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Cartilage diameter evaluation is critical for cartilage assessment. Magnetic resonance imaging (MRI) is the gold standard tool
in cartilage evaluation. This observational and analytical study was designed to answer the question of whether there is a
relationship between MRI and ultrasound in measuring cartilage thickness in the medial femoral condyle. The current study was
conducted at the Radiology Department of Rasole-Akram Hospital, Tehran, Iran, between March and May 2020. The sample
size was 18 people. The mean cartilage thickness of the left medial femoral cartilage was measured by T1 weighted MRI and
ultrasound from transverse, anterior, middle, and posterior medial femoral regions in nine healthy females with a mean ± std
deviation as indicated below:thickness = 1.6 ± 0.04 m, weight = 55.3 ± 4.3 kg, age = 21.7 ± 0.8 years.
Additionally, nine healthy males with thickness = 1.80 ± 0.02 m, weight = 78.6 ± 11.1 kg, age = 22.4 ± 0.7 years were also
included. Pearson and Bland–Altman plots were used for correlations and agreements. Anterior longitudinal ultrasound
thickness measures were significantly positively correlated with MRI anterior (r = 0.93, p = 0.00001), transverse ultrasound
with MRI anterior (r = 0.87 p = 0.0369), middle longitudinal ultrasound with MRI anterior (r = 0.87 p = 0.00002), and transverse
ultrasound and MRI middle (r = 0.87 p = 0.00001).
Agreement in all aspects was good except between the anterior longitudinal ultrasound and MRI posterior. There was good
absolute agreement between corresponding measurements done by ultrasound and MRI. The results suggest that ultrasound may
be a good clinical tool for assessing relative cartilage thickness in medial femoral regions.
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Introduction____________________________
The evaluation of cartilage thickness is mandatory in
many instances, such as knee osteoarthritis (OA). Cartilage
thickness reflects both the health condition of the cartilage
and the treatment effectiveness. Hence, an accurate and
easy-to-use technique for evaluating cartilage thickness is
necessary.
An accurate measurement of cartilage thickness helps to
detect and monitor cartilage condition; thus, effective
measurement tools are needed to detect both increases and
decreases in medial femoral cartilage thickness.
MRI is an important assessing tool in detecting both OA
onset and progression [1, 2]. It is known that during the
early stage of OA, there might be an increase in cartilage
thickness [3, 4]. Individuals with established knee OA have
thinner tibio-femoral cartilage thickness compared to
healthy subjects [5]. It has been suggested that assessing
central medial femoral cartilage for changes in morphology

and diameter is helpful in detecting early signs of knee OA
[6].
MRI is the gold standard for evaluating knee cartilage
thickness [7]. MRI is expensive, not available for all
patients all the time, and not easily available for serial
evaluation of cartilage status. Conventional radiography is
more available, but it reveals only gross joint space
narrowing [8]. Ultrasound offers an alternative quantitative
measurement of cartilage thickness which is more
available and more cost-effective compared to MRI [9].
Ultrasound is easy to use, low cost, and more available. It
is available to evaluate the status of the femoral cartilage
in the OA population [10, 11].
If ultrasound were found to be a valid and reliable
measurement tool for cartilage thickness in uninjured or
healthy knees, it would be promising news. The first step
in the current study was to find an association and absolute
agreements between ultrasound and MRI in measuring
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medial femoral condyle cartilage thickness in healthy
individuals. It was hypothesized that ultrasound and MRI
diameter measurements of medial femoral condyle
cartilage thickness would be strongly correlated with each
other and would demonstrate a high degree of absolute
agreement.

