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Abstract

Purpose The aim of this study was to compare the accu-
racy of clinical examination to that of MRI evaluated by
two independent radiologists for the diagnosis of meniscal
tears and chronic anterior cruciate ligament injuries and to
assess the MRI accuracy in the diagnosis of cartilage
defects.

Methods Seventy-six consecutive patients with suspected
intra-articular knee pathology were prospectively evaluated
by objective examination, 1.5 T MRI, re-examined by trained
radiologist and arthroscopy. Accuracy, sensitivity, specificity,
positive predictive value and negative predictive value were
calculated. Agreement analysis with kappa (K') coefficient
values was performed for meniscal and ACL tears.

Results No differences were found between diagnostic
accuracy of clinical examination, the first and second MRI
reports in diagnosis of medial meniscus (84 vs 96 vs 97 %)
and anterior cruciate ligament injuries (93 vs 78 vs 89 %).
For the lateral meniscal tears, the accuracy of the second
radiologist was significantly higher than those of the first
(96 vs 75 %; p < 0.01) and clinical examination (96 vs
86 %; p = 0.02). High diagnostic values were obtained for
the diagnosis of full-thickness chondral defects with
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sensitivity of 100 %, specificity of 95 % and accuracy of
95 %.

Conclusion Clinical and MRI evaluations have no differ-
ences in the diagnosis of medial meniscus and anterior
cruciate ligament injuries. A trained radiologist obtained
better sensitivity, specificity and accuracy in the diagnosis
of lateral meniscus. 1.5 T MRI does not represent the
technique of choice in the evaluation of chondral defect but
demonstrated high diagnostic accuracy for detection of
full-thickness chondral defects.

Level of evidence Diagnostic prospective study, Level II.

Keywords Arthroscopy - MRI - Knee - Cartilage -
Meniscus - Meniscal tears - ACL - Anterior cruciate
ligament injury

Introduction

The correct preoperative diagnosis of knee pathology is not
always easy, even for experienced orthopaedic surgeons,
and therefore, meniscal, ligament tears and cartilage
defects can be misdiagnosed.

Magnetic resonance imaging (MRI) is currently the non-
invasive technique of choice in clinical decision making for
meniscal and anterior cruciate ligament (ACL) injuries
[1, 2]. Nevertheless, the clinical examination and MRI
interpretation for intra-articular knee pathology can be
difficult especially in cases of acute ACL injury due to the
presence of hemarthrosis, pain and decreased range of
motion with decreased diagnostic accuracy [3-5].

The literature reports an accuracy of clinical examina-
tion of the knee to detect meniscal tears between 64 and
85 % [6-9] and diagnostic accuracy rate of 90-100 % for
ACL injury [6, 7, 9].
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However, MRI allows assessing occult bone bruise and
soft tissue damages and it represents a useful investigation
to understand traumatic mechanism [10]. MRI correctly
detects meniscus tears in 48-94 % of cases and ACL
injuries in 90-100 % of cases [2, 11, 12], but the diagnostic
accuracy is related to the sensitivity of the scanner [13, 14].

The aim of this study is to compare the accuracy of
clinical examination to that of MRI evaluated by two
independent radiologists for the diagnosis of meniscal tears
and chronic ACL injuries and to assess the diagnostic
accuracy of 1.5 T MRI in the diagnosis of cartilage defects
with arthroscopic confirmation as gold standard.

Materials and methods

Ethics committee approval was requested and obtained
from the institutional review board (IRB) for the present
study (protocol number 249—REG 2015 approved on
07.10.2015).

From January 2015 to July 2015, we prospectively
evaluated 76 consecutive patients with suspected intra-ar-
ticular knee pathology. Inclusion criteria were chronic
ACL injury (>6 weeks) and traumatic meniscal tears.
Exclusion criteria were cases of previous knee surgery,
degenerative meniscal tears, degenerative knee joint dis-
orders, acute ACL injuries (<6 weeks), medial or lateral
collateral ligament injuries, posterior cruciate ligament
(PCL) injuries, new sprain or trauma occurred between
objective examination and surgery. Patients with low-
magnetic-field MRI scans (<1.5 T) were excluded as well.

All patients were evaluated with objective examination
performed by expert knee surgeon (senior author) in all
cases. The eligible patients were included for 1.5 T MRI
evaluation in three different radiologic centres, and finally
arthroscopy was performed by the same surgeon (L.F.).

The objective examination was systematically con-
ducted following International Knee Documentation
Committee (IKDC) criteria and was performed before MRI
evaluation in all instances. The knee objective evaluation
was conducted with meniscus clinical tests (joint-line ten-
derness, Mc Murray test, Apley test and Thessaly test) and
sign of ligament laxity (Lachman test, anterior and poste-
rior drawer test, pivot shift-test, varus and valgus stress).
ACL and/or meniscal injuries were diagnosed if one or
more clinical tests were positive.

