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Abstract

efficacy of diagnosis of partial ACL tears only.

Background: The aim of the study was to evaluate the diagnostic efficacy of utilization of oblique sagittal and
oblique coronal MRI techniques separately and concurrently in improving the diagnosis of anterior cruciate
ligament (ACL) complete and partial tears. Between December 2017 and November 2018, 71 patients, with
suspected ACL injury, were examined by MRI using four diagnostic approaches: standard routine images only
(approach A), standard and oblique coronal images (approach B), standard and oblique sagittal images (approach
0), and standard images with both oblique coronal and sagittal images (approach D). Two experienced
musculoskeletal radiologists evaluated the MRI images separately and in a random order using the four methods,
and findings were compared with arthroscopy results as a gold standard.

Results: The diagnostic accuracy, sensitivity, specificity, positive predictive value (PPV), and negative predictive value
(NPV) for approach A in diagnosis of partial ACL tear was significantly lower than that for approaches B, C, and D (p
value < 0.05). The PPV and NPV for approaches B (82% and 85%) and C (83% and 87%) in diagnosis of partial ACL
tear which were significantly lower than that for approach D (94% and 95%). The four approaches revealed no
significant difference in diagnosis of complete ACL tear (p value > 0.05). Approach D demonstrated highest
interobserver agreement (94% in complete and 88% in partial ACL tears) in comparison to B (79% in complete and
66% in partial) and C (85% in complete and 71% in partial) when combining oblique sagittal and oblique coronal
images in identifying both complete and partial ACL tears

Conclusion: The addition of oblique sagittal and coronal images improved diagnostic accuracy of detection of
complete and partial ACL tears. The concurrent use of sagittal and coronal oblique images enhanced the diagnostic
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Background

The anterior cruciate ligament (ACL) tears constitute
approximately half of all knee ligamentous injuries en-
countered in high impact or sporting activities [1].
Prompt diagnosis and management of ACL injuries pre-
vent aggravation of cartilage degeneration and acceler-
ated traumatic arthritis [2]. Magnetic resonance imaging
(MRI) of knee joints aids in the detection of the site and
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degree ACL injury [3]. However, arthroscopy remains
the gold standard for assessment of internal derange-
ment of the knee joint with the limitation of being an
expensive and invasive procedure [4]. The ACL pos-
sesses a unique diagonal course extending from the
inner surface of the lateral femoral condyle and attach-
ing to a fossa in front and lateral to the anterior tibial
spine [5]. Thus, the diagnostic potential of routine or-
thogonal MRI techniques for partial ACL injury is lim-
ited with fallible diagnosis [6]. To overcome this
limitation, non-orthogonal MRI techniques such as
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coronal oblique and sagittal oblique techniques have
been investigated for optimal visualization of ACL and
better delineation of partial tears [7]. The aim of the
study was to evaluate the diagnostic efficacy of
utilization of oblique sagittal and oblique coronal MRI
techniques separately and concurrently in improving the
diagnosis of anterior cruciate ligament (ACL) complete
and partial tears.

Methods

Study population

From December 2017 to November 2018, 71 patients
(28 females and 43 males) performing MRI examination
of the knee joint were prospectively evaluated for knee
injuries. The age ranged between 18 years and 62 years
(mean age 35.5). The patients were referred from the
orthopedic department, and the study was approved by
the ethics committee of our institute.

Inclusion criteria

The inclusion criteria are as follows: patients with pain-
ful knee joint, joint instability, or history of trauma; posi-
tive anterior drawer test, occurs when there is increased
anterior tibial translation; positive Lachman test, occurs
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when there is increased forward translation of the knee
without a decisive “end-point”; and positive pivot shift
test, occurs when the lateral tibial plateau begins anteri-
orly subluxed and returns to neutral as you flex the knee
to around 30°.

Exclusion criteria

The exclusion criteria are as follows: history of pre-
vious ACL or meniscal repair, active intra-articular
infection, metabolic or neoplastic bone disease, or
absolute contraindications including the presence of
intra-cardiac devices such as pacemaker or cardiac
defibrillator, or the presence of conductive metallic
devices. Cases that performed arthroscopy with an
interval exceeding 1month from the time of per-
forming the MR examination were also excluded
from this study.

Magnetic resonance imager

A Philips Gyroscan Intera 1.5 T scanner (Philips Medical
Systems, Netherlands) was used with a dedicated knee
coil.

