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Abstract

Purpose To assess the diagnostic test accuracy of mag-
netic resonance imaging (MRI), magnetic resonance
arthrography (MRA) and computed tomography arthrog-
raphy (CTA) for the detection of chondral lesions of the
patellofemoral and tibiofemoral joints.

Methods A review of published and unpublished litera-
ture sources was conducted on 22nd September 2011. All
studies assessing the diagnostic test accuracy (sensitivity/
specificity) of MRI or MRA or CTA for the assessment of
adults with chondral (cartilage) lesions of the knee (tibio-
femoral/patellofemoral joints) with surgical comparison
(arthroscopic or open) as the reference test were included.
Data were analysed through meta-analysis.

Results Twenty-seven studies assessing 2,592 knees from
2,509 patients were included. The findings indicated that
whilst presenting a high specificity (0.95-0.99), the sensi-
tivity of MRA, MRI and CTA ranged from 0.70 to 0.80.
MRA was superior to MRI and CTA for the detection of
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patellofemoral joint chondral lesions and that higher field-
strength MRI scanner and grade four lesions were more
accurately detected compared with lower field-strength and
grade one lesions. There appeared no substantial difference
in diagnostic accuracy between the interpretation from
musculoskeletal and general radiologists when undertaking
an MRI review of tibiofemoral and patellofemoral chondral
lesions.

Conclusions Specialist radiological imaging is specific
for cartilage disease in the knee but has poorer sensitivity
to determine the therapeutic options in this population. Due
to this limitation, there remains little indication to replace
the ‘gold-standard’ arthroscopic investigation with MRI,
MRA or CTA for the assessment of adults with chondral
lesions of the knee.

Level of evidence 11.

Keywords Cartilage defect - MRI - MRA - CTA -
Arthroscopy - Sensitivity - Specificity

Introduction

Chondral lesions are considered a common cause of knee
pain and can be difficult to differentiate clinically from
meniscal injury [9, 13, 46]. Chondral lesions can be a
source of pain and subsequent disability limiting the
occupational and social pursuits of people [13, 21]. Fur-
thermore, they are progressive in nature as the articular
cartilage degenerates resulting in increased contact pres-
sures on underlying subchondral bone [12]. With a variety
of non-operative and operative treatment options, an
accurate diagnosis is required to ensure that the optimal
treatment strategy is tailored to each individual.

Magnetic resonance imaging (MRI) has gained favour
as a diagnostic tool for intra-articular knee pathology over
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the past 20 years [18, 19]. Previous studies have demon-
strated the high diagnostic accuracy of MRI protocols for
the detection of meniscal and anterior cruciate ligament
(ACL) disruption [7, 32, 41]. However, the use of MRI in
the detection of chondral lesions is less widely accepted
because of limitations in contrast resolution [24]. Recent
developments in pulse sequences and increasing magnetic
field-strength have led to improvements in contrast reso-
lution [11].

Controversy exists regarding the accuracy of different
imaging techniques for different grades of chondral lesion.
Generally, MRI is considered more sensitive for the
detection of deeper rather than more superficial lesions [13,
14]. Magnetic resonance arthrography (MRA) and com-
puted tomography arthrography (CTA) can also be used to
investigate intra-articular pathology affecting the knee [6,
47]. Both techniques have been used to diagnose chondral
delamination of the hip [34, 53]. The addition of contrast
agent delineates the cartilage surface to provide greater
discrimination of cartilaginous lesions [36]. However, both
MRA and CTA are less frequently used than conventional
MRI for the detection of chondral lesions in the knee,
because they are invasive and more expensive. Overall, the
value of an accurate radiological measurement is consid-
erable given the alternative is arthroscopic investigation, a
more invasive and more expensive procedure [36].

The purpose of this study was to undertake a meta-
analysis of the literature to assess the diagnostic test
accuracy of MRI, MRA and CTA for chondral lesions of
the patellofemoral and tibiofemoral joints. Examination of
the grade of chondral lesion, location of lesion and image
interpreter was assessed in addition to determining the
optimal modality for imaging chondral lesions. This was
justified since it has not been previously undertaken, whilst
continuing controversy exists regarding the optimal imag-
ing technique for this population.

Materials and methods
Search strategy

The primary search was based on the electronic databases:
the Cochrane Central Register of Controlled Trials (in The
Cochrane Library), MEDLINE, EMBASE, AMED, Bio-
med Central, CINAHL and Zetoc reviewed from their
inception to 22 September 2011.

The unpublished or grey literature was searched using
the electronic databases: OpenSIGLE (System for Infor-
mation on Grey Literature in Europe), the WHO Interna-
tional Clinical Trials Registry Platform, Current Controlled
Trials, UKCRN Portfolio Database, National Technical
Information Service and the UK National Research
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Register Archive. The Boolean operators and MeSH and
keyword search terms used for the MEDLINE search are
presented in Table 1. These were amended for each search
platform.

The reference lists of all potentially relevant papers
were examined for initially missed studies. The corre-
sponding author for each included study was contacted.
Each was asked to review the search results and to high-
light any additional papers that may have been initially
omitted.

Study identification

Titles and abstracts were initially screened by one reviewer
(TS). The shortlisted studies were then reviewed by a
second reviewer (BD) to determine their eligibility
according to the inclusion/exclusion criteria. The full texts
of each potentially eligible paper were retrieved and sub-
sequently reviewed by the two reviewers independently.

