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Diagnosis of ACL and meniscal injuries: MR
imaging of knee flexion versus extension
compared to arthroscopy
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Abstract

The aim of the study was to evaluate whether MR Imaging of the knee at 30° and 55° of flexion can improve the
diagnosis of anterior cruciate ligament and menisci injuries compared to arthroscopy and imaging during extension
of the knee joint. Knee joints from 40 patients with clinical suspicion of an anterior cruciate ligament (ACL) rupture
were examined using MRI while the knee joint was either extended or flexed at 30° and 55° of knee flexion. A
standard MR knee coil was used at extension, whereas at 30° and 55° of flexion a non-metallic positioning device
and a flexible surface coil was placed ventral to the patella. Sagittal T2-weighted TSE sequences were acquired. In
29 of 40 patients, arthroscopy results were compared to the MRI examinations. Image quality of MRI examinations
was evaluated using a three-point rating scale in a blinded fashion. Images were compared between groups and
rated as better quality, same quality, or worse quality. Additionally, each angle MRI was compared to arthroscopy
results. Partial ACL ruptures were diagnosed with 63% accuracy using MR imaging at 30° and 55° of knee flexion
compared to 50% accuracy during knee extension. MRI imaging of complete ACL ruptures resulted in 83% accuracy
of diagnosis when imaged at 30° flexion, 93% accuracy at 55° flexion, and 83% accuracy at extension. The accuracy
of diagnosing medial meniscus lesions was 73% at extension, 64% at 30° flexion and 73% at 55° of flexion. MR
imaging was only able to diagnose lateral meniscus tears with 55% accuracy in all three knee positions. The
diagnosis of meniscal tears was more difficult due to small peripheral tears. The improved results in the diagnosis of
ACL tears in response to 30° flexion and in particular in response to 55° flexion were based on the fact that the
anterior cruciate ligament moved further away from the intercondylar roof with increased knee flexion. During
flexion the ligament tension decreased, which causes the anterior cruciate ligament to have cylindrical shape and
therefore made visualization of the injury easier. In conclusion, MR Imaging of the knee at 55° of flexion and less at
30° of flexion allows an improved diagnosis of injuries to the anterior cruciate ligament as compared to MRI
examinations at extension. The diagnosis of meniscal injuries, however, was not superior at both flexion positions
compared to commonly performed examinations at knee extension.
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Introduction
Anterior cruciate ligament (ACL) tear is currently the
most common ligament injury to the knee joint, occurring
in as many as 1 in 3,500 individuals each year (Barber-
Westin & Noyes 2011). An ACL tear typically includes
valgus-flexion, and external rotation. This type of injury
results in rupture of the medial collateral ligament, the
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dorsomedial capsule including the posterior horn of the
medial meniscus, and the anterior cruciate ligament
(Barry et al. 1996; De Smet & Graf 1994; Duncan et al.
1995; Stäbler & Freyschmidt 2005; Korn et al. 2011;
Subhas et al. 2011).
The loss of function of the ACL causes into an antero-

medial joint instability, where the tibial head has in-
creased mobility relative to the thigh. Changes in the
kinematics of the knee joint leads to an increased stress
on the menisci, whereby increased damages to the
cartilage can be observed over several years (Logan et al.
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2004; Arnoldi et al. 2011). Surveys have also found that
meniscal injures accompany injuries to the ACL in up to
one third of cases (Katz & Weitzel 2009).
MRI scanning of the knee joint is routinely prescribed

as the initial non-invasive diagnosis tool after clinical
examination, which can include the “anterior drawer test”
and “Lachman test”.
MR Imaging is the method of choice to further evaluate

additional knee injuries that may accompany an ACL tear
(Fritz 2003; Muhle et al. 1996; Niitsu et al. 1990; Niitsu
et al. 1996; Pereira et al. 1998; Kam et al. 2010). Despite a
technically flawless MR exam, the images can be difficult
to interpret and are observer dependent. Because of these
issues, false negative diagnostic findings are to be expected
in up to 20% of patients regardless of the experience of
the examiner. This is mainly the case in the diagnosis of
injuries to the cruciate ligament and to the meniscus and
possible sources of error may vary (Barry et al. 1996; De
Smet & Graf 1994; De Smet & Graf Fritz 2003; Brandser
et al. 1996; De Smet et al. 1994; Falchook et al. 1996;
Justice & Quinn 1995; Kreitner et al. 1998; Liu et al. 1995;
McCauley et al. 1994; Roychowdhury et al. 1997; Umans
et al. 1995; Vahey et al. 1990; Van Dyck et al. 2012; Van
Dyck et al. 2011).
It has been reported that MR imaging the knee during

flexion may permit better visualization of the ACL. These
studies examined MR imaging while the knee was posi-
tioned at a 45° and compared to imaging during full
extension of the knee joint. Results indicated better diag-
nosis of the ACL rupture at the flexed position (Niitsu
et al. 1996; Pereira et al. 1998).
In further studies, it was not possible to make clear

statements about an improved meniscus diagnosis in
response to flexion compared to extension (Niitsu
et al. 1991; Niitsu et al. 1988; Niitsu et al. 2000).
However, a comparison of MR imaging studies with
arthroscopic results has not yet been carried out until
now.
Therefore, the purpose of this study was to evaluate

whether MR scans at a flexed knee position provide
more accurate diagnosis of ACL and meniscus injuries
than MR examinations obtained at full extension com-
pared to knee arthroscopy (Niitsu et al. 1996; Pereira
et al. 1998).

