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Summary. Objective: The aim of this work is to evaluate the diagnostic accuracy of 0.3T sectoral MR imaging, 
compared with arthroscopy, for meniscal, cruciate ligaments and chondral knee lesions. Materials and Meth-
ods: We conducted a retrospective study analyzing all the consecutive knees subjected to arthroscopy at our 
institution between January 2014 and June 2017 and preceded within 3 months by knee MR examination at 
our institution with 0.3 T equipment. Patients with history of a new trauma in the time interval between MR 
exam and arthroscopy were excluded from the study. Two independent experienced radiologists evaluated in 
double blind the MR findings of menisci, cruciate ligaments and articular cartilage. Both radiological findings 
were independently compared with those of the arthroscopic report considered as gold standard. For each 
of the examined targets we calculated the following parameters: sensitivity, specificity, accuracy, positive and 
negative predictive value; interobserver concordance statistically calculated using Cohen’s Kappa test. Results: 
214 knees (95R/119L) of 214 patients (143M/71F) aged from 18 to 72 years (mean 44) were included and 
analyzed. We found a good diagnostic accuracy of the low field MR in identifying the injuries of the menisci 
(93%) and the crossed ligaments (96%), but a lower accuracy for the articular cartilage (85%). Sensitivity 
resulted 90% for menisci, 73% for ligaments and 58% for cartilage. Specificity was 91% for menisci, 97% for 
ligaments and 92% for cartilage. Inter-observer concordance resulted to be excellent for cruciate ligaments 
(K of Cohen’s test = 0.832), good (K = 0.768) for menisci, modest to moderate for articular cartilage (K from 
0.236 to 0.389) with worse concordance for tibial cartilage. Conclusions: Low-field MR sectoral device with 
dedicated joint equipment confirms its diagnostic reliability for the evaluation of meniscal and cruciate liga-
ments lesions but is weak in evaluating low grade chondral lesions. (www.actabiomedica.it)
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Introduction

Magnetic Resonance (MR) is the best non-in-
vasive imaging method for evaluating the anatomi-
cal structures of the knee (1); its diagnostic accuracy, 
which varies according to the equipment used and the 
anatomical tissue studied, can be comparable to that 
of arthroscopy (2-6), considered the gold standard in 
the diagnostic evaluation of meniscal and cruciate liga-
ments lesions.

Most of the scientific studies aimed at assessing 
the sensitivity and specificity of the MR were carried 
out with high intensity field equipment (>1T) but even 
low-field studies (<0.5T) (3,7,8) have shown an over-
lapping diagnostic reliability concerning the pathology 
of meniscal fibrocartilages and cruciate ligaments.

High intensity field MR devices provide better 
signal/noise ratio, better contrast and better spatial 
resolution with faster acquisition time than low mag-
netic fields (8); however, considering the lower pur-
chase and maintenance costs, the ease of installation 
in not too wide environments (9) and the diagnostic 
performance for ligaments and menisci similar to that 
of the high-intensity field MR (8), it would be gener-
ally desirable to use low-field equipment.

Moreover, despite the availability of high-intensi-
ty field “open” machines, low-intensity sectoral equip-
ment is preferred by claustrophobic patients and chil-
dren for whom no sedation is required (10).

To date the reliability of the information about 
the articular cartilage condition obtained with low in-
tensity magnetic fields is still doubtful; in particular 
mild chondral lesions seem to be not easy to be de-
tected by these low field devices (3).

Purpose

The primary aim of this work was to evaluate the 
diagnostic accuracy of a low-field (0.3T) sectoral MR 
device, compared with arthroscopy, for meniscal, cru-
ciate ligaments and chondral knee lesions. Secondary 
aims were the estimation of sensitivity, specificity, pos-
itive and negative predictive values and inter-observer 
concordance.

Materials and methods   

We conducted a retrospective study analyzing all 
the knees consecutively subjected to arthroscopy at 
our institution between January 2014 and June 2017 
and preceded by knee MR examination within 90 days 
from arthroscopy at our institution with 0.3 T equip-
ment with dedicated coil (Oscan, Esaote, Genova, 
Italy). The MR examinations were performed with 
the knee in slight flexion and intra-rotation with the 
STIR, GRE T1, SE T1, FSE T2 acquisitions in the 
three planes of the space (Table 1).