Eligibility criteria
Studies assessing the diagnostic test accuracy (sensitivity/

specificity) of MRI or MRA or CTA for the assessment of
adults with chondral (cartilage) lesions of the knee

Table 1 Search strategy based on MEDLINE search
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(tibiofemoral/patellofemoral joints) with surgical compar-
ison (arthroscopic or open) as the reference test were
included. Arthroscopy was included as a reference test
since this has been suggested as the gold-standard in the
diagnosis of cartilage lesions [1]. Studies assessing
cadaveric knees or animal models were excluded. Studies
that did not use surgery as the reference standard or did not
aim to assess the diagnostic accuracy (sensitivity/specific-
ity) were excluded.

Data collection/methodological quality assessment

Data from each eligible study were extracted by two
reviewers independently (BD, TS). Data extracted inclu-
ded: sample size, cohort gender, average age, MRI, MRA,
CTA, multi-detector computed tomography (MDCT) and
surgical ‘reference’ procedure and the frequency of true
positives, true negatives, false positives and false negatives
for the index to reference test. If insufficient data were
available, this was either calculated using summary esti-
mates or the respective corresponding authors were con-
tacted to obtain this.

The methodological quality of each paper was evaluated
using the QUADAS (Quality Assessment of Diagnostic
Accuracy Studies) criteria [50, 51]. Each reviewer (BD,
TS) performed this independently. Any disagreements
during the study identification, data extraction or method-
ological assessment processes were resolved through dis-
cussion between the two reviewers until consensus was
met. Any unresolved disagreements were resolved by a
third reviewer (AT) who acted as an adjudicator.

Analysis

Study heterogeneity was assessed by recording differences
in study characteristics and methodological approaches
using the data extraction tables. Data from studies that did
not demonstrate substantial heterogeneity were pooled in
meta-analyses.

The primary analysis was the assessment of sensitivity,
specificity, likelihood ratios and diagnostic odds ratios for
MRI, MRA and CTA using a random-effects meta-analy-
sis. For each analysis, 95% confidence intervals (CI) were
calculated. These were then compared with a summary
Receiver Operating Characteristics plot (SROC) to deter-
mine the superior diagnostic test accuracy.

Secondary analyses included the assessment of diag-
nostic test accuracy for 0.5, 1.5 T compared with 3.0 T
field-strength MRI; different grades of chondral lesions,
and whether the diagnostic test accuracy differed depen-
dent on the location of the chondral lesion, that is, patel-
lofemoral or tibiofemoral. Finally, a comparison of the
diagnostic test accuracy to image interpreter profession,

that is, Radiologist versus Musculoskeletal (MSK) Radi-
ologist versus Orthopaedic Surgeon, was planned.

All analyses were performed by one reviewer (TS) and
conducted on Revman version 5.0 (The Nordic Cochrane
Centre, The Cochrane Collaboration 2009, Copenhagen,
Denmark) or Meta-Disc (Unit of Clinical Biostatistics,
Ramoén y Cajal Hospital, Madrid, Spain).

Results
Search results

A total of 159 papers were identified from the search
strategy. From these, 45 were considered of pertinent
interest. After a review of the full texts, 27 were deemed
eligible and included in the review. The results of the
search strategy are summarised in a PRISMA flow-chart

(Fig. 1).
Methodology appraisal

The results of the methodological assessment are pre-
sented in Table 2. Based on this, the methodological
quality of the evidence appeared high. Strengths in the
evidence included the recruitment of a clinically mean-
ingful cohort by all studies, with 78% of studies clearly
describing the subject selection process to recruit their
cohorts. Furthermore, 85% of papers ensured that all
eligible subjects received both reference and index tests,
and in 89% of studies, subjects received the reference test
irrespective of the result of the index test, indicating
minimal risk of selection bias. Whilst the description of
the conduct of each radiological investigation was clearly
defined in 81% of studies, the surgical comparison was
less frequently sufficiently defined (76%). Nonetheless,
81% of studies blinded the reviewer of the radiological
examination to the surgical finding. However, blinding of
the radiological findings to the surgeon was only ensured
in 37% of studies. A recurrent limitation, noted in 89% of
studies, was that limited clinical data were made available
to the radiology reviewer, as would be expected in normal
clinical practice.

Population characteristics

The cohort and radiological characteristics are summa-
rised in Tables 3 and 4. The 27 studies reported the
diagnostic test accuracy of 2,592 knees in 2,509 patients.
Mean age of the cohort was 37.7 years, ranging from
19 years [28] to 57 years [49]. The duration between
radiological assessment and surgical comparison was
reported in 14 studies. This ranged from 1 day [35] to
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Fig. 1 PRISMA search results

flow-chart Records identified through database Additional records identified
searching through other sources
(n=157) (n=2)
A 4 A
Records after duplicates removed
(n=116)
Records screened R Records excluded
(n=116) " (n=64)
Full-text articles excluded,
Full-text articles assessed with reasons (n=25)
for eligibility >
(n=52) No surgical comparison
(14)
l Repeat publication (1)
o . Cadaver study (5)
Studies included in .
qualitative synthesis No chondral lesion (3)
(n=27) Not assessing
sensitivity/specificity (2)

12 months [12]. Only one study stated the size of chondral
lesion, where the mean surface area for chondral lesions
was reported as 1.992 cm? [12].

Of the included studies, 26 studies assessed the accuracy
of MRI, four assessed MRA whilst three assessed CTA. Of
the 24 studies that used MRI and MRA, 19 reported the
field-strength of their MR scanners. Investigations were
conducted on 0.15 Tesla (T) magnetic resonance (MR)
scanners in one study, 0.2 T in one, 0.3 T in one and 0.5 T
in one study, respectively. Four studies reported using
1.0 T scanners, 10 studies used 1.5 T, whilst one paper
reported using a 3.0 T MR scanner for their investigations
(Table 3). Further information on radiological procedure
and specific sequences and protocols used is presented in
Tables 3 and 4.

