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OBJECTIVE. We compare sensitivities of conventional spin-echo and fast spin-echo se-
quences in the evaluation of meniscal tears. Furthermore, we reevaluate the results from prior
studies comparing these two sequences to understand why there are differing conclusions re-
garding the efficacy of fast spin-echo sequences as a commensurate replacement for conven-
tional spin-echo sequences.

MATERIALS AND METHODS. We used records from a control group of 64 patients
(128 menisci) who had undergone arthroscopy to determine the sensitivity of conventional spin-
echo sequences for detecting meniscal tears. Two hundred sixteen consecutive patients (432 me-
nisci) were then imaged using conventional spin-echo and fast spin-echo sequences to evaluate
for meniscal tears. Both sequences were proton density–weighted with fat suppression.

RESULTS. Of the 432 menisci, 170 tears were detected on conventional spin-echo imag-
ing. Only 128 tears were detected on the fast spin-echo sequence. The sensitivities of conven-
tional spin-echo and fast spin-echo imaging were found to be 93% and 80%, respectively. In
addition, findings from conventional spin-echo and fast spin-echo sequences were discordant
for 72 menisci (17%, p < 0.01).

CONCLUSION. The sensitivities of conventional spin-echo and fast spin-echo imaging
for detecting meniscal tears have been shown to be greater than 90% and approximately 80%,
respectively. However, some authors advocate substituting conventional spin-echo imaging
with fast spin-echo imaging. We urge the abandonment of fast spin-echo imaging for evaluat-
ing meniscal tears because a loss of greater than 10% in sensitivity is unacceptable.

RI has been established as an ef-
fective technique with which to
evaluate meniscal tears of the
knee. Conventional spin-echo

MR images have traditionally been used
with reported sensitivities and specificities
of 90–95% for the detection of meniscal
tears [1–5]. Fast spin-echo MR images have
been applied to decrease imaging time. Mul-
tiple reports have appeared in the radiology
literature comparing conventional spin-echo
with fast spin-echo MR images for meniscal
tears [6–10]. The reports have generated dif-
fering conclusions for the efficacy of fast
spin-echo sequences in detecting meniscal
tears, which raises considerable controversy
as to the true utility of fast spin-echo se-
quences. We performed this study to com-
pare fast spin-echo images with conventional
spin-echo images for the detection meniscal
tears in the knee and to reevaluate the results
of prior studies to understand why they have
such different conclusions.

Materials and Methods
Routine knee MRI was performed on 216 consec-

utive patients (432 menisci) over a 2-month period
using our standard knee protocol. There were 102 fe-
males and 114 males, ages 15–70 years (average age,
40.2 years). Imaging was performed with a 1.5-T sys-
tem (Signa, GE Healthcare) and a transmit–receive
knee coil. The sagittal images were used to evaluate
the menisci. The conventional spin-echo imaging pa-
rameters for the sagittal images were as follows: fat-
suppressed proton density; TR/TE, 2,000/20; matrix,
256 × 192; 2 signal averages; 16-cm field of view;
and 4-mm-thick slice with 0.4-mm gap. The imaging
time for this series was 7 min 20 sec. In addition, each
patient was also imaged with a sagittal fast spin-echo
imaging sequence with the following parameters: fat-
suppressed proton density; TR/TEeff, 3,000/17; and
echo-train length, 4. The remaining the parameters
were identical to the conventional spin-echo proto-
col. The imaging time for the fast spin-echo sequence
was 3 min 20 sec.

The fast spin-echo images were separated from
the remainder of the study and interpreted by one of
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Fig. 1.—Conventional spin-echo versus fast spin-echo imaging for detection of meniscal tear in 29-year-old man.
A, Sagittal conventional spin-echo proton density–weighted MR image (TR/TE, 2,000/20) with fat suppression obtained through medial meniscus shows oblique tear of pos-
terior horn (arrow).
B, Sagittal fast spin-echo proton density–weighted MR image (3,000/17) with fat suppression obtained through medial meniscus does not show meniscal tear.

A B

Fig. 2.—Conventional spin-echo versus fast spin-echo imaging for detection of meniscal tear in 34-year-old woman.
A, Sagittal conventional spin-echo proton density–weighted MR image (TR/TE, 2,000/20) with fat suppression obtained through medial meniscus shows oblique tear of pos-
terior horn (arrow).
B, Sagittal fast spin-echo proton density–weighted MR image (3,000/17) with fat suppression obtained through medial meniscus does not show meniscal tear.

