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OBJECTIVE. The objective of our study was to assess the prevalence and evolution of
intrameniscal signal-intensity alteration in subjects with an anterior cruciate ligament (ACL)
tear over 24 months and compare clinical outcome and changes of cartilage between subjects
with and those without this meniscal abnormality.

MATERIALS AND METHODS. Fifty-seven subjects with an ACL tear were screened
for intrameniscal signal-intensity alteration. Morphologic and compositional MRI was per-
formed before ACL reconstruction and 12 and 24 months after ACL reconstruction. Twelve
subjects with an intrameniscal signal-intensity alteration and 12 subjects without any meniscal
abnormality on MRI were identified. Clinical outcome was measured using the Knee Injury and
Osteoarthritis Outcome Score (KOOS), and T1p and T2 maps of the cartilage were obtained.

RESULTS. In 10 of 12 subjects (83%) the meniscal signal-intensity abnormality identified
on baseline MRI was located at the posterior horn of the medial meniscus. None of these sub-
jects presented with a meniscal tear over 24 months of follow-up. At 12 months after the ACL
tear, the intrameniscal signal-intensity alteration detected on baseline MRI had completely
resolved in seven of 12 subjects (58%), showed a signal-intensity decrease in four (33%), and
remained stable in one subject (8%). Of the 10 subjects who underwent MRI at 24 months, the
meniscal signal-intensity alteration had completely resolved in eight (80%), and the signal in-
tensity had decreased in the other two subjects. Changes in the KOOS and cartilage T1p and
T2 values from baseline and 24 months did not differ significantly between subjects with and
those without intrameniscal signal-intensity alteration (p > 0.05).

CONCLUSION. High intrameniscal signal-intensity alterations are a common finding
in subjects with an ACL tear and have a benign course over 24 months after surgical repair

of the ACL tear.

n anterior cruciate ligament

(ACL) tear is acommon and seri-

ous knee injury; 250,000 new

ACL ruptures are estimated to
occur in the United States each year, most of
which occur in young people [1]. More than
70% of ACL injuries occur as a result of a
noncontact mechanism, and they frequently
occur as a result of landing from a jump and
lateral cutting maneuvers used in different
athletic activities such as basketball, soccer,
skiing, and football. The majority of ACL in-
juries occur in men because a greater number
of men participate in sports; however, wom-
en have a higher risk of being injured [2]. Be-
sides common comorbidities such as abnor-
malities of the collateral ligaments,
abnormalities of the posterolateral ligament
complex, or cartilage defects, different de-
grees of meniscal injuries commonly occur

in conjunction with ACL tears [3]. The re-
ported incidence of meniscal injury varies
considerably, ranging from 16% to 82% in
patients with acute ACL tears and up to 96%
in those with chronic ACL tears [3, 4]. The
lateral meniscus is injured more often in pa-
tients with acute ACL tears, and the medial
meniscus is more likely involved in those
with chronic ACL tears [4, 5].

MRI is a sensitive noninvasive method
for assessing joint morphology [6, 7] and is
highly accurate in depicting ACL tears and
associated abnormalities, especially of the
soft-tissue structures of the joint [8, 9]. With
arthroscopy being considered the standard
of reference, MRI shows a high sensitivity
(93% for the medial meniscus and 79% for
the lateral meniscus) and specificity (88% for
the medial meniscus and 96% for the lateral
meniscus) for the detection of meniscal tears
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[10]. The detection of meniscal abnormali-
ties is essential for both determining prog-
nosis and planning therapy because meniscal
injury and meniscal surgery or meniscecto-
my performed at the same time as ACL re-
construction have previously been shown to
be associated with an increased risk for knee
osteoarthritis [11, 12].

However, most previous studies correlating
ACL tears and meniscal abnormalities have
focused on meniscal tears. Meniscal contu-
sions have been described as another possi-
ble entity of meniscal lesions by Cothran et
al. [13]; they defined meniscal contusions as
an area of increased internal signal intensity
in the meniscus that was less discrete and less
well defined than the signal-intensity abnor-
mality associated with a meniscal tear.

Nevertheless, the exact cause as well as
the incidence and clinical significance of this
high intrameniscal signal-intensity alteration
remains unclear. It is also not known how a
high intrameniscal signal-intensity alteration
impacts cartilage health and whether this ab-
normality induces early degenerative changes
in the biochemical composition of cartilage,
which can be measured with T1p and T2 map-
ping using advanced quantitative MRI tech-
niques. Previous studies have shown that these
techniques are highly sensitive in detecting
very early cartilage abnormalities in posttrau-
matic knees [14, 15]. Therefore, we hypothe-
sized that high intrameniscal signal-intensity
abnormalities are a transient, reversible imag-
ing finding without substantial clinical rele-
vance in postsurgical ACL repair subjects.