The MRI protocols included axial, sagittal and coronal
sequences in all cases; each sequence included T1-weigh-
ted, T2-weighted, fat-suppressed T2-weighted.

All the MRI reports from 3 different radiologic centres
were recorded, and images of all the scans were gathered
and converted in anonymous form. All the collected scans
without report were finally delivered to 15-year
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musculoskeletal trained radiologist to obtain a second
report. All the radiologists were given access only to each
patient’s clinical data to avoid the hypothetical decrease in
MRI accuracy without clinical information and to maintain
the true diagnostic process in common medical practice.

Meniscus changes were evaluated with Crues grading
system [15]. A meniscus was considered torn if there was
abnormal intrameniscal signal extending to either its
superior or inferior surface, gross disruption of the normal
meniscal profile or complete absence of any part of the
meniscus (grade 3).

All reported grade 1 or 2 meniscal changes (globular and
linear intrameniscal signal not extending to the articular
meniscal surface) were considered as negative for meniscal
tears.

The ACL was considered torn if the normal homoge-
neous low-intensity signal crossing the intercondylar notch
from origin to insertion was absent, variable, non-homo-
geneous, discontinuous or if the signal did not proceed
from its normal origin to insertion [16].

Partial ACL rupture was considered if hyper-intense
signal within the ACL fibres was found on MRI [17, 18]
and confirmed by arthroscopic evaluation as described by
Crain et al. [19].

Analysing the reports from different radiologic centres,
the articular cartilage damage has been considered as
“present” or “absent” because of the heterogeneity of the
descriptions reached. For this reason, it was asked to the
second observer radiologist to classify the chondral dam-
age with the grading described by Sonin et al. [20]. Data
were correlated with arthroscopic findings. The MRI
grading system comprised three levels: normal cartilage
surface, partial-thickness chondral defects and full-thick-
ness defect.

Cartilage defects were assessed by arthroscopy and
classified using the International Cartilage Repair Society
(ICRS) criteria [21]. Grade O indicated normal joint sur-
face; grade I was considered nearly normal cartilage with
soft indentation, superficial cracks or fissures; grade II
was considered abnormal cartilage defect extending down
to less than 50 % of cartilage depth; grade III was con-
sidered cartilage defect extending down for more than
50 % and not extended through the sub-chondral bone,
calcified layer or blisters; grade IV was considered full-
thickness cartilage defect extending through the sub-
chondral bone. If the joint surface was described with two
different grades (e.g., “grades II-III”), the more severe
grade was recorded.

A result was considered a true positive (TP) if the
clinical or MRI finding was confirmed by knee arthro-
scopy. A result was considered a true negative (TN) if the
diagnosis of no injuries was confirmed by arthroscopy. A
result was considered a false positive (FP) if the clinical or
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MRI finding was not confirmed by knee arthroscopy. A
false negative (FN) was considered if the clinical or MRI
finding was negative, but the arthroscopy detected articular
damage.

Accuracy, sensitivity, specificity, positive predictive
value (PPV) and negative predictive value (NPV) were
evaluated considering the arthroscopic finding as the
standard of reference. The confidence intervals were cal-
culated using modified Wald method.

Statistical analysis was performed separately for medial
meniscus (MM), lateral meniscus (LM), ACL and cartilage
surfaces considering the arthroscopic findings as “gold
standard”. Clinical examination and MRI results were
analysed by McNemar’s test.

Agreement analysis between clinical examination and
the first MRI report, clinical examination and the second
MRI report and between the first and second MRI reports
was performed for meniscal and ACL tears. Kappa (K)
coefficient values were interpreted as poor (K = 0.0-
0.20), fair (K = 0.21-0.40), moderate (K" = 0.41-0.60),
good (K = 0.61-0.80) or excellent (K = 0.81-1.0).

Results

We consecutively evaluated 76 patients with suspected
intra-articular knee pathology in this prospective study.
The study population was composed by 48 males (63 %)
and 28 females (37 %) with a mean age of
33.4 £ 7.4 years. Arthroscopy revealed 60 MM tears (79
%), 20 LM tears (26 %), and 38 ACL injuries (50 %). Four
ACL injuries (11 %) were partial rupture upon probing.
Fifty-two cartilage defects (68 %) were detected by
arthroscopy.

The incidence of meniscus tears as isolated pathology in
the current study was 50 %. We detected ACL injury with
meniscal tear in 39 % of patients and isolated ACL injury
in 11 % of cases.

The average injury to surgery interval was
3.7 £+ 0.9 months, and the average MRI to surgery interval
was 2.9 £ 0.8 months.

