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Abstract

Purpose The purpose of the study was to report on the current accuracy measures specific to 1.5-Tesla MRI of the
knee in the patient population prone to injuries of the anterior cruciate ligament (ACL), the menisci, and the articular
cartilage.

Methods We accrued patients between January 2018 through August 2021 who underwent a preoperative MR

and were diagnosed with an articular cartilage injury either due to unevenness of articular cartilage in T2-weighted
sequences or due to the irregularity of subchondral bone in T1-weighted sequences. All patients were treated
arthroscopically. Sensitivity, specificity, and accuracy were calculated for the detection of ACL, meniscus, and cartilage
injuries. A P-value of <0.05 represented statistical significance.

Results One-hundred and forty-seven cases which included 150 knee joints were enrolled in this study. The mean
age at the time of surgery was 42.9 years-old. The sensitivity in the diagnosis of ACL injuries was significantly greater
than that in the diagnosis of cartilage injuries (P=0.0083). The ratios of the equality of operative indication in 6 recipi-
ent sites were found to be between 90.0% and 96.0%. The diagnostic critical point was within a T cm in diameter.

Conclusion The diagnostic sensitivity in cartilage injuries was significantly lower than ones of ACL and meniscal inju-
ries. The ratios of the equality of operative indication was determined to be between 90.0% and 96.0%, if we consider
the unevenness of articular cartilage or the irregularity of subchondral bone.

Level of evidence Level lll, Prospective diagnostic cohort study.

Keywords Knee articular cartilage, Magnetic resonance imaging, Diagnosis, Meniscus, Anterior cruciate ligament

Introduction

Osteoarthritis (OA) in the knee is a progressive joint dis-
ease characterized by knee pain, disability and articular
cartilage loss. Identifying structural features that precede
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(MRI), by contrast, enables direct view of cartilage vol-
ume. More importantly, MRI provides detailed informa-
tion about early soft tissue structural changes which are
not detectable on radiographs but are crucial for assess-
ment of disease, monitoring the progression, and for
treatment planning [8, 14].

Arthroscopy is considered the gold-standard for the
diagnosis of internal knee pathologies in addition to
being a minimally invasive surgical procedure for the
treatment of intra-articular lesions [11]. Yet, as in all sur-
gical procedures, it should be recommended judiciously
for appropriate indications. Recently, MRI has become
more widely used in the evaluation of intra-articular knee
lesions [26], though initial studies were completed nearly
30 years ago [13]. The accuracy of MRI for knee articular
cartilage lesions has become more controversial several
contemporary studies reporting sensitivity as low as 15%
and as high as 60% depending on the characteristics and
locations of the lesions [25, 28, 34].

MRI findings consistent with articular cartilage inju-
ries include the unevenness of articular cartilage with
inflammatory effusion in T2-weighted sequences or
the irregularity of subchondral bone in T1-weighted
sequences (Fig. 1). T2-weighted images provide greater
contrast between cartilage surfaces and effusions and
can detect subtle changes such as fibrillation [17]. The
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purpose of the current study was to further identify and
define measurements specific to 1.5-Tesla MRI of the
knee in the patient population presenting with injuries
likely to involve the anterior cruciate ligament (ACL),
the menisci, and the articular cartilage. We hypothesized
that MRI accuracy would lie between 80 to 90% for the
menisci and ACL and would lie between 60 to 70% for
the articular cartilage. We also hypothesized that the
diagnostic critical point of cartilage injuries was at least
1 cm in diameter. This is a clinical study by the orthopae-
dic surgeons who were specialists of knee surgeries.

Materials and methods

We enrolled all patients who underwent a diagnos-
tic preoperative MRI followed by arthroscopy of the
knee between January 2018 and August 2021 in this
study. Inclusion criteria were as follows: (1) patient
age older than 9 year, (2) primary knee arthroscopy, (3)
MRI performed at the same institution, (4) time inter-
val between the MRI scan and arthroscopy shorter
than 3 months. Exclusion criteria were as follows: (1)
revision arthroscopy, (2) arthroscopic-assisted frac-
ture reduction surgery, and (3) multi-ligament knee
surgery. The status of the ACL, the menisci, and the
articular cartilage was collected from the surgical
reports and from their respective preoperative MRI

Fig. 1 aThe unevenness of articular cartilage with effusions in T2-weighted sequences in the right medial femoral condyle (arrow). b The
arthroscopic view. The arrow showed cartilage injury in MFC. ¢ The irregularity of subchondral bone in T1-weighted sequences in the right medial

femoral condyle. d The arthroscopic view
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reports. Preoperative MRI reports were written by the
knee specialist orthopaedic surgeon who examined his
patients. All procedures were reviewed and approved
by the research ethics committee of our hospital (KMC
13-20).