Materials and Methods___________________
Experimental protocol
The current study was conducted in Tehran, Iran,
between March and May 2019. Based on a similar study,
the sample size was 18 people, and evaluations were done
in the Radiology Department of Rasole-Akram Hospital
(Tehran).
Nine healthy females (mean ± std dev) (1.6 ± 0.04 m,
55.3 ±4.3 kg, 21.7 ± 0.8 years) and nine healthy males (1.80
± 0.02 m, 78.6 ± 11.1 kg, 22.4 ± 0.7 years) participated in
this cross-sectional observational analytical study. The
university's Institutional Review Board approved the study,
and all participants gave written informed consent.
Eligibility criteria were age younger than 25 years, BMI
less than 30, no current or past orthopedic injury or history
of significant injury or surgery in the left limb, no recent or
past history of thyroid disease, no recent or past history of
parathyroid disease, no alignment problems such as genu
varus or genu valgus, and no autoimmune or connective
tissue disease or ligament laxity. Participants were
selected in random order and then MRIs were done.
Thereafter, ultrasound measuring was done. Cartilage
thickness was measured with ultrasound and MRI in
separate sessions. Both sessions were conducted at the
same time of day (± 1h) in order to account for possible
diurnal effects of cartilage physiology. The assessments
were completed in 30 days.
Procedures
Ultrasound measurement of cartilage thickness
A single examiner performed all ultrasound imaging of
the medial femoral articular cartilage using a previously
established transverse [12] and longitudinal [13] approach.
All ultrasound assessments were performed on the left knee
with a 10 MHz linear ultrasound transducer (Philips, Inc.
Affinity 70G, Netherlands).
For the transverse approach, following 10 minutes of
quiet sitting, participants were instructed to sit on a table
with their left knee placed at 90° of flexion. The bony
medial femoral condyle anatomy was palpated, and the
bony anatomy was outlined with a washable marker. The
transducer head was then placed transversely over the
medial femoral condyle to measure cartilage thickness over
the mid-portion of the medial femoral condyle (most
weight-bearing portion). Three adjacent (~2 mm) cartilage
thicknesses were measured from a thin hyper-echoic line at
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the soft tissue-cartilage interface to the hyper-echoic line at
the cartilage–bone interface. These three values were
averaged to comprise a single thickness value, which was
representative of the middle medial femoral condyle
cartilage thickness.
For the longitudinal approach, patients were placed in
a seated position on a table with the knee in maximal
flexion (133° to 151°). The transducer head was then
placed longitudinally in the sagittal plane midway between
the medial border of the patella and medial border of the
medial femoral condyle. Cartilage thickness was assessed
over the anterior, middle, and posterior regions of the
medial femoral condyle. At each region, three adjacent (~2
mm) cartilage thicknesses were measured from a thin
hyper-echoic line at the soft tissue-cartilage interface to the
hyper-echoic line at the cartilage–bone interface (Figure 1).
These three values were averaged to achieve a single value
that was representative of each region’s cartilage thickness.

MRI measurement of cartilage thickness ___
MRI examination of the left knee was obtained with a
1.5 T MRI system (Philips, Ingenia, Nederland) using a 16channel transmit/receive high-resolution knee coil.
Articular cartilage measurements were acquired with 3D
Fast Field Echo sagittal MRI scans of the tibio-femoral
joint (slice thickness = 1 mm, in-plane resolution = 0.7 mm
× 0.7 mm, number of slices = 167, image matrix = 227 ×
228, TR = 32 ms, TE = 14 ms, flip angle deg = 40,
bandwidth (Hz/pixel) = 623.0 Hz, fat suppression = preset.
Following an MRI data acquisition, a single investigator
manually segmented the articular cartilage of the medial
femoral condyle. Following the methods of Koo et al. [16],
the medial femoral condyle was segmented into three
regions of interest (anterior, middle, and posterior) that
estimate the main weight-bearing regions of the femoral
articular cartilage. In order to determine the regions of
interest, first a central axis perpendicular to the sagittal
plane was located using a cylinder fitting method that fit
the medial femoral cartilage surface geometry of the
sagittal slice representing the midpoint of the medial
femoral condyle. Next, a line was drawn from the central
medial tibio-femoral contact point to the cylinder center.
The anterior region was defined as 0 to 30° anterior to this
line, the middle region was defined as 0 to 30° posterior to
this line, and the posterior region was defined as 30 to 60°
posterior to this line. Finally, the weight-bearing region
width was defined as 20% of the overall maximal medial
to lateral condylar width centered on the midline of the
medial condyle. For each region, pixel-wise thickness
maps were created in ImageJ (https://imagej.nih.gov/ij/) by
calculating the diameter of the largest sphere that fit inside
the segmented region and contained the point as the sphere
center. The average thickness over each of the three regions
was then calculated for inclusion in the analyses.
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Figure 1: Scatter plots of (a) transverse ultrasound to mid-femoral MRI thicknesses; (b) transverse ultrasound to posterior femoral
MRI thicknesses; (c) posterior femoral ultrasound to posterior femoral MRI thicknesses.