Table 1 summarizes the seven pathological patterns of
MM, LM and ACL injuries with respective clinical and
MRI observations and lists in detail the frequencies and

Table 1 Frequencies of tears at

. . . Site of injur;
time of arthroscopic evaluation Jury

Arthroscopy

Clinical examination MRI (Ist report) MRI (2nd report)

and suspected injuries at the MM 26 35 20 31
clinical examination, at time of
the first MRI scan and at the LM 2 2 4 4
second evaluation by trained MM + LM 10 15 7
radiologist ACL? 8 (-) 19 6 (-) 11 4)
ACL* + MM 22 (4) 11 15 (- 13 (2)
ACL* + LM 6(-) 3 7 (=) 3(-)
ACL* + MM + LM 2(-) 2 9(2) 7 (=)
Cartilage damage Medial Medial Lateral Medial Patello-
compartment femoral femoral tibial femoral
(femur + tibia) condyle condyle plateau joint
Grade 1 - 1 2 - 1
Grade II 7 14 4 2 9
Grade III 5 4 - -
Grade IV 1 - - -
Tot. (52) 13 20 6 2 11
MRI 1st report
Cartilage damage 6 4 - - 22
Tot. (32)
MRI 2nd report
Partial thickness 2 12 4 2 8
Full thickness 1 - - -
Tot. (33) 6 13 4 2 8

Frequencies and grades of cartilage defects classified by ICRS classification detected at time of arthroscopy
and reported cartilage damages at time of the first and second MRI observation graded with Sonin grading

system [18]

MM medial meniscus, LM lateral meniscus, ACL anterior cruciate ligament

# Partial ACL injuries
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Table 2 True positive (TP), true negative (TN), false positive (FP) and false negative (FN) for each type of pathology

MM LM ACL
Clinical examination MRI 1st MRI 2nd Clinical examination MRI Ist MRI 2nd Clinical examination MRI Ist MRI 2nd
TP 50 58 58 10 18 19 34 29 32
TN 14 15 16 55 39 54 37 30 36
FP 2 1 - 1 17 2 1 8 2
FN 10 2 2 10 2 1 4 9 6

grades of cartilage defects at the time of arthroscopy and
results of the first and second radiologist reports.

The total numbers of TP, TN, FP and FN for MM, LM
and ACL tears are presented in Table 2.

The sensitivity, specificity, PPV, NPV and accuracy of
clinical examination, the first and second MRI reports for
meniscal tear and ACL rupture are summarized in Table 3.

Table 4 summarizes sensitivity, specificity, PPV, NPV
and accuracy of MRI for partial-thickness chondral defects
and full-thickness defects.

Medial meniscus

The first and second MRI reports had better sensitivity (97
vs 97 vs 83 %), specificity (94 vs 100 vs 88 %), PPV (98 vs
100 vs 96 %) and NPV (88 vs 89 vs 58 %), if compared to
clinical examination. The second MRI report had more
frequently the correct diagnosis than the first. Diagnostic
accuracies of both MRI reports were higher in comparison
with clinical examination (96 vs 97 vs 84 %), but no sta-
tistically significant differences were found.

The K values between clinical examination and MRI
results were 0.48 (first report) and 0.42 (second report),
respectively, to be considered as moderate agreement.
Furthermore, there was no statistical significant difference
between the two different reports with excellent strength of
agreement (K = 0.82).

Lateral meniscus

For clinical examination, the first and second MRI reports’
sensitivity (50 vs 90 vs 95 %), specificity (98 vs 70 vs
96 %), PPV (91 vs 51 vs 90 %), NPV (85 vs 95 vs 98 %)
and diagnostic accuracy (86 vs 75 vs 96 %) in diagnosis of
LM tears were assessed. Diagnostic accuracy of the second
MRI report was significantly higher than those of clinical
examination (p = 0.02) and the first MRI report (p < 0.01).

The level of agreement between the second MRI report
and clinical examination was fair (K = 0.38), while
between the first and second MRI reports was poor
(K = 0.16). Diagnostic accuracy of clinical examination
was higher than that of first MRI report (p < 0.01) with fair
level of agreement (K = 0.29).
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Anterior cruciate ligament

Between clinical examination and the second MRI report,
there was marginal difference in sensitivity (89 vs 84 %,
respectively), specificity (97 vs 95 %), PPV (97 vs 94 %),
NPV (90 vs 86 %) and diagnostic accuracy (93 vs 89 %).
No statistically significant difference in diagnostic accu-
racy was noted, and a good agreement was pointed out
(K = 0.76). The first MRI report had a sensitivity of 76 %,
a specificity of 79 %, a PPV of 78 %, a NPV of 77 % and a
diagnostic accuracy of 78 % in diagnosis for ACL tears.
Nevertheless, no differences were found between clinical
examination and the second MRI report. Kappa coefficient
(K) was 0.25 between clinical examination and the first
MRI report (fair agreement) and 0.37 between two MRI
results (fair agreement).