All MRI images were obtained on a clinical 1.5 T unit
(Achieva, Royal Philips, Amsterdam, the Netherlands)
using a standard receive-only 8-channel SENSE knee coil.
The MRI used a 1.5-Tesla magnet and the standard pro-
tocol included the Turbo Spin Echo technique including
proton density, T2- and T1-weighted sequences with fat
suppression and Short Tau Inversion Recovery sequences
with sagittal, coronal, and axial cuts. The MRI criteria
used to define pathological lesions of the menisci and
ACL were included the following. An intra-meniscal
signal extending to an articular surface possibly includ-
ing distortion of the normal meniscal shape represent-
ing a clinically meaningful tear [7], discontinuity of the
ACL fibers, wavy appearance, and an angle of less than
45 degree between the distal ACL fibers and the tibia
[26] representing a complete tear of ACL; one bruise at
the anterior or central lateral femoral condyle and poste-
rolateral tibial plateau with or without countercoup bone
contusion at the posteromedial tibial plateau [26] are also
secondary signs of an ACL tear.

The MRI criteria used to diagnose articular carti-
lage injuries included unevenness of articular cartilage
with associated effusions in T2-weighted sequences and
the irregularity of subchondral bone in T1-weighted
sequences (Fig. 1). When evaluating the preoperative
MRI, we diagnosed the articular cartilage injury grades in
the classification of International Cartilage Repair Society
(ICRS) [2], and the recipient area using a ruler in MRI.
Six recipient sites were assessed in the following: medial
femoral condyle (MFC), lateral femoral condyle (LFC),
medial tibia (MT), lateral tibia (LT), trochlea (TR), and
patella (P). We compared the preoperative MRI data with
the arthroscopic data. We also calculated the simultane-
ous injuries ratio of cartilage in MFC and medial menis-
cus, and cartilage in LFC and lateral meniscus.

In ACL, meniscus and cartilage injuries, whether or
not they were normal or abnormal, sensitivity {(true posi-
tive)/(true positive) + (false negative)}, specificity {(true
negative)/(true negative) + (false negative)}, and accuracy
{(true positive) + (true negative)/(total)} were calculated.
In cartilage injuries, the ratio of diagnosing the same
grade in ICRS classification was also calculated. Because
the recipient sites with grade 3 or 4 of ICRS required car-
tilage reconstruction surgery such as autologous chon-
drocyte implantation or autologous osteochondral grafts
[16, 27], we also measured the operative indication ratio
which is defined as the diagnostic ratio between less than
grade 2 and more than grade 3.
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Table 1 Diagnosed diseases

Basic diseases Case number

Ligament injury 42 cases
Meniscus injury 33 cases
Cartilage injury 24 cases
Osteoarthritis 19 cases
Osteonecrosis 15 cases
Knee synovitis 8 cases
Osteochondritis Dissecans 7 cases
Osgood disease 2 cases

Table 2 The rates of ICRS classification in 6 recipient sites using
arthroscopy

ICRSgrade Grade0O Grade1 Grade2 Grade3 Grade4
MFC 52.4% 0% 23.1% 11.6% 12.9%
LFC 84.7% 0% 2.7% 4.7% 8.0%
MT 76.5% 1.3% 15.4% 1.3% 54%
LT 79.3% 0% 12.7% 2.0% 6.0%
TR 66.0% 0% 15.3% 8.0% 10.7%
P 72.7% 33% 16.7% 1.3% 6.0%

MFC Medial femoral condyle
LFC Lateral femoral condyle
MT Medial tibial plateau

LT Lateral tibial plateau

TR Trochlea

P Patella

The Mann-Whitney U-test and the chi-square test
were used to perform statistical analyses of the various
scores. The level of statistical significance was set to a P
value of <0.05.

