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ABSTRACT
Magnetic resonance imaging (MRI) is a technique useful for the diagnosis of cartilage damage due to high sensitivity to
identify subchondral bone abnormalities and full-thickness cartilage lesions. The lack of a study on knee cartilage changes
over time in patients with osteoarthritis (OA) by MRI technique led us to investigate the accuracy of MRI in identifying knee
cartilage changes over time in patients with OA in a systematic review. In the present systematic review, started from the
beginning of 2020 in one of the University Hospitals in Iran, the databases of CINAHL, Ovid, Elsevier, Scopus, PubMed, Science Direct, and Web of Science were searched using the keywords MRI, OA, Cartilage Lesion, Imaging Techniques. A total
of 169 articles were retrieved in the initial search, and after reviewing the titles, abstracts, and full-texts, finally, seven were
enrolled in the systematic review. Review of the selected papers showed that a total of 1091 subjects were studied, of which
355 were males. The results of all the studies, except one, indicated the high accuracy of MRI to identify knee cartilage
changes over time. MRI technique can show cartilage changes with high accuracy in patients with knee OA over time. We
proved the potential of MRI to identify articular cartilage injuries in patients with OA and its importance to the evaluation of
articular cartilage lesions along with other available techniques.
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steoarthritis (OA) is a common degenerative disorder that affects the synovial joint [1]. The main
pathological findings in OA include irregularities in local
joint changes, changes in the repair process of intra-articular tissue, and involvement of large joints, as well as
extensive degenerative changes with loss of joint cartilage, capsule hypertrophy, subchondral bone, and joint
margins [2, 3]. Inflammation of the synovia with vary-

ing degrees of joint destruction occurs with the disease
progression. OA symptoms intensify and cause disability
and dysfunction by age increase. This disorder is followed
by pain, swelling, joint dryness, joint deformities, and
decreased range of motion [4, 5]. In knee OA, patellar
displacement, changes in the instant center of rotation,
abnormal weight transfer, and several other biomechanical factors cause damage to cartilage and lead to OA [6].
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The thickness of cartilage at the joint surface is heterogeneous, which is attributed to the biomechanical
function of the joint. The highest thickness of cartilage
is observed in areas, where the load is increased. Articular cartilage disorders are caused by weight transfer
in the affected joint and stimulation of nerve endings
in the subchondral bone. Destruction of articular cartilage to varying degrees is one of the major disorders
associated with OA [7, 8].
There are various imaging techniques, including
magnetic resonance imaging (MRI), to evaluate joints,
the surrounding, intra-articular tissue, cartilage, and
their injuries [2]. MRI as a gold standard method is a
technique useful for the diagnosis of cartilage damage
and assessment of OA in knee. It has a high sensitivity
to identify subchondral bone abnormalities and fullthickness cartilage lesions, and low sensitivity for examining small abnormalities and injuries [9, 10]. The
most advanced MRI technique presents multiple planes
of articular cartilage. In terms of signal strength, the 3
Tesla MRI has a high diagnostic sensitivity compared
to the 1.5 Tesla one. It is a common non-invasive technique that, along with other invasive methods, used
to evaluate and diagnose cartilage injuries; however, it
currently has diagnostic limitations, calling its accuracy
into question [11]. Due to advantages of MRI in the
evaluation of structural changes, it allows us to visualize all the tissues involved in OA, such as cartilage,
subchondral bone, meniscus, and soft tissue.
Knee cartilage changes are found in patients with
knee OA over time, and the results of MRI cannot prove
the utility of this technique as a diagnostic tool; hence,
knee specialists do not have enough information about
the accuracy and specificity of MRI.
The study of these patients was aimed to evaluate the
knee cartilage changes in patients with knee OA with
radiography and MRI measurement techniques. All
studies were cohorts except one performed by Ding et
al. (2005) [12], which was a longitudinal study, in this
study, other studies are also studied, the variables studied
and the duration of the study, as well as the quality of
the article and the follow-up period, like other budget
studies, and hence. The largest and smallest sample sizes
belonged to the studies by Ding et al. [12], (n=325) and
Hunter (2010) [13] (n=29 female patients). The measurement techniques were radiography and MRI (1, 1.5,
and 3 Tesla, respectively) in three studies, and only MRI
in four other studies (1 Tesla in two studies and 3 Tesla
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Highlight key points
•

MRI is a high sensitive technique useful for the diagnosis of
cartilage damage.

•

MRI is a low sensitive modality for examining small abnormalities and injuries.

•

MRI is a common non-invasive technique along with other
invasive methods to evaluate cartilage injuries.

•

MRI is high capable in the early and timely identification of
soft, cartilaginous, and hard tissue changes.