The purpose of this longitudinal study
therefore was to assess the prevalence and
natural evolution of high intrameniscal
signal-intensity alteration in subjects with an
ACL tear, investigate compositional changes
of cartilage using MRI-based Tlp and T2
measurements after ACL tear over 24 months
related to high intrameniscal signal-intensity
alteration, and compare the clinical outcomes
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between subjects with and those without high
intrameniscal signal-intensity alteration.

Materials and Methods
Subjects

For this study, 57 subjects with complete trau-
matic acute ACL tear (32 women and 25 men; mean
age + SD, 32.6 + 8.3 years; mean body mass index
[BMI; weight in kilograms divided by the square of
height in meters], 24.5 + 3.5) from an ongoing pro-
spective study funded by the Arthritis Foundation
were screened on MRI for meniscal contusions.
All patients gave written informed consent, and
the study was approved by our institutional review
board. We included subjects with a clinically diag-
nosed acute complete ACL rupture, which had been
confirmed on preoperative MRI, who underwent
ACL reconstruction and standard pre- and postop-
erative rehabilitation. Complete preoperative MRI,
clinical examinations, and arthroscopic surgery
performed within 12 weeks after the ACL injury
were required for inclusion in the study. Exclusion
criteria were a history of osteoarthritis, inflamma-
tory arthritis, injury, or surgery of the knee and re-
peated knee injuries during the follow-up period.
The subjects also underwent knee MRI and clini-
cal examinations at 12 and 24 months after surgery.

In this population, 24 subjects were identi-
fied without any meniscal (medial and lateral)
tear or higher-grade meniscal abnormality at ar-
throscopic surgery. The preoperative MRI exami-
nations of these 24 subjects were retrospectively
reviewed. Twelve subjects showed a high intrame-
niscal signal-intensity alteration on baseline MRI,
according to the imaging criteria described below
(case cohort). The remaining 12 subjects with-
out any meniscal abnormalities on baseline MRI
were used as control subjects for the comparison
of clinical and compositional cartilage analyses.
MRI examinations of the contralateral knees of
these 24 subjects before surgery and 12 and 24
months after surgery were analyzed.

We also retrospectively reviewed the preoperative
MR images of the 33 subjects who presented with a
meniscal tear or higher-grade meniscal abnormality

TABLE I: Morphologic and Compositional MRI Sequence Parameters

at arthroscopic surgery, and none of these patients
showed an isolated high intrameniscal signal-inten-
sity alteration in the medial or lateral menisci.

Arthroscopy Surgery

All 57 subjects underwent arthroscopic surgery
and standard-of-care anatomic reconstruction of
the ACL after ACL injury.

Imaging Protocol and Analysis

Bilateral knee MRI examinations were acquired
using a 3-T MRI scanner with an 8-channel knee
coil. The imaging protocol included a high-resolu-
tion 3D fast spin-echo (FSE) (Cube, GE Healthcare)
sequence and T1p and T2 mapping.

The detailed MRI acquisition parameters (mor-
phologic and compositional) are summarized in
Table 1. Preoperative and 12-month follow-up MRI
examinations were available for all subjects, where-
as 24-month follow-up MRI examinations of 10
subjects in each group were analyzed because two
subjects with meniscal contusion and two subjects
from the control group were lost to follow-up.

Morphologic Imaging

All examinations were independently evaluat-
ed using all available MRI sequences for the pres-
ence of a high intrameniscal signal-intensity al-
teration by two radiologists (one board-certified
musculoskeletal radiologist with 6 years of ex-
perience [reader 1] and a radiology resident with
3 years of experience [reader 2]). In cases of dis-
agreement, consensus readings were performed
with a third board-certified musculoskeletal radi-
ologist with 23 years of experience (reader 3).