Results

One-hundred and forty-seven cases including 150 knee
joints were enrolled in this study. There were 68 men
and 79 women, 70 right knee joints and 80 left ones.
The mean operative age was 42.9 years-old (range 9 to
81 years). Diagnosed diseases in this study are presented
in Table 1. Normal cases existed 113 knees in medial
meniscus, 91 knees in lateral knees and 105 knees in
anterior cruciate ligament. The rates of ICRS classifica-
tion in 6 recipient sites using arthroscopy are presented
in Table 2. The most frequent site of abnormal findings
in cartilage was the MFC. The most frequent site of inju-
ries rated higher than a grade 3 was also the MFC, and
the second site was the TR. The injuries in the medial
meniscus were detected in 37 cases (24.7%), and the lat-
eral meniscus injuries were detected in 59 cases (39.3%).
The ratio of the cartilage injuries in the LFC was 18.6%
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in all of the cases of injuries in the lateral meniscus, and
the ratio of the cartilage injuries in MFC was 59.5% in all
cases of injuries of the medial meniscus.

The sensitivity, specificity, and accuracy of intra-artic-
ular structures are presented in Table 3, and those of the
6 recipient sites in articular cartilage are presented in
Table 4. The sensitivity in ACL injuries was significantly
higher than that in cartilage injuries (P=0.0083), and the
sensitivity in injuries of the medial meniscus (MM) was
significantly higher than those in the cartilage injuries of
MT (P=0.0465) and P (P=0.0233). In cartilage injuries,
the sensitivity in MFC (P=0.0697) and LT (P=0.0640)
were both higher than that in P. There were no significant
differences in specificity and accuracy.

The ratios of the ICRS grade equality in 6 recipient sites
are presented in Table 5. The ratios were determined to
be between 72.7% and 89.3%. The ratios of the equality of
operative indication in 6 recipient sites are presented in
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Table 6. The ratios were found to be between 90.0% and
96.0%. There were no significant differences in the sites of
the both of the above ratios. In cartilage injuries, discrep-
ant cases of operative indication were found in 50 recipi-
ent sites, and the surgical findings documented an area of
injury of less than 1 cm diameter in 45 cases (90%). The
recipient sites and areas of injury in another 5 cases were
documented as follows: 15 x 20 mm in LFC (MRI grade
0, arthroscopy grade 4), 12 x 20 mm in MT (MRI grade
3, arthroscopy grade 2), 20 x 30 mm in TR (MRI grade
0, arthroscopy grade 3), 11 x 18 mm in TR (MRI grade 0,
arthroscopy grade 4), and 15 x 20 mm in TR (MRI grade
2, arthroscopy grade 3). Our findings suggest that the
diagnostic critical point of cartilage injuries was 1 cm in
diameter, with injuries smaller than 1 cm being inconsist-
ently detected on MRL

The preoperative oversight case was shown in Fig. 2.
This patient was 61 years-old, and was experiencing

Table 3 Sensitivity, specificity, and accuracy of intraarticular structures

Cartilage total Medial meniscus Lateral meniscus Anterior
cruciate
ligament

Sensitivity 0482 0.838 0.678 0.933
Specificity 0.989 0.841 0.868 0.981
Accuracy 0.802 0.840 0.793 0.967
Table 4 Sensitivity, specificity, and accuracy of the site in articular cartilage

MFC LFC MT LT TR P
Sensitivity 0.657 0.391 0.343 0.355 0.392 0317
Specificity 1.0 0.992 1.0 0.992 0.980 0972
Accuracy 0.905 0.90 0.846 0.860 0.780 0.793
MFC Medial femoral condyle
LFC Lateral femoral condyle
MT Medial tibial plateau
LT Lateral tibial plateau
TRTrochlea
P Patella
Table 5 The ratio of the grade equality in 6 recipient sites

MFC LFC MT LT TR P

Grade 74.3% 89.3% 80.5% 84.7% 72.7% 74.7%

Equality ratio

MFC Medial femoral condyle
LFC Lateral femoral condyle
MT Medial tibial plateau

LT Lateral tibial plateau
TRTrochlea

P Patella
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Table 6 The ratio of the equality of operative indication in 6 recipient sites

MFC LFC MT LT TR P
Operative indication equality ratio 93.9% 93.3% 96.0% 97.3% 90.0% 95.3%

