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Abstract

Background: The knee joint is the most common joint
liable for injuries with knee MRI being the most preferred
imaging modality for the assessment of knee pain. The com-
monest indications are the evaluation of the meniscal |esions,
and ligamentous injuries.

Arthroscopy is considered the gold standard tool for the
assessment of knee derangement, although knee MR exami-
nation has shown significant influence upon the clinicians
management decisions.

Current standard two dimensional MR protocal istime
consuming with limitations of these sequences that have to
be considered.

Volumetric fat suppressed proton density sequenceis used
with the advantage of faster acquisition in comparison with
standard routine sequences.

The volumetric PD FS segquence can demonstrate similar
diagnostic results to that of the standard three planes sequences
in the assessment of internal knee derangement especially as
regards meniscal injuries.

Aimof Sudy: To assess the diagnostic accuracy of volu-
metric fat suppressed proton density sequence versus standard
two dimensional (2D) sequences at 1.5T MR in the evaluation
of meniscal tears.

Patients and Methods: The study included 81 patients
presenting with suspected post traumatic meniscal injury.
Patients were referred to the Kasr Al-Aini Hospital Radiology
Department between February 2018 and January 2019 after
full clinical examination to evaluate their knee joints using
MRI.

Results: In our study the results showed typical concord-
ance between standard two dimensional (2D) three planes
sequences and volumetric fat suppressed proton density
seguence in the detection of medial and lateral meniscal tears
after using arthroscopy as the gold standard. Both sequences
showed sensitivity=95.92%, specificity=100%, Positive Pre-
dictive Vaue (PPV)=100%, Negative Predictive Value (NPV)
=94.12% and accuracy=97.53% for Media Meniscal (MM)
tears as well as sensitivity=75%, specificity=100% PPV =
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100%, NPV=94.2% and accuracy=95.06% for Lateral Meniscal
(LM) tears.

Conclusion: The volumetric fat suppressed proton density
sequence had shorter acquisition time and delivered similar
high diagnostic accuracy to the standard 2D sequencesin
diagnosing meniscal tears.
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Introduction

MRI has been established as an effective technique
to evaluate meniscal tears of the knee [1]. Conven-
tional spin-echo MR images have traditionally
been used with reported sensitivities and specifi-
cities of 90-95% for the detection of meniscal tears

2.

Current standard two dimensional (2D) MR
sequences had some limitations including increased
gaps between sections which can hide joint abnor-
malities due to partial volume effect [3].

Volumetric fat suppressed proton density se-
guences are used with the advantage of faster
acquisition in comparison with conventional three
plans sequences [4].

Recent MRI machines allow acquisition of
Volumetric fat suppressed proton density with the
advantage to acquire Multiplanar Reformating
(MPRs) because of the obtained isotropic images

(6]

The three dimensional volumetric Proton Den-
sity Fat Suppressed sequence (3D-PDFS) is more
accurate in having thinner dlices than that of the
orthogonal three planes images with good diagnos-
tic accuracy, thus comparing the two techniques
isvaluablein revealing their efficiency in meniscal
injury detection [2].
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Other advantages of the 3D sequence include
decreased acquisition time which is about 7 minutes
for the 3D sequence compared to 13 minutes for
the standard sequences. The reduction in scan time
has the potential to improve patient experience and
also to reduce costs with atime saving [9].

Optimized 3D-PDFS produces higher signal
and contrast compared to conventional routine
sequences, particularly for fluid and cartilage,
leading to improved diagnostic accuracy, particu-
larly in problematic lesions [10].

One disadvantage of a 3D sequence isthat the
whole sequence must be repeated if thereis exces-
sive movement artifact [9].

Patients and M ethods

The study was allowed by the Hospital Ethical
Committee. The study included 81 patients pre-
senting with suspected post traumatic meniscal
injury the patients' ages ranged from 15-60 years
(mean age 37), 51 males and 30 females.

Patients were referred to the Kasr Al-Aini Hos-
pital Radiology Department between February
2018 and January 2019 after full clinical examina-
tion (including Mac Murray and Thessaly tests) to
evaluate their knee joints using MRI.

MRI was performed using Philips scannres
Achievaor Intera (1.5 T) by knee coil in all cases.

Table (1): Protocol A and B of MR imaging.

Evaluation of Meniscal Tears

The standard knee protocol (Sagittal T 1 WIs,
Sagittal T2 WIs, Sagittal PD WIs, Axial T2WIs
and Coronal T2 FFE WIs) was designated Protocol
A, while the volumetric PD-FS imaging was des-
ignated Protocol B (Table 1).

Inclusion criteria:

Post traumatic knee pain showing signs of
suspected meniscal injury with positive Mac Mur-
ray and Thessaly tests.

Exclusion criteria;

Patients with absolute contraindications to MR
examination as cardiac pace maker, aneurysmal
clipping and claustrophobia.

Interpretation and data analysis:

Two muscul oskeletal radiology fellows, were
blinded from arthroscopy and the radiology reports
and retrospectively assessed both MR images.

Both menisci were assessed along their length
and were reported by being positive or negative
for meniscal tears.

Reformatting the Volumetric fat suppressed
proton density with 0.6mm section thicknessin
the sagittal and coronal planes were obtained semi
automatically. Arthroscopy was considered as gold
standard tool.