Fig. 1 A technique to obtain oblique coronal and sagittal MR images of a normal ACL. a Orthogonal sagittal T2 image used to obtain b oblique
coronal T2 image by superimposing 2-mm-slice thickness cuts with 0.5-mm interval on it in a plane parallel to the femoral intercondylar roof
along the course of the ACL. ¢ Topogram of oblique coronal T2 image used to obtain d oblique sagittal T2 image by superimposing 2-mm-slice
thickness cuts with 0.5-mm interval on the former in a plane parallel to the medial border of the lateral femoral condyle
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Patient position

All patients were examined in a supine position with a
slight external knee rotation. The patient was offered
headphones to reduce the repetitive gradient noise.

Imaging parameters (Fig. 1)
The imaging protocol includes the following:

1. Standard T2 WI. 4-mm slice thickness, 1-mm inter-
val, TR/TE = 4000/95.

2. Oblique coronal T2 WI. obtained from
superimposing 2-mm-slice thickness cuts with 0.5-
mm interval on the orthogonal sagittal T2 images,
in a plane parallel to femoral intercondylar roof
along the course of the ACL: TR/TE = 4000/95.

3. Oblique sagittal T2 WI. obtained from
superimposing 2-mm-slice thickness cuts with 0.5-
mm interval on the oblique coronal T2 images, in a
plane parallel to the medial border of the lateral
femoral condyle: TR/TE = 4000/95.

Arthroscopy

It was performed by two orthopedic surgeons with 5 and
7 years of experience, respectively, for all patients included
in the study within a period not exceeding 1 month from
the time of performing the MR examination.
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Image interpretation

The MRI images were interpreted by two experienced mus-
culoskeletal radiologists with 8 and 10 years of experience,
respectively, using four diagnostic approaches: standard im-
ages only (approach A), standard and oblique coronal im-
ages (approach B), standard and oblique sagittal images
(approach C), and standard images with both oblique cor-
onal and sagittal images (method D). Each radiologist eval-
uated the MRI images separately and in a random order
using the four methods to avoid any recall bias.

A three-point grading system was deployed to assess
the severity of ACL injury. Grade 0, intact ACL; grade 1,
partial ligamentous tear; and grade 2, complete liga-
mentous tear. The ACL was considered intact if it pre-
sented low-signal intensity, well-preserved continuation,
and taut orientation. Partial ACL tear was considered if
there is a focal or diffuse intrasubstance increased signal
intensity, direct visualization of partial fibril disruption,
or focal thinning/swelling of the ACL with maintained
continuity. A complete tear was considered if there is
the lack of continuity, full thickness abnormal signal in-
tensity, or an edematous mass totally replacing the liga-
ment (Figs. 2, 3, 4, and 5).

Statistical analysis
Statistical Package for Social Sciences for Windows 15.0
(SPSS Inc., Chicago, IL, USA) was utilized to perform

consistent with normal ACL

Fig. 2 A female patient, 35 years old, complaining of knee pain following from falling down the stairs. a Sagittal T2 image revealed a focal
intrasubstance area of intermediate signal intensity at the site ACL tibial attachment suggesting partial ACL tear (white arrow). b Oblique sagittal
and c oblique coronal T2 MRI images revealed a well taut ACL showing normal signal intensity with intact tibial and femoral attachments
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the ACL

Fig. 3 A male patient, 22 years old, who suffered from twisting knee injury while playing football. a Sagittal T2 image revealed an intact ACL
(white arrows). b Oblique coronal T2 and ¢, d oblique sagittal T2 MRI of right knee showing intraligamentous areas of intermediate signal
intensity along the distal and mid-substance of the ACL (white arrows), but with some fibers still intact which are compatible with partial tear of

statistical analysis. The accuracy, sensitivity, and specifi-
city for partial and complete ACL tears were compared
to arthroscopic results, which were considered as a gold
standard. A p value of less than 0.05 was considered sta-
tistically significant. Weighted kappa statistics were used
to calculate interobserver agreement. The strength of
agreement was interpreted according to the Landis and
Koch guidelines as follows: 0, poor; 0.01-0.20, slight;
0.21-0.40, fair; 0.41-0.60, moderate; 0.61-0.80, substan-
tial; and 0.81-1.00, almost perfect.

Results

Arthroscopic results revealed 46 patients with ACL tear,
25 complete and 21 partial tears. The accuracy, sensitivity,
and specificity of detection of complete ACL tears for each
diagnostic approach are demonstrated in Table 1. The
sensitivity for the use of each diagnostic approach in de-
tection of complete ACL tear revealed no significant stat-
istical difference (p value > 0.05). However, the specificity
and accuracy for approach A was significantly lower than
that for B, C, and D approaches (p value < 0.05). The ac-
curacy, sensitivity, and specificity for approaches B, C, and

D in detection of complete ACL tears showed no statis-
tical significant difference amongst them.

