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This study assessed magnetic resonance imaging (MRI) of acute and chronic partial anterior cruciate ligament
(ACL) tears using maximum knee flexion in the lateral decubitus position compared with routine knee posi-
tioning in 204 patients at a single center.

Based on the time interval from injury to MRI examination, the 204 patients in this study were divided into 3
groups: subacute (6 weeks to 3 months), intermediate (3 months to 1 year), and chronic (>1 year). All patients
received both routine MRI (MRI R) and maximum knee flexion in the lateral decubitus position MRI (MRI S) ex-
amination, followed by knee arthroscopy. Three radiologists blinded to patient groups evaluated the MRI scans
and made a diagnosis. Results of knee arthroscopy were referenced as the criterion standard. The sensitivity
and specificity of MRI R and MRI S groups were calculated and compared.

The MRI S diagnostic rate was comparable to that of knee arthroscopy. MRI S had significantly higher sensitiv-
ity than MRI R for partial ACL tears, especially in the intermediate group (P<0.01).

MRI of partial ACL tears using maximum knee flexion in the lateral decubitus position improved the diagnos-
tic rate relative to routine MRI examination, particularly in patients in the intermediate group.
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Background

Anterior cruciate ligament (ACL) tears occur most commonly
in young and active individuals and can have negative long-
term physical and psychological impacts [1].

To accurately diagnose an ACL tear, the clinician has to com-
bine information from the patient’s history, clinical examina-
tion, and imaging [2]. As a noninvasive method, magnetic res-
onance imaging (MRI) is widely used in the diagnosis of bone
and joint diseases [3]. For experienced assessors, the com-
bination of patient history and clinical examination is often
sufficient to diagnose an ACL tear [4]. However, pain and ef-
fusion in the acute stage may hinder detecting the injury dur-
ing clinical examination [5]. Misdiagnosis is common, and an
acute ACL injury is misdiagnosed as an uncomplicated knee
sprain in half of the patients with the injury [5]. Repeated
clinical examination or MRI in the subacute phase may there-
fore be necessary to rule out the injury. The diagnostic accu-
racy of MRI is comparable to that of the Lachman test [5]. For
patients with suspected ACL tears, MRI holds value as an ad-
junct method when the clinical diagnosis is uncertain. Partial
ACL tears make up 10%-28% of all ACL tears [4], but consid-
erable controversy remains regarding the role of MRI in their
diagnosis [6-9]. While an empty notch sign, a wavy ACL, bone
contusion, and posterior horn of lateral meniscus tears sug-
gest a complete ACL tear, a residual straight and tight ACL fi-
ber seen in at least 1 image section is helpful to diagnose a
partial ACL tear [10]. However, the ACL may not always be vi-
sualized [8,9,11,12], either for technical reasons or because it
is ruptured and absent. Complete ACL tears can be easily di-
agnosed by clinical examination and an MRI [13], while the di-
agnosis of partial ACL tears is more difficult. In the acute stage
of a partial ACL tear, hemorrhage, effusion, and edema from
the knee joint or tear site could interfere with the magnetic
resonance signals. Therefore, misdiagnosis often occurs [10].
It is even more difficult to diagnose a partial ACL tear at the
chronic stage, when the partially ruptured ACL stump can be
aggregated or adhered to adjacent normal ACL or bone, which
further increases the difficulty of MRI diagnosis [6,7,10,14,15].
In such cases, special methods are needed for accurate diag-
nosis. Many strategies have been used to improve the visual-
ization of the ACL, including sagittal and coronal oblique se-
quences and 3-dimensional volume imaging [14-17], but the
sensitivity and specificity of MRI are still not high [1-3]. The
persistence of an ACL tear can exacerbate the damage to the
knee joint and nearby tissue and then affect the function and
stability of knee joint [16]. To reduce the interference of tis-
sue signal and improve the visualization of the ligament, op-
timizing both the patient’s position and the scanning method
has attracted considerable attention. According to a previ-
ous study [18], MRI with the patient in the prone position al-
lowed a maximum knee flexion that assisted in the diagnosis
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and treatment of partial ACL ruptures. In our study, we found
that maximum knee flexion occurred in the lateral decubi-
tus position. With this position, the joint effusion and hema-
tocele could be squeezed away from the ligament tear site,
which reduced the factors interfering with diagnosis. In ad-
dition, after knee flexion, the visualization of the ACL attach-
ment end was stronger. We suggest that the advantages of
this special position would be effective in diagnosing partial
ACL tear. Therefore, we aimed to evaluate the use of MRI of
partial ACL tears using maximum knee flexion in the lateral
decubitus position compared with routine knee positioning in
204 patients at a single center.