Cartilage

Analysing the reports from different radiologic centres, we
noted heterogeneity of descriptions for the articular carti-
lage damage. For this reasons, we have been considered as
“present” or “absent” the chondral defects. In the first
MRI report were noted a sensitivity of 56 %, a specificity
of 88 %, a PVP of 91 %, a VPN of 48 % and a diagnostic
accuracy of 66 %. We asked to the second observer radi-
ologist to classify the cartilage damage as: normal cartilage
surface (ICRS grades 0-I), partial-thickness chondral
defects (ICRS grades II, III) and full-thickness defects
(ICRS grade VI). MRI had better sensitivity (100 vs 48 %),
specificity (95 vs 80 %), PPV (33 vs 79 %), NPV (100 vs
50 %) and diagnostic accuracy (95 vs 61 %) in diagnosis
for full-thickness chondral defects in comparison to partial-
thickness defects.

Discussion

The role of MRI in the diagnosis of knee pathology has
become essential, and it represents the investigation of
choice for most of the intra-articular lesions of the knee in
the current clinical practice. Nevertheless, several papers
demonstrated that clinical examination and MRI evaluation
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o239 have no significant differences in diagnostic accuracy for
9 é oo tl\\ll 2 meniscal and ACL injuries [7, 8, 22].
a S NS The risks of overtreatment and the problems of exces-
E T e Te sive medicalization have been recently highlighted [23];
nevertheless, the MRI requests dramatically increase over
5232%% time and consequently the numbers of knee arthroscopies
| | | | |
- T2 28Ts and related health costs [24-26].
E T EEES Kocabey et al. [11] did not show real advantages of MRI
= L2 over clinical examination for routine use in diagnosis of
meniscus and ACL pathology before knee arthroscopy.
=g § § N Authors in their paper recommend to consider knee MRI
& g ul\l‘) % 3 [l:' i only in selected cases: to define the return to sport in
E . 8 E g ;{ g ;{ g professional athletes, for detailed differential diagnosis or
2 g . . . .
& 215 g 25589 to define the size and location of meniscal tear in per-
4= . . . . . .
° spective of potential repair, especially in young patients.
& 22588 Nevertheless, MRI is often reported to be the non-operator-
§ - E o;l; g ;I\ % dependent gold-standard diagnostic procedure before knee
[ =]
y & - = = arthroscopy [1, 2, 27].
e ) ISSERSSRS SRS RS . . . .
ey § - e o o o MRI has decreased diagnostic accuracy for intra-artic-
§ ular pathology in cases of acute trauma with hemarthrosis
g 2584 because of the paramagnetic properties of blood and cata-
= i °l\‘|’ i 1 ir? bolic processes in meniscal and chondral tissues during the
5 = C ez haemoglobin degradation process [4]. On the other hand,
& =~ i i ‘f i i clinical examination in cases of acute knee sprain may be
§ = s e = difficult and inaccurate because the presence of pain
E 558 - - restricted range of motion and swelling [4]; moreover, the
2 g gl 9| 9| SI'\ gl ACL remnant and the related intraarticular synovitis could
g -:2|8&888<8 increase the rate of false positives, simulating meniscal
% = :é El e tears [6]. Nam et al. [3] demonstrated that MRI has lower
g2 1e ol IR S-S -2 diagnostic accuracy for the detection of meniscal tears in
§u s« cases of acute ACL rupture. For these reasons, we chose to
o s &6 & = . . . . .
! E88&8 exclude the acute ACL injuries in the setting of the present
Z - N study. We reserved acute MRI evaluation only in cases of
% & g g ;{ ;{ ;{ professional athletes injuries. All cases of ACL injuries in
_~§ § 528225 the present study were classified as chronic because the
° -~ time between trauma and our observation was more than
k5 58824 6 weeks similarly to Sharifah et al. [46].
'u'é TT TR In our series, no statistical differences were found
; z @ 8 > Fé % between diagnostic accuracy of clinical examination, the
k= 2 R first and second MRI reports in diagnosis of MM (84 vs 96
& = ENRENE vs 97 %) and ACL injuries (93 vs 78 vs 89 %).
FT s For the LM tears, the accuracy of the second radiologist
E 5 § $ Sl’ ?il’ > was significantly higher than those of the first (96 vs 75 %;
2 - § 8§88 a é p <0.01) and clinical examination (96 vs 86 %;
> SEle sy p = 0.02). Clinical examination accuracy has also been
= 2 E = — . .
E SI05|838XF T | significantly superior to that of the first MRI report for the
D) o g detection of LM tears (86 vs 75 %; p < 0.01).
= SIS Q = In our series, the LM was reported as isolated tear in
@ &) S — .. . .
= i i oo Y3 only two cases. The clinical examination of LM underes-
g cv; 2 - timated the presence of tear, and 50 % of patients with LM
P = E P oY E tears were asymptomatic before arthroscopic evaluation
% Z 3 E > § o (20 LM tears confirmed by arthroscopy and 10 among them
= A A Z <. with positive LM clinical tests). Clinical examination had
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Table 4 Results of sensitivity,
specificity, positive predictive