Sagittal Sagittal Sagittal ~ Sagittal Coronal  Axial  Saggita

Parameters T1 T2 STIR PD T2FFE T2 PDFS
TR 600 3600 2400 1620 380 3600 1600
TE 17 100 60 30 13 100 33
FOV:

Anterior/posterior 30 30 30 30 30 20 40

Right/left 35 35 50 35 50 60 30

Feet/head 50 50 20 50 20 40 50

Results 2D MRI detected Lateral Meniscus (LM) injury

Protocol A MRI findings:

2D MRI detected Medial Meniscus (MM) injury
in 47 knee joints while Arthroscopy detected it in
49 knee joints, both modalities agreed in 47 patients
and 2 lesions missed by MRI; sensitivity=95.92%,
specificity= 100%, Positive Predictive Vaue (PPV)
=100%, Negative Predictive Value=94.12% (NPV)
and accuracy=97.53%.

in 12 knee joints while Arthroscopy detected it in
16 knee joints, both modalities agreed in 12 patient
and 4 lesions missed by MRI. Sensitivity=75%,
specificity= 100% PPV=100% NPV=94.2% and
accuracy=95.06%.

Protocol B findings:

Volumetric MRI detected MM injury inin 47
knee joints while Arthroscopy detected it in 49
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knee joints, both modalities agreed in 47 patients
and 2 lesions missed by MR, sensitivity=95.92%
specificity=100%, PPV=100%, NPV=94.12% and
accuracy=97.53%.

Volumetric MRI detected LM injury in 12 knee
joints while Arthroscopy detected it in 16 knee
joints, both modalities agreed in 12 patient and 4

(A)
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lesions missed by MRI. Sensitivity=75% specificity
=100% PPV =100% NPV =94.2% accuracy=
95.06%.

Evaluation of the 3D volumetric PD FS se-
guence showed concordant diagnostic accuracy in
the detection of medial and lateral meniscal tears
in comparison with the standard sequences.

(B)

Fig. (1): 23 years old male patient presented by acute LT knee joint pain after trauma. (A & B) sagittal standard
2D PDWI and 3D PD-FS images showing medial meniscus inferior surface tear (white arrows).

(A)

(B)

Fig. (2): 17 years old female patient presented by acute right knee joint pain after trauma. (A & B) sagittal standard
2D PDWI and 3D PD-FS images showing medial meniscus superior and inferior surface tear (white

arrows).
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(A)

Evaluation of Meniscal Tears

(B)

Fig. (3): 28 years old male patient presented by left knee joint pain after trauma. (A & B) Corona standard 2D
STIR WI and Reformatted coronal 3D PD-FS images showing bucket handle tear of the lateral meniscus

tear (white arrows).

(A)

(B)

Fig. (4): 22 years old male patient presented by left knee joint pain after trauma. (A & B) Sagittal standard 2D
PDWI and 3D PD-FS images showing macerated lateral meniscus body and posterior horn/complex tear

(white arrows).

Discussion

Y oon and his colleagues [7], demonstrated that
volumetric PD FS sequence had similar diagnostic
performance to a conventional 2D imaging protocol
and reported that volumetric PD FS sensitivity,
specificity, and accuracy of 100%, 82%, and 90%,
respectively, for the diagnosis of MM tears; and
83%, 83%, and 83%, respectively, for lateral me-
niscus tears.

In our study the results showed sensitivity=
95.92%, specificity=100%, positive predictive
value=100%, negative predictive value=94.12%
and accuracy=97.53% for the MM tearsin com-
parison to sensitivity=75% specificity=100% PPV

=100% NPV=94.2% and accuracy=95.06% for LM
tears.

Daves and his colleagues were concordant with
us in that volumetric imaging had high sensitivity
and specificity for assessment of MM injuries
compared to the standard MRI images [2].

In addition Chen and his colleagues agreed
with us that volumetric PD FS sequence had similar
diagnostic accuracy in the detection of the meniscal
tears compared with routine MR sequences with
accuracy (93%) for MM and LM tears [1].

Recently, Lee and his colleagues stated that
volumetric sequences had a similar accuracy (95%)
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for evaluating both MM and LM tears compared
with astandard MRI images [5] . Our study aso
demonstrated no significant difference in the diag-
nostic accuracy of 3D-PDFS in the detection of
both medial and lateral meniscal tears.

A small study by Ai and his colleagues also
demonstrated that the 3D sequenceat 1.5 T had
similar or superior sensitivity, specificity and accu-
racy to aconventional 2D imaging protocol [9].

Pass and his colleagues' evaluation of the 3D
FSE PD FS sequence was in agreement with our
results. Their study showed overall concordant
accuracy in both medial and lateral meniscal tears
in comparison with the standard sequences; 93.7%
lateral and 90.9% medial menisci [g].

Kudo and his collagaues concluded similar
findings to our study in that the routine use of
reformatted thin-section 3D MRI using 3D PDFS
sequences increases the diagnostic capability and
confidence in assessment of meniscal tears. Thirty-
eight meniscal lesions were surgically detected
with excellent interobserver agreements (kappa=
0.91-0.98) seen using both MRI protocols, with a
dlightly better tendency in the reformatted 3D MRI
protocol [10].

Nancy and her colleagues studied 432 menisci
and concluded that sensitivities of volumetric PDFS
and fast spin-echo imaging were equal for detecting
meniscal tears showing sensitivities greater than 90%
[11] . These results were in concordance with our
results for both medial and lateral meniscal tears.

Conclusion:

The volumetric fat suppressed proton density
sequence demonstrated total concordance with the
standard 2D sequences in diagnosing both medial
and lateral meniscal tears with the clear advantage
of having shorter acquisition time.
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