A high intrameniscal signal-intensity alteration
was defined as an intrasubstance high-signal-inten-
sity abnormality on fluid-sensitive sequences seen
in more than two images or planes that did not reach
the articular surface or the free margin of the me-
niscus, as previously described by Cothran et al. [13]
(Fig. 1). Follow-up MR images (12 and 24 months)
of both groups were assessed for the presence of
signal-intensity alterations indicating a meniscal
contusion and for the presence of meniscal tears or

TR TE BW No. of Signals | FOV Slice | Gap
MRI Sequence (ms) | (ms) | (kHz) | ETL Acquired (cm) | Matrix | (mm) | (mm) Additional Options or Parameters
Sagittal fat-saturated 3D FSE | 1500 23 50 32 2 16 | 384x384 1 Fat saturation
Sagittal PD 5100 30 62.5 13 1-2 16 | 512x480| 3.5 0 TRF
Coronal PD 5100 30 62.50 13 1 14 | 512x416| 3.5 0 TRF
3DTIp 9.3 3.7 14 | 256x192 4 4 TSL=0,10,40,80 ms; FSL=500 Hz
3DT2 9.3 3.7 14 | 256x192 4 4 Preparation TE=2.9,13.6,24.3,45.6 ms

Note—BW = bandwidth, ETL = echo-train length, FSE = fast spin-echo, PD = proton density—weighted, TRF = tailored radiofrequency pulse, TSL =time of spin lock, FSL=

frequency of spin lock.

AJR:208, February 2017



Downloaded from www.gjronline.org by UCSF LIB & CKM/RSCS MGMT on 12/21/16 from |P address 128.218.58.34. Copyright ARRS. For personal use only; all rights reserved

Outcome of MRI Meniscal Contusion After ACL Tear

Fig. 1—24-year-old woman with anterior cruciate ligament (ACL) tear.

A and B, Sagittal 3D fast spin-echo (A) and sagittal 2D proton density—weighted fat-saturated (B) images
obtained before ACL surgery show intrasubstance abnormal high signal intensity. Abnormal high signal
intensity on fluid-sensitive sequences seen in more than two images or planes that does not reach articular
surface or free margin of meniscus at posterior horn of medial meniscus (arrow) is characterized as high
intrameniscal signal-intensity alteration. Also, we identified bone marrow edema pattern (asterisk) at

posteromedial tibia.

any change of meniscal morphology or signal inten-
sity. Radiologists were blinded to preoperative find-
ings, and MRI examinations of each follow-up time
point were read at least 1 month after the baseline
MRI examinations were read or 1 month after the
previous reading had been performed to minimize
any recall bias from previous examinations.

After the meniscal abnormalities at different
time points were registered, the intensities of the in-
trameniscal signal at the different time points were
compared in subjects showing a meniscal contusion

Baseline

A

on both baseline and follow-up (12 and 24 months)
MRI examinations. For this comparison, a visu-
al side-by-side comparison of the high-resolution
3D FSE (Cube) images obtained at the different
time points was performed to determine whether
the signal intensity had increased, decreased, or re-
mained stable over time (Fig. 2). If the signal intensi-
ty of the intrasubstance signal abnormality was low-
er on follow-up MRI than on preoperative MRI, the
signal-intensity change was graded as a decrease. If
the signal intensity of the intrasubstance abnormal-

12 months

ity was similar to that shown on preoperative MRI,
the signal-intensity change was graded as stable. If
the signal intensity of the intrasubstance abnormal-
ity was higher than that on baseline MRI, the signal-
intensity change was graded as an increase. The me-
nisci of the contralateral knee were also assessed.

MRI Relaxation Time Quantification

Cartilage was segmented semiautomatically on
sagittal Cube images using a Matlab version 8.6
(MathWorks)-based algorithm developed at our in-
stitution, as previously described [16]. The follow-
ing cartilage compartments were analyzed at base-
line and 24 months after surgery: medial femur,
lateral femur, medial tibia, and lateral tibia. The
subcompartments consisting of the posterior medial
tibia, posterior central medial femur, and posterior
medial femur were included in these analyses.

Piecewise rigid registration was applied along
both Tlp and T2 echoes to account for nonrigid
movement of the femur, tibia, and patella with re-
spect to one another. T1p and T2 maps were re-
constructed by fitting the echo images pixel by
pixel to the following equations:

S(TSL) « S exp(-TSL / T1p)
for T1p and
S(TE) « S exp(-TE / T2)
for T2 where TSL is the time of spin lock, TE is the
echo time, and S is the signal intensity. Cube im-

ages were registered to T1p and T2 maps, and car-
tilage contours generated from the Cube images

24 months

Fig. 2—Longitudinal series of sagittal 3D fast spin-echo images of 35-year-old man with anterior cruciate ligament (ACL) tear thatillustrates evolution of high
intrameniscal signal-intensity alteration. Complete resolution of high intrameniscal signal-intensity alteration is seen over 24 months.