Exclusion criteria concerned all the patients ex-
amined by other MR devices, to have a uniform MR 
evaluation; moreover patients undergone arthroscopy 
more than 90 days after MR and patients with his-
tory of a new trauma in the time interval between MR 
examination and arthroscopy were also excluded from 
the study to avoid possible modifications of the tis-
sues which could vary and false the MR-Arthroscopy 
comparison.

All patients included in the study expressed a 
written consent to undergo MR examination and ar-
throscopy and to treat personal data.

Table 1. 0,3 T MR parameters

	 TR	 TE	 Etl	 Thickness	 Gap	 Matrix	 Nex
				    (mm)	 (mm)	

SE T1	 1040	   24	   1	 4	 0,4	 256x256	 1
FSE T2	 5460	 100	 10	 4	 0,4	 256x256	 2
GRE T1	   505	   16	   1	 4	 0,4	 512x512	 2
STIR*	 1920	   25	   1	 4	 0,4	 256x256	 1

*TI = 90
TR: repetition time; TE: echo time; Etl: long echo train lenght; Gap: slice intervals; Nex: number of excitation.
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Two independent experienced radiologists evalu-
ated, in blind of the other radiologist and of the ar-
throscopic report, the MR findings of the menisci, the 
cruciate ligaments and the articular cartilage, classify-
ing the lesions according respectively to Lotysch for 
menisci (3 degrees) (Table 2) (11), American Medi-
cal Association (AMA) for ligaments (3 degrees) (Ta-
ble 3) (12), and Outerbridge for cartilage (4 degrees) 
(Table 4) (13); moreover, in evaluating the cartilage, 
the articular surfaces were divided into medial and lat-
eral condyle, medial and lateral tibial plateau, femoral 
trochlea and patella.

Both series of radiological findings were indepen-
dently compared with those of the arthroscopic report 
considered as gold standard and for each of the exam-
ined targets the following parameters were calculated:

• �Sensitivity (SS): the percentage of patients for 
whom the diagnosis detected by MR was con-
firmed by arthroscopy

• �Specificity (SP): the percentage of patients for 
whom the negative diagnosis detected by MR 
was confirmed by arthroscopy

• �Accuracy (ACC): the percentage of patients for 
whom the MR scan diagnosis was found to be 
the same at arthroscopy;

• �Positive Predictive Value (PPV): percentage of 
patients with positive MR findings also positive 
at arthroscopy;

• �Negative Predictive Value (NPV): the percent-
age of patients with negative MR findings con-
firmed as negative by arthroscopy;

• �Inter-observer concordance statistically calcu-
lated using Cohen’s K test.

Results

Sample characteristics

214 knees, 95 (44 %) right and 119 (56 %) left, of 
214 patients, 143 (67 %) males and 71 (33 %) females, 
aged from 18 to 72 years (mean 44) were included and 
analyzed.

Arthroscopic findings

The following lesions were found at the arthro-
scopic inspection: 

• �155 medial meniscal lesions (Figures 1 and 2), 
53 lateral meniscal lesions; 

• �42 Anterior Cruciate Ligament (ACL) lesions 
(Figure 3), 3 Posterior Cruciate Ligament le-
sions (PCL) (Figure 4);

•	 242 cartilage lesions (Figure 5) of which 30 
patellar, 70 tibial and 142 femoral-trochlear (Figure 1).

MR findings

At MRI the first reader recognized: 

Table 2. Lotysch meniscus injuries grading

Grading	 Aspect

I	� small focal area of hyperintensity,  no extension to 
the articular surface

II	� linear areas of hyperintensity, no extension to the ar-
ticular surface

III	� abnormal hyperintensity extends to at least one ar-
ticular surface (superior or inferior), and is referred 
as a definite meniscal tear

Table 3. AMA ligament injury classification

Grade	 Description

I	� Mild, minor tearing of ligament fibers and no demon-
strable increase in translation on examination

II	� Moderate, partial tear of the ligament without com-
plete disruption, with a slight to moderate increased 
translation upon examination

III	� Severe, complete tear of the ligament, with a marked 
increase in translation upon examination

Table 4. Outerbridge articular cartilage defect grading

Grade	 Description

I	 Focal areas of hyperintensity with an intact surface

II	� Shallow superficial ulceration, fibrillation, or fissuring 
involving less than 50% of the depth of the articular 
surface

III	� Deep ulceration, fibrillation, fissuring, or a chondral 
flap involving 50% or more of the depth of the articular 
cartilage without exposure of subchondral bone.