A B

Fig. 3.—Conventional spin-echo versus fast spin-echo imaging for detection of meniscal tear in 50-year-old woman.
A, Sagittal conventional spin-echo proton density–weighted MR image (TR/TE, 2,000/20) with fat suppression obtained through medial meniscus shows complex tear of pos-
terior horn (arrow).
B, Sagittal fast spin-echo proton density–weighted MR image (3,000/17) with fat suppression obtained through medial meniscus does not show meniscal tear.
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three board-certified and experienced musculoskele-
tal radiologists at least 1 month after the date of the
examination. The original MR examination was in-
terpreted in the usual manner within 24 hr of the ex-
amination by any of six experienced musculoskeletal
radiologists. Comparison of the interpretations for
meniscal tears was made after all 216 patients had
been examined. Cases with discordant diagnoses be-
tween the conventional spin-echo and fast spin-echo
examinations were then reexamined, and a consensus
opinion was reached between two of the radiologists.

A control group of 64 patients (128 menisci),
separate from the 216 patients in the study group,
who had undergone arthroscopy were used to deter-
mine the expected sensitivity and specificity for
meniscal tears using our conventional spin-echo
imaging protocol. In this cohort, there were 24
women and 40 men, ages 18–65 years (average age,
36.3 years). A tear was diagnosed when linear high
signal that disrupted the articular surface of the me-
niscus was seen on at least one of the sagittal im-
ages or if the morphology was abnormal.

Comparison of the expected sensitivity for menis-
cal tears was made between the conventional spin-
echo and the fast spin-echo images based on the con-
trol group’s sensitivity. The Student’s t test was used
to compare the results for statistical significance. Op-
erative reports were used as the gold standard for the
subset of those patients who had arthroscopy.

Results
All of the patients in the control group of

128 menisci used to establish the sensitivity
and specificity of conventional spin-echo at
detecting meniscal tears were also examined
arthroscopically. In the control group, 49 of
the 53 arthroscopically proven tears were de-

tected on conventional spin-echo imaging.
Two of the menisci interpreted as having a
tear on conventional spin-echo imaging were
not torn at arthroscopy. Hence, the sensitivity
and specificity of the conventional spin-echo
sequence were 93% and 97%, respectively.

A comparison of the fast spin-echo and
conventional spin-echo images of the study
group of 432 menisci indicated that 170 tears
(39%) were detected on the conventional
spin-echo sequence and only 128 tears were
detected on the fast spin-echo sequence.
Taking into account expected false-nega-
tives and false-positives generated from the
control group, we found that the sensitivity
of the fast spin-echo sequence was 80%.
Furthermore, conventional spin-echo and
fast spin-echo interpretations were discor-
dant in 72 of the 432 menisci. This corre-
sponds with a statistically significant
discordance of 17% (p < 0.01). Among the
72 cases with discordant interpretations, 42
tears were not identified on fast spin-echo
but were readily diagnosed on conventional
spin-echo (Figs. 1–4). Of the 42 torn menisci
that could not be detected on fast spin-echo
images, 27 (64%) were medial tears and 15
(36%) were lateral tears. The remaining 30
menisci showed abnormal meniscal signal
on fast spin-echo images that was not
present on conventional spin-echo images.

Discussion
A review of six studies, including our

study, focusing on sensitivities of fast spin-
echo sequences in the detection of meniscal
tears has shown a distinct discrepancy be-

tween the sensitivities of fast spin-echo and
conventional spin-echo sequences (Table 1).
The sensitivities for detecting a meniscal tear
on fast spin-echo sequences average approxi-
mately 80%, whereas the sensitivities of the
conventional spin-echo sequences in the
listed studies average approximately 90%. As
mentioned earlier, other studies that evaluate
the sensitivity of conventional spin-echo im-
aging alone have reported sensitivities rang-
ing from 90% to 95%.

In addition, we found the discordance be-
tween conventional spin-echo and fast spin-
echo sequences in our study to be 17%,
which is a considerable percentage of incon-
gruity. Both the group of false-positive and
false-negative meniscal tears on fast spin-
echo imaging may be attributed in part to
blurring. It has been postulated that abnormal
intrameniscal signal in a fast spin-echo se-
quence may appear to extend to the meniscal
surface secondary to blurring and be incor-
rectly interpreted as a tear [6]. Alternatively,
the increased blurring and decreased resolu-
tion associated with fast spin-echo imaging
can contribute to false-negative interpreta-
tions. Blurring is most evident with short-
TEeff sequences. However, short-TE se-
quences are most proficient for detecting
meniscal abnormalities [2, 11]. Blurring is
also more conspicuous with longer echo-
train lengths, such as those incorporated in
fast spin-echo imaging protocols [12, 13].
We chose an echo-train length of 4 to mini-
mize blurring.