The accuracy, sensitivity, and specificity for diagnosis of
partial ACL tears for each diagnostic approach are demon-
strated in Table 2. The accuracy, sensitivity, and specificity
for approach A in detection of partial ACL tear was signifi-
cantly lower than that for approaches B, C, and D (p value
< 0.05). The accuracy, sensitivity, and specificity and accur-
acy of approaches B and C for detection of partial ACL
tears were significantly lower than that for approach D.

The interobserver agreement for the diagnosis of
complete ACL tear is summarized in Table 3, while the in-
terobserver agreement for the diagnosis of partial ACL tear
is summarized in Table 4. The study revealed that the inter-
observer agreement improved using approaches B and C in
comparison to approach A. However, approach D demon-
strated highest interobserver agreement in comparison to B
and C when combining oblique sagittal and oblique coronal
images in identifying both complete and partial ACL tears.

Discussion
The normal ACL anatomy can be readily delineated by or-
thogonal sagittal and coronal MRI images [8]. However,
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Fig. 4 A female patient, 45 years old, complaining of knee trauma after a road traffic accident. a Sagittal T2 and b sagittal T2 fat suppression
showing intrasubstance areas of increased signal intensity with ACL fibril discontinuity of ACL at the mid-substance in all pulse sequences (white
arrows), compatible with high-grade partial tear of the ACL. Residual stumps on femoral and tibial sides (blue arrows) are thickened and
increased in MR signal intensity. ¢ Oblique coronal T2 and d oblique sagittal MRI images showing complete fiber discontinuity across the mid-
substance of ACL with intrasubstance areas of high-signal intensity (white arrows) compatible with complete tear of the ACL. Residual stumps on
femoral and tibial sides (blue arrows) are lax, thickened, and increased in signal intensity

due to its oblique course, 5-10% of the normally imaged
anterior cruciate ligaments are difficult to visualize by or-
thogonal sagittal MRI [9]. Additionally, artifacts from the
popliteal artery, partial volume, osteoarthritis, and post
traumatic fibrous scarring increase the false-positive diag-
nosis of an ACL tear [10].

Nowadays, identifying ACL partial tear is of utmost im-
portance in the management of ACL tears as it improves
the outcome of ACL reconstruction. However, the diagno-
sis of partial ACL tears is diagnostically challenging owing
to the striated appearance of a normal ACL which is ag-
gravated with the use of fluid-sensitive sequences mimick-
ing the appearance of partial ACL [11, 12].

To overcome these anatomical and technical limitations,
various techniques were utilized to allow delineation of
the entire course of the ACL in a single slice through par-
allel imaging along the ACL longitudinal axis [13].

Several methods to obtain oblique sagittal images were
described in literature; Buckwalter and Pennes acquired
an imaging plane angled 15° to the standard sagittal
plane [9], and Do-Dai et al sliced parallel to the medial
border of the lateral femoral condyle to develop oblique
sagittal images for the ACL [14]. Nakanishi et al. sliced
on axial image at an angle of 10° [15]. In this study, we

acquired the oblique sagittal image plane parallel to the
inter-condylar surface of the lateral femoral condyle.

Oblique coronal images were also utilized in previous
studies to evaluate for ACL injuries. Staeubli et al. stated
that the best sequence to visualize the ACL diagonal
course is achieved by oblique coronal images as it clearly
delineates the relation of the ACL attachment to the
inter-condylar notch as well as its orientation towards
the posterior cruciate ligament [16]. Hong et al. also
concluded that oblique coronal MRI sequences increased
the diagnostic efficacy in differentiating between partial
and complete ACL tears [17]. In this study, we acquired
the oblique coronal image plane parallel to femoral
inter-condylar roof along the course of the ACL.

In the present study, we investigated the accuracy, sen-
sitivity, and specificity of utilizing additional oblique sa-
gittal and oblique coronal images with standard sagittal
images both separately and in combination with the
evaluation of complete and partial ACL tears.

This study showed that the addition of oblique sagittal and
oblique coronal images to the standard sagittal images
whether separately or in combination (approaches B, C, and
D) improved the specificity and accuracy of the diagnosis of
complete ACL tears in comparison to the standard sagittal
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mild retraction of the femoral and tibial attachments

Fig. 5 A male patient, 43 years old, complaining of knee trauma after a rotational knee injury during playing basketball. a Orthogonal sagittal T2
image revealing a complete thickness tear near the femoral attachment of the ACL. b Oblique coronal T2 and ¢ oblique sagittal MRl images
showing abnormal bright signal intensity at the ACL mid-substance confirming the complete ACL thickness tear with better delineation of the

images only (approach A). However, there was no statistical
significance in diagnosis of complete ACL tear obtained from
a combined use of oblique sagittal and coronal images (ap-
proach D) in comparison to the use of only one of the ob-
lique images (approaches B and C. This was in agreement
with the study performed by Kwon et al, which demon-
strated that additional oblique imaging improved the specifi-
city for diagnosing complete ACL tear. It also showed that
either method of oblique imaging alone is sufficient with no
statistical significance detected in combining both oblique
methods [18].