IV	� Full-thickness chondral wear with exposure of sub-
chondral bone
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• �194/208 meniscal lesions, misunderstanding 14 
(9 of lateral meniscus and 5 of medial meniscus); 

• �41/45 cruciate ligaments lesion, misunderstand-
ing 4 (3 of the ACL and 1 of the PCL); 

• �136/242 cartilage injuries, misunderstanding 
106 (9 on the patella, 49 on the tibia and 48 on 
the femur) (Figure 2 and 3). 

The second MR reader detected: 
• �185/208 meniscal lesions, misunderstanding 23 

(3 of the lateral meniscus and 20 of the medial 
meniscus); 

• �37/45 injuries of the cruciate ligaments, mis-
understanding 8 (7 for the ACL and 1 for the 
PCL); 

• �126/242 cartilage injuries, misunderstanding 
116 (7 on the patella, 62 on the tibia and 54 on 
the femur) (Figure 4 and 5).

MR-Arthroscopy comparison (Table 5)

• �Meniscal injuries revealed 90% of sensitivity, 
91% specificity and a diagnostic accuracy of 93% 
(mean values between the two observers vs ar-
throscopy);

• �crossed ligaments lesions showed 73% sensitivity 
and 97% specificity with an accuracy of 96%;

• �for articular cartilage we obtained a mean sensi-
tivity of 58%, 92% specificity and 85% diagnos-
tic accuracy: in particular 82% patella, 90% tibia 
and 84% femur.

Inter-observer concordance resulted to be excellent 
for cruciate ligaments (K of Cohen’s test = 0.832), good 
(K = 0.768) for menisci, modest to moderate for ar-
ticular cartilage (K ranging from 0.236 to 0.389) with 
worse concordance for tibial cartilage.

Discussion

Over the years, with the evolution of machines 
and study protocols, MR has been confirmed as a non-
invasive and highly sensitive instrument in the evalua-

Figure 1. Longitudinal lesion of the medial meniscus posterior 
horn

Figure 2. Bucket-Handle lesion of the medial meniscus 

Figure 3. Full proximal (femoral) lesion of the anterior cruciate 
ligament

Figure 4. Full lesion of the posterior cruciate ligament

Figure 5. III-IV degree chondropathy of the lateral compart-
ment
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tion of osteo-ligamentous structures, articular surfaces 
and peri-articular knee tissues (1).

Arthroscopy, on the other side, is a highly sensi-
tive and specific procedure for evaluating endocapsular 
structures (2-5) but invasive and no more accepted as 
sole diagnostic instrument.

As mentioned above, high-intensity field devices 
(>1T) allow for spatial and contrast resolution and a 
signal-to-noise ratio not obtainable with low-field 
equipment (<0.5T), if not increasing scanning time 
at the expense of increasing artifacts from movement 
(14,15).

Here we emphasize the use of low-field equip-
ment dedicated to the joints, cheaper and more versa-
tile than the large and expensive high-field equipment 
of proven diagnostic quality (4,16-20).

Our results are in line with literature as regards 
the evaluation of pathological findings on menisci 
(2,5,14,21) and cruciate ligaments (2,5,6,21-24) with 
a good (93% and 96% respectively) diagnostic accu-
racy and a good to excellent inter-observer concord-
ance (Table 5).

Riel et al. (5) correctly identified, using the low 
field MR, the 3 lesions of the PCL present in their 
own study, as well as Lokannavar et al. (24) correctly 
identified two kind of lesions in their own study. Al-
though our results were in line with these studies about 
the PCL injuries, it is still difficult to draw statistical 
conclusions with such small size samples.

The low diagnostic accuracy associated with 
the low inter-observer concordance found in detect-

ing cartilage lesions reveals a weakness in diagnosing 
cartilage injuries by the 0.3T MR equipment. In our 
experience, the major discrepancies between radiologi-
cal and arthroscopic findings are referred to grade I-II 
chondral injuries, mostly about patella (average error 
24.5%), and less (15% and 14.5% respectively) for tibia 
and femur (trochlear cartilage) (Figure 6).

