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Purpose: To demonstrate the superficial hyperechoic band (SHEB) in articular cartilage by using
ultrasonography (US) and to assess its correlation with histological images.
Methods: In total, 47 regions of interest (ROIs) were analyzed from six tibial osteochondral
specimens (OCSs) that were obtained after total knee arthroplasty. Ultrasonograms were
obtained for each OCS. Then, matching histological sections from all specimens were obtained
for comparison with the ultrasonograms. Two types of histological staining were used: Safranin-O
stain (SO) to identify glycosaminoglycans (GAG) and Masson’s trichrome stain (MT) to identify
collagen. In step 1, two observers evaluated whether there was an SHEB in each ROI. In step 2,
the two observers evaluated which histological staining method correlated better with the SHEB
by using the ImageJ software.
Results: In step 1 of the analysis, 20 out of 47 ROIs showed an SHEB (42.6%, kappa=0.579).
Step 2 showed that the SHEB correlated significantly better with the topographical variation in
stainability in SO staining, indicating the GAG distribution, than with MT staining, indicating the
collagen distribution (P<0.05, kappa=0.722).
Conclusion: The SHEB that is frequently seen in human articular cartilage on high-resolution US
correlated better with variations in SO staining than with variations in MT staining. Thus, we
suggest that a SHEB is predominantly related to changes in GAG. Identifying an SHEB by US
is a promising method for assessing the thickness of articular cartilage or for monitoring early
osteoarthritis.
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Introduction
Ultrasonography (US) is a useful and convenient diagnostic tool
for the musculoskeletal system. Indeed, US is commonly used to
diagnose various knee joint conditions, including osteoarthritis
(OA). US is also used for evaluating the articular cartilage of the
knee joint, although there are some areas where US cannot be
used to evaluate the articular cartilage within the knee joint [1-8].
Sonographic assessment of cartilage damage in patients with OA
is also important for early diagnosis and for monitoring responses
to therapy [9]. By the early 1980s, US was being used to evaluate
knee joint cartilage [3]. At the time, a transducer with a frequency of
<10 MHz was used [3]. To date, most studies have reported on the
usefulness of US in measuring articular cartilage thickness; articular
cartilage is seen as a homogeneous anechoic or hypoechoic bandlike structure on US [2-8].
During research on articular cartilage in our laboratory, we have
found that there is a superficial hyperechoic band (SHEB) that is
seen frequently on US (Fig. 1), and that it may have a different
meaning than the hyperechoic superficial interface or echogenic
anterior margin seen in the past [3-6,8,10,11]. If so, it was worth
investigating whether it would be insufficient to measure only the
depth of the anechoic band for the thickness of articular cartilage
or to evaluate only the anechoic layer for early OA. To the best of
our knowledge, no previous report in the English literature about an
SHEB on ultrasonograms has been published. Thus, we performed
this study to demonstrate the US findings of an SHEB and to assess
any correlation with histological images.

Materials and Methods
Subjects
This study was approved by the Institutional Review Board of our

hospital. Osteochondral specimens from patients who underwent
total knee arthroplasty (TKA) and that were stored at our institution
were examined to obtain appropriate samples. The lateral tibial
condyle was chosen for examination because it had less OA-related
cartilage degeneration. Some specimens were excluded on the basis
of the following criteria: morphology of the cartilage was defective
due to fragmentation of the specimen, when more than half of
the cartilage was eroded (International Cartilage Repair Society
[ICRS] grades 3 and 4), the patient had underlying neoplastic or
rheumatological disease(s), or the patient had a history of trauma,
fracture, or surgery of the knee joint. In the end, six osteochondral
specimens were selected for the study. Of these six specimens, five
were from female patients, and one was from a male patient (mean
age, 63.3 years; range, 46 to 81 years). Seven to nine regions of
interest (ROIs) were selected per osteochondral specimen; thus, 47
ROIs were analyzed.

Specimen Preparation
The osteochondral specimens were placed in jars filled with normal
saline and were delivered to our laboratory within a few hours after
surgery. Each specimen was immediately refrigerated at 4°C before
examination.

US Examination
Ultrasonograms were obtained with an Acuson Sequoia 512
ultrasound system (Siemens Medical Solutions, Mountain View, CA,
USA) by using a 17-MHz multifrequency linear array transducer. All
sonographic examinations were performed by a single experienced
musculoskeletal radiologist. The radiologist was instructed to obtain
orthogonal mid-sagittal images from the lateral tibial condyle of
each osteochondral specimen. Great care was taken to maintain
the US plane of the section as consistently as possible. The gain
setting was individually optimized for each osteochondral specimen

Meniscus
Cartilage
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Subchondral
bone

Category 2

Fig. 1. Sonograms acquired from osteochondral specimens and schematic representation to show dichotomized patterns of
echogenicity at each region of interest (ROI) (yellow rectangular boxes) in the articular cartilage. The left ROI shows a superficial
hyperechoic band, defined as category 1. The right ROI shows a homogeneous hypoechoic pattern, defined as category 2.
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by using equalized automatic gain control. Markings were made
on each specimen to be used as references for the histological
sections to exactly match the ultrasonograms. Multiple mid-sagittal
images were taken at the same midline of the lateral tibial condyle
to select the optimal ultrasonograms that would most closely match
the histological slides from the next step. All ultrasonograms were
transferred to an independent workstation (Mac Pro, Apple Inc.,
Cupertino, CA, USA).