A, Preoperative MR image shows high intrameniscal signal intensity (arrow) at posterior horn of medial meniscus. Also, we identified bone marrow edema pattern
(asterisk) at posteromedial tibia, which completely resolved after 12 months.
B, MR image obtained at 12-month follow-up shows decreased intrameniscal signal intensity (arrow). Bone marrow edema pattern identified on baseline MRI has

completely resolved.

C, MR image obtained at 24-month follow-up shows that signal-intensity alteration has completely resolved and morphology of menisci (arrow) is preserved.

AJR:208, February 2017
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were overlaid onto the T1p and T2 maps. The T1p
and T2 maps at follow-up time points were also
registered to baseline T1p and T2 maps. Changes
in absolute values at baseline and 24 months and
mean T1p and T2 measurements on a compart-
mental level over 24 months (A mean T1p and A
mean T2) were computed by subtracting compart-
mental mean baseline T1p and T2 value measure-
ments from mean values at 24-month follow-up.

Clinical Outcome

At baseline and 24 months after surgery, all
five subscales of the Knee Injury and Osteoarthri-
tis Outcome Score (KOOS) [17, 18] were assessed:
pain, symptoms other than pain, activities of dai-
ly living (ADL), sport and recreation function, and
knee-related quality of life (QOL). KOOS subscales
range from 0 to 100, and the maximum KOOS val-
ue achievable by a healthy patient is 100. For each
subscale, the differences of the absolute values
at follow-up and baseline examinations were ex-
pressed as changes in KOOS (AKOOS).

Statistical Analysis

Statistical analysis was performed using sta-
tistics software (SPSS, version 22.0, IBM); a two-
sided 0.05 level of significance was used. The
Student ¢ test (for numeric and approximately nor-
mally distributed data) and Pearson chi-square
test (for categoric variables) were used to evaluate
differences between subjects with and those with-
out intrameniscal contusion. Differences in abso-
lute KOOS, differences in T1p and T2 values at
baseline and 24 months, and AKOOS, AT1p, and
AT2 measurements subscale scores of subjects
with and those without meniscal contusion were
compared using the independent-samples 7 test.

Reproducibility

The interreader reproducibility for the evalua-
tion of the presence of high intrameniscal signal-
intensity alteration was assessed between the two
radiologists in all 57 cases using the intraclass cor-
relation coefficient (ICC). The ICC for interreader
reproducibility was 0.93 (95% CI, 0.91-0.95).

For the intrareader reproducibility analysis,
both readers repeated the readings of 25 randomly
selected patients after at least 2 weeks. The ICC
for intrareader reproducibility was 0.94 (95% ClI,
0.92-0.96).

In the preoperative MRI analyses, reader 1
identified 12 subjects (12/57 subjects) with a high
intrameniscal signal-intensity alteration and read-
er 2 identified 10 subjects (10/57 subjects). The
MRI examinations of the two subjects with dis-
crepant reads were analyzed by reader 3, and a
high intrameniscal signal-intensity alteration was
determined to be present on both examinations.

Guimaraes et al.

Results

Prevalence of Meniscal Intrasubstance
Signal-Intensity Abnormalities and Baseline
Imaging Characteristics

In 21% (n = 12) of the subjects with an
ACL tear (n = 57), a high intrameniscal
signal-intensity alteration was detected on
preoperative MRI. There were no significant
differences between subjects with and those
without a high intrameniscal signal-intensi-
ty alteration in age (31.4 + 2.6 vs 36.8 £+ 2.4
years, respectively; p > 0.14) or BMI (23.6 +
1.9 vs 249 + 3.5; p > 0.26). None of subjects
presented with any meniscal abnormalities
in the contralateral knee on MRI examina-
tions performed at baseline or at 12 or 24
months after surgery; these analyses con-
firmed that the intrasubstance signal-intensi-
ty abnormalities were strictly unilateral.

None of the subjects with a high intra-
meniscal signal-intensity alteration showed
any meniscal abnormalities in the same re-
gion during arthroscopic surgery, which was
performed to reconstruct the ACL. In 83%
(10/12) of the subjects, the high intramenis-
cal signal-intensity alteration was located at
the posterior horn of the medial meniscus. In
the remaining 17% (2/12), it was located at
the posterior horn of the lateral meniscus.