Material and methods
Patients
Recruitment consisted of patients with acute knee trau-
mas. 40 patients (11 women and 29 men; 16 left and 24
right knees) between the ages of 16 and 63 (average age
35 years) with a clinical suspicion of an ACL rupture
were included in this study. Between August 2009 and
November 2011 surgeons and orthopedists referred pa-
tients that were 1–9 days post injury. The patients were
sent to us by surgeons and orthopedists during the
period between August 2009 and February 2012. Writ-
ten informed consent was obtained after explanation of
the IRB approved study.

MR imaging
The examinations were carried out in a Siemens 1.5
Tesla Magnetom-Symphony whole-body MRI scanner
(Erlangen, Germany). Sagittal scans of the extended knee
(0°) joint were obtained while patients were in supine
position using a standard.
Siemens knee coil. The leg was rotated slightly out-

wardly. It is known that an external rotation of the leg
by 10-15° makes it possible to visualize the entire course
of the anterior cruciate ligament on sagittal images
(Stäbler & Freyschmidt 2005; Reiser et al. 1992; Reiser &
Semmler 2002).

Positioning device
In order to obtain images during knee flexion and
extension a special positioning device was created using
nonferromagnetic materials (Figure 1) and attached to the
scanner table. It consisted of two supports for the thigh
and lower leg, which were connected to each other by a
common axis of rotation. The device could be used for ei-
ther leg by means of a simple modification. In the supine
position, the lower leg and thigh were attached to the sup-
ports with Velcro straps to avoid displacement during
knee extension and flexion. It was possible to manually
adjust the movable bar portion, in which the lower leg
was positioned, via a hinge joint, so as to bring the knee
joint into the desired flexed positions of 30° and 55°. The
knees were positioned so that the extension-flexion axis
was identical to the revolving axis of the positioning de-
vice. For signal reception at knee flexion, we positioned
two ring-shaped flexible surface coils 15 cm in each diam-
eter on both sides of the knee, so that it encircled the
whole knee. The scan parameters are listed in Table 1.

Arthroscopy
In 29 patients an arthroscopy of the injured knee joint was
carried out. The interval between MRI examination and
arthroscopy was 1–6 weeks (on average: 4 weeks). In the
case of arthroscopy, an anterolateral access was chosen, so
that it was possible to evaluate all of the compartments
(medial, lateral, retro-patellar) of the knee joint by means
of a palpating hook. The findings were noted in the surgi-
cal report.
Evaluation
Two radiologists, having 22 years and 18 years of
experience in musculoskeletal radiology blinded to the
anamnetic, clinical or arthroscopic findings while



Figure 1 Positioning device made from nonferromagnetic materials, which was attached to the patient’s table. The positioning device
consists of two supports for the thigh and lower leg, which are connected to each other by a common axis of rotation. In supine position, the
lower leg and thigh are attached to the supports with Velcro straps to avoid displacement of the knee during knee extension and flexion.

Muhle et al. SpringerPlus 2013, 2:213 Page 3 of 10
http://www.springerplus.com/content/2/1/213
evaluating the MRI images. All images were obtained
and read prior in consensus to the arthroscopy
procedure.

Anterior cruciate ligament analysis
MR image quality was evaluated between groups (0° vs
30°, 0° vs 55°, 30° vs 55°) using a three-point rating scale
(+ = better; 0 = the same; - = worse). The scans were com-
pared with reference to the following portions of the an-
terior cruciate ligament:

1. femoral ACL end including the femoral appendage
2. Pars intermedia
3. tibial ACL end including the tibial appendage.

In addition, the torn ligament portions were evaluated
(Niitsu et al. 1996; Pereira et al. 1998; Niitsu et al. 1988).
Subsequently, a diagnosis of the anterior cruciate ligament
was made in each knee position in response to extension
(0°), 30° and 55°. It was to be evaluated thereby whether
the ACL seemed to be “normal (intact)”, “partially torn”
or “completely ruptured”. The MRI diagnosis was thereby
Table 1 MR imaging protocols

Knie position Sequence Orientation Slices TR (msec)

Extension (0°) TSE FS-PD axial 28 2900

TSE FS-PD coronal 28 2900

T1-SE sagittal 28 650

TSE FS-PD sagittal 28 2900

30° Flexion TSE FS-PD sagittal 28 2900

55° Flexion TSE FS-PD sagittal 28 2900

Note.- FA = flip angle, G = intersection gap, NA = not applicable, NSA = number of si
time, TR = repetition time, T 1 = T1-weighted, T2 = T2-weighted.
based on direct, primary signs of changes to the ligament
itself, and on indirect, secondary signs as detailed below.
The following signs were listed as direct signs of an

ACL rupture (Stäbler & Freyschmidt 2005; Fritz 2003;
Brandser et al. 1996; Falchook et al. 1996; Boeree &
Ackroyd 1992; Robertson et al. 1994; Tung et al. 1993):

1. Ligament interruption, depiction of ligament
fragments or a lack of depiction of the ligament.

2. Wavy course of the ligament or fibers.
3. Fluid-equivalent signal within the ligament.
4. ACL, which is diffusely signal-elevated, swollen,

which can be distinguished in an unfocussed
manner.

