purpose: To systematically review and analyze information from the current literature on the
diagnostic accuracy of the Lever Sign test for the use of diagnosing anterior cruciate ligament (ACL) injuries in a clinical setting.
Study Design: Systematic review and meta-analysis
Methods: A computerized search of PubMed, Cinahl, Scopus, and Proquest databases as well as a handsearch was completed on all available literature using keywords relating to the diagnostic accuracy of the
Lever Sign Test. A quality assessment was performed on each article included in this review utilizing the
Quality Assessment of Diagnostic Accuracy Studies (QUADAS).
Results: Eight articles were included, with only three studies exhibiting high quality, however the study
samples were heterogenous. Included studies indicated that the Lever Sign test is both sensitive and specific in diagnosing ACL tears. Pooled sensitivity and specificity were 0.77 and 0.90, respectively. The negative likelihood ratio is 0.22 and the positive likelihood ratio is 6.60.
Conclusion: The Lever Sign test is comparable to other clinical tests used in current practice to detect an
ACL rupture. The pooled data from current available literature on the Lever Sign indicate that a positive or
negative test should result in a moderate shift in post-test probability. This test may be used in addition to
other tests to rule in and rule out the presence of an ACL rupture.
Level of Evidence: 2a- Systematic Review of Level 2 diagnostic studies
Key Words: Anterior cruciate ligament, diagnostic accuracy, knee, Lelli test, Lever sign test, movement
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INTRODUCTION
Anterior cruciate ligament (ACL) tears are a common injury with a high prevalence occurring during
athletic competitions.1 The incidence of ACL tears
among athletes has been reported at 68.6 per 100,000
persons per year.2 A higher incidence of ACL tears
has been noted in females compared to males when
participating in the same sport.3 Anterior cruciate
ligament injuries in athletes are more commonly
due to non-contact mechanisms and are a result of
deceleration and/or pivoting motions required in
athletics.4 The ACL acts to resist posterior translation of the femur on the tibia, thus providing a large
amount of stability to the knee joint.5 Early diagnosis is necessary to determine the best course of care
and reduce the risk of further injury.
Clinical tests with favorable specificity and sensitivity are needed to determine if additional testing
or imaging is warranted. Currently there are three
diagnostic tests that are commonly used to assess
for ACL tears including the Lachman’s test, anterior drawer test, and the pivot shift test. Of the tests
previously stated, the Lachman test has long been
reported to be the most sensitive and specific and
should be included in every examination of a suspected ACL tear.6-7 Both the Lachman and pivot shift
tests require the clinician to stabilize one segment
of the leg while manipulating the other segment.
This may prove challenging and produce inaccurate
test results if the patient’s leg is of a larger girth or
weight than the clinician is able to support. Therefore, a test that places the clinician in a biomechanical advantage may prove more practical.
Recently, a new clinical test for ACL was introduced
called the Lever Sign test. The test is performed
with the patient lying in supine and the examiner’s
closed fist under the proximal third of calf. With the
knee slightly flexed, the examiner’s opposite hand
then applies a downward force just proximal to the
knee joint. In an intact ACL, the heel should rise
off the table, indicating a negative test. A disruption
in the ACL will result in the patient’s heel remaining on the table, indicating a positive test.8 It has
been found that at 30° of knee flexion, the greatest
amount of anterior tibial translation occurs relative
to the femur. By placing the fist under the calf, the
knee is positioned in approximately 30° of flexion,