MFC Medial femoral condyle
LFC Lateral femoral condyle
MT Medial tibial plateau

LT Lateral tibial plateau
TRTrochlea

P Patella

Fig. 2 The oversight in the preoperative MRI case. a The arthroscopy showed 11 x 18 mm grade 4 cartilage injury in the trochlea. b The
arthroscopy showed 10 x 10 mm grade 3 cartilage injury in the lateral femoral condyle. ¢ His preoperative MRI showed the unevenness of articular
cartilage with associated effusions in T2-weighted sequences in the trochlea. d His preoperative MRI showed the unevenness of articular cartilage
with associated effusions in T2-weighted sequences in the lateral femoral condyle

left knee pain with a catching sensation. We diagnosed
a lateral meniscal tear and suspected the cartilage
would appear to be normal. His arthroscopy revealed
an 11 x18 mm grade 4 trochlear cartilage injury
(Fig. 2a), and a 10 x 10 mm grade 3 cartilage injury on
the LFC (Fig. 2b). Retrospective review of his preop-
erative MRI showed unevenness of the articular car-
tilage with effusions in T2-weighted sequences in TR
(Fig. 2c) and LFC (Fig. 2d). These changes were not
read by the original doctor and are considered to be a
reading oversight.

Discussion

The summary of this study was in the following: 147 cases
and 150 knee joints were enrolled in this study. We com-
pared their preoperative MRI to the surgical findings of
their knee arthroscopy. Preoperative MRIs found to have
unevenness of articular cartilage along with the finding
of inflammatory edema and effusions in T2-weighted
sequences or irregularity of the subchondral bone in
T1-weighted sequences (Fig. 1) were documented to have
articular cartilage injuries. The sensitivity of MRI detec-
tion of ACL injuries was significantly higher than that
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in cartilage injuries (P=0.0083), and the sensitivity in
injuries of the MM was significantly higher than those in
cartilage injuries of MT (P=0.0465) and P (P=0.0233).
Regarding cartilage injuries, the sensitivity in MFC
(P=0.0697) and LT (P=0.0640) were consistently higher
than that in P. The ratios of the ICRS grade equality in 6
recipient sites were determined to be between 72.7% and
89.3%. The ratios of the equality of operative indication
in these same 6 recipient sites were measured between
90.0% and 96.0%. The critical detection point of cartilage
injuries was found to be> =to 1 cm with injuries<1 cm
being more likely to be undetected on MRL

Articular cartilage defects of the knee are frequently
observed in most patient population. Prospective sur-
vey of 993 consecutive arthroscopic knee surgeries found
articular cartilage pathology in 66% and a localized car-
tilage defect in 20% of the patients. Most lesions were
found to be isolated high-grade lesions located on the
femur [1]. Hjelle reported on articular cartilage defects in
1,000 consecutive knee arthroscopies. Focal chondral or
osteochondral defects were found in 19% of the patients.
The main focal chondral or osteochondral defect was
found MFC in 58%, patella in 11%, LT in 11%, LFC in
9%, trochlea in 6%, and MT in 5%. [18]. Jones reported
the most frequent lesion location as being the MFC [20].
Souza also reported that the MFC had the highest inci-
dence of cartilage defects, and a high incidence of MM
lesions was observed in subjects without MFC lesions
[33]. In our study, the articular cartilage pathology
existed in 22% of patients, and the most frequent lesion
detected involved the MFC, which is consistent with the
previous studies.

Fritz reported MRI findings of cartilage derangements
in the following [12]: early chondral degeneration, cracks
or fissures, chondral defects, the geographic appearance
of a loose body, and osteochondral lesions. Early chon-
dral degeneration appears on MRI as low signal inten-
sity or high signal intensity chondral tissue that has lost
the normal stratified and layered appearance. Cracks or
fissures are commonly seen in the surface of articular
cartilage and may be well seen with MRI as well as with
arthroscopy. Chondral defects are recognized on MRI as
fluid extending into and replacing the articular cartilage.
The diagnosis of a chondral defect seen on MRI should
prompt a search for associated loose bodies. Osteochon-
dral lesions in the knee can be detected and well char-
acterized with MRI without the need for special pulse
sequences. Chang insisted that MRI evaluated the thick-
ness and congruity of the articular surface in suspected
articular cartilage injuries [4]. Kijowski reported that
higher grades of articular cartilage defects are frequently
associated with a greater depth and cross-sectional area
of subchondral bone marrow edema [21]. We diagnosed
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articular cartilage injuries in MRI exhibiting unevenness
of articular cartilage and associated inflammatory edema
or effusions in T2-weighted sequences or in those exhib-
iting irregularity of subchondral bone in T1-weighted
sequences. Other studies have reported on the diagnosis
of cartilage degeneration with MRI. T1 rho and T2 MRI
are complementary and reproducible methods for quan-
titatively and noninvasively monitoring regeneration
[19]. T2 values increase with the increasing grade of car-
tilage damage and have a statistically significant positive
correlation with ICRS scores [32].