5. Abnormally inclined course of ligament portions
with a clear deviation from the Blumensaat’s line.

Listed as indirect signs of an ACL rupture were
(Stäbler & Freyschmidt 2005; Katz & Weitzel 2009;
Kam et al. 2010; De Smet et al. 1994; Reiser &
Semmler 2002; Boeree & Ackroyd 1992; Robertson
et al. 1994):
TE (msec) T/G (mm) FOV (cm) Matrix Scan time

20 3/1 19 256x224 3:52

20 3/1 19 256x224 3:52

20 3/1 19 256x224 2:37

20 3/1 19 256x224 3:52

20 3/1 19 256x224 3:52

20 3/1 19 256x224 3:52

gnals acquired, PD = proton density-weighted, T = section thickness, TE = echo
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1. Anterior subluxational of the tibia compared to the
femur.

2. Posterior subluxational of the posterior horn of the
lateral meniscus in relation to the tibia.

3. Posterior cruciate ligament extending in a partially
concave manner.

4. Contusion oedema in the postero-lateral portion of
the tibia and in the central to anterior portion of the
lateral femoral condyle.
Figure 2 Normal ACL images obtained at knee extension (A), 30° of k
sagittal image (2900/90). At extension (A) the ACL fibers are seen as line
tibial surface. At 30° and 55° of flexion (B, C) a lengthening with astraing-lik
appearance from an angular-konvex contour at extension (A), to a more st
5. Concomitant injuries: depression fracture on the lateral
femoral condyle, inner ligament lesion, meniscus tear,
Segond fracture, contusions to the Hoffa fat pad.

Medial and lateral meniscus
The same three-point rating scale (better – same – worse)
comparing groups was also used to evaluate the menisci.
Diagnosis of both the medial and lateral meniscus was

described as “normal”, “degeneration” and “tear”.
nee flexion (B) and 55° of knee flexion (C) on T2-weighted TSE FS
ar, striate fibers extending from the roff of the femoral notch to the
e appearance of the ACL is seen. The posterior ACL, changes its
raight like appearance with increased flexion angles (B, C).
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Arthroscopy
In 29 of 40 patients, arthroscopy served as the “gold
standard” for comparison to the MRI analysis. The
findings noted in the surgical report were compared to
those of the MRI analysis. Each deviation of the MRI
findings from the result of the surgery was analyzed as
being a false-positive or false-negative finding.

Statistical analysis
In addition to the calculation of the sensitivity and specifi-
city, the binomial test was carried out. A t-test, was used
to calculate the confidence intervals of findings between
the knee positions. Significant results were assumed on
the 5% level (p = 0.05).

Results
In all patients, MR images at all three different knee posi-
tions (0°, 30°, 55°) showed a sufficient image quality and
thus readability. The flexion angles varied between 28°
and 43° in the first position and between 52° or 72.5° in
the second angle position. The average was thus 30° or
55°, respectively. The different flexion angles were mainly
based on the different leg lengths; in part, however, dis-
tinct articular effusions or other after-effects of the acci-
dent also existed, which, due to pain, did not allow for the
setting at the same angle positions (Figure 2).
Extension vs. 30° flexion
When comparing extension to 30° flexion, it was pos-
sible to better evaluate the femoral ACL end in 14 of 40
MRIs (35%), (Table 2). The tibial end of the ACL was
better seen at 30° of flexion in 7 of 40 MR scans (18%)
and the middle portion of the ACL in 11 MRI´s (28%).
When compared to extension, the torn ligament ACL

portion was better evaluated at 30° of flexion in 14 of 40
Table 2 MRI visualization of the ACL portions, the ACL tear a
positions