The grading for chondral lesions was described as
having been performed using two difference systems.
Sixteen studies assessed chondral lesions using a 04
grading system as suggested by Shahriaree [43], where O
equated homogenous intermediate signal intensity and
cartilage normal; 1 focal thickening of cartilage with
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Studies included in

quantitative synthesis
(meta-analysis)
(n=27)

smooth surface or cartilage loss/softening of cartilage; 2
equating to focal bulging, fissuring, blister lesions or
shallow ulceration with mild surface irregularities; grade 3
equates to surface irregularities with deep ulceration or
fibrillation not extending to subchondral bone; and grade 4
equating to cartilage defect with exposure of subchondral
bone [3, 4, 9, 10, 14, 15, 17, 21, 25, 28, 35, 42, 44, 48, 49,
52]. Nine studies assessed grade of lesion using a 0-3 point
scale as recommended by Noyes and Stabler [31], where
grade 0 was normal cartilage; grade 1 was assigned to
cartilage with minor surface irregularities with early fis-
suring but no loss of thickness; grade 2 signified cartilage
thinning with deep fissures but no full-thickness loss; and
grade 3 equated to cartilage with at least one area of full-
thickness loss [1, 16, 19, 22, 29, 37, 38, 45, 46]. Radio-
logical assessment of grade of lesion was not assessed in
two studies [14, 29].

The interpreter of each radiological image was stated in
23 studies. Images were reviewed by MSK radiologists in
12 studies, by general radiologists in 10 studies and by
orthopaedic surgeons in one study.
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Table 2 QUADAS (Quality Assessment of Diagnostic Accuracy Studies) results
Study 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Adams et al. [1]
Bredella et al. [3]
Broderick et al. [4]
Disler et al. [9]

Disler et al. [10]
Figueroa et al. [12]
Friemert et al. [14]
Gagliardi et al. [15]
Ghanem et al. [16]
Giovagnoni et al. [17]
Guckel et al. [19]
Harman et al. [21]
Heron et al. [22]
Kawahara et al. [25]
Macarini et al. [28]
Magee et al. [29]
Pihlajamaki et al. [35]
Recht et al. [37]
Reiser et al. [38]

Riel et al. [40]
Russell et al. [42]
Spahn et al. [44]
Tyrrell et al. [45]
Vallotton et al. [46]
Von Engelhardt et al. [48]
Von Engelhardt et al. [50]
Yoshioka et al. [52]

A N N U U N N U U U N N N U U N U U U U U O O U U N R N
AN N U O N N N N N I N N o N R N N N N NI N
A U U N U U N N N N U N U N U N U N U U U U N N N U R N
CORCRCRRCHXKRCKRCKRCKRCHRCCOHCCHKC
A N U U N N N T N N N N N N N N N N N N N N N

AU U N U N T N U U U U =i U U NI N7 N U U U

N/A

o3 N U N NI U U N U U U T U U U N U N U N T U N U N N
AN N U U U N N U U U U N N N U U U N N U U U U N U N
AN U U U N N2 Yo7 U U N T N U U T NI N NI U U U U N N
<7 U N NN N T U U N T N NI N N BT N N N U N NN
A U U U U U U U= U Y =i e U U=l U N N U N U N R N
caoXxSs XS cacRacRgRagaocaocsRacssRacaocRRacaoxXx<K s XxXca
caoxXxcocgacocooooooooxXxaaoaoaxXaaoaaoaaaXSsa«a
AN N U U U U U U=l U U=t U U U NN VA U U U U U U U N N

4
4

v/, Yes; X, no; U, unclear

QUADAS criteria: (1) Was the spectrum of patients representative of the patients who will receive the test in practice? (2) Were selection criteria
clearly described? (3) Is the reference standard likely to correctly classify the target condition? (4) Is the time period between reference standard
and index test short enough to be reasonably sure that the target condition did not change between the two tests? (5) Did the whole sample or a
random selection of the sample, receive verification using a reference standard of diagnosis? (6) Did patients receive the same reference standard
regardless of the index test result? (7) Was the reference standard independent of the index test (i.e. the index test did not form part of the
reference standard)? (8) Was the execution of the index test described in sufficient detail to permit replication of the test? (9) Was the execution
of the reference standard described in sufficient detail to permit its replication? (10) Were the index test results interpreted without knowledge of
the results of the reference standard? (11) Were the reference standard results interpreted without knowledge of the results of the index test? (12)
Were the same clinical data available when test results were interpreted as would be available when the test is used in practice? (13) Were
uninterpretable/intermediate test results reported? (14) Were withdrawals from the study explained?

Primary analysis: MRI versus MRA versus CTA

Overall, the specificity of radiological measurements was
greater than their sensitivity for the detection of both pa-
tellofemoral and tibiofemoral joint lesions. The pooled
meta-analysis indicated that MRA and CTA were superior
in the detection of patellofemoral joint chondral lesions
compared with MRI investigations (Table 5; Fig. 2). MRA
reported a pooled sensitivity of 0.70 (95% CI: 0.57-0.81)
and specificity of 0.99 (0.97-1.00), CTA sensitivity was
0.80 (95% CI: 0.70-0.88) and specificity 0.99 (95% CI:

0.95-1.00), whilst MRI reported a sensitivity of 0.74
(0.71-0.77) and a specificity of 0.95 (0.94-0.95).