Rheumatology Research., Vol. 5, No. 2, April. 2020

59

Knee cartilage thickness

Shashaani et al.

Figure 2: Bland–Altman plots to illustrate the agreement between (a) transverse ultrasound and mid-femoral MRI thickness; (b)
transverse ultrasound and pos- terior femoral MRI thickness; (c) longitudinal posterior femoral ultrasound and pos- terior femoral
MRI thickness.
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Results________________________________
Descriptive data by gender is presented in Table 1.
Descriptively, there were main effects (p ≤ 0.05) for gender
and imaging modality with female and ultrasound
measurements resulting in decreased thicknesses,
respectively (Table 1).
All ultrasound thickness measures were significantly
smaller than MRI measures (p value = 0.00075). Females
had a significantly smaller overall thickness than males (p
value = 0.00253). Anterior MRI thickness was
significantly smaller than anterior and middle MRI
thicknesses (p value = 0.033).
For the main research questions, the magnitudes of
associations are presented in Table 2.

Anterior longitudinal ultrasound thickness measures
were significantly positively correlated with MRI anterior
(r = 0.93, p value = 0.00001), transverse ultrasound with
MRI anterior (r = 0.87, p value = 0.0369), middle
longitudinal ultrasound with MRI anterior (r = 0.87, p
value = 0.00002), and transverse ultrasound and MRI
middle (r = 0.87, p value = 0.00001).
The correlation between anterior longitudinal
ultrasound and MRI posterior was weak (r = 0.49, p value
= 0.00008).
Agreement was good in all aspects except the anterior
longitudinal ultrasound and MRI posterior, in which
agreement was weak.
Bland–Altman plots demonstrated good absolute
agreement between correlated measures with ultrasound
and MRI.

Table 1.Descriptive outcomes (mean ± SD) of MRI and ultrasound measures of cartilage thickness.
Medial femoral cartilage
regions

Anterior
Middle
Posterior
Transverse

Combined
MRI
thickness
(mm)
1.7 ± 0.3 **
1.8
± 0.2
1.9
± 0.2

Females†
US
thickness *
(mm)
1.5 ± 0.3
1.6 ± 0.3
1.7 ± 0.2
1.6 ± 0.2

Males

MRI thickness
(mm)
1.5 ± 0.2
1.7 ± 0.2
1.7 ± 0.2

US
thickness
(mm)
1.3 ± 0.2
1.3 ± 0.1
1.4 ± 0.1
1.5 ± 0.1

MRI
thickness
(mm)
1.7± 0.1
1.8± 0.1
1.8± 0.1

US
thickness
(mm)
1.7 ± 0.1
2 ± 0.1
2 ± 0.1
1.7 ± 0.1

*All ultrasound thickness measures significantly smaller than MRI measures, P value = 0.00075
anterior MRI thickness was significantly smaller than anterior and middle MRI thicknesses. P value = 0.033
†Female had significantly smaller thickness than mal. P value = 0.00253
Table 2.Articular cartilage thickness Pearson correlation r values.
Thickness
variable

US-Trans

US Ant-Long

US Mid-Long

US Post-Long

US-Trans

1

0.82 *p=0.045

0.85 *p=0.043

0.73 *p=0.034

1

0.86

0.74

US Ant-Long
US Mid-Long

0.79

US Post-Long

1

MRI-Ant
MRI-Mid
MRI-Post

MRI-Ant

MRI-Mid

MRI-Post

0.87
*p=0.036
0.93
*p<0.001
0.87
*p<0.001
0.76
*p=0.003
1

0.87
*p<0.001
0.79
*p<0.001
0.85
*p<0.001
0.74
*p<0.001
0.75

0.68
*p<0.001
0.49
*p<0.001
0.72
*p<0.001
0.7
*p<0.001
0.5

1

0.77
1

US = ultrasound; MRI = magnetic resonance imaging; Trans = transverse; Ant = anterior, Mid = middle; Post = posterior; & Long =
longitudinal.*P ≤ 0.05.