Scarcity of studies on articular surface evaluation 
by low-field MR makes it difficult to compare our data 
with literature. In particular Lee et al. (3) compar-
ing their chondral lesions findings between low-field 
MRI and arthroscopy, obtained 8% of sensitivity and 
94% of specificity, while Riel et al. (5) evaluating only 
grade III chondral lesions and comparing them with 
arthroscopy obtained 72% of sensitivity and 100% of 
specificity.

Best results in the field of chondral lesions are 
obtained with machines capable of developing more 
intense fields (> 1T); especially, the recent use of 3T 
equipment has allowed good diagnostic reliability 
also with 76% of sensitivity and 95% of specificity 
(16,18,19). 

Conclusions

The present study confirms the reliability of the 
MR examination performed by low-field equipment 
for meniscal and ligamentous lesions, while demon-
strates the limitations of the tool in detecting mild 
chondral lesions. Especially, the diagnostic accuracy of 

Table 5. Results of the comparison between MR and arthroscopy findings.

	 SS1	 SS2	 SP1	 SP2	 PPV1	 PPV2	 NPV1	 NPV2	 ACC1	 ACC2

Medial Meniscus	 97	 87	 85	 97	 95	 87	 90	 97	 94	 95

Lateral Meniscus	 83	 94	 97	 83	 90	 94	 95	 85	 93	 91

PCL	 67	 50	 100	 99	 100	 50	 100	 99	 100	 99

ACL	 91	 84	 97	 92	 89	 72	 98	 96	 96	 90

Patellar cartilage	 73	 86	 80	 85	 40	 21	 94	 99	 79	 85

Tibial cartilage	 27	 55	 98	 98	 70	 67	 87	 96	 86	 95

Femoral cartilage	 65	 44	 94	 96	 77	 83	 90	 81	 88	 81

Total	 74	 73	 94	 93	 81	 77	 91	 91	 89	 88

SS sensitivity; SP specificity; PPV positive predictive value; NPV negative predictive value; ACC accuracy. 1 = Reader 1; 2 = Reader 2. 
PCL = Posterior Cruciate Ligament; ACL = Anterior Cruciate Ligament
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the latter is positively affected by the increase of the 
magnetic field of the latest MR equipment; however 
the low availability of the same and the highest cost of 
purchase and management makes their use not con-
venient except in selected cases.

References 

1. �Ghanem I, Abou Jaoude S, Kharrat K, Dagher F. (2002) Is 
MRI effective in detecting intraarticular abnormalities of in-
jured knee? J Med Liban. 50:168-74.

2. �Cotten A, Delfaut E, Demondion X, et al. (2000) MR imag-
ing of the knee at 0.2 and 1.5 T: correlation with surgery. AJR 
Am J Roentgenol. 174:1093-1097.

3. �Lee CS, Davis SM, McGroder C, Stetson WB, Pow-
ell SE. (2013) Analysis of low-field magnetic reso-
nance imaging scanners for evaluation of knee pathol-
ogy based on arthroscopy. Orth J Sports Med. 1(7):   DOI: 
10.1177/2325967113513423.

4. �Nemec SF, Marlovits S, Trattnig S, Matzek W, Mayerhoefer 
ME, Krestan CR. (2008) High-resolution magnetic reso-
nance imaging and conventional magnetic resonance imag-
ing on a standard field-strength magnetic resonance system 
compared to arthroscopy in patients with suspected meniscal 
tears. Acad Radiol. 15:928-933.

5. �Riel KA, Reinisch M, Kersting-Sommerhoff B, Hof N, Merl 
T. (1999) 0.2-Tesla magnetic resonance imaging of internal  

  �lesions of the knee joint: a prospective arthroscopically con-
trolled clinical study. Knee Surg Sports Traumatol Arthrosc. 
7:37-41.

  6. �De Filippo M., Bertellini A., Pogliacomi F., Sverzellati N., 
Corradi D., Garlaschi G., Zompatori M. Multidetector 
computed tomography arthrography of the knee: diagnos-
tic accuracy and indications. Eur J Radiol. 2009 May;70(2): 
342-51.

  7. �Kladny B, Gluckert K, Swoboda B, Beyer W, Weseloh G. 
(1995) Comparison of low-field (0.2 Tesla) and high-field 
(1.5 Tesla) magnetic resonance imaging of the knee joint. 
Arch Orthop Trauma Surg. 114:281-286.