There were insufficient data to compare the diagnostic
test accuracy of the three investigations for the detection of
tibiofemoral joint lesions. However, it was possible to
assess the diagnostic test accuracy of MRI for patellofe-
moral compared with tibiofemoral lesions (Fig. 3). The
sROC plot indicated superior diagnostic test accuracy for
the detection of tibiofemoral over patellofemoral joint
lesions (Fig. 3) with the tibiofemoral joint reported a sen-
sitivity for 0.88 (95% CI: 0.86-0.89) and specificity of 0.82
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Table 3 Study demographics

Study Subjects Mean age Time from Radiological MRI
Prs  Kuees  Articular (years) radiological ~ procedure reviewers
measure to
surfaces surgery
assessed

Adams et al. [1] 31 31 TFIT/PFJT  N/S N/S 0.15 T—SE 2 RADs
Bredella et al. [3] 130 130 THIT 41 6 weeks 1.5 T—FSE IMSK RAD
Broderick et al. [4] 13 13 THT N/S <10 months 1.5 T—FSE 2 RADs
Disler et al. [9] 48 48 PEJT/TFIT 35 N/S 1.5 T—FS 3D SPGRE 2 MSK RADs
Disler et al. [10] 12 12 PFJT/TFJT 30 N/S 1.5 T—FS 3D SPGRE 2 MSK RADs
Figueroa et al. [12] 190 190 PFIT/TEJT 34.8 <1 year 1.5 T—FSE 2 MSK RADs
Friemert et al. [14] 195 195 THIT/PFJT  N/S N/S 1.5, 1.0 T—FSE, GRE IMSK RAD
Gagliardi et al. [15] 27 54 PFIT 27 N/S 1.5 T—SE, SPGRE IMSK RAD

MRA & IRAD

CTA
Ghanem et al. [16] 217 217 PFIT/TFIT N/S 70 days MR—varied machines RAD

and protocols not defined

Giovagnoni et al. [17] 31 31 PFJT 41 N/S 1.0 T—MRA 1 RAD
Guckel et al. [19] 45 45 PFTI/TEIT 39 <2 months 1.5 T—SE, 3D GRE N/S
Harman et al. [21] 42 50 PFIJT 352 N/S 0.3 T—SE 2 RADs

MRA
Heron et al. [22] 100 100 TFIT 38 <1 month 1.5 T—3D GRE 1 RAD
Kawahara et al. [25] 73 73 PFIT/TFJT 58 N/S 0.5 T—FSE N/S
Macarini et al. [28] 26 26 PHIT 19 <1 month 1.0 T—FSE, GRE N/S
Magee et al. [29] 34 34 THIT 42 N/S 1.5 T—FSE, SMASH 3MSK RADs
Pihlajamaki et al. [35] 56 91 PFIJT 19.5 1 day 1.0 T—FSE, 3D SPGRE 2 MSK RADs
Recht et al. [37] 41 41 PEJT 28 <5 months 1.0 T—FSE, 3D SPGRE 2 MSK RADs
Reiser et al. [38] 63 69 PFJT 30.5 N/S CTA N/S
Riel et al. [40] 244 244 PFRIT/TFJT 36 <48 h 0.2 T—SE, GRE 3 MSK RADs
Russell et al. [42] 21 21 PHJT 25 <14 days MRI 2 RADs

CTA
Spahn et al. [44] 721 721 PEJIT/TEJT 51.6 N/S MRI—T1-W; T2-W 1 RAD
Tyrrell et al. [45] 20 20 THIT N/S <10 days 1.0 T—SE, 3D SPGRE 2 RADs
Vallotton et al. [46] 33 33 PEIT 32 N/S 1.5 T—SE, GRE 2 RADs
Von Engelhardt et al. [48] 36 36 THIT/PEJT  53.1 28.9 days 1.5 T—FSE 2 Ortho Surg
Von Engelhardt et al. [50] 32 32 PEJT/TEIT 57 N/S 3.0 T - FSE, GRE 1 MSK RAD
Yoshioka et al. [52] 28 35 THIT 55.6 6.29 days 1.5 T—FSE, 3D SPGRE, 3D DEFT 2MSK RADs

3D Three dimensional, CTA computed tomography arthrography, FSE fast spin echo, GRE two-dimensional gradient-recalled echo, MRA
magnetic resonance arthrography, MRI magnetic resonance imaging, MSK musculoskeletal, N/S not stated, PFJT patellofemoral joint, Pts
patients, RADs radiologists, SE spin echo, SMASH simultaneous acquisition of spatial harmonics, SPGRE spoiled gradient echo, T tesla, TFJT

tibiofemoral joint

(0.81-0.83), compared with 0.74 (95% CI: 0.71-0.77) and
0.95 (95% CI: 0.94-0.95) for patellofemoral joint sensi-
tivity and specificity, respectively (Table 5).

Secondary analysis: MR field-strength

Whilst there were insufficient data to compare the effect

of different field-strength MR scanners used for MRA
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investigations, the data permitted the comparison of
0.2-0.5 T, compared with 1.0 T, compared with 1.5 T
MRI. The individual sensitivity, specificity and summary
diagnostic odds ratio data indicated that there were superior
sensitivity and specificity values for 1.0 T over 0.2-0.5 T
or 1.5 T scanners (Table 6). There were insufficient data to
compare these lower field-strength results with 3.0 T MRI
findings using meta-analysis techniques.
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Table 4 Measures of maximal spatial resolution where quoted