In 67% (8/12) of the subjects with a high
intrameniscal  signal-intensity alteration,
we identified a bone marrow edema pattern
at the posteromedial tibia on the baseline
MRI study. This finding was present in 80%
(8/10) of the subjects with a high intrameni-
scal signal-intensity alteration at the medial
meniscus (Fig. 2). The bone marrow edema
pattern at the posteromedial tibia completely
resolved in 88% (7/8) of the subjects, and the
bone marrow edema pattern significantly de-
creased in size in 13% (1/8) after 12 months
and had completely resolved in all studied
subjects (100%) after 24 months.

Evolution of Meniscal Intrasubstance
Signal-Intensity Abnormalities Over 24 Months
None of the subjects with a high intrame-
niscal signal-intensity alteration on baseline
MRI presented with a meniscal tear or other
higher-grade meniscus abnormality on MRI
at the two follow-up time points (12 and 24
months). Twelve months after surgery, the
high intrameniscal signal-intensity alteration
had completely resolved in 58% (7/12) of the
12 subjects. The high intrameniscal signal-
intensity alteration had decreased in 33%
(4/12) when compared side-by-side with the
baseline MRI examination, whereas the high

intrameniscal signal-intensity alteration had
remained stable in 8% (1/12).

In the subgroup of 10 subjects who under-
went both 12- and 24-month follow-up ex-
aminations, the high intrameniscal signal-in-
tensity alteration had completely resolved in
50% (5/10) after 12 months and did not reoc-
cur after 24 months. In 30% (3/10) of the sub-
jects with complete follow-up, the signal-in-
tensity alteration decreased after 12 months
and was completely gone after 24 months.
In 20% (n = 2) of the subjects, the intrasub-
stance signal intensity was still slightly ab-
normal but had decreased when compared
side-by-side with the previous examinations.
Therefore, at the 24-month follow-up, the
high intrameniscal signal-intensity altera-
tion had completely resolved in 80% (8/10)
of subjects who had undergone follow-up
MRI at both time points and had clinical data
available. In the remaining two subjects in
whom the high intrameniscal signal-intensi-
ty alteration had not completely resolved, the
signal intensity had at least decreased when
compared with the findings on baseline MRI.

Clinical Outcome

Absolute KOOS values at baseline and
24 months after surgery and AKOOS for
pain, symptoms, ADL, sport and recreation
function, and knee-related QOL did not dif-
fer significantly (p > 0.05) between subjects
with and those without a high intramenis-
cal signal-intensity alteration. The absolute
KOOS scores and AKOOS scores of subjects
with and those without meniscal contusion
are summarized in Table 2.

Compositional Analyses of Cartilage Using Tlp
and T2 Values at Baseline and 24 Months

Interestingly, T1p and T2 values at the
medial tibia tended to be higher on baseline
MRI in the subjects with high intrameniscal
signal-intensity alteration than in the control
subjects; however, on 24-month follow-up
MRI, the Tlp and T2 values at the medial
tibia had increased more in the control sub-
jects than in the case subjects. Unfortunately,
none of these differences were statistically
significant (p > 0.05).

Overall absolute cartilage Tlp and T2
values at baseline and 24 months did not
significantly (p > 0.05) differ between sub-
jects with and those without high intrame-
niscal signal-intensity alteration. Moreover,
AT1p and AT2 over 24 months did not show
significant differences (p > 0.05) between the
two groups. The absolute T1p and T2 values

AJR:208, February 2017
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TABLE 2: Summary of Subscale Scores From Knee Injury and Osteoarthritis Outcome Score (KOOS) at Baseline
and 2 Years After Anterior Cruciate Ligament (ACL) Surgery for Patients With Meniscal Contusion and
Control Subjects

Downloaded from www.gjronline.org by UCSF LIB & CKM/RSCS MGMT on 12/21/16 from |P address 128.218.58.34. Copyright ARRS. For personal use only; all rights reserved

Absolute KOOS 2 Years AKOOS
Absolute KOOS at Baseline After ACL Surgery (Baseline —2 Years After ACL Surgery)
Patients With Control Patients With Control Patients With Control

KOOS Subscale Meniscal Contusion| Subjects p | Meniscal Contusion | Subjects p | Meniscal Contusion| Subjects p

Pain 75.0+£17.1 736+17.3 | 0.84 83.0+11.4 87.0+75 | 0.46 52+22.3 143+11.7 | 0.38
Symptoms other than pain 65.5+24.9 67.85+21.75| 0.81 73.8+£10.4 79.7+12.3 | 0.33 8.9+23.3 17.2+£19.4 | 0.49
Activities of daily living 81.2+16.6 83.0+16.1 | 0.79 94.2+9.4 97.7+25 | 0.39 10.4+£14.0 16.6+11.4 | 0.39
Sport and recreation function 55.0+31.3 458+26.7 | 0.45 72.8+125 81.6+12.1 0.19 18.7+36.1 34.1+38.13 | 0.45
Knee-related Q0L 56.8+29.7 43.2+26.9 | 0.26 61.8+8.5 66.6+14.0 | 0.4 15.5+31.9 26.0+35.4 | 0.21

Note—Data are expressed as mean = SD. The clinical outcomes based on KOOS were not significantly inferior for patients with meniscal contusion than for control

subjects. Q0L = quality of life.