Material and Methods

Consent to Publish

Informed consent was obtained from all participants includ-
ed in the study regarding publication. All procedures in this
study were approved by the Ethics Review Board of the hos-
pital before the study began.

Grouping of Patients

A total of 398 patients from October 2016 to November 2018
were selected to participate in this study based on the following
inclusion criteria: (1) clinical physical examination suggested a
partial ACL tear, and (2) arthroscopy was indicated for reasons
such as suspected meniscus injury or loose body. Exclusion cri-
teria were (1) knee deformity or deformity caused by previous
trauma; (2) an acute ACL tear (less than 6 weeks); (3) difficul-
ty achieving the specific position needed for MRI examination;
(4) refusal of arthroscopic surgery or MRI examination; and (5)
complete ACL tear. A total of 194 patients were excluded from
the study, and 204 knees of 204 patients (112 males and 92
females) were included. Our primary focus in this study was
the diagnostic value of routine MRI and special posture MRI
for partial ACL injury, so the associated meniscus injury, loose
body, and collateral ligaments are not discussed here.

Of the 204 cases, 125 involved the right knee and 79 involved
the left knee. The age of the patients ranged from 17 to 65
years, with an average of 42.1+9.6 years. Based on previous
studies [14,15] and the time that had elapsed between the in-
jury and the MRI examination, the patients were divided into 3
groups: 72 cases in the subacute group (6 weeks to 3 months
after injury), 58 cases in the intermediate group (3 months to 1
year after injury), and 74 cases in the chronic group (more than
1 year after injury). Routine MRI (MRI R) and maximum knee
flexion in the lateral decubitus position MRI (MRI S) were per-
formed for each patient, and these images were evaluated by
3 senior diagnostic physicians blinded to the group allocation.
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Figure 1. (A) The sketch of maximum flexion of knee joint with maximum flexibility of 150°. (B) Image from a 37-year-old man, 13
months after injury. Only routine position magnetic resonance imaging (MRI) scans were provided. The display angle of
anterior cruciate ligament attachment points was poor. Sagittal and coronal scanning images both had effusion disturbing
the diagnosis. (C) Image from a 45-year-old man. Only routine position MRI scans were provided. The joint effusion or
hemorrhage near the ligament tear site interfered with the diagnosis.

Figure 2. (A) Maximum knee flexion in lateral decubitus position magnetic resonance imaging examination of knee joint: the knee
joint of the affected side in side position with maximum flexion with the coil tightly wrapped around the knee joint. (B) After
additional special position scanning, the tear site showed high signal, which was diagnosed as a chronic partial tear of
anterior cruciate ligament. It was confirmed by arthroscopy. (C) After additional special position scanning, the joint effusion
or hemorrhage was squeezed away from the ligament tear site.

Diagnoses made by at least 2 physicians were chosen as the
final results. Arthroscopy examination results (criterion stan-
dard) were compared with MRI R and MRI S results to evalu-
ate the sensitivity (the probability of positive detection in the
criterion standard positive patients) and specificity (the prob-
ability of negative detection in the criterion standard negative
patients) of different MRI examinations [10]. Auxiliary equip-
ment included 3.0T postprocessing workstation, joint-specific
flexible coil (commonly used for shoulder joint examination),
a sandbag, and an angle ruler.

Scanning Methods of the Knee

For MRI R, the patient was placed in the supine position with
the knee joint naturally straightened. The lower edge of the

patella was located in the center of the knee coil, and the sand-
bag was pressed to fix the knee joint. For MRI S, the patient
moved the joint properly before examination and then lay on
their side with the knee joint at the maximum flexion angle
under the guidance of doctors (Figure 1A). A wide cloth strip
was placed on the dorsum of the foot and the other end of the
cloth strip was pulled with both hands (Figure 2A). The upper
and lower ends of the affected knee joint were wrapped with
special flexible coils and fixed with sandbags.

Scanning Sequence
For MRI R, all patients were scanned using a Magnetom Verio

3.0 T MRI imager. Imaging parameters included axial TIWI (TR
586 ms, TE 17 ms, slice thickness 5 mm, slice spacing 0.5 mm,
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Table 1. Results of the maximum knee flexion in lateral
decubitus position magnetic resonance imaging (MRI S)
compared with arthroscopy (number of patients).

Arthroscopy

Table 2. Results of the routine magnetic resonance imaging (MRI
R) compared with arthroscopy (number of patients).

Arthroscopy

+ 42 13 55
= 44 105 149
Total 86 118 204

Table 3. Sensitivity and specificity of routine magnetic resonance
imaging (MRI R) and special posture magnetic
resonance imaging (MRI S) for diagnosing partial
anterior cruciate ligament (ACL) tear.