Comparing the sensitivity of the recipient sites to
preoperative MRI findings in diagnosing cartilage inju-
ries, Danieli reported that the sensitivity of MRI was
76.4% (patella), 88.2% (trochlea), 69.7% (MFC), 85.7%
(MT), 81.8% (LFC) and 75% (lateral plateau) [6]. Car-
tilage injuries affecting the MFC or the medial patel-
lar facet were frequently missed by MRI [38]. Svard
reported that modulus and T2 weighted images showed
significant topographical variation. In the anterior
medial condyle the modulus showed a negative asso-
ciation with the presence of an injury [36]. In an ACL-
reconstructed knee, T2 values of the cartilage of the
central aspect of the MFC at the 2-year follow-up were
significantly elevated compared with native control
knees [35]. In our study, the sensitivity, specificity and
accuracy regarding injuries located on the MFC were
higher than for injuries at other sites.

MRI appears to be less accurate than arthroscopy in
diagnosing low-grade lesions particularly femorotibial
lesions but is nearly equivalent to arthroscopy for high-
grade lesions [10, 24]. T2 mapping can be useful for
detecting moderate or severe cartilage damage, and the
apparent diffusion coefficient can be used to detect early
stage cartilage damage [37]. For grade III and IV lesions,
3-T MRI combined with three-dimensional double-echo
steady-state cartilage-specific sequences represents an
accurate diagnostic tool. For grade II lesions, the tech-
nique demonstrates moderate sensitivity, while for grade
I lesions, the sensitivity is quite low [23]. MRI accuracy
correlated negatively with patient age for articular car-
tilage damage when compared to arthroscopic findings
[22]. MRI underestimated the defect area by an average
of 70% compared with arthroscopic visualization [3]. No
prior reports have discussed or determined the diagnos-
tic threshold of MRIs for detecting injuries. The ratios for
the equality of surgical indications based on surgery ver-
sus MRI were calculated to be between 90.0% and 96.0%,
when unevenness of articular cartilage with concurrent
inflammatory edema or effusions and the irregularity of
subchondral bone are considered. The MRI threshold
for detecting injuries consistently was 1 cm in longest
diameter.
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The sensitivity and specificity of MRI were found to be
87% and 93%, respectively, for ACL tears; 89% and 88%,
for MM tears, and 78% and 95%, for lateral meniscus
tears [29]. In a pediatric adolescent patient, the sensitiv-
ity and the specificity of 3 T MRI were 81% and 90.9% for
MM injuries, 68.8% and 93% for lateral meniscus inju-
ries, and 97.9% and 98.6% for ACL injuries, respectively
[31]. Eijgenraam reported that the strongest correlation
between MRI findings and radiographic OA was found
in the medial femoral cartilage and the weakest correla-
tion was found in the anterior horn of the MM [9]. Koch
insisted that the highest accuracy was observed in MM
and in ACL findings [22]. Porter reported that MRI was
less accurate than clinical assessment for the diagnosis of
lateral meniscal tears [30]. In our study, the sensitivity in
MRI detection of ACL injuries was significantly higher
than that in MRI detection of any cartilage injuries in any
location of the cartilage, and the sensitivity in MRI detec-
tion of injuries in the MM was significantly higher than
those in the cartilage injuries of MT and P.

One limitation of our study was the modest number of
cases (147 cases and 150 knees). A second limitation is
that this is a single institution study and a future multi-
institutional study is warranted.

In conclusion, the diagnostic sensitivity of MRI in the
detection of cartilage injuries was significantly lower than
the sensitivity in the detection of ACL and meniscal inju-
ries. The ratios of the equality of operative indication was
determined to be between 90.0% and 96.0%, if we con-
sider the unevenness of articular cartilage or the irregu-
larity of subchondral bone. The diagnostic threshold for
MRI was 1 cm in longest dimension which makes it effec-
tive as a diagnostic tool in clinical practice.
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