TABLE 3: Summary of TIp Values at Baseline and 2 Years After Anterior Cruciate Ligament (ACL) Surgery and
Change in Tlp Values (ATIp) for Subjects With Meniscal Contusion and Control Subjects

T1p Values 2 Years

AT1p

T1p Values at Baseline After ACL Surgery (Baseline —2 Years After ACL Surgery)
Patients With Control Patients With Control Patients With Control
Cartilage Meniscal Contusion| Subjects p | Meniscal Contusion| Subjects p | Meniscal Contusion| Subjects p
Compartments
Lateral femur 39.7+16 41.4+27 | 0.63 413+2.2 41519 | 0.81 17+25 16+2.7 0.94
Lateral tibia 35.3+£3.0 35.8+25 | 0.66 35.0+£3.6 34.6+2.1 0.76 -05+3.5 -1.7£1.3 0.16
Medial tibia 34735 340+33 | 0.64 35.0+2.1 36.7+3.1 0.18 0.05+2.4 024+12 | 0.81
Medial femur 38.9+3.1 38.9+25 | 099 42.3+£1.3 42.4+2.3 0.96 26+2.3 29217 0.79
Subcompartments
Posterior femur 36.2+2.8 36.9+2.8 | 0.62 39.6+25 39.0+3.0 | 0.62 29+23 2.0+41 0.57
Posterior central medial femur 40.8+4.1 405+3.0 | 0.82 43.2+34 43.9+22 | 061 1.8+£35 2031 0.88
Posterior medial tibia 36.5+3.8 349+36 | 0.31 36.6+1.6 38.2+29 | 0.16 -05+2.7 09+1.3 0.13

Note—Data are expressed as mean = SD. The cartilage quality based on T1p values and AT1p was not significantly inferior in subjects with meniscal contusion compared

with control subjects.

TABLE 4: Summary of T2 Values at Baseline and 2 Years After Anterior Cruciate Ligament (ACL) Surgery and
Change in T2 (AT2) for Subjects With Meniscal Contusion and Control Subjects

T2 Values 2 Years

AT2

T2 Values at Baseline After ACL Surgery (Baseline —2 Years After ACL Surgery)
Patients With Control Patients With Control Patients With Control
Cartilage Meniscal Contusion| Subjects p | Meniscal Contusion| Subjects p |Meniscal Contusion| Subjects p
Compartments
Lateral femur 30.1+1.4 305+23 | 0.57 31.8:1.8 331+£19 | 013 14+18 1.6+1.4 0.85
Lateral tibia 25.9+29 26.1+£1.8 0.82 26.2+3.2 26.4+1.4 0.83 0.6+2.8 0.05+1.6 0.57
Medial tibia 26.5+2.7 25721 | 0.41 274+20 274+29 | 0.99 0617 1.5+3.0 0.39
Medial femur 30.2+2.6 30.4+1.8 0.81 33317 33.8+17 0.54 2304 2.3+17 0.93
Subcompartments
Posterior femur 27.8+2.8 28.3+2.8 | 0.66 30.6+2.2 31.6+3.0 | 0.44 2.2+2.0 1.7+15 0.54
Posterior central medial femur 32.1+3.1 322+24 | 092 34629 348+23 | 0.83 21+23 24+18 0.76
Posterior medial tibia 21.8+2.7 26.7£25 | 0.31 286+19 29.2+2.7 | 058 03+1.9 1.8+2.8 0.21

Note—Data are expressed as mean + SD. The cartilage quality based on T2 values and AT2 was not inferior in subjects with meniscal contusion compared with control

subjects.
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at baseline and 24 months and AT1p and T2
values of subjects with and those without trau-
matic high intrameniscal signal-intensity al-
teration at the medial femur, medial tibia, lat-
eral femur, lateral tibia, posterior medial tibia,
posterior femur, and posterior central medial
femur are summarized in Tables 3 and 4.