Study Minimum slice Minimum Minimum effective Maximum Minimum field =~ Maximum in-plane
thickness (mm) interslice gap slice thickness (mm) matrix size of view (cm) resolution (mm)
(mm)
Adams et al. [1] 5 0 5 N/S N/S N/S
Bredella et al. [3] 4 1 5 256 14 0.5
Broderick et al. [4] 4 0 4 256 13 0.5
Disler et al. [9] 3 1 4 256 14 0.5
Disler et al. [10] 1.5 N/S 1.5 256 16 0.6
Figueroa et al. [12] 4 N/S 4 N/S N/S N/S
Friemert et al. [14] 3 N/S 3 256 16 0.6
Gagliardi et al. [15] 1.6 N/S 1.6 256 16 0.6
Ghanem et al. [16] 3 N/S 3 256 16 0.6
Giovagnoni et al. [17] 1.9 N/S 1.9 256 20 0.8
Guckel et al. [19] 5 1 6 256 16 0.6
Harman et al. [21] 4 N/S 0 N/S 16 N/S
Heron et al. [22] 3 0.5 3.5 N/S 16 N/S
Kawahara et al. [25] 2 N/S 2 521 24 0.5
Macarini et al. [28] 4 N/S 4 256 N/S N/S
Magee et al. [29] 1.4 N/S 1.4 256 20 0.8
Pihlajamaki et al. [35] 3 0.3 33 256 N/S N/S
Recht et al. [37] 3 N/S 3 256 16 0.6
Reiser et al. [38] 1.5 N/S 1.5 256 12 0.5

N/S Not stated

Table 5 Diagnostic test accuracy of magnetic resonance imaging versus magnetic resonance arthrography versus computed tomography
arthrography for the diagnosis of chondral lesions of the patellofemoral and tibiofemoral joints

Analysis

Radiological investigation

N=9

Patellofemoral joint
Sensitivity
Specificity
Positive likelihood ratio
Negative likelihood ratio
Summary diagnostic odds ratio
Tibiofemoral joint (N = 6)
Sensitivity
Specificity
Positive likelihood ratio
Negative likelihood ratio

Summary diagnostic odds ratio

0.74 (0.71-0.77)
0.95 (0.94-0.95)
7.66 (4.81-12.20)
0.41 (0.29-0.58)
23.95 (11.72-48.96)

0.88 (0.86-0.89)
0.82 (0.81-0.83)
5.69 (3.87-8.37)
0.15 (0.09-0.25)
70.48 (35.60-139.50)

Tibiofemoral and patellofemoral joint (N = 6)

Sensitivity

Specificity

Positive likelihood ratio
Negative likelihood ratio

Summary diagnostic odds ratio

0.57 (0.54-0.59)
0.91 (0.90-0.92)
7.30 (4.38-12.16)
0.51 (0.41-0.63)
17.39 (8.75-34.54)

0.70 (0.57-0.81)
0.99 (0.97-1.00)
36.63 (14.66-81.81)
0.34 (0.18-0.65)
114.82 (39.21-336.24)

UTA

UTA

0.80 (0.70-0.88)
0.99 (0.95-1.00)
15.11 (4.90-46.54)
0.27 (0.12-0.62)
68.98 (19.31-246.47)

UTA

UTA

Values in parenthesis represent 95% confidence intervals

CTA Computed tomography arthrography, MRA magnetic resonance arthrography, MRI magnetic resonance imaging, UTA unable to assess
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Fig. 2 Summary Receiver Operating Characteristics plot depicting
the difference in diagnostic test accuracy for the detection of
patellofemoral joint lesions using magnetic resonance imaging versus
magnetic resonance arthrography versus computed tomography
arthrography

Secondary analysis: grade of lesion

There was sufficient, homogenous data to analyse diag-
nostic test accuracy of MRI and MRA by grade of chondral
lesion using the 0—4 point Shahriaree [43] system. The
results of this analysis indicated that for the assessment of
patellofemoral joint chondral lesions using MRI, grade I
and II lesions reported the poorest diagnostic test accuracy,
whilst grade IV reported the highest diagnostic test accu-
racy (Table 7). Whilst the sensitivity for all grades ranged
from 0.66 to 0.68, specificity values ranged from 0.85
(95% CI: 0.81-0.89) for grade I lesions up to 0.99 (95% CI:
0.98-1.00) for grade IV lesions. Similarly, the trend for
superior grade IV and inferior grade I lesion detection was
reported for the MRA patellofemoral joint investigations
(Table 7). However, this analysis indicated that the

detection of grade III lesions was poorer with a sensitivity
of 0.72 (95% CI: 0.51-0.88) and specificity of 0.98 (95%
CI: 0.92-1.00) compared to grade II lesions with a sensi-
tivity of 0.81 (95% CI: 0.58-0.95) and specificity of 0.98
(95% CI: 0.92-1.00).

There was a difference in the trend of results for the
assessment of tibiofemoral lesions. Whilst grade IV lesions
reported the highest diagnostic test accuracy with a sensi-
tivity of 0.81 (95% CI: 0.76-0.84) and specificity of 0.99
(95% CI: 0.98-1.00), grade II and III lesions reported
lower diagnostic test accuracy values compared to grade I
lesion detection (Table 7).

Secondary analysis: image interpreter

There was insufficient data to compare the diagnostic test
accuracy of musculoskeletal and conventional radiologists
to orthopaedic surgeons. Furthermore, although there was
insufficient data to compare the diagnostic test accuracy of
MRA or CTA interpretation between musculoskeletal radi-
ologists compared to general radiologists, it was possible to
assess this domain with MRI. There was similar diagnostic
accuracy between both groups of reviewers (Table 8). The
sensitivity of MRI for assessing chondral lesions of the knee
by a musculoskeletal radiologist was 0.64 (95% CI:
0.62-0.67) with a specificity of 0.96 (95% CI: 0.95-0.97) and
a summary diagnostic odds ratio of 55.68 (95% CI:
24.47-126.67). The general radiologists reported compara-
ble results with a sensitivity of 0.84 (95% CI: 0.82-0.85),
specificity of 0.87 (95% CI: 0.86-0.88) and a summary
diagnostic odds ratio value of 50.66 (95% CI: 30.60-83.85).