Table 1 Summarized the diagnosis of complete ACL tear by
each diagnostic approach. Approach A indicates standard
sagittal images only; approach B, orthogonal sagittal and
additional oblique sagittal images; approach C, orthogonal
sagittal and oblique coronal images; and approach D,
orthogonal sagittal, oblique sagittal, and oblique coronal images
(p < 0.05)

As for diagnosis of partial ACL tears, this study re-
vealed that the accuracy, sensitivity, and specificity for
approach A in diagnosis of partial ACL tear was signifi-
cantly lower than that for approaches B, C, and D (p
value < 0.05). This was also in agreement with the find-
ings described by Kwon et al. [18].

However, on the contrary to Kwon et al. [18] which
stated that there was no statistical significance between
the use of a single oblique method and their concurrent
use in the diagnosis of ACL partial tears, this study re-
vealed that the accuracy, sensitivity, and specificity of

Table 2 Summarized the diagnosis of partial ACL tear by each
approach. Approach A indicates orthogonal sagittal images
only; approach B, orthogonal sagittal and additional oblique
sagittal images; approach C, orthogonal sagittal and oblique
coronal images; and approach D, orthogonal sagittal, oblique
sagittal, and oblique coronal images (p < 0.05)

Sensitivity Specificity Accuracy PPV NPV Sensitivity Specificity Accuracy PPV NPV
Approach A 86 78 89 76 82 Approach A 65 71 68 68 61
Approach B 90 93 91 89 98 Approach B 81 83 82 82 85
Approach C 91 94 93 93 97 Approach C 82 86 84 83 87
Approach D 94 96 97 9% 99 Approach D 95 97 94 94 95
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Table 3 Interobserver agreement for the diagnosis of complete

ACL tear

Sensitivity Specificity Accuracy
Approach A 65 71 68
Approach B 81 83 82
Approach C 82 86 84
Approach D 95 97 94

concurrent utilization of oblique sagittal and coronal im-
ages (approach D) for detection of partial ACL tear were
significantly higher than that for approaches B and C (p
value < 0.05). This is likely attributed to the advantage
of the concurrent use of both obliques in detection of
the entire course and femoral attachment of the ACL on
two different planes enhancing the accuracy of diagnosis
of changes in ACL thickness, signal intensity, continuity,
and contour.

In 2018, Ghasem et al. [19] showed that the addition
of oblique sagittal to standard images was better than
the addition of oblique coronal images in the detection
of complete and partial ACL tears with PPV and NPV of
78% and 88% in partial and 83% and 100% in complete
ACL tears. Our results showed that there was no statis-
tical significance in using either sagittal oblique or cor-
onal oblique separately in diagnosis of partial and
complete ACL tears; however, our study revealed that
there is a statistical significant difference in diagnosing
partial ACL tears when both oblique methods were per-
formed together instead of performing it separately. The
PPV and NPV for (approach D) in partial ACL tears
were 94% and 95% in comparison to 82% and 85% in
(approach B) and 83% and 87% in (approach C).

Our study showed that there is a higher interobserver
agreement in diagnosis of complete and partial ACL
tears using approaches B, C, and D in comparison to ap-
proach A, being highest with approaches C and D. This
is in agreement with Kosaka et al., which showed higher
diagnostic performance and interobserver agreement
when using additional oblique coronal images [20]. The
main reason for this is that oblique coronal images
clearly delineate the course and femoral attachment of
the ACL.

The present study had some limitations: First, the in-
consistency as regards the duration between the onset of

Table 4 Interobserver agreement for the diagnosis of partial

ACL tear

% agreement K Interpretation
Approach A 55 0.299 fair
Approach B 66 0421 moderate
Approach C 71 0.520 moderate
Approach D 88 0.780 substantial
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symptoms or time of injury and the MRI examination.
However, the time interval between MRI examination
and arthroscopy was limited to 1 month. Secondly, the
difference in slice thickness between the standard sagit-
tal images (4-mm slice thickness) and oblique sagittal
and coronal images (2-mm slice thickness) was not
taken into consideration in our study when comparing
the different imaging techniques.

Conclusion

The addition of oblique sagittal and coronal images im-
proved diagnostic accuracy of detection of complete and
partial ACL tears. The concurrent use of sagittal and
coronal oblique images enhanced the accuracy, sensitiv-
ity, and specificity of diagnosis of partial ACL tears only.
Thus, we advise the use of concurrent sagittal and cor-
onal oblique images in cases of partial ACL tear
suspicion.
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