Partial-thickness chondral defects

Full-thickness chondral defects

value (PPV), negative predictive
value (NPV) and accuracy for
full- and partial-thickness
chondral defects

Sensitivity (95 % IC)
Specificity (95 % IC)
PPV (95 % 1C)

NPV (95 % 1C)
Accuracy (95 % 1C)

48 % (34-62)
80 % (62-91)
79 % (60-90)
50 % (37-63)
61 % (49-71)

100 % (30-100)°
95 % (87-98)
33 % (9-70)

100 % (94—100)*
95 % (87-98)

? To be considered 97.5 % IC

low sensitivity (50 %), but demonstrated high specificity
(98 %) with accuracy of 86 % in diagnosis of LM tears.
Analysing the arthroscopic features of the LM tears of
this study, we can justify this discrepancy because among
asymptomatic patients seven had peripheral tears of less
than one-third of the meniscus located at the posterior horn
and three had small radial tears of body of the lateral
meniscus. All detected tears had associated injuries (ACL
and/or MM). The only two isolated LM tears were symp-
tomatic and correctly diagnosed by clinical examination,
the first and second MRI reports. This feature can justify
the low K values and fair agreement between clinical
examination and the second MRI report and poor agree-
ment between the first and second radiologists. The eval-
uation of LM tears by the second radiologist obtained the
highest sensitivity, specificity and diagnostic accuracy (95,
96 and 96 %, respectively). In our series, the trained
radiologist obtained less FP and higher detection rate of
LM tears in the setting of combined injuries (ACL and/or
MM). The pattern of longitudinal peripheral tears is fre-
quently associated with chronic ACL deficiency
[34, 46, 47]. High false positive rate is expected for the
posterior horn of lateral meniscus, and possible causes are
the misinterpretation of the signal coming from the inferior
knee artery, the Wrisberg ligament and differentiation of
simple degenerative changes, especially if isolated inferior
or superior meniscus articular surface is involved
[28, 29, 46]. Different authors hypothesized that sponta-
neous healing of peripheral longitudinal meniscus tears can
justify the high false positive rate of peripheral meniscus
tears [2, 30, 31]. Nevertheless, in our paper the large dif-
ference between the two reports in PPV and FP for the LM
could be explained as over-diagnosis of the first radiologist
and not as spontaneous healing of the meniscus tear.
Some authors have been reported that detection rate of
meniscus is higher if the meniscus tear is isolated and that
reduction in sensitivity of MRI scan in the presence of
ACL tears is expected (from 97 to 88 % for MM and
from 94 to 69 % for LM) focusing attention to high
missing rate of LM tears (reported to be 19 %)
[5, 13, 32, 33]. De Smet et al. [33] reported that 11 % of
missed LM had radial pattern and 16 % had longitudinal
peripheral patter with vertical orientation. The closed
connection of the menisco-femoral ligaments arising just
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medial to this peripheral tears may cause incorrect inter-
pretation of MRI. A particular emphasis should be given
to this pattern of tear to potential evolution into bucket-
handle or complex pattern. Therefore, orthopaedic sur-
geons should pay specific attention to early identify and
repair this pattern of injury, especially in young patients
or professional players, or to leave them in situ if
stable and sub-centimetric [34].

The posterior horn tears can be easily missed on MRI
due to several pitfalls. The oblique course of the posterior
horn relative to the coronal, sagittal planes on MRI, the
presence of anatomical structures in closed connection with
menisci (popliteal tendon and ligaments of Humphrey and
Wrisberg), arterial pulsation artefacts, the “magic angle
effect” and meniscal flounce commonly present additional
problems in correct MRI interpretation [33, 35-37]. In
cases of unclear injuries, it is essential to have radiologic
and orthopaedic consult to carefully correlate clinical
information, objective findings and radiological aspects
and to avoid unnecessary procedures.

However, in the literature from 5.6 to 36 % of patients
have asymptomatic MRI findings and the diagnostic error
rate of MRI for knee pathology is reported between 10 and
20 %. The inaccuracies are significantly higher in patients
older than 40 years [11, 38—40]. Results of the present
study are aligned with that reported in the literature.

The clinical examination of ACL had the highest values
of sensitivity (89 %), specificity (97 %) and diagnostic
accuracy (93 %) with good agreement between orthopaedic
surgeon and the second radiologist (K = 0.76). No sig-
nificant differences between clinical examination and MRI
were found. The first MRI evaluation obtained the worst
values of sensitivity (76 %), specificity (79 %) and accu-
racy (78 %) with fair agreement with clinical examination
(K = 0.25) and the second MRI observation (K = 0.37).
There was no possibility to obtain significant data for the
detection of partial ACL rupture due to the lack of detected
cases; however, the arthroscopic incidence of 11 % of
partial ACL rupture of the present study is within the range
of 10-28 % reported in the literature [41].