30° flexion vs. extension (0°) 55°

ACL Worse
n / %

Better
n / %

Same
n / %

Worse
n / %

- femoral portion 2 / 5 14 / 35 24 / 60 1 / 2

- midportion 4 / 10 11 / 28 25 / 62 1 / 2

- tibial portion 3 / 8 7 / 18 30 / 74 2 / 5

Torn ACL portion 3/8 14/35 23/57 2/5

Meniscus

- medial 12 / 30 4 / 10 24 / 60 8 / 20

- lateral 12 / 30 3 / 8 25/ 62 6/ 15

Abbreviations:
ACL = anterior cruciate ligament.
n = number.
% = percentage.
patients (35%). Statistically significant differences (p ≤ 0.05)
in delineation of the ACL and detection of the ACL tear
was observed, when comparing the MRI scans at 0° exten-
sion and at 30° flexion.
An equivalent evaluation of the medial and lateral me-

niscus was performed at 0° and 30°. In only 4 of 40 MRI´s
(10%), the medial meniscus was better evaluated at 30° of
flexion compared to extension (0°); for the lateral menis-
cus, evaluation at 30° was better than at extension (0°) in 3
of 40 MRI’s (8%). There were no statistically significant
differences (p > 0.05), (Table 2).
Extension vs. 55° of flexion
Visualization was rated better in 20 of 40 MR examina-
tions (50%) of the femoral ACL end as well as 22 of 40
MR examinations (55%) of the middle ACL portion
when images from extension were compared to 55° of
flexion. Diagnosis of the tibial end of the ACL was better
at 55° of flexion in 15 of 40 MRIs (38%). The torn ACL
portions were more easily diagnosed at 55° of flexion in
23 of 40 MRI’s (57%) when compared to extension. The
statistical analyzes resulted in significant differences for
both, the delineation of the ACL and the detection of
the torn ACL part (p ≤ 0.05). There were no significant
differences (p > 0.05) in ease of diagnosis when images of
meniscus tears at 55° were compared to extension.
30° of flexion vs. 55° of flexion
When MR images at 30° of flexion were compared to
55° of flexion, the visualization of the femoral end, the
mid portion and the tibial end of the ACL was evaluated
better at 55° of flexion inbetween 20 to 27% of MRI’s. A
superior diagnosis of the the ACL tear was only seen
only in 25% of the MRI scans (p = 0.05).
nd the meniscus in comparison between various knee

flexion vs. extension (0°) 55° flexion vs. 30° flexion

Better
n / %

Same
n / %

Worse
n / %

Better
n / %

Same
n / %

20 / 50 19 / 48 0 / 0 11 / 27 29 / 73

22 / 55 17 / 43 1/ 2 9 / 23 30 / 75

15/ 38 23 / 57 1 / 2 8 /20 31 / 78

23/57 15/38 1/3 10/25 29/72

3 / 7 29 / 73 1 / 2 8 / 20 31 / 78

3 / 7 31 / 78 0 / 0 8 / 20 32 / 80



Figure 3 Arthroscopically proven partial ACL-rupture in a 53-
year old patient after ski accident. (A) T2-weighted TSE FS sagittal
image (2900/90) obtained at knee extension shows an irregularity of
the midportion of the ACL. On T2-weighted TSE FS sagittal images
(2900/90) at 30° of knee flexion (B) and at 55° of knee flexion (C) the
partial continuity of the ACL bundles are better recognized than on
MR images taken at knee extension (A).
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In the diagnosis of the menisci, the results for the dif-
ferent degrees of flexion were similar. It was not possible
to observe significant differences in the menisci at both
different knee positions (Table 2).

Arthroscopy vs. MRI
An arthroscopy was performed in 29 patients an average
of 4 weeks after the knee injury (range 1–6 weeks). The
MRI examinations were compared to the arthroscopic re-
sults. In 11 patients, no arthroscopy was performed. In
three of these 11 non -arthroscopic verified cases, an old
anterior cruciate ligament rupture was diagnosed on MRI.
Due to the fact that there was no clinical sign of knee in-
stability, no arthroscopy was performed in these three pa-
tients. In two additional patients, an arthroscopy was not
performed due to the older age of the patients. At three or
six months follow-up, a satisfactory knee stability was seen
in these two patients. The remaining six patients declined
arthroscopy. After half a year of conservative therapy,
three of these patients had slight knee instability, but this
did not lead to any limitations at work.

Arthroscopy diagnoses
Arthroscopically, a partial torn ACL was present in eight
of 29 patients (27.5%), and a complete ACL rupture was
seen in 20 patients (69%), (Figure 3, Figure 4, (Table 3).
In one patient, who had undergone arthroscopy (3.5%),
an intact ACL was verified. At arthroscopy, a medial me-
niscus tear was diagnosed in 11 of 29 patients (38%),
(Figure 5, Table 4). In 5 patients (17%), degeneration of
the medial meniscus was verified, and in 13 of 29 cases
(45%), the medial meniscus was diagnosed as normal. At
arthroscopy, a lateral meniscus tear was diagnosed in 11
of 29 patients (38%). In two patients (7%), degeneration
of the lateral meniscus was present. In 16 patients (55%),
the lateral meniscus was evaluated as being intact. Tables 3
and 4 present the results of the comparison of MRI at ver-
sus arthroscopy in the diagnosis of ACL and meniscus
injuries.