Discussion_____________________________
There is a need for easily accessible and cost-effective
clinical tools to assess the health of knee articular cartilage.
Thus, this study was designed to better understand how
Rheumatology Research., Vol. 5, No. 2, April. 2020

well clinical ultrasound thickness measures compared with
the gold standard MRI measures. The primary finding was
that the transverse, anterior mid-longitudinal, and posterior
longitudinal ultrasound measures were more strongly
correlated with those from the anterior, middle, and
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posterior MRI regions. The absolute agreement between
these measures was relatively good. The following
discussion will address the potential use of ultrasound as a
tool to assess knee cartilage thicknesses as well as the
potential reasons for the outcomes to be associated with
poor absolute agreement. Longitudinal ultrasound
measures were moderately (r = 0.57) and strongly (r = 0.84)
correlated, respectively, with MRI-based measures in an
OA population [13].
Additionally, femoral condyle articular cartilage
thicknesses were strongly correlated (rho values = 0.71 to
0.86) with MRI measurements in children with juvenile
idiopathic arthritis [9]. Ultrasound has also demonstrated
good agreement with the physical measurement of
cartilage thickness in the medial femoral condyle of older
cadaver knees (ICC = 0.72) [12].
It is likely that the primary weight-bearing regions selected
for MRI analyses in the current study were more
posteriorly located relative to the placement of the
transducer in the anterior longitudinal ultrasound measure;
thus, the different measures between ultrasound and MRI
may be due to positional limitations.
The findings of smaller ultrasound measurements in
comparison with MRI measurements at the knee were
reported in a range of healthy children, where the anterior
and posterior cartilage thicknesses were 0.7 and 0.9 mm
smaller, respectively, when using ultrasound compared to
MRI [14]. Spannow et al. reported similar observations
[15].
As an explanation for the smaller ultrasound measures, it
was suggested that ultrasound may underestimate cartilage
thickness compared to MRI due to the positioning of the
ultrasound transducer on a small fluid-covered surface
necessary for transduction, which may result in obliquity
[14]. Additionally, it has been hypothesized that ultrasound
may underestimate the actual cartilage thickness values
because of the more rapid sound transmission speed in
cartilage than in all soft tissue [8]. Thus, we suggest that
ultrasound-based measures may be a relative indicator of
thickness but not an absolute indicator of actual cartilage
thickness.
When seeking to assess the validity of any measure, it
is important to compare the current values to those
previously obtained by others. Analyzing MRI-based
cartilage thicknesses of the same regions as the current
study showed that average thicknesses ranged from 2.1 to
2.4 mm [16], whereas in the current study they ranged from
1.67 to 2.04 mm. The current study had a younger
population (mean age of 22 years compared with the
previously reported age range of 26 to 38 years with mean
age reported) as age-related thinning of cartilage occurs as
part of the aging process [17]; the previous study assessed
only five individuals. A recent study showed condylar
cartilage-thickness ranged from 3.6 to 4.3 mm [1].
This study did not have thicker cartilage measures,
possibly because of the 1.5 Tesla machine used, technical
error, or racial differences. It is important to note that these
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imaging modalities, ultrasound and MRI, have their own
strengths and weaknesses. Ultrasound is beneficial to the
clinician and patient due to its lower cost and greater
availability/access; however, while MRI measures are
more labor intensive and costly to perform, MRI offers the
ability to fully image the entire knee cartilage (ultrasound
cannot fully visualize the tibial cartilage). Choice of
imaging modality must take these multiple factors into
account.
The current study is limited to analyses of the medial
femoral condyle. Due to greater clinical incidence of
medial knee joint OA (as the ratio of medial to lateral
cartilage disease is roughly five to one among women and
eight or nine to one among men), another question is
whether the same relationships would hold true for the
lateral femoral condyle.
Due to joint restrictions and bony anatomy, it is impossible
to obtain valid measurements of tibial articular cartilage.

Conclusion____________________________
There were moderate to strong correlations between
MRI and ultrasound measures of cartilage thickness in the
medial femoral condyle; however, ultrasound may
underestimate cartilage thickness relative to MRI.
Ultrasound may be a useful clinical tool for assessing
cartilage thickness in serial investigations, although this
needs to be demonstrated in follow-up studies.
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