The use of routine 1.5 T knee MRI in the evaluation of
chondral defect is not widely accepted because of the
limitation in contrast resolution. Controversies exist
regarding different imaging techniques for different grades
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of chondral lesion with low sensitivity in diagnosing car-
tilage defects [42, 43].

In the present study, the routine 1.5 T MRI had sensi-
tivity of 48 %, specificity of 80 % and accuracy of 61 % in
diagnosis of partial-thickness chondral defects. Higher
values were obtained for the diagnosis of full-thickness
chondral defects with sensitivity of 100 %, specificity of
95 % and accuracy of 95 %. Although the routine 1.5 T
MRI evaluation did not represent the technique of choice in
evaluation of cartilage defects, high values of sensitivity,
specificity and accuracy have been obtained in evaluation
of advanced chondral damage by an expert radiologist.

Van Dyck et al. [44] reported that 3.0 T MRI signifi-
cantly improves diagnostic accuracy in detecting cartilage
lesions within the knee joint, when compared with a similar
protocol performed at 1.5 T. Moreover, the addition of 3D-
DESS cartilage-specific sequences to MRI protocol at 3.0 T
can improve diagnostic performance in the detection of
early defects [45].

The present study has some limitations: First, the
absence of data related to orthopaedic evaluation of knee
MRI. Data and imagines are routinely evaluated by
orthopaedic surgeon before every procedure in our prac-
tice, but the aim of this study is focused on clinical eval-
uation without other suggestions. Second, study population
is relatively limited. Third, the heterogeneity of the first
MRI report, especially in description of cartilage defects,
represents a potential selection bias of the study, but it
represents the real aspect of common medical practice. We
choose to maintain the variability of the first “random”
radiologist to evaluate changes between different levels of
experience.

Conclusion

Clinical and MRI evaluation have no differences for the
diagnosis of MM and ACL injuries. A trained radiologist
has better sensitivity, specificity and accuracy in diagnosis
of LM in the setting of combined injuries. 1.5 T MRI does
not represent the technique of choice in the evaluation of
the chondral defect but has high diagnostic accuracy for the
detection of full-thickness chondral defects. For the
detection of partial-thickness defects, 1.5 T MRI demon-
strated low specificity, sensitivity and diagnostic accuracy.

Compliance with ethical standards

Conflict of interest All authors declare that they have no conflict of
interest.

Ethical approval All procedures performed in studies involving
human participants were in accordance with the ethical standards of
the institutional and/or national research committee and with the 1964

Helsinki declaration and its later amendments or comparable ethical
standards.

References

1. Munk B, Madsen F, Lundorf E et al (1998) Clinical magnetic
resonance imaging and arthroscopic findings in knees: a com-
parative prospective study of meniscus anterior cruciate ligament
and cartilage lesions. Arthroscopy 14(171):175

2. Dufka F, Lansdown DA, Zhang AL, Allen CR, Ma CB, Feeley
BT (2016) Accuracy of MRI evaluation of meniscus tears in the
setting of ACL injuries. Knee 23(3):460-464

3. Nam TS, Kim MK, Ahn JH (2014) Efficacy of magnetic reso-
nance imaging evaluation for meniscal tear in acute anterior
cruciate ligament injuries. Arthroscopy 30:475-482

4. Lundeberg M, Odensten M, Thuomas KA, Messner K (1996) The
diagnostic validity of magnetic resonance imaging in acute knee
injuries with hemarthrosis. A single-blinded evaluation in 69
patients using high-field MRI. Int J Sports Med 17(3):218-222

5. Jee WH, McCauley TR, Kim JM (2004) Magnetic resonance
diagnosis of meniscal tears in patients with acute anterior cruciate
ligament tears. J Comput Assist Tomogr 28:402—406

6. Speziali A, Placella G, Tei MM, Georgoulis A, Cerulli G (2016)
Diagnostic value of the clinical investigation in acute meniscal
tears combined with anterior cruciate ligament injury using
arthroscopic findings as golden standard. Musculoskelet Surg
100:31-35

7. Rose NE, Gold SM (1996) Comparison of accuracy between
clinical examination and magnetic resonance imaging in the
diagnosis of meniscal and anterior cruciate ligament tears.
Arthroscopy 12(4):398-405

8. Gillies H, Seligson D (1979) Precision in the diagnosis of
meniscal lesions: a comparison of clinical evaluation, arthrogra-
phy, and arthroscopy. J Bone Joint Surg Am 61:343-346

9. Simonsen O, Jensen J, Mouritsen P, Lauritzen J (1984) The
accuracy of clinical examination of injury of the knee joint.
Injury 16:96-101

10. Ciuffreda P, Lelario M, Milillo P, Vinci R, Coppolino F, Stop-
pino LP, Genovese EA, Macarini L (2013) Mechanism of trau-
matic knee injuries and MRI findings. Musculoskelet Surg
97(Suppl 2):S127-S135