Discussion
Few studies have evaluated the effect of knee flexion in
the visualization of the normal ACL and in suspected
ACL tears on MR images. In a study by Niitsu and co-
workers, diagnosis of ACL injuries was performed on 43



Figure 4 Complete ACL rupture in a 50-year old patient. T2-
weighted TSE FS sagittal image (2900/90) obtained at extension (A),
30° (B), and 55° (C) of knee flexion better demonstrates the
complete disruption and retraction of the torn ACL fibers than MR
images taken at knee extension (A). At knee extension an accurate
differentiation between a partial and complete ACL rupture is
not possible.
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patients following MR imaging at knee extension and at
45° flexion (Niitsu et al. 1996). In this study the femoral
ACL end was detected better in 53% of patients in an ex-
tended knee position compared to a flexed knee position.
MR images with knee flexion provided a superior diagno-
sis in 48% of patients with disrupted ACL fibers and in
52% of residual torn ACL bundles. In Niitsu’s study, the
patients were placed in a supine position surrounded by a
mobile knee brace inside a flexible surface coil with knees
in an extended or 45° position. A sophisticated positioning
device such as ours was not utilized in this previous study.
The same evaluation criterias was applied in Niitsu and
our study. However, in Niitsu’s study the MR images were
evaluated retrospectivly following arthroscopy and of the
surgical results were known. An analysis of the MR images
without knowing the arthroscopy findings was not carried
out.
In an additional study, Pereira et al. examined 17 healthy

subjects and 5 patients with a suspected ACL injury
(Pereira et al. 1998). The examination was carried out at
knee extension and with a slight knee flexion of approx.
17°. The study took place inside a 1.5 Tesla MR scanner
using a small knee cushion to provide the flexion. Al-
though the knee was only minimally flexed, the femoral
ACL portion was better discerned in nearly every patient
in response to knee flexion. In this small patient group,
knee flexion was superior for detection of the torn cruci-
ate ligament portions, and other knee structures, in three
of five of patients (60%). Pereira et al. reported a sensitivity
of 96% using MR in the flexed knee position when com-
pared to arthroscopy.
Table 3 MRI Sensitivitiy compared to arthroscopy in the
diagnosis of ACL injuries

Partial torn ACL Complete ACL rupture

Arthroscopy 8/29 20/29

MRI 0° vs. arthroscopy 4/8 (50%) 17/20 (83%)

MRI 30° vs. arthroscopy 5/8 (63%) 17/20 (83%)

MRI 55° vs. arthroscopy 5/8 (63%) 19/20 (93%)

Diagnosis of these injuries by MRI was compared by arthroscopy. The number
of correctly diagnosed ACL injuries and the percentage of sensitivity are
presented. In one patient an ACL tear was diagnosed on MRI but couldnt be
confirmed at arthroscopy. Because in only patients with suspected ACL tears
seen on MR imaging, arthroscopies were performed, in this table the
specificity of arthroscopically proven intact ACL can not be given.
Abbreviations:
ACL = Anterior Cruciate Ligament.
Vs. = versus.



Figure 5 Oblique vertical tear of the anterior horn of the
medial meniscus. T2-weighted TSE FS sagittal image (2900/90)
obtained at knee extension (A), 30° of knee flexion (B) and 55° of
knee flexion (C) demonstrate the oblique vertical tear extending
from the surface to the undersurface of the medial menisci. No
differences are recognized in the delineation of the tear at all three
knee positions.
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However, no comparison between an extended and
flexed knee position was performed. Therefore the diagno-
sis of intact or torn anterior cruciate ligaments was made
only from the summary of both MR imaging studies.
In our study we found that MR evaluation of the cen-

tral ACL portion was equally easy at knee extension and
in response to 30° or 55° of knee flexion. A better evalu-
ation of the tibial end of the ACL was observed at 55° of
knee flexion compared to extension in 65% of patients
(Niitsu et al. 1996; Pereira et al. 1998).
The reasons for better visualization of the ACL on MR

images at knee flexion can be explained by several reasons.
In vivo, as our studies showed, the femoral end of the
ACL encompasses an increasingly horizontal orientation
with increased flexion. This phenomenon is created by a
tensioning of the anteromedial bundles in response to a
simultaneous relaxation of the posterolateral bundles. In
contrast, a relaxation of the anteromedial bundle and
tightening of the posterolateral bundle occurs with further
knee extension. With an increased flexion of the knee, the
femoral cruciate ligament portion moves away from the
intercondyle roof, so that ruptures in this area can be
detected better, particularly on sagittal MRI scans. In
addition, the femoral ACL end changes its shape at knee
flexion. A flat-fanned shape in response to extension turns
into a cylindrical shape with an increased flexion. In
addition, with increased knee flexion, these structural
changes of the femoral end of the ACL have the effect that
the torn ligament structures can be better seen.
In an additional study by Lee et al. static MR images and

arthroscopy were compared in the diagnosis of ACL rup-
tures at knee extension. This study reached a sensitivity of
94% and a specificity of 100% (Lee et al. 1998). However,
no MRI examinations were carried out at flexion. In two
Table 4 MRI Sensitivitiy compared to arthroscopy in the
diagnosis of meniscal injuries