Discussion

The results of our study showed that hy-
perintense signal abnormalities within the
meniscus indicating posttraumatic menis-
cal contusions were found in approximate-
ly 20% of patients after acute ACL tear. The
meniscal contusions were frequently located
in the posterior horn of the medial menis-
cus and were highly associated with a bone
marrow edema pattern at the posteromedi-
al tibia. This high intrasubstance signal-in-
tensity abnormality resolved in most of the
studied subjects over 2 years, and none of
the subjects developed a meniscal tear or
other higher-grade meniscus abnormality
over that time period. When comparing the
clinical outcome and the cartilage composi-
tion of subjects with high meniscal intrasub-
stance signal intensity and the control group,
consisting of subjects with an ACL tear and
no meniscal abnormality, there were no sta-
tistical differences between the two groups.
These results suggest that meniscal contu-
sion had no significant impact on the clinical
outcome or accelerated progression of knee
cartilage degeneration over 2 years.

The term “meniscal contusion” was adopt-
ed in 2001 [13]; it was postulated that this ab-
normal meniscal signal intensity is a type of
injury within the meniscus, probably because
the meniscus has been exposed to a high-
impact compression injury during trauma.
We found a high intrameniscal signal-inten-
sity alteration in 21% of the subjects with an
ACL tear, which shows that this MRI finding
is one that frequently accompanies this type
of injury. Mustonen et al. [19] studied the as-
sociation between meniscal lesions and tib-
ia plateau fractures and reported that menis-
cal contusions were detected in 28% of the
analyzed subjects. We hypothesize that the
impact of the trauma was lower in our sub-
jects, which may explain the slightly great-
er number of cases of high intrameniscal
signal-intensity alteration in their study in
comparison with ours. In our study, none of
the subjects with meniscal contusion detect-
ed on MRI showed any meniscal abnormali-
ties in the same region during arthroscopic
surgery performed to reconstruct the ACL.

Guimaraes et al.

This finding suggests that this meniscal ab-
normality cannot be detected during sur-
gery and may be detected only using MRI.
Most high intrameniscal signal-intensity al-
terations (83%) were found in the posterior
horn of the medial meniscus, which is in ac-
cordance with the previous results reported
in the literature [13]. In most subjects with
a high intrameniscal signal-intensity altera-
tion at the medial meniscus (80%, n = 8), we
identified a bone marrow edema pattern at
the posteromedial tibia, subjacent to the pos-
terior horn of the medial meniscus, that was
probably related to the trauma mechanism.
As discussed by Cothran et al. [13], this in-
jury might be caused by a contrecoup injury
[20] in which an impact occurs at the pos-
teromedial aspect of the tibial plateau and,
analogously, the posterior horn of the medial
meniscus after an ACL tear.

The results from the current study not only
suggest that most of these high intrameniscal
signal-intensity alterations resolve, but also
show that none of the subjects with menis-
cal contusion had developed a meniscal tear
at 12- and 24-month follow-ups; these results
are consistent with a benign evolution of a
high intrameniscal signal-intensity alteration
detected on MRI after an ACL tear. The lon-
gitudinal analyses showed that this abnor-
mal signal intensity detected within a menis-
cal contusion is a type of transient injury and
tends to resolve over time.

One possible differential diagnosis for
meniscal contusions is the intrasubstance
meniscal signal-intensity abnormality, which
is associated with intrasubstance degeneration
and has been shown to represent an increase
in mucoid intercellular ground substance in
studies correlating MRI and histologic find-
ings [21]. Intrasubstance degeneration is com-
monly found in older subjects but is rarely
found in younger populations, such as the one
in our analysis. Also, intrasubstance signal-
intensity abnormalities of the menisci are not
related to trauma, which differentiates this
finding from a meniscal contusion, which is a
common finding in young posttraumatic sub-
jects. A recent study showed that most cases
of intrasubstance degeneration are unlikely
to regress and are prone to progress to a de-
generative meniscal tear [22]. This outcome is
different from what we found in the subjects
with a traumatic high intrameniscal signal-
intensity alteration: In most cases, the intra-
substance signal-intensity alteration either
completely resolved or at least decreased, and
none of the subjects developed a meniscal tear

over 2 years. MRI analyses of the contralat-
eral knee of the subjects with meniscal contu-
sion showed that none presented with a high
meniscal intrasubstance signal-intensity alter-
ation or any other abnormality of the contra-
lateral meniscus. These results show that this
finding (presumably traumatic high intrame-
niscal signal-intensity alteration) is most like-
ly related to the previous trauma mechanism
and is not related to degenerative changes.