11. Kocabey Y, Tetik O, Isbell WM, Atay A, Johnson DL (2004) The
value of clinical examination versus magnetic resonance imaging
in the diagnosis of meniscal tears and anterior cruciate ligament
rupture. Arthroscopy 20(7):696-700

12. Mackenzie R, Keene GS, Lomas DJ, Dixon AK (1995) Errors at
knee magnetic resonance imaging: true or false? Br J Radiol
68(814):1045-1051

13. Van Dyck P, Vanhoenacker FM, Lambrecht V, Wouters K,
Gielen JL, Dossche L, Parizel PM (2013) Prospective comparison
of 1.5 and 3.0-T MRI for evaluating the knee menisci and ACL.
J Bone Joint Surg Am 95(10):916-924

14. Rayan F, Bhonsle S, Shukla D (2009) Clinical, MRI, and
arthroscopic correlation in meniscal and anterior cruciate liga-
ment injuries. Int Orthop 33:129-132

15. Crues JV, Mink J, Levy TL, Lotysch M, Stoller DW (1987)
Meniscal tears of the knee: accuracy of MR imaging. Radiology
164:445-448

16. Chan WP, Fritz RC, Steinbach LS, Wu CY, Genant HK, Cannon
WD (1994) The knee: internal derangements. In: Chan WP, Lang
P, Genant HK (eds) MRI of the musculoskeletal system. W.B.
Saunders, Philadelphia, pp 263-306

17. Van Dyck P, De Smet E, Veryser J, Lambrecht V, Gielen JL,
Vanhoenacker FM et al (2012) Partial tear of the anterior cruciate

@ Springer



238

Musculoskelet Surg (2016) 100:231-238

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

31.

32.

ligament of the knee: injury patterns on MR imaging. Knee Surg
Sports Traumatol Arthrosc 20:256-261

Kosaka M, Nakase J, Toratani T, Ohashi Y, Kitaoka K, Yamada
H, Komura K, Nakamura S (2013) Oblique coronal and oblique
sagittal MRI for diagnosis of anterior cruciate ligament tears and
evaluation of anterior cruciate ligament remnant tissue. Knee
21(1):54-57

Crain EH, Fithian DC, Paxton EW, Luetzow WF (2005) Varia-
tion in anterior cruciate ligament scar pattern: does the scar
pattern affect anterior laxity in anterior cruciate ligament-defi-
cient knees? Arthroscopy 21:19-24

Sonin AH, Pensy RA, Mulligan ME, Hatem S (2002) Grading
articular cartilage of the knee using fast spin-echo proton density-
weighted MR imaging without fat suppression. AJR Am J
Roentgenol 179(5):1159-1166

Van den Borne MP, Raijmakers NJ, Vanlauwe J, Victor J, de
Jong SN, Bellemans J, Saris DB, International Cartilage Repair
Society (2007) International Cartilage Repair Society (ICRS) and
Oswestry macroscopic cartilage evaluation scores validated for
use in Autologous Chondrocyte Implantation (ACI) and
microfracture. Osteoarthritis Cartilage 15(12):1397-1402
Thomas S, Pullagura M, Robinson E, Cohen A, Banaskiewicz P
(2007) The value of magnetic resonance imaging in our current
management of ACL and meniscal injuries. Knee Surg Sports
Traumatol Arthrosc 15:533-536

Godlee F (2009) Less medicine is more. BMJ. doi:10.1136/bmj.
b2561

Kim S, Bosque J, Meehan JP, Jamali A, Marder R (2011)
Increase in outpatient knee arthroscopy in the United States: a
comparison of National Surveys of Ambulatory Surgery, 1996
and 2006. J Bone Joint Surg Am 93(11):994-1000

Kemp MA, Lang K, Dahill M, Williams JL (2010) Investigating
meniscal symptoms in patients with knee osteoarthritis—is MRI
an unnecessary investigation? Knee 18(4):252-523

Lelario M, Ciuffreda P, Lupo P, Bristogiannis C, Vinci R,
Stoppino LP, De Filippo M, Macarini L (2013) Financial impact
of radiological reports on medical-legal evaluation of compen-
sation for meniscal lesions. Musculoskelet Surg 97(Suppl
2):S137-S144

Bari A, Kashikar S, Iakhkar B, Ahsan M (2014) Evaluation of
MRI versus arthroscopy in anterior cruciate ligament and
meniscal injuries. J Clin Diagn Res 8(12):RC14-RC18

Spiers AS, Meagher T, Ostlere SJ, Wilson DJ, Dodd CA (1993)
Can MRI of the knee affect arthroscopic practice? A prospective
study of 58 patients. J Bone Joint Surg Br 75(1):49-52

Heron C (1996) MRI—meniscal pitfalls. Knee 3(1-2):68-69

. De Smet AA, Nathan DH, Graf BK, Haaland BA, Fine JP (2008)

Clinical and MRI findings associated with false-positive knee MR
diagnoses of medial meniscal tears. AJR Am J Roentgenol
191:93-99