placing the ACL origin and insertion at a maximal
distance from each other. This orientation will maximally stress the ACL, explaining why an ACL deficient knee will not be able to overcome the posterior
force directed at the femur.9
With the prevalence of ACL tears increasing, diagnostic tests with good utility are needed in order
to assist the clinician in a diagnosis. At the time of
submission, there were no previously published systematic reviews analyzing the diagnostic accuracy of
the Lever Sign test. The purpose of this systematic
review and meta-analysis is to determine the diagnostic accuracy of the Lever Sign test.
METHODS
Protocol and Registration
A systematic review protocol was registered with
the International Prospective Register of Systematic Reviews – PROSPERO with registration number: CRD42018082534. This systematic review
used the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA), which is a
27-item checklist used to ensure optimal design and
standardized reporting of systematic reviews and
meta-analyses.10
Eligibility Criteria
The inclusion criteria set for this review included 1)
studies that were completed on human subjects and
2) studies that evaluated the diagnostic accuracy of
Lever Sign test for ACL rupture as compared to MRI
or arthroscopic surgery, both of which are accepted
reference standards. All peer-reviewed full-text articles of any study design were eligible for inclusion.
Studies included subjects of any age and acuity of
injury. Studies were excluded if the full text was not
written in English.
Search Strategies
A comprehensive search was performed on PubMed,
CINHAL, Scopus, and ProQuest in December 2017
and updated in April 2018 for articles relating to
the diagnostic accuracy of the Lever Sign test. A
search strategy was developed for PubMed utilizing variations of the keywords Lever Sign test, ACL
rupture, and diagnostic accuracy, which can be
found in Appendix 1. The search strategy was then
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adapted for use in each specific database utilizing
database-specific article indexing. The Walsh University library database was used to conduct a hand
search for grey literature and other eligible articles
in order to complete the comprehensive systematic
search.
Study Selection
Titles and abstracts were retrieved from each database and duplicates were eliminated. Two review
authors independently screened titles and abstracts
found in the search with respect to the inclusion
and exclusion criteria. The two review authors discussed discrepancies until consensus was achieved.
Full text copies were then obtained for the remaining articles and were reviewed independently by
two other authors for inclusion. Disagreements were
discussed between the two full-text review authors
and consensus was reached. Inter-rater reliability
for title/abstract and full-text inclusion were calculated using Cohen’s Kappa.11 The interpretation
of the Cohen’s unweighted kappa statistics used
were: < 0 = poor, 0.01–0.20 = slight, 0.21–0.40 = fair,
0.41–0.60 = moderate, 0.61–0.80 = substantial, and
0.81–1 = almost perfect.11
Risk of Bias
To identify the risk of bias in each individual article
included in the review, the Quality Assessment of
Diagnostic Accuracy Studies (QUADAS) tool was utilized and consists of 14 items that rate the overall
quality of an article using the study’s internal and
external validity. The review authors gave a rating
of “yes” (sufficiently covered) “no” (insufficiently
covered) or “unclear” (insufficient detail included
for open interpretation) for each item. The QUADAS
tool has been reported to be reliable when assessing the strengths and weaknesses of diagnostic accuracy study.12,13 Articles that scored above a 10/14
were considered high quality and those below were
considered low quality. While there is not an absolute qualification for high and low quality scores
when using the QUADAS, these numbers are generally accepted in literature.14-16 Two review authors
independently performed the quality assessment
for each article and discrepancies were resolved by
consensus. Inter-rater reliability for risk of bias was
calculated using Cohen’s Kappa.11

Data Extraction
Two review authors extracted data independently
from the included articles into a standardized form
to ensure consistency of the data extraction process.
The data were then substantiated by two review
authors to ensure accuracy. Extracted information
included: examiner skill level; patient age; patient
gender; comparison standard; side of involvement;
time since injury; study methodology; outcomes;
diagnostic accuracy statistics including sensitivity
and specificity. In the event that data components
were not reported within the article, authors from
included studies were contacted and a formal request
was made for additional data. The definitions and
calculations for diagnostic accuracy statistics can be
found in Table 1.
Statistical Analysis
Pooling of results data for the quantitative synthesis
was performed using Open Meta-analyst.17 Raw data
from studies were input into a 2x2 table and Open
Meta-analyst generated independent sensitivity and
specificity values using the DerSimonian-Laird Random-Effects model. Cochran’s Q and the I2 statistic
were assessed to determine the degree of heterogeneity. If I2 was > 50%, a random effects model was used.
The weighted average of pooled statistics was calculated and overall diagnostic accuracy values were
determined. The diagnostic odds ratio (DOR) was
calculated to determine the overall diagnostic power
of the test. The I2 statistic was used to determine variance across studies and indicate overall heterogeneity.
Outcomes and Summary Measures
Sensitivity represents the amount of true positives
that the test was able to detect and specificity represents the amount of true negatives that the test
was able to detect. Likelihood ratios (+/-) are used
to determine the chance that an individual has the
diagnosis after the test is performed.16 Further information regarding other statistical measures used
can be found in Table 1.
RESULTS
Study Selection
The systematic electronic search of PubMed, CINHAL, Scopus, ProQuest, and a hand search resulted

The International Journal of Sports Physical Therapy | Volume 14, Number 1 | February 2019 | Page 4

Table 1. Deﬁnitions and Calculations of Diagnostic Accuracy Statistics.