Standard MRI sequences, which include
fat-saturated T2-weighted, proton density—
weighted FSE, and T1-weighted spoiled gra-
dient-echo sequences, have been reported to
be useful in detecting morphologic chang-
es associated with cartilage breakdown non-
invasively [6]. These sequences, however,
are limited in detecting early degenerative
changes of the cartilage matrix [23, 24]. Re-
cent developments in MRI techniques, such
as T1p and T2 mapping can be used to quan-
tify the earliest biochemical changes in the
cartilage matrix that occur even before car-
tilage degeneration can be detected morpho-
logically [25]. Several previous studies have
evaluated cartilage T1p and T2 values to de-
tect compositional cartilage matrix chang-
es after ACL injury and reconstruction [14,
15, 26]. Therefore, these techniques are ad-
equate to analyze initial cartilage damage
in the posttraumatic knee. However, by us-
ing these techniques (i.e., T1p and T2 map-
ping), we showed that subjects with an ACL
tear and a high intrameniscal signal-inten-
sity alteration do not show significantly ac-
celerated progression of cartilage degener-
ation over 24 months when compared with
ACL-injured patients without any menis-
cal abnormality. These results further sup-
port our hypothesis that a high intramenis-
cal signal-intensity alteration is a transient,
reversible imaging finding without substan-
tial relevance. The clinical outcome (mean
AKOOS score) and the quantitative carti-
lage analyses (AT1p and AT?2 values) did not
differ significantly between subjects with a
traumatic high intrameniscal signal-intensi-
ty alteration and subjects without a meniscal
abnormality, again suggesting a benign evo-
lution with regard to not only cartilage com-
position but also clinical context.

It remains unclear what the abnormal
signal intensity in a meniscal contusion is
caused by, and the periphery of the menis-
cus is known to have a vascular zone [27].
Therefore, as previous described [13], we
believe that this type of lesion is related to
blood products from a traumatic injury to the
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vascular zone of the meniscus and results in
increased signal intensity on MRI after acute
or subacute injury. In most cases, the blood
products can be reabsorbed, showing the
transient characteristics of this lesion, with-
out any major damage in the meniscal struc-
ture or function, as shown by the longitudinal
MRI analyses.

There is paucity of studies in the literature
and a lack of diagnostic proof about this type
of traumatic meniscal alteration. This lack
of information is probably because these
meniscal abnormalities cannot be identified
at knee arthroscopy and there is no specif-
ic treatment. Moreover, this meniscal abnor-
mality does not seem to be a cause of major
meniscal dysfunction and its clinical evolu-
tion suggests a benign course.

This study has several limitations. First, it
was based on a relatively small cohort of 57
subjects overall. In these subjects, intrasub-
stance signal-intensity abnormalities were
found in 12 subjects (21%), which probably
represents the normal prevalence of this find-
ing. However, together with the control cases,
we were able to follow 24 subjects over 12
months and 20 subjects over 24 months in this
first longitudinal assessment of this entity. In
terms of clinical outcome, the group with
meniscal contusions showed mildly reduced
improvement with KOOS, but this difference
was not statistically significant. The lack of
significance may be an issue of a lack of pow-
er with the small sample size, so this differ-
ence needs to be tested in a larger cohort. Fur-
ther subgroup analyses such as a comparison
of the clinical performance in subjects with
versus those without decreasing signal-inten-
sity abnormalities were impossible because of
even smaller sample sizes. In the MRI analy-
ses, the intrasubstance signal-intensity abnor-
mality was graded subjectively; in addition,
during the visual side-by-side comparisons
of the meniscal signal intensities, the baseline
study was known to the readers, introduc-
ing the possibility of bias. Nevertheless, this
study is the first longitudinal study to date
to assess the evolution of high intrameniscal
signal-intensity alterations in subjects with an
ACL tear and is the only study to analyze the
clinical outcome and cartilage quality longi-
tudinally over 2 years.

In summary, we have found that a high
intrameniscal signal-intensity alteration de-
tected on MRI is a common finding in sub-
jects with an ACL tear and that it is frequent-
ly located in the posterior horn of the medial
meniscus. Because this meniscal abnormal-
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ity is likely to be reversible over 24 months
and does not have a significant impact on
clinical outcome or cartilage quality, it
should be considered to be a benign transient
finding on postsurgical MRI of subjects who
have undergone ACL repair.
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