•

It opened a promising window to the timely diagnosis of
joint destruction.

•

The use of MRI can reduce the need for invasive measures,
such as surgery.

in the rest two ones). Only in the study by Cibere et al.
(2011) [18], the radiographic results were more accurate
than those of MRI, and in the rest articles, MRI could
accurately identify articular cartilage changes.
The current systematic review aimed at evaluating the
accuracy of MRI in identifying knee cartilage changes
over time in patients with OA.
MATERIALS AND METHODS
The present systematic review was conducted from the
beginning of 2020 in one of the University Hospitals in
Iran. Concerning the study objectives, articles published
in English were searched in CINAHL, Ovid, Elsevier,
Scopus, PubMed, ScienceDirect, and Web of Science
databases based on the keywords selected from MeSH
terms, including MRI, OA, Cartilage Lesion, and Imaging Techniques. Articles published from 2000 to the year
of the study were searched. The keywords were extracted
based on the study objectives by the researchers, and the
search for articles was performed by a librarian not included in the research team.
To find all the eligible articles, the resources of the
retrieved papers were also evaluated manually. Inclusion criteria were as follows: Articles used keywords in
the title or presented them in the keywords section of
the abstract, articles available with full-texts, published
in English, and performed on knee joint using human
patients with OA with and without a control group. It
should be noted that to review the articles with inclusion criteria, studies that were similar in terms of homogeneity were included in the study, and it was the
epidemiologist who helped us with that. To do this,
only articles were included in the study that had the

Identification
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Records identified
through database
searching (n=160)

Articles obtained
from other sources
(n=9)

Eligibility

Records screened
(n=140)

Full-text articles
assessed for
eligibility (n=30)

Included

Screening

Records after duplicates removed (n=140)

Studies included
in qualitative
synthesis and
systematic review
(n=7)

Records were removed
after checking the title
and abstract (n=110)

Full-text articles
excluded (n=23)
1. Do not check for the
cartilage damage
(n=2)
2. With unclear results
(n=6)
3. Irrelevant conclusions
(n=5)

Figure 1. Prisma flowchart of the study selection process.
necessary criteria and quality by two researchers who
were in charge of searching articles based on the checklist, they had prepared. The exclusion criteria were as
follows: Summary of articles presented in conferences,
letters to the editor, and papers published in other than
the English language.
If the author(s) reported that they could identify articular cartilage lesions using MRI or it is a reliable technique in the examination of cartilage lesions, the study
results were considered positive. If the author(s) reported that the MRI has not adequate validity and reliability to evaluate articular cartilage lesions or fails to detect
such lesions, the study results were considered negative.
RESULTS
A total of 169 articles were retrieved in the initial search
(160 from databases and nine through manual search). In
the next step, 29 papers were deleted due to duplication.
In the review of titles and abstracts, 110 irrelevant papers
were excluded, and 30 remained. The remaining articles
were thoroughly reviewed, and after removing the irrelevant ones (n=23), seven papers were finally enrolled in
the present systematic review. The PRISMA flowchart
of the study selection process is shown in Figure 1.

The review of the articles indicated that a total of
1091 patients were studied, of which 355 were male
(patients’ gender was not determined in one study);
all the studies aimed at evaluating knee cartilage
changes in patients with knee OA. All studies were
cohorts except one performed by Ding et al. (2005)
[12], which was a longitudinal study. In this study,
other studies are also studied, the variables studied
and the duration of the study, as well as the quality of
the article and the follow-up period, like other budget
studies, and hence. The largest and smallest sample
sizes belonged to the studies by Ding et al., (n=325)
and Hunter (2010) [13] (n=29 female patients). The
measurement techniques were radiography and MRI
(1, 1.5, and 3 Tesla, respectively) in three studies, and
only MRI in four other studies (1 Tesla in two studies
and 3 Tesla in the rest two ones). Only in the study
by Cibere et al. (2011) [18], the radiographic results
were more accurate than those of MRI, and in the
rest articles, MRI could accurately identify articular
cartilage changes.
DISCUSSION
The current systematic review aimed at evaluating
the accuracy of MRI in assessing articular cartilage
changes over time in patients with OA, and after the
search, seven papers were finally evaluated. In studies
by Boegard et al. [14], Ding et al. [12], Davies-Tuck
et al. [15], and Wirth et al. [16], MRI could identify
cartilage changes in patients with OA during 2 years.
They reported that knee cartilage changes were extensive within the studied period, and the progression
of OA was closely correlated with this change. In the
study by Ding et al., in addition to indicating common
cartilage injuries, the results showed an association between an increase or decrease in joint damage and the
percentage of change in cartilage volume.
Hunter et al. [17] examined the rate of cartilage
changes in patients with knee OA during 1 year using
radiography and MRI techniques and stated that the
annual rate of changes was low in the medial and central femoral regions. Furthermore, in a follow-up study
performed 1 year later by the same authors [13], extensive changes were observed in the thickness of articular
cartilage over time.
Cibere et al. [18], in a study on patients with OA
and knee pain, evaluated the rate of OA progression
during 3 years using radiography and MRI techniques.
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Table 1.