in a total of 1,383 articles. After duplicates were
removed the total yielded 1,305 articles. The title
and abstracts of these articles were then screened
and generated 18 full text articles to be screened
(κ=0.83; 95% CI 0.67-0.98). After full-text screening was completed (κ=1.00; 95% CI 1.00-1.00),
eight articles were found to meet the inclusion criteria.8,17-24 The summary of the literature search can
be seen in Figure 1.
Study Characteristics
There were a total of 977 subjects between the eight
included studies. Of these, 648 were males and 329
females. All of the studies were cohort design studies
with subject sizes ranging from 33 to 400 and a mean
of 122. The mean age range of patients included in
the studies was 23 to 42 years old. Magnetic resonance imaging (MRI) was the reference standard
used in two studies,8,22 arthroscopy was the reference
standard for three studies,19,21,24 and both were used
in three of the studies.18,20,23 Another study created an
additional reference standard requiring at least two
out of three findings consisting of 1) positive MRI, 2)
excessive laxity of more than 3mm as measured on a
KT-1000™ arthrometer (measures tibial translation),
and 3) a positive findings on an independent examination that was performed at a later time.20 All study
characteristics are summarized in Table 2.

Risk of Bias
Five of the included studies8,18,20,21,23 were rated as
low quality with a high risk of bias. The QUADAS
ratings for each study can be found in Table 3. The
most common item on QUADAS receiving a “No” or
“Unclear” rating was Item 11. Studies in which this
item was not met did not provide sufficient information regarding the individual’s involvement in the
study who was interpreting the reference standard,
therefore, it could not be determined if he/she had
knowledge of the index test outcome. The Cohen’s
unweighted kappa calculated for inter-rater reliability of the QUADAS assessment was 0.72, indicating
substantial agreement (95% CI 0.58-0.86).
Results of Individual Studies
True negative, true positives, false negatives, and
false positives for each of the studies can be found
in Table 4. Sensitivity, specificity, positive and negative likelihood ratios, positive predictive values
(PPV) and negative predictive values (NPV), and
posttest probability values are presented in Table 5.
All studies reported a sensitivity within the range of
0.37-1.00.8,18-24 Specificity was reported/calculated in
five studies and was between 0.50-1.00.8,20-24 Positive
and negative likelihood ratios were reported/calculated in five studies and were between 1.35-801.00
and 0-0.87, respectively.8,20-24 Positive predictive
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Figure 1. Flow Diagram of Literature Screening process.

values were reported/calculated in six studies and
were between 0.47-1.00.8,19-24 In addition, NPV were
reported/calculated in five of the studies and ranged
between 0.57-1.00.8,20-24 Posttest probabilities for positive and negative tests were reported/calculated in
five of the studies and ranged between 0.48-infinity
and 0-0.43, respectively.8,20-24
Pooled Results
Results were compiled and run through Open MetaAnalyst software revealing a pooled sensitivity and
specificity of 0.77 and 0.90 respectively, with a
p-value of <0.01. Pooled data can be found in Figures
2-6. Heterogeneity across studies was high, therefore a random-effects model was used. Results of
the meta-analysis indicated a high sensitivity (0.77)
and high specificity (0.90) for the Lever Sign test.
The negative likelihood ratio is 0.22 with a p-value
<0.01 and the positive likelihood ratio is 6.60 with
a p-value <0.01. The diagnostic odds ratio is 40.70
with a p-value of <0.01. Heterogeneity of the studies

(I2) was calculated for each statistic; sensitivity and
specificity were reported as 89.64 and 74.16, negative and positive likelihood ratios were reported at
77.29 and 79.28, and heterogeneity for diagnostic
odds ratios was 87.69. Meta-analysis results and forest plots for each statistic can be seen in Figures 2-6.
DISCUSSION
The purpose of this systematic review and metaanalysis was to assess the diagnostic accuracy of the
Lever Sign test. Based on the results of a systematic
search of the literature, the Lever Sign has shown
favorable diagnostic accuracy numbers in detecting
ACL tears. The reported sensitivity and specificity
for the Lever Sign was shown to be comparable to
sensitivities and specificities for anterior drawer
test, pivot shift test, and Lachman’s test.7,25,26 The
Clinical Practice Guidelines on Knee Stability and
Movement Coordination Impairments: Knee Ligament Sprain Revision 2017 recommends the use of
the pivot shift and Lachman’s in every suspected
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Table 2. Study Characteristics.