Mackenzie R, Keene GS, Lomas DJ, Dixon AK (1995) Errors at
knee magnetic resonance imaging: true or false? Br J Radiol
68:1045-1051

De Smet AA, Graf BK (1994) Meniscal tears missed on MR
imaging: relationship to meniscal tear patterns and anterior cru-
ciate ligament tears. AJR Am J Roentgenol 162(4):905-911

@ Springer

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

De Smet AA, Mukherjee R (2008) Clinical, MRI, and arthro-
scopic findings associated with failure to diagnose a lateral
meniscal tear on knee MRI. AJR Am J Roentgenol 190(1):22-26
Alessio-Mazzola M, Formica M, Coviello M, Basso M, Felli L
(2016) Conservative treatment of meniscal tears in anterior cru-
ciate ligament reconstruction. Knee. doi:10.1016/j.knee.2015.08.
003

Magee T, Shapiro M, Williams D (2002) MR accuracy and
arthroscopic incidence of meniscal radial tears. Skeletal Radiol
31:686-689

Yu JS, Cosgarea AJ, Kaeding CC, Wilson D (1997) Meniscal
flounce MR imaging. Radiology 203:513-515

Lee BY, Jee WH, Kim JM, Kim BS, Choi KH (2000) Incidence
and significance of demonstrating the meniscofemoral ligament
on MRI. Br J Radiol 73(867):271-274

Hodler J, Haghighi P, Pathria MN, Trudell D, Resnick D (2002)
Meniscal changes in the elderly: correlation of MR imaging and
histologic findings. Radiology 184:221-225

LaPrade RF, Burnett QM, Veenstra MA, Hodgman CG (1994)
The prevalence of abnormal magnetic resonance imaging findings
in asymptomatic knees. With correlation of magnetic resonance
imaging to arthroscopic findings in symptomatic knees. Am J
Sports Med 22(6):739-745

Esmaili Jah AA, Keyhani S, Zarei R, Moghaddam AK (2005)
Accuracy of MRI in comparison with clinical and arthroscopic
findings in ligamentous and meniscal injuries of the knee. Acta
Orthop Belg 71(2):189-196

Zantop T, Brucker PU, Vidal A, Zelle BA, Fu FH (2007) Intra-
articular rupture pattern of the ACL. Clin Orthop Relat Res
454:48-53

Friemert YB, Oberldander W, Schwarz HJ, Héaberle W, Bihren H,
Danz Gerngrof3 B (2004) Diagnosis of chondral lesions of the
knee joint: can MRI replace arthroscopy? A prospective study.
Knee Surg Sports Traumatol Arthrosc 12:58-64

Smith TO, Drew BT, Toms AP, Donell ST, Hing CB (2012)
Accuracy of magnetic resonance imaging, magnetic resonance
arthrography and computed tomography for the detection of
chondral lesions of the knee. Knee Surg Sports Traumatol
Arthrosc 20:2367-2379

Van Dyck P, Kenis C, Vanhoenacker FM, Lambrecht V, Wouters
K, Gielen JL, Dossche L, Parizel PM (2014) Comparison of 1.5-
and 3-T MR imaging for evaluating the articular cartilage of the
knee. Knee Surg Sports Traumatol Arthrosc 22:1376-1384
Evangelopoulos DS, Huesler M, Ahmad SS, Aghayev E, Neu-
kamp M, Roder C, Exadaktylos A, Bonel H, Kohl S (2015)
Mapping tibiofemoral gonarthrosis: an MRI analysis of non-
traumatic knee cartilage defects. Br J Radiol 88(1052):20140542.
doi:10.1259/bjr.20140542

Sharifah M, Lee CL, Suraya A, Johan A, Syed A, Tan S (2015)
Accuracy of MRI in the diagnosis of meniscal tears in patients
with chronic ACL tears. Knee Surg Sports Traumatol Arthrosc
23:826-830

Naranje S, Mittal R, Nag H, Sharma R (2008) Arthroscopic and
magnetic resonance imaging evaluation of meniscus lesions in
the chronic anterior cruciate ligament-deficient knee. Arthro-
scopy 24(9):1045-1051


http://dx.doi.org/10.1136/bmj.b2561
http://dx.doi.org/10.1136/bmj.b2561
http://dx.doi.org/10.1016/j.knee.2015.08.003
http://dx.doi.org/10.1016/j.knee.2015.08.003
http://dx.doi.org/10.1259/bjr.20140542

	Comparison of clinical, MRI and arthroscopic assessments of chronic ACL injuries, meniscal tears and cartilage defects
	Abstract
	Purpose
	Methods
	Results
	Conclusion
	Level of evidence

	Introduction
	Materials and methods
	Results
	Medial meniscus
	Lateral meniscus
	Anterior cruciate ligament
	Cartilage

	Discussion
	Conclusion
	References