Intact medial
meniscus (specificity)

Medial meniscus
tear (sensitivity)

Arthroscopy (n = 29) 13/29 11/29

MRI 0° vs. Arthroscopy 12/13 (92%) 8/11 (73%)

MRI 30° vs. Arthroscopy 12/13 (92%) 7/11 (64%)

MRI 55° vs. Arthroscopy 12/13 (92%) 8/11 (73%)

Diagnosis of these injuries by MRI was compared to arthroscopy. The number
of correctly diagnosed healthy menisci (specificity) and pathological meniscal
injuries (sensitivity) are presented.
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other studies by Umans et al. and Yao et al., examinations
were carried out in the evaluation of partial ACL ruptures
(Umans et al. 1995; Yao et al. 1995). In these studies, arth-
roscopy also served as the gold standard. In the diagnosis
of partial ACL ruptures, Umanns et al. reached sensitivities
between 40% and 75% and specificity rates between 62%
and 89%. In the study by Yao et al. 19-62% of the partial
ACL tears and 90-94% of the complete ACL tears were
detected.
In our study, the sensitivity in response to knee exten-

sion for partial ACL ruptures was 50% and 83% for
complete ACL ruptures. In response to 30° of flexion and
to 55° of flexion, the sensitivity of a partial rupture in-
creased to 63% at both angles. Sensitivity of diagnosis of
complete ruptures at 30° was 83 %. At 55° of knee flexion,
the detection rate for complete ACL ruptures increased to
93%. However, we were not able to improve the sensitivity
for partial ACL ruptures to 98%, which Heuck et al. pub-
lished in his study using sagittal turbo-spin echo se-
quences (Heuck et al. 1994).
MRI examinations to compare the detection of meniscal

tears at extension and different flexion positions were first
published by Niitsu and coworkers (Niitsu et al. 2000). In
this study a tear of the medial meniscus was verified
arthroscopically in 17 cases and a tear of the lateral menis-
cus was seen in 10 patients. A sensitivity of 82% for the
detection of meniscus tears was reached when images
were obtained at either extension or 45° flexion of the
knee. The specificities were 93% in response to extension
and 99% in response to 45° of flexion. It was not possible
to observe significant differences between knee extension
and bending.
In our study, meniscus lesions were verified arthros-

copically in 11 cases. It was not possible to find significant
differences in the detection of medial or lateral meniscus
tears when comparing knee extension to 30° or to 55° of
knee flexion. The sensitivity for detecting medial meniscus
tears was 73% at knee extension, 64% at 30° of flexion, and
73% at 55° of flexion. The specificities were 89% at ex-
tension, 92% at 30° of flexion and 89% at 55° of knee
flexion. Lower sensitivities resulted for lateral meniscus
tears. In all three knee positions, the sensitivity was only
55%. This low sensitivity for lateral meniscus tears can be
compared to the study by Niitsu et al., who reported of a
sensitivity of 48% for lateral meniscus tears in response to
flexed and extended knees (Niitsu et al. 1991). The speci-
ficities with reference to an intact lateral meniscus were
97% for all three knee positions at extension, 30° and 55°
of knee flexion.
In a study of more than 400 patients using a standard

MR knee coil, De Smet et al. were able to verify a sensi-
tivity of 93% for medial meniscus tears and of 80% for
lateral meniscal tears (De Smet & Graf 1994). Justice
and Quinn reported of sensitivities of 96% for the
diagnosis of medial meniscal injuries and of 82% for lat-
eral meniscal tears (Justice & Quinn 1995). It was no-
ticeable that in particular the MRI diagnosis of lateral
meniscal tears showed a high number of false negative
findings. In the presence of a meniscal tear, a diagnostic
accuracy of only 55% was reached independent of the
knee position.
The reasons for this are manifold (De Smet & Graf

1994; De Smet et al. 1994; Kreitner et al. 1998). For
instance, small peripherally located meniscal tears can
lead to a misinterpretation between a fraying on the
surface of the meniscus edge and a tear formation. A
further reason for the low sensitivity of meniscal tears
as detected in our studies can be seen in that sagittal
as well as coronary sequences T1- and T2-weighted
sequences combined with proton-density weighted im-
ages are normally used in standard MRI examinations.
This combination of different imaging planes and a
combination of sequences leads to an increased diag-
nostic accuracy in the evaluation of meniscus tears. A
sagittal T2-weighted turbo spin echo sequence, how-
ever, was only acquired in our study for the diagnosis
of meniscal tears.
In conclusion, MR Imaging of the knee at 55° of flexion

and less at 30° of flexion allow an improved diagnosis of
injuries to the anterior cruciate ligament as compared to
MRI examinations at extension. The diagnosis of meniscal
injuries, however, was not superior at either flexion posi-
tions compared to commonly performed examinations at
knee extension.

Competing interest
The authors declare that they have no competing or financial interests with
any company or institution.

Authors’ contributions
CM, CD and JMA carried out the experimental studies, participated in the
patient equisition and drafted the manuscript. All authors (CM, JMA and CD)
read and approved the final manuscript.