ACL tear. This recommendation along with other
literature indicates that a thorough history and clinical examination by an experienced clinician may
be just as accurate as an MRI in diagnosing ACL
tears.25,26 The CPG reports sensitivity for the pivot
shift test between 0.24-0.95, specificity between 0.950.98, positive likelihood ratio between 4.37-16.42,
and negative likelihood ratio between 0.38-0.84.
For Lachman’s, the sensitivity is reported between
0.85-0.95, specificity between 0.94-0.95, positive
likelihood ratio between 1.39-40.81, and negative
likelihood ratio 0.02-0.52.7 A meta-analysis reported
sensitivity and specificity of the anterior drawer test
to be between 0.38-0.63 and 0.81-0.91, respectively.
The positive likelihood ratio for anterior drawer
was reported as 4.50 and the negative likelihood
ratio reported as 0.22.6 A third clinical test with high

specificity and sensitivity may be a valuable addition to the clinical examination to rule in as well as
rule out ACL tears. A more useful tool in clinical
practice may be likelihood ratios, which determine
how accurate a test is in predicting a condition.
Specificity and sensitivity only take into account
two components of the contingency table, meaning
that a diagnostic test could potentially have a large
amount of false negatives while still having good
specificity. Likelihood ratios take into consideration
all aspects of the contingency table meaning that a
large number of false negatives will largely impact
the value. A pooled sensitivity and specificity of 0.77
and 0.90 indicates that the Lever Sign test is good to
rule in and rule out ACL tears, however likelihood
ratios of 6.60 and 0.22 will only result in a moderate
shift in the post-test probability.
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Table 3. QUADAS (Quality Assessment of Diagnostic Accuracy Studies) Results of Multiple
Lever Sign Studies.

Table 4. Lever Sign Test Results Compared to Gold Standard.

Preliminary research has shown similar sensitivity
and specificity numbers for the Lever Sign test and
mechanics of this test may allow for a more accurate result in situations where the patient’s limb

is too heavy for the clinician to support. All studies included in this review had more male subjects
than female subjects, which may influence the clinical application of the test due to ACL tears being
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Table 5. Summary of Results.

Figure 2. Forest Plot of Sensitivity. Abbreviations: C.I.= conﬁdence interval; TP= true positive, FN= false negative.

Figure 3. Forest Plot of Speciﬁcity. Abbreviations: C.I.= conﬁdence interval; TN= true negative, FP= false positive.
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Figure 4. Forest Plot of Negative Likelihood Ratios. Abbreviations: C.I.=conﬁdence interval; FN=false negative; TN=true
negative; Di-=disease absent; Di+=disease present..

Figure 5. Forest Plot of Positive Likelihood Ratios. Abbreviations: C.I.=conﬁdence interval; TP=true positive; FP=false positive;
Di-=disease absent; Di+=disease present.

Figure 6. Forest Plot of Diagnostic Odds Ratios. Abbreviations: C.I.=conﬁdence interval; TP=true positive; TN=true negative;
FP=false positive; FN=false negative.

more prevalent in females.4 Leg girth differences
between males and females may impact sensitivity
and specificity due to males tending to have a larger
and heavier leg than females. A heavier leg will
require more force to be placed through the distal

thigh during the test, and results may be inaccurate
if this force is not enough to overcome limb resistance. Certain studies excluded subjects if any concomitant tears were suspected or known or if they
had a previous ACL tear on the same limb. Meniscal
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and medial collateral ligament (MCL) tears commonly accompany an ACL tear. It is also not uncommon for an athlete to re-tear a reconstructed ACL.
In addition, pain, swelling, and muscle guarding are
common in patients with acute ACL tears and also
were not adequately addressed in the research. Conducting the Lever Sign test on these patients may
yield different sensitivity and specificity numbers.

with title and abstract screening showing substantial agreement and the full text screening showing
almost perfect agreement. While the QUADAS test
has been shown to have low interrater reliability in
the literature,12 the kappa score for this systematic
review showed substantial interrater agreement.

There were several limitations noted in the included
studies. Limited studies were available for inclusion
and sample sizes varied from small to large. Methodological procedures that predisposed studies to bias
were inclusion criteria of confirmed ACL tears, comparing results of uninjured contralateral leg, unclear
blinding of examiners, and missing 2x2 tables. The
study with the largest sample size only included
patients who were confirmed to have an ACL tear via
MRI.8 The contralateral uninjured leg was assessed
using the Lever Sign test and included the results in
their 2x2 table. No false negatives or false positives
were reported, resulting in a sensitivity and specificity of 1.00. However, this study was not the only
one to include patients with a confirmed ACL tear
and compare the contralateral uninjured leg. Within
studies, there was a lack of false positives found, but
it is unclear if this is due to participants with false
positives being removed from the study. Authors
from three studies18,19,23 were contacted for missing
data, however only data from two of the authors was
obtained. Without the data from the third author,
specificity was unable to be calculated and therefore
not included in the meta-analysis. Bias was noted
within the studies with inadequate descriptions of
the examiners performing the test. Exclusion criteria introduced additional limitations within the
studies such as excluding patients with concomitant
tears or a previous ACL tear on the leg to be tested.