Discussion

The most important finding of the present study was that
MRA is superior to MRI and CTA for the detection of

Table 6 Diagnostic test accuracy of different magnetic resonance scanner field-strengths for magnetic resonance imaging investigations in the
diagnosis of chondral lesions of the patellofemoral and tibiofemoral joints

Analysis MR scanner field-strength
02-05T 10T 15T
N=3 =4 =7
MRI
Sensitivity 0.58 (0.53-0.63) 0.82 (0.76-0.87) 0.58 (0.54-0.62)

0.96 (0.94-0.97)
8.73 (5.22-14.61)
0.56 (0.43-0.72)
19.31 (9.68-38.51)

Specificity
Positive likelihood ratio
Negative likelihood ratio

Summary diagnostic odds ratio

0.97 (0.95-0.98)
5.46 (1.36-21.97)
0.30 (0.07-1.23)
19.36 (2.68-139.82)

0.91 (0.90-0.92)
6.46 (4.48-9.32)
0.52 (0.41-0.65)
19.25 (10.54-35.16)

Values in parenthesis represent 95% confidence intervals
MR Magnetic resonance; 7 tesla
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Table 7 Diagnostic test accuracy of different grade of lesions for magnetic resonance imaging in the diagnosis of chondral lesions of the
patellofemoral and tibiofemoral joints

Analysis

Grade of lesion

I
N=5

MRI patellofemoral joint
Sensitivity
Specificity
Positive likelihood
ratio

Negative likelihood ratio

Summary diagnostic
odds ratio

0.67 (0.58-0.75)
0.85 (0.81-0.89)
3.14 (2.49-3.97)

0.59 (0.31-1.13)
13.14 (3.49-49.55)

0.66 (0.61-0.72)
0.87 (0.85-0.90)
3.19 (2.46-4.15)

0.60 (0.40-0.88)
8.83 (5.87-13.24)

0.64 (0.56-0.71)
0.97 (0.95-0.98)
6.84 (2.80-16.74)

0.46 (0.26-0.84)
17.08 (3.82-76.97)

0.68 (0.56-0.79)
0.99 (0.98-1.00)
44.60 (11.39-174.59)

0.34 (0.16-0.71)
150.25 (50.18-449.88)

N=3

N=3

N=3

N=3

MRI tibiofemoral joint
Sensitivity
Specificity
Positive likelihood ratio

Negative likelihood
ratio

Summary diagnostic
odds ratio

0.87 (0.82-0.91)
0.97 (0.97-0.97)
6.63 (1.54-28.45)
0.07 (0.01-2.64)

93.71 (4.01-2,189.20)

0.92 (0.89-0.95)
0.59 (0.56-0.62)
3.10 (1.77 -5.43)
0.14 (0.05-0.37)

35.59 (21.96-57.68)

0.93 (0.90-0.95)
0.92 (0.90-0.93)
5.92 (1.05-33.49)
0.16 (0.07-0.41)

42.08 (8.83-200.59)

0.81 (0.76-0.84)
0.99 (0.98-1.00)
88.18 (17.99-432.02)
0.21 (0.17-0.26)

396.10 (111.43-1,408.00)

N=2

N=2

N=2

N=2

MRA patellofemoral joint
Sensitivity
Specificity
Positive likelihood ratio
Negative likelihood ratio

Summary diagnostic odds
ratio

0.45 (0.23-0.69)
0.99 (0.94-1.00)
20.84 (3.59-121.56)
0.60 (0.38-0.94)
35.62 (5.08-249.70)

0.81 (0.58-0.95)
0.98 (0.92-1.00)
34.17 (8.51-136.73)
0.20 (0.18-0.47)

175.81 (28.11-1,099.70)

0.72 (0.51-0.88)
0.98 (0.92-1.00)

28.76 (7.11-116.35)
0.31 (0.16-0.62)

98.97 (18.74-522.56)

1.00 (0.74-1.00)
1.00 (0.96-1.00)
86.32 (12.20-610.69)
0.08 (0.01-0.50)
1,149.30 (67.34-19,616.20)

Values in parenthesis represent 95% confidence intervals

MRA Magnetic resonance arthrography, MRI magnetic resonance imaging

Table 8 Diagnostic test accuracy between musculoskeletal and general radiologists reviewing magnetic resonance imaging and magnetic
resonance arthrography images of chondral lesions of the patellofemoral and tibiofemoral joints

Analysis Reviewer
MSK radiologist General radiologist
N=7 N=38
MRI
Sensitivity 0.64 (0.62-0.67) 0.84 (0.82-0.85)
Specificity 0.96 (0.95-0.97) 0.87 (0.86-0.88)

Positive likelihood ratio

Negative likelihood ratio

Summary diagnostic odds ratio

10.31 (5.93-17.93)
0.28 (0.19-0.43)
55.68 (24.47-126.67)

7.93 (5.66-11.10)
0.25 (0.19-0.34)
50.66 (30.60-83.85)

Values in parenthesis represent 95% confidence intervals
MRI Magnetic resonance imaging, MSK musculoskeletal
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chondral lesions in the patellofemoral joint, but that all
three, whilst presenting with high specificity, have poorer
sensitivity in diagnosing cartilage disease. Higher field-
strength MRI machines are superior to lower field-strength
and that higher-grade lesions are better detected than
lower-grade ones. Finally, there is no difference in diag-
nostic accuracy between musculoskeletal and general
radiologists when interpreting MRI to investigate tibio-
femoral and patellofemoral chondral lesions.