Acknowledgement
We like to thanks Mrs. Julie Myers-Irvin in helping to prepare the manuscript.

Author details
1Radiology Vechta, St. Marienhospital Vechta, Marienstr. 6-8, 49377, Vechta,
Germany. 2University of Pittsburgh, 3950 Presby South Tower 200, Lothrop
Street, Pittsburgh, PA 15213, USA.

Received: 21 September 2012 Accepted: 25 April 2013
Published: 8 May 2013

References
Arnoldi AP, Weckbach S, Nussbickel C, Horng A, Nöbauer I, Zysk S, Reiser M,

Glaser C (2011) MRI based volumetric assessment of knee cartilage after ACL-
reconstruction, correlated with qualitative morphologic changes in the joint
and with clinical outcome. Is there evidence for early posttraumatic
degeneration? Röfo 183:1138–1144

Barber-Westin SD, Noyes FR (2011) Factors used to determine return to
unrestricted sports activities after anterior cruciate ligament reconstruction.
Arthroscopy 27:1697–1705



Muhle et al. SpringerPlus 2013, 2:213 Page 10 of 10
http://www.springerplus.com/content/2/1/213
Barry KP, Mesgarzadeh M, Triob J, Moyer R, Tehranzadeh J, Bonakdarpour A
(1996) Accuracy of MRI patterns in evaluating anterior cruciate ligament
tears. Skeletal Radiol 25:365–370

Boeree NR, Ackroyd CE (1992) Magnetic resonance imaging of anterior cruciate
ligament rupture. A new diagnostic sign. J Bone Joint Surg Br 74:614–616

Brandser EA, Riley MA, Berbaum KS, El-Khoury GH, Bennett DL (1996) MR imaging
of anterior cruciate ligament injury: independent value of primary and
secondary signs. Amer J Roentgenol 167:121–126

De Smet AA, Graf BK (1994) Meniscal tears missed on MR imaging: relationship
to meniscal tear patterns and anterior cruciate ligament tears. Amer J
Roentgenol 162:905–911

De Smet AA, Tuite MJ, Norris MA, Swan JS (1994) MR diagnosis of meniscal tears:
analysis of causes of error. Amer J Roentgenol 193:1419–1423

Duncan JB, Hunter R, Purnell M, Freeman J (1995) Meniscal injuries associated
with acute anterior cruciate ligament tears in alpine skiers. Am J Sports Med
23:170–172

Falchook FS, Tigges S, Carpenter WA, Branch TP, Stiles RG (1996) Accuracy of
direct signs of tears of the anterior cruciate ligament. Can Assoc Radiol J
47:114–120

Fritz RC (2003) MR imaging of meniscal and cruciate ligament injuries.
Magn Reson Imaging Clin N Am 11:283–293

Heuck A, Allgayer BR, Sittek H, Scheidler JE, Reiser MF (1994) Oblique coronal
sequences increase the accuracy of MR imaging of the anterior cruciate
ligament. Radiology 193:290–295

Justice WW, Quinn SF (1995) Error patterns in the MR imaging evaluation
of menisci of the knee. Radiology 196:617–621

Kam CK, Chee DW, Peh WC (2010) Magnetic resonance imaging of cruciate
ligament injuries of the knee. Can Assoc Radiol J 61:80–89

Katz LM, Weitzel P (2009) Partial Meniscectomy. In: Richmond JC, Bono JV,
McKeon BP (eds) Knee Arthroscopy, Springer Verlag Heidelberg

Korn A, Horger M, Albrecht D, Fenchel M, Nägele T, Luz O (2011) Bucket handle
tears. Röfo 183:91–94

Kreitner KF, Runkel M, Herrig A, Regentrop HJ, Grebe P (1998) MRI of knee
ligaments: error analysis with reference to meniscus and anterior cruciate
ligaments in an arthroscopic controlled patient cohort. Röfo 169:157–162

Lee JK, Yao L, Phelps CT, Writh CR, Czajka J, Lozman J (1998) Anterior cruciate
ligament tears: MR Imaging compared with arthroscopy and clinical tests.
Radiology 166:861–864

Liu SH, Osti L, Henry M, Bocchi L (1995) The diagnosis of acute complete tears
of the anterior cruciate ligament. Comparison of MRI, arthrometry and
clinical examination. J Bone Joint Surg Br 77:586–588

Logan MC, Williams A, Lavelle J, Gedroyc W, Freeman M (2004) Tibiofemoral
kinematics following successful anterior cruciate ligament reconstruction
using dynamic multiple resonance imaging. Am J Sports Med 32:984–992

McCauley TR, Moses M, Kier R, Lynch JK, Barton JW, Jokl P (1994) MR diagnosis
of tears of anterior cruciate ligament of the knee: importance of ancillary
findings. Amer J Roentgenol 162:115–119

Muhle C, Brossmann J, Heller M (1996) Kinematic MRI of the knee using a
specially designed positioning device. JCAT 20:522–525