It is recommended that further research be completed on the diagnostic accuracy of the Lever Sign
test. Studies should include a larger number of
female participants in order to better represent the
overall population of ACL tears. Future research
should be completed examining the effect of examiner’s hand size on the accuracy of the test. Differences
in hand size may place the leg in varying positions,
not always maintaining 30° of knee flexion. In this
instance, the ACL is not at maximum tension which
may yield inconsistent results between examiners.
Partial, full thickness, and concomitant tears, as well
as acuity, pain, and swelling may also play a role in
the accuracy of the Lever Sign test and are parameters that should be included in future studies. It is
also recommended that more studies be conducted
that do not include the patient being tested under
anesthesia in order to improve the clinical applicability of this test. There is currently not enough data
to determine any differences in likelihood ratios or
sensitivity/specificity when testing under anesthesia
vs testing in the awake patient. Tests that can be used
to both rule in and rule out pathologies are ideal in
clinical practice and research indicates that the Lever
Sign test is both specific and sensitive, however quality evidence is currently lacking. Recommendations
to reduce bias in future research should be aimed
to include larger sample sizes, increased external
and internal validity, inclusion of patients with an
unknown ACL status, and blinding of examiners to
both reference standard and index test results.

The Lever Sign test is relatively new, therefore, there
is limited research on the topic. Strong exclusion criteria were unable to be developed in this systematic
review due to the limited number of studies on the
topic. Studies were only excluded if they were not
written in English, which limits the ability to control
the quality of the included studies. Without strong
exclusion criteria, study quality was a major limitation. The inclusion criteria developed for this systematic review lead to high Cohen’s kappa scores,

CONCLUSIONS
There are a variety of different clinical tests that can
be useful in diagnosing ACL rupture. Clinicians utilize clinical tests with a high sensitivity to rule out
a diagnosis following a negative test, and specificity
to rule in a diagnosis following a positive test. While
there is still no single clinical test that is consistently
accurate, the results of this study indicate that the
Lever Sign test, when used with other tests, may
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help provide the clinician with a more complete
clinical picture about the status of the ACL.
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APPENDIX 1. DETAILS OF PUBMED SEARCH STRATEGY
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

reproducibility of results [Mesh Term]
reproducibility of results [Text Term]
sensitivity and specificity [Mesh Term]
sensitivity and specificity [Text Term]
diagnostic accuracy [Text Term]
interrater reliability [Text Term]
intrarater reliability [Text Term]
validity [Text Term]
result reproducibility [Text Term]
sensitivity [Text Term]
specificity [Text Term]
1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7 OR 8 OR 9
OR 10 OR 11
physical examination [Mesh Term]
diagnostic techniques and procedures [Mesh
Term]
diagnosis, differential [Mesh Term]
diagnostic test approval [Mesh Term]
physical examination [Text Term]
diagnostic techniques and procedures [Text
Term]
diagnosis, differential [Text Term]

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

diagnostic test approval [Text Term]
lever sign test [Text Term]
lelli test [Text Term]
lelli’s test [Text Term]
diagnostic techniques [Text Term]
diagnostic procedure [Text Term]
13 OR 14 OR 15 OR 16 OR 17 OR 18 OR 19 OR
20 OR 21 OR 22 OR 23 OR 24 OR 25 OR 26
anterior cruciate ligament injuries [Mesh Term]
anterior cruciate ligament injuries [Text Term]
anterior cruciate ligament/injuries [Mesh Term]
anterior cruciate ligament/injuries [Text Term]
anterior cruciate ligament [Mesh Term]
anterior cruciate ligament [Text Term]
full ACL tear [Text Term]
partial ACL tear [Text Term]
acute ACL injury [Text Term]
chronic ACL injury [Text Term]
ACL Rupture [Text Term]
27 OR 28 OR 29 OR 30 OR 31 OR 32 OR 33 OR
34 OR 35 OR 36 OR 37
12 AND 36 AND 38

The International Journal of Sports Physical Therapy | Volume 14, Number 1 | February 2019 | Page 13