Accuracy, %

Specificity, %

Sensitivity, %

FOV 180x180 mm), coronal PDWI/FS (TR 3000 ms, TE 33.0 ms,
thickness 3 mm, spacing 0.3 mm), sagittal PDWI (TR 3000 ms,
TE 33.0 ms, thickness 3 mm, spacing 0.3 mm), T2WI/FS (TR
3500 ms, TE 98 ms, thickness 3 mm, spacing 0.3 mm; FOV
180x180 mm).
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For MRI S, the parameters were sagittal PDWI (TR 3000 ms,
TE 33.0 ms, slice thickness 3 mm, slice distance 0.3 mm). The
oblique coronal position was parallel to the ACL, T2WI/FS (TR
3500 ms, TE 98 ms, thickness 3 mm, spacing 0.3 mm).

Statistical Methods

SPSS 19.0 statistical software was used. Chi-square test and
nonparametric Wilcoxon rank sum test were used for analy-
sis. With the results of arthroscopy as the criterion standard,
the sensitivity and specificity of the 2 examination methods
for the diagnosis of partial ACL tear (MRI R and MRI S) were
compared (Tables 1-4). Statistically significant differences
were defined by P<0.05.

Results

The results of the MRI'S and MRI R compared with arthrosco-
py are presented in Tables 1 and 2. Among the 204 patients,
a partial ACL tear was detected by arthroscopy in 86 cases
(42.2%), MRI R in 55 cases (27.0%), and MRI S in 74 cases
(36.3%). The positive detection rate was significantly higher
with MRI'S than MRI R (chi-square test, P<0.001). No signifi-
cant difference was found between the positive rates detect-
ed by arthroscopy and by MRI S (nonparametric Wilcoxon rank
sum test Z=-0.732, P=0.47).

A comparison of the sensitivity and specificity of different MRI
examination methods is presented in Table 3. The sensitivity
and specificity of MRI R were 48.84% and 88.98%, respectively,
and the sensitivity and specificity of MRI S were 80.29% and
95.76%, respectively. MRI'S had a significantly higher sensitiv-
ity (chi-square test, P<0.01) than MRI R, and the specificity of
the 2 methods was similar (chi-square test, P>0.05).

In the intermediate group, MRI S had a significantly high-
er sensitivity than MRI R (chi-square test, P<0.01), while its
sensitivity was similar to that of MRI R in the subacute and

Table 4. Sensitivity and specificity of routine magnetic resonance imaging (MRI R) and maximum knee flexion in lateral decubitus
position magnetic resonance imaging (MRI S) for diagnosing partial anterior cruciate ligament tear at different stages (time

from injury to examination).

Chronic stage (>1 year)

Specificity, % Sensitivity, %
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chronic groups (Table 4). MRI R and MRI S had similar sen-
sitivity and specificity in the subacute group and the chron-
ic group (P>0.05). MRI'S had a higher sensitivity than MRI R
(P<0.05) and its specificity was similar to that of MRI R in the
intermediate group (P>0.05) (Table 4).

Discussion

Our study showed that the sensitivity of routine MRI in di-
agnosing partial ACL tears was 48.84% (Table 3). According
to previous studies, the diagnostic rate of partial ACL tears
is rather low, with the sensitivity being about 40% [9,12,17].
Our study showed similar results. Possible explanations in-
clude (1) difficulty in observing the full length of the ACL in
the same or several layers by routine examination; (2) lack of
obvious direct signs of changes in ligament morphology and
MRI signal; and (3) interference due to hemorrhage and effu-
sion from joint or tear site. Direct signs of ligament morpho-
logical changes and indirect signs such as knee edema, poste-
rior cruciate ligament flexion changes, and bone contusion are
often used as the basis for the diagnosis of an ACL tear [16].
However, in our study, 12 patients had no twisting of the pos-
terior cruciate ligament, 24 patients had minor edema of the
joint, and 7 patients had no edema, suggesting that indirect
signs were insufficient for the diagnosis of a partial ACL tear.
To improve the visualization of the morphological changes of
the ACL, some researchers display the full length of the ACL
on oblique coronal images in parallel with ACL scanning and
achieve a good display effect [9,13,19]. However, in our study,
we found that joint effusion or hemorrhage near the ligament
tear site interfered with the diagnosis of the tear site in 62 of
the 204 cases (30.4%). Therefore, we designed a special po-
sition for patients to obtain maximum flexion of the knee in
the lateral decubitus position (Figures 1, 2). In this case, the
joint effusion or hemorrhage could be squeezed away from
the ligament tear site, thereby reducing the factors that inter-
fered with the diagnosis. In our study, disruptive factors were
eliminated in 60 of 62 patients (96.8%) after additional spe-
cial postural examinations (Figure 2B, 2C). There was no sta-
tistical difference in the diagnostic rate of a partial ACL tear
between arthroscopic examination and MRI S. The sensitivity
in the MRI S group was 80.29%, which was significantly high-
er than that of the MRI R group, which was 48.84% (P<0.05).
The specificity between the MRI R and MRI S groups did not
differ (Tables 3, 4).