Previous studies have cited sample size as a limiting
factor to interpret radiological findings [21]. This meta-
analysis aimed to address this limitation by appropriate
pooling of data. However, due to the heterogeneity in
methods of analysis and data presentation, it was only
appropriate to undertake specific analyses by grade of lesion
rather than more global grouped analyses of the diagnostic
accuracy of a radiological examination for the detection of
chondral lesions. Whilst large trials may still be warranted,
this study provides some indication of the current limita-
tions in the use of radiological imaging for the detection of
tibiofemoral and patellofemoral chondral lesions.

A recurrent limitation to the studies was that the MRI
results were available to the surgeons prior to the arthro-
scopic ‘reference standard’ procedure. A number of retro-
spective studies including Bredella et al. [3] and Disler et al.
[9] reported that this was unavoidable since such imaging
reports were part of routine clinical care at the time of the
study. A second recurrent limitation was the lack of detail
provided by papers regarding their arthroscopic technique.
Broderick et al. [4] reported that they used a single
arthroscopic portal. Using such a technique, the arthro-
scopic surgeon is unable to probe the cartilage to accurately
assess chondromalacia or grade I lesions [4]. As a result
studies that either adopted the single portal assessment
technique or neglected to document this information may
have either under or over diagnosed the presence of chon-
dral lesions, questioning the appropriateness of their ‘gold-
standard’ reference test. Bredella et al. [3] reported that
because arthroscopy only visualises surfaces unless sub-
chondral bone is exposed, estimating the depth of a lesions
is inherently inaccurate [3, 23]. Finally, arthroscopy is
operator-dependent and therefore the reliability of arthros-
copy for the detection of chondral lesions may be affected
by the training and experience of the orthopaedic surgeon
who undertakes the reference standard [52].

The results indicated that lower-grade lesions had poorer
diagnostic test accuracy than higher grade lesions for MRI
and MRA. In addition, the pooled meta-analyses indicated
that diagnostic test accuracy was greater for tibiofemoral
compared with patellofemoral joint lesions on MRI
(Fig. 3). Whilst the association of diagnostic accuracy with
grade of chondral lesion concurred with Disler et al’s [9]
results, they reported that the majority of their false
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Fig. 3 Summary Receiver Operating Characteristics plot depicting
the diagnostic test accuracy of magnetic resonance imaging when
assessing for chondral lesions of the patellofemoral joint compared
with the tibiofemoral joint

negative chondral lesions were missed from the lateral
tibial surface. Disler et al. [9] were unable to justify why
lesions in this location were more difficult to detect. This
may be attributed to the relatively low signal intensity of
the cartilage in the tibial plateau because of the anisotropic
arrangement of collagen [52]. The severity and depth of
chondral changes is widely recognised as a limiting factor
in the ability to detect these lesions with MRI [9, 15, 27,
30, 35]. Disler et al. [9] argued that the fat-suppressed 3D
SPGR sequence they adopted allowed depiction of a tri-
laminar structural architecture of the hyaline cartilage
which could facilitate the determination of lesion depth.
Kawahara et al. [26] acknowledged that the reduced ability
to detect lower-grade chondral lesions is primarily attrib-
uted to poor spatial resolution. They suggested that this
could be improved by decreasing section thickness or
intersectional gap, by increasing the matrix or by using 3D
acquisition techniques [26]. However, given the overall
limitation in the detection of grade I lesions, MRI can only
be recommended for patients with suspected extensive
chondral lesions and/or prolonged knee pain, and not for
those with less severe lesions of a short duration [35].
Whilst not assessed directly in this study, the examination
of associated damage to the subchondral bone may be of
diagnostic use in the detection of chondral lesions. Friemert
et al. [14] suggested that fat-suppressed MRI sequences
might be superior to un-suppressed sequences because they
are better able to demonstrate subchondral bone marrow
oedema. Sclerosis or hyperaemia of the subchondral bone
may also be associated with articular cartilage changes such
as chondromalacia and fissuring [21]. Therefore, the ability
to assess accurately for subchondral bone marrow signal
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changes may be an essential indicator of the degree of
chondral damage, irrespective of the cartilage signal.

The accuracy of radiological imaging is paramount if such
tools are used to plan definitive treatment. With the advent of
microfracture or drilling, osteochondral grafting, autologous
chondrocyte implantation and ultimately arthroplasty, the
size and severity of chondral lesions needs to be accurately
determined to decide whether an operative or non-operative
management strategy is adopted [24]. Given the limitations
in the diagnostic accuracy of conventional MR, based on fast
spin echo and gradient echo pulse sequences, particularly for
grade I and II lesions (Table 7), basing such decisions on
radiological investigation rather than arthroscopy may not be
advisable. However, this may change with the development
of newer pulse sequences [52]. Furthermore, only one study
reported the size of chondral lesion [12]. Consequently, it
was not possible to determine whether this variable had an
important effect on diagnostic test accuracy. Diagnostic
accuracy is required to ensure the optimal treatment strategy
for patients with chondral lesions [6, 36, 47]. Therefore,
grading lesion size may be as important as the grading of
severity in the decision-making about the treatment. Further
reporting on the size of lesion is therefore important to
evaluate this hypothesis.