An MR image is created after a complete set
of raw data points fills the k-space matrix,

A B

Fig. 4.—Conventional spin-echo versus fast spin-echo imaging for meniscal tear in 26-year-old man.
A, Sagittal conventional spin-echo proton density–weighted MR image (TR/TE, 2,000/20) with fat suppression obtained through medial meniscus shows oblique tear of pos-
terior horn (arrow).
B, Sagittal fast spin-echo proton density–weighted MR image (3,000/17) with fat suppression obtained through medial meniscus does not show meniscal tear.
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which is a grid composed of spatial frequen-
cies. Conventional spin-echo sequences accu-
mulate a single line of k-space during
transverse magnetization decay after each 90°
radiofrequency excitation. The single line of k-
space data is obtained at a particular TE and the
spatial frequencies are weighted the same.

The appeal of fast spin-echo includes faster
imaging time and the potentially associated
decrease in patient motion artifact. The fast
spin-echo sequence saves imaging time by
decreasing the number of radiofrequency ex-
citations required to complete the k-space
matrix. With each initial 90° radiofrequency
excitation, more than one 180° refocusing ra-
diofrequency pulse is applied. Therefore, sev-
eral k-space lines are acquired with each
radiofrequency excitation, instead of only one
as with conventional spin-echo sequences.
The echo-train length represents the number
of 180° refocusing radiofrequency pulses and
is also the factor by which imaging time can
be truncated. The different generated echoes
have different spatial frequencies and weight-
ing. Depending on how the echoes are ar-
ranged in the k-space matrix and the time to
echo (i.e., the TE), image contrast and resolu-
tion may be manipulated.

Although there are proponents for fast
spin-echo imaging as a commensurate sub-
stitute for conventional spin-echo imaging,
there is clearly a significant difference in
the sensitivities between the two imaging
sequences. In addition, a more qualitative
preference for conventional spin-echo im-
ages was also observed by the radiologists
in the study by Kowalchuk et al. [10]. The

benefit of faster imaging time should not
outweigh the diagnostic inferiority of fast
spin-echo images.

The limitations of our study include the use
of expected conventional spin-echo sensitivi-
ties for meniscal tears that were established
from a control group based on arthroscopy as
the gold standard. In addition, the gold stan-
dards used to calculate sensitivities varied
among the studies listed in Table 1 between
conventional spin-echo and arthroscopy. How-
ever, multiple other studies have similarly used
conventional spin-echo as the standard with
which to compare fast spin-echo. The sensitiv-
ity of conventional spin-echo is well docu-
mented, and our results concur with the
established sensitivities. Nonetheless, a pro-
spective study directly comparing conventional
spin-echo and fast spin-echo sequences with ar-
throscopy would provide a more precise data
set. Although the validity of arthroscopic detec-
tion of meniscal tears as a gold standard has
been debated [14], it remains the most widely
accepted method of meniscal tear confirmation.

In conclusion, we strongly urge abandon-
ment of fast spin-echo sequences for evaluat-
ing the menisci. In our study of 432 menisci,
we would have failed to detect 42 tears if we
had relied on the fast spin-echo sequence,
which is unacceptable. The varying opinions
regarding the utility of fast spin-echo se-
quences seem to be based on differing conclu-
sions derived from the studies rather than
differences in the results generated from the
studies, because all published studies show an
approximately 80% sensitivity for meniscal
tears with the fast spin-echo sequence.
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TABLE 1 Reported Sensitivities of Fast Spin-Echo and Conventional Spin-Echo 
Sequences for the Detection of Meniscal Tears

Authors
[reference number] No. of Menisci

Sensitivity (%)

Fast 
Spin-Echo Sequence

Conventional 
Spin-Echo Sequence

Rubin et al. [6] 129 65 a

aThe conventional spin-echo sequence was used as the gold standard.

Anderson et al. [7] 30 83 89

Escobedo et al. [8] 38 82 88

Cheung et al. [9] 578 82 b

bThe sensitivity of the conventional spin-echo sequence was not evaluated. Arthroscopy was used as the gold
standard.

Blackmon et al. (current study) 432 80 93

Kowalchuk et al. [10] 200 82 a
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