  8. �Wong S, Steinbach L, Zhao J, Stehling C, Ma CB, Link 
TM. (2009) Comparative study of imaging at 3.0 T ver-
sus 1.5 T of the knee. Skeletal Radiol 38:761–769. DOI 
10.1007/s00256-009-0683-0.

  9. �Shellock FG, Hollister MC. (2002) In-office MR imaging. 
Clin Sports Med 21 261–287.

10. �Ghazinoor S, Crues JV 3rd, Crowley C. (2007) Low-field 
musculoskeletal MRI. J Magn Reson Imaging. 25:234-244.

11. �Crues III JV, Mink J, Levy TL, Lotysch SM, Stoller DW. 
(1987) Meniscal Tears of the Knee: Accuracy of MR Imag-
ing. Radiology; 164:445-448.

12. �Kaplan P, Helms CA, Dussault R, Anderson MW, and 
Major NM. (2001) Musculoskeletal MRI. Saunders WB, 
Philadelphia, PA.

13. �Outerbridge RE. (1961) The etiology of chondromalacia 
patellae. J Bone Joint Surg Br.;43:752–757.

14. �Barnett MJ. (1993) MR diagnosis of internal derangements 
of the knee: effect of field strength on efficacy. AJR Am J 
Roentgenol. 161:115-118.

Figure 6. Visual representation of percentages of diagnostic errors for cartilage divided in degree I or degrees II-III-IV (according to 
the Outerbridge classification)



M. Leigheb, G. Guzzardi, M. Barini, et al.122

15. �Parizel PM, Dijkstra HA, Geenen GP, et al. (1995) Low-
field versus high-field MR imaging of the knee: a compari-
son of signal behaviour and diagnostic performance. Eur J 
Radiol. 19:132-138.

16. �Craig JG, Go L, Blechinger J, et al. (2005) Three-tesla imag-
ing of the knee: initial experience. Skeletal Radiol. 34:453-
461.

17. �Grossman JW, De Smet AA, Shinki K. (2009) Comparison 
of the accuracy rates of 3-T and 1.5-T MRI of the knee 
in the diagnosis of meniscal tear. AJR Am J Roentgenol. 
193:509-514.

18. �Jung JY, Yoon YC, Kwon JW, Ahn JH, Choe BK. (2009) 
Diagnosis of internal derangement of the knee at 3.0-T MR 
imaging: 3D isotropic intermediate-weighted versus 2D se-
quences. Radiology. 253:780-787.

19. �Kijowski R, Davis KW, Woods MA, et al. (2009) Knee 
joint: comprehensive assessment with 3D isotropic resolu-
tion fast spin-echo MR imaging-diagnostic performance 
compared with that of conventional MR imaging at 3.0 T. 
Radiology. 252:486-495.

20. �Ramnath RR, Magee T, Wasudev N, Murrah R. (2006) Ac-
curacy of 3-T MRI using fast spin-echo technique to detect 
meniscal tears of the knee. AJR Am J Roentgenol. 187:221-
225.

21. �Fischer SP, Fox JM, Del Pizzo W, Friedman MJ, Snyder 
SJ, Ferkel RD. (1991) Accuracy of diagnoses from magnetic 

resonance imaging of the knee. A multi-center analysis of 
one thousand and fourteen patients. J Bone Joint Surg Am. 
73:2-10.

22. �Franklin PD, Lemon RA, Barden HS. (1997) Accuracy of 
imaging the menisci on an in-office, dedicated, magnetic 
resonance imaging extremity system. Am J Sports Med. 
25:382-388.

23. �Kinnunen J, Bondestam S, Kivioja A, et al. (1994) Diag-
nostic performance of low field MRI in acute knee injuries. 
Magn Reson Imaging. 12:1155-1160.

24. �Lokannavar HS, Yang X, Guduru H. (2012) Arthroscopic 
and low-field MRI (0.25 T) evaluation of meniscus and 
ligaments of painful knee. J Clin Imaging Sci. 2:24.

Received: 26 October 2018
Accepted: 10 December 2018
Correspondence:
M. Leigheb MD, PhD, MSc
S.C. Ortopedia e Traumatologia
AOU “Maggiore della Carità”
Università del Piemonte Orientale (UPO)
Corso Mazzini 18 – 28100 Novara (Italy)
Tel. +39 0321-3733460
Fax +39 0321-393691
E-mail: massimiliano.leigheb@med.uniupo.it