Niitsu M, Ikeda K, Itai (1988) Slightly flexed knee position within a standard knee
coil: MR delineation of the anterior cruciate ligament. Eur Radiology
8:113–115

Niitsu M, Akisada M, Anno I, Miyakawa S (1990) Moving knee joint: technique for
kinematic MR imaging. Radiology 174:569–570

Niitsu M, Anno I, Fukubayashi T, Shimojo H, Kuno S, Akisada M (1991) Tears of
cruciate ligaments and menisci: evaluation with cine MR imaging. Radiology
178:859–864

Niitsu M, Ikeda K, Fukubayashi T, Anno I, Itai Y (1996) Knee extension and flexion:
MR delineation of normal and torn anterior cruciate ligaments. JCAT
20:322–327

Niitsu M, Endo H, Ikeda K, Itay Y (2000) MR imaging of the flexed knee:
comparison to the extended knee in delineation of meniscal lesions.
Eur Radiology 10:1824–1827

Pereira ER, Ryu KN, Ahn JM, Kayser F, Bielecki D, Resnick D (1998) Evaluation
of the anterior cruciate ligament of the knee: comparison between partial
flexion true sagittal and extension sagittal oblique positions during MR
imaging. Clin Radiol 53:574–578

Reiser M, Semmler W (2002) Magnetresonanztomographie. Springer-Verlag,
Heidelberg, Germany

Reiser M, Erlemann R, Kunze V (1992) Magnetresonanztomographie. Springer-
Verlag, Heidelberg, Germany
Robertson PL, Schweitzer ME, Bartolozzi AR, Ugoni A (1994) Anterior cruciate
ligament tears: evaluation of multiple signs with MR imaging. Radiology
193:829–834

Roychowdhury S, Fitzgerald SW, Sonin AH, Peduto AJ, Miller FH, Hoff FL (1997)
Using MR imaging to diagnose partial tears of the anterior cruciate
ligament: value of axial images. Am J Roentgenol:1487–1491

Stäbler A, Freyschmidt J (eds) (2005) Handbuch diagnostische Radiologie/
Muskuloskelettales System Teil 1: Skelettszintigraphie. Traumatologie
Springer-Verlag, Heidelberg

Subhas N, Kao A, Freire M, Polster JM, Obuchowski NA, Winalski CS (2011) MRI
of the knee ligaments and menisci: comparison of isotropic-resolution 3D
and conventional 2D fast spin-echo sequences at 3 T. Amer J Roentgenol
197:442–450

Tung GA, Davis LM, Wiggins ME, Fadale PD (1993) Tears of the anterior cruciate
ligament: primary and secondary signs at MR imaging. Radiology
188:661–667

Umans H, Wimpfheimer O, Haramati N, Applbaum YH, Adler M, Bosco J (1995)
Diagnosis of partial tears of the anterior cruciate ligament of the knee: value
of MR imaging. Amer J Roentgenol 165:893–897

Vahey TN, Bennett HT, Arrington LE, Shelbourne KD, Ng J (1990) MR imaging of
the knee: pseudotear of the lateral meniscus caused by the meniscofemoral
ligament. Amer J Roentgenol 154:1237–1239

Van Dyck P, Vanhoenacker FM, Gielen JL, Dossche L, Van Gestel J, Wouters K,
Parizel PM (2011) Three tesla magnetic resonance imaging of the anterior
cruciate ligament of the knee: can we differentiate complete from partial
tears? Skeletal Radiol 40:701–707

Van Dyck P, Gielen JL, Vanhoenacker FM, Wouters K, Dossche L, Parizel PM (2012)
Stable or unstable tear of the anterior cruciate ligament of the knee: an MR
diagnosis? Skeletal Radiol 41:273–280

Yao L, Gentili A, Petrus L, Lee JK (1995) Partial ACL rupture: an MR diagnosis?
Skeletal Radiol 24:247–251

doi:10.1186/2193-1801-2-213
Cite this article as: Muhle et al.: Diagnosis of ACL and meniscal injuries:
MR imaging of knee flexion versus extension compared to arthroscopy.
SpringerPlus 2013 2:213.
Submit your manuscript to a 
journal and benefi t from:

7 Convenient online submission

7 Rigorous peer review

7 Immediate publication on acceptance

7 Open access: articles freely available online

7 High visibility within the fi eld

7 Retaining the copyright to your article

    Submit your next manuscript at 7 springeropen.com


	Abstract
	Introduction
	Material and methods
	Patients
	MR imaging
	Positioning device
	Arthroscopy
	Evaluation
	Anterior cruciate ligament analysis
	Medial and lateral meniscus
	Arthroscopy
	Statistical analysis

	Results
	Extension vs. 30° flexion
	Extension vs. 55° of flexion
	30° of flexion vs. 55° of flexion
	Arthroscopy vs. MRI
	Arthroscopy diagnoses

	Discussion
	Competing interest
	Authors’ contributions
	Acknowledgement
	Author details
	References