Characteristics and final results of the selected studies on articular cartilage changes over time

Author/Year

Purpose of the study
Study
methodology

Boegård et al. Cohort study Evaluation of changes in cartilage,
subcutaneous bone and meniscus injuries
during 2 years
Ding et al.
Longitudinal Investigating the relationship between the
prevalence of knee joint cartilage injuries and
study
cartilage loss in young men and women
Davies-Tuck
Cohort study Evaluation of the progression of cartilage
et al.
damage during 2 years MRI-assisted assessment
and determination of injury-related factors
Hunter et al. Cohort study Evaluation of cartilage morphology and
disease progression during 1 year MRI atrial
fibrillation in patients with osteoarthritis
Wirth et al.
Cohort study Evaluation of changes in tibial femoral joint
cartilage thickness by observation in a 2-year
period compared to a 1-year period
Hunter et al. Cohort study Examination of cartilage thickness in the
medial and central part of the femur with MRI

Cibere et al.

Cohort study Evaluation of joint cartilage damage and
progression of osteoarthritis by MRI

Their results showed that the disease progression rate
was low during the studied period; the radiographic
findings confirmed the MRI results; but in this study,
results of MRI study was confirmed with a cheaper
and easier imaging which is not in favor of MRI.
Radiography was the technique used formerly to
identify cartilage injuries in patients with knee OA, in
which its validity was questioned due to various reasons; the point that should not be overlooked [19, 20].
Therefore, the use of more modern imaging techniques,
for example, MRI, with added capabilities to evaluate
soft-tissue opened new windows to OA diagnosis [21].
MRI was first used to indicate the role of knee MRI
in focal pathologies-for example, meniscus rupture,
osteochondritis dissecans, avascular necrosis, and ligament injury. Concerning the fact that OA involves all
the joint components, MRI becomes very important in
its identification, because it can show the subchondral

Sample
size
gender

Measurement Conclusion
method

n=47
Male: 22
(46.8%)
n=325
Men: 135
(41.5%)
n=117
Male: 49
(41.9%)
n=150
Male: 74
(49.3%)
n=80
Male:
Unknown
n=29
Men: 0

1 Tesla MRI

n=163
Male: 75
(46%)

1 Tesla
MRI and
Radiography
3 Tesla MRI

MRI was able to show the
appearance or absence,
increase or decrease of damage
MRI has better diagnostic
power than radiography.
This technique can be useful in
early diagnosis.

3 Tesla MRI

MRI can detect changes and
has good results for early
detection.
1 Tesla MRI It was found that MRI technique
can show cartilage changes
correctly.
Radiography No quantitative agreement was
and 3 Tesla observed with changes in the
MRI
medial and central part of the
Radiography joint in the short term with the
and 1.5 Tesla help of MRI
MRI
Radiography had more
diagnostic value than MRI.

bone and soft tissue, in great detail. This feature helps
a lot in discovering the link between structural components and pain, as well as finding the source of pain [8,
9]. These different and accurate features of MRI were
sometimes used to assess knee cartilage changes in patients with OA but, unfortunately, due to the lack of
summarizing the studies’ results or the lack of informing and applying the findings, the use of this method
remained unknown for the experts. Due to the high
capability of MRI in the early and timely identification of tissue (soft, cartilaginous, and hard) changes,
its application to detect articular cartilage changes in
patients with OA opened a promising window to the
timely diagnosis of joint destruction. The use of this
technique can reduce the need for invasive measures,
such as surgery. However, despite several years of using MRI, its application is not common yet and needs
more elaboration and informing.
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Limitations
One of the limitations of the research was the lack of
access to all articles in this field considering non-English
papers and the lack of access to dissertations, which may
contain more accurate information.
The results of the articles reviewed in the current
systematic review are shown in, since different studies had different homogeneity, this study could not be
converted to meta-analysis and only the results were
presented in a systematic review, which is one of the
limitations of this study (Table 1).
Conclusion
By reviewing, the literature in this field, adequate, accurate, and strong evidence was obtained to prove the potential of MRI to identify articular cartilage injuries in
patients with OA and its importance to the evaluation
of articular cartilage lesions along with other available
techniques.
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