The optimization of both the body position and the scan-
ning method is a precondition of obtaining high-quality im-
ages [20]. There are many MRI methods for ACL internation-
ally. Arfanakis et al [21] used diffusion sequence to evaluate
the value of ligament tear. Breitenseher and Mayerhoefer
[22] used volume scans to reconstruct images to observe the

CLINICAL RESEARCH

morphological changes of ACL tears. Most of their methods
were based on optimizing the scanning technology because
the applicable data for scanning based on changes in body po-
sition are rare. Currently, the study of posture optimization is
mostly focused on investigating knee joint function. However,
MRI with the knee flexed at a certain angle has been report-
ed to permit better visualization of the ACL. These studies ex-
amined MRI while the knee was positioned at a 30° angle and
compared the results with imaging done during full extension
of the knee joint, and the results indicated a better diagnostic
rate of the ACL tear when the flexed position was used [23,24].

Burak et al [18] and Muhle et al [25] described why MRI with
knee flexion enabled better visualization of ACL lesions. They
found that as knee flexion increased, the femoral adhesion
site of the ACL had a more horizontal position and the antero-
medial bundle was also tightened. With the increased flexion
angle, the ACL moved away from the intercondylar roof at the
femoral adhesion site, thus the tear could be better visualized,
especially in sagittal MRI scans [18,25]. In addition, with knee
flexion, the ACL shape was cylindrical and tears could be bet-
ter detected [18,25]. Total ACL tears were detected with a sen-
sitivity of 83% at full extension of the knee, 83% at 30° knee
flexion, and 93% at 55° knee flexion; however, in partial ACL
tears, sensitivity was 50% with full extension of the knee, 63%
with 30° knee flexion, and 63% with 55° knee flexion [18,25].
These findings led to the question of whether an increase in
the flexion angle would improve the visualization of a partial
ACL tear. Thus, we decided to maximize the flexion angle to
get better visualization of the ACL. In our study, we found the
sensitivity of MRI S was 80.2% at 30° knee flexion (Table 3),
which was an excellent result for detecting partial ACL injury.

In our study, patients flexed their knees only to the extent that
they could to avoid unnecessary harm and to improve the suc-
cess rate of the examination. After knee flexion, the visualiza-
tion of the ACL attachment end was stronger (Figures 1, 2).
Although the flexion angle in the subacute ACL tear group
was less than that of the intermediate and chronic groups, the
maximum knee flexion in the lateral decubitus position MRI
scans of the patients in the modified groups could be used
for diagnosis. However, the diagnostic sensitivity of subacute
and chronic groups was 34.28%, lower than that of the inter-
mediate group (94.44%) and the chronic group (44.68%). This
may be related to the slight flexion angle that patients could
achieve. Among acute-stage patients, severe joint edema and
pain made it difficult to attain the appropriate position, so
these patients were not included in this study.

Interestingly, we found no significant difference between meth-
ods with regard to diagnosing a complete ACL tear (Table 5),
suggesting that routine MRI examination is sufficient for the
diagnosis of a complete ACL tear.
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Table 5. Results of complete anterior cruciate ligament tear
by routine magnetic resonance imaging (MRI R) and
maximum knee flexion in lateral decubitus position
magnetic resonance imaging (MRI S) examination.

Methods Positive number Positive rate, %
Arthroscopy 89 100.00
CMRIR 7 90775
CMRIS 88 9887

The limitation of our study is that although we tried to divide
the patients into 4 groups according to the course of disease,
32 patients in the acute group could not achieve knee flexion
due to severe joint edema and pain. Thus, we assumed that
overbending the injured knee would worsen the medical ex-
perience of acute-stage patients and could aggravate their in-
jury. For acute ACL tears, we recommend that patients receive
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curred. We hope to build upon current results in a future study.

Conclusions

This study showed that MRI of partial ACL tears at different
stages using maximum knee flexion in the lateral decubitus
position improved the diagnostic rate compared with routine
MRI examination, particularly for partial ACL tears at the in-
termediate stage.
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