The available literature assessing the use of MRA and
CTA was limited. Only four studies have assessed the
diagnostic test accuracy of MRA and three assessed CTA
for the detection of knee chondral lesions. Given this, the
analysis of such a small number of subjects may have been
underpowered committing a type II statistical error [2].
This suggestion is supported by the wide confidence
intervals demonstrated in Tables 5 and 7. However, the
results of the pooled analysis indicated that MRA provided
superior diagnostic test accuracy compared to CTA or MRI
(Fig. 2). This was reflected in Gagliardi et al’s [15] study
which reported that MRA and CTA were superior to con-
ventional MR imaging, except for T2-weighted sequences,
for detecting all grades of chondromalacia patellae. This
difference was most obvious with grade I retropatellar
chondral lesions [15]. This finding has been supported by
cadaveric studies. Gylys-Morin et al. [20] reported that
MRA was more sensitive than conventional MRI for the
detection of defects which were 2 mm in diameter or lar-
ger. Furthermore Harman et al’s [21] supported this finding
citing that MRA provides more accurate diagnosis of
intermediate grades of chondromalacia patella compared to
conventional MRI (P < 0.05). These findings were also
reflected in the meta-analysis where higher grades of
patellofemoral joint chondral lesion provided superior
diagnostic test accuracy for MRA (Table 7).

The results indicated that there was similar diagnostic
accuracy between musculoskeletal radiologists and general
radiologists for MRI of knee chondral lesions (Table 8).

However, this result may be confounded by the fact that there
are no generally accepted criteria for distinguishing one from
the other. None of the studies explicitly stated what qualifi-
cations their musculoskeletal radiologist had over and above
a ‘general radiologists’. Furthermore, the sub-specialty of
musculoskeletal radiology may not exist in all hospitals.
Therefore, it may be that many ‘general radiologists’ have
substantial specialist musculoskeletal experience if not the
formal job title. This should be considered when interpreting
these findings and when designing future trials on this area.

Pihlajamaki et al. [35] examined the clinical importance
of MRI findings with patients with suspected chondroma-
lacia patellae. They reported that there was no correlation
between the presence of chondromalacia patellae and clin-
ical symptoms. They also reported that severity of anterior
knee pain did not correlate with the presence or severity of
retropatellar chondral lesions, in contrast to previous liter-
ature [25]. Given this, and the low diagnostic test accuracy
of grade I lesions, identifying which patients will be most
appropriate for radiological imaging is therefore confusing
[33, 39]. Further study to assess the appropriateness of
imaging for these patients is therefore warranted.

The results of this study indicated that higher field-
strength MR scanners provided greater diagnostic test
accuracy compared to 0.2—-0.5 T MR scanners (Table 6). It
remains unclear whether higher field-strength machines
such as 3.0 or 7.0 T MR scanners could provide greater
accuracy and a more reliable diagnosis of chondral lesions
of the tibiofemoral or patellofemoral joints. The advances
of shorter acquisition times, improved signal-to-noise ratio
and improved spatial resolution suggest that these higher
field-strength MR machines may provide improved diag-
nostic capabilities [11]. Further studies examining this
potential with 3.0 T field-strengths are anticipated.

An unexpected finding from these results was that 1.0 T
MR scanners provided greater diagnostic test accuracy that
1.5 T machines. However, as Table 6 demonstrates, these
findings were based on a small number of studies.
Accordingly, these findings should be viewed with caution
since its results may be underpowered for this subgroup
analysis. Further investigation of the effects of field-
strength on chondral lesion detection is therefore warranted
particularly as extremity MR machines, with typical field-
strengths in the order of 1.0 T, are becoming financially
viable for many practices.

No studies were identified which compared a surgical
reference standard to delayed gadolinium-enhanced MRI
(DGEMRIC) [8]. This approach is gaining increasing
attention with its potential ability to identify changes in the
glycosaminoglycan content of articular cartilage before
macroscopic changes in cartilage contours or signal changes
on more conventional pulse sequences [5, 12, 38]. However,
examination of the accuracy and clinical cost-effectiveness
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of DGEMRIC is in its infancy. Furthermore, as demon-
strated in Table 3, a number of different sequences and
protocols were used. The subgroup analyses were performed
to minimise the risk of these providing inaccurate results in
relation to the effects of field-strength, reviewer experience,
and grade of lesion. However, there was insufficient data to
be able to specifically examine the difference between dif-
ferent protocols within each imaging technique. It was
therefore not possible to determine the optimal MRI, MRA
or CTA procedure to detect these lesions, merely possible to
identify the overall accuracy of these techniques. Given this,
further prospective studies are required, based on these
results, to determine the optimal sequence and imaging
protocol for detection of chondral lesions of the knees.

Given the limited sensitivity of the radiological inves-
tigations assessed, there remains little indication to replace
the use of arthroscopic investigations to diagnose chondral
lesions. Surgical interventions may pose a greater risk of
complications and at a higher financial cost to radiological
examinations. However, the findings of this study do not
support their substitution with MRI, MRA or CTA through
a potentially greater risk of obtaining a false negative result
to incorrectly inform clinical decision-making. Until the
technology advances in imaging techniques, surgical
intervention remains the ‘gold-standard’ to assess adults
with possible chondral lesions of the tibiofemoral or
patellofemoral joints.

Conclusions

Currently MRA, CTA and MRI can only be considered to
be accurate for detecting the more advanced chondral
lesions. The sensitivity for less severe lesions is limited.
Further study to assess the diagnostic test accuracy of
newer MR pulse sequences may be indicated to as the
technology advances. Until then, there is little indication to
replace the ‘gold-standard’ arthroscopic investigation with
any of these radiological investigations.
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