Histology

A

B

C

D

The specimens were fixed in 10% buffered formalin and decalcified
in 10% formic acid. After decalcification, the specimens were
sectioned through the middle of the lateral tibial condyle in the
true sagittal plane, corresponding to the sagittal plane used for
US imaging. The location of the histological section was chosen
using both the previously made markings and measurements
from anatomical and pathological landmarks, such as the lateral
margin of the tibial plateau, the tibial spine, and osteophytes

E
F
Fig. 2. An osteochondral specimen from 45-year-old male patient who underwent total knee arthroplasty.
A, B. A sonogram (A) and a color-coded sonogram (B) show a thin superficial hyperechoic band (SHEB) at the articular cartilage. C-F. The
sonogram and histological images are matched: Safranin-O stain (SO) (C), SOR (D), Masson’s trichrome stain (MT) (E), and MTB (F). The SOR
image (D) shows thin glycosaminoglycan depletion at the superficial layer of the articular cartilage.
e-ultrasonography.org

Ultrasonography 34(2), April 2015

117

Tae Sun Han, et al.

250

Pixel intensity

200

150

100

H
50

0
0.0

0.5

G

1.0

1.5

2.0

2.5

Depth (mm)

[12,13]. The tissue was subsequently embedded in paraffin wax,
and 4-µm sections were made using a microtome (RM2255, Leica
Microsystems, Wetzlar, Germany). Two sections of each lateral tibial
condyle were stained with both Safranin-O (SO) and Masson’s
trichrome (MT) stain in pairs (Figs. 2C, 2E, 3C, 3E). SO staining was
used to identify glycosaminoglycans (GAG), a major component of
proteoglycans (PG), and MT staining was used to identify collagen
[14-18].

Image Processing
A color CMOS camera mounted on a binocular microscope (Eclipse
55i, Nikon Instruments Inc. Melville, NY, USA) and Adobe Photoshop
CS6 (Adobe Systems, San Jose, CA, USA) were used for digital
RGB image processing and merging. All microscopic images of
the histological slides were captured with the same LED light and
exposure parameters (Fig. 1).
The red color in the SO-stained histological image showed
topographical variation and the content of GAG on the histological
slides. Thus, the red channel of the SO-stained histological image
was extracted and converted into grayscale images, making it
comparable with the echogenicity on ultrasonograms. During the
histological image processing from each osteochondral specimen,
the equalization function of Photoshop was used to equalize the
brightness and contrast of all converted images. The converted
grayscale images show black pixels for empty spaces on the
histological slide, lower pixel intensity at the outer layer of the
cartilage, and higher intensity at the inner layer of the cartilage,
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Fig. 2. G. A vertical profile plot shows the pixel intensities of each
region of interest (ROI) along the depth of the articular cartilage:
red curve (pixel intensity of ROI on SOR ), black curve (pixel intensity
of ROI on sonogram), and blue curve (pixel intensity of ROI on MTB ).
H. The SHEB is also visualized as an elevated bright band on a threedimensional surface plot, reconstructed from the pixel intensities of
the sonogram.

which was the opposite of the echogenicity of the ultrasonograms.
Thus, a grayscale inversion step was needed to assist with the
correlation between the echogenicity of the ultrasonograms and the
pixel intensity of the histological images. This final image, obtained
after image processing, was named the “SOR ” image (Figs. 2D,
3D). In the MT-stained histological images, the blue color showed
the topographical variation and content of collagen. Thus, the blue
channel of the MT-stained histological image was similarly converted
to a grayscale image, which was named the “MTB ” image (Figs. 2F,
3F).
To exactly match the histological image and ultrasonogram, an
optimal mid-sagittal ultrasonograms was carefully selected from
multiple stored mid-sagittal images on the basis of morphological
features, such as anatomical landmarks, osteophytes, thickness of
cartilage, and edge-distance measurements [12,13]. During the
whole image processing procedure, the size ratios of all images
were kept the same and the resolution of each image was fixed
at 4,096 pixels in width. A 3-mm interval grid was applied to
each image set of each osteochondral specimen to position the
ROIs at the same location in each image. Seven to nine ROIs were
positioned with grids on sagittal sections for a more focused
comparison between the echogenicity of the ultrasonograms and
the pixel intensity of the grayscale histological images (SOR and MTB )
[12,13]. This was performed in consensus by a bone pathologist
and a musculoskeletal radiologist. When positioning ROIs, they were
located away from areas where deep fissures, histology processing
artifacts, and US artifacts, such as microbubble shadowing, were
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present. The width of each ROI was 2-4 mm. Finally, 47 ROIs were
selected from the six osteochondral specimens for the analysis.
Color-coded ultrasonograms with a consistent color look-up
table (Figs. 2B, 3B) were generated from ultrasonograms on an
independent workstation by using DICOM imaging software (OsiriX,
Pixmeo, Geneva, Switzerland).
For step 2 of the image analysis, ImageJ software (US National

Institute of Health, Bethesda, MD, USA) was used. Three
vertical profile plots were generated for the same ROIs for each
ultrasonograms, the SOR image, and the MTB image (Figs. 2G, 3G).
Twenty vertical profile plots were generated from the 20 ROIs
that were selected in step 1. The vertical profile plot shows the
topographical changes of pixel intensity along the depth from the
cartilage surface (Figs. 2G, 3G). Three-dimensional (3D) surface plots

A

B

C

D

E
F
Fig. 3. An osteochondral specimen from a 56-year-old female patient who underwent total knee arthroplasty.
A, B. The sonogram (A) and color-coded sonogram (B) show a superficial hyperechoic band (SHEB) at the articular cartilage. C-F. The
sonogram and histological images are matched: Safranin-O stain (SO) (C), SOR (D), Masson’s trichrome stain (MT) (E), and MTB (F). The SOR
image (D) shows glycosaminoglycan depletion at the superficial layer of the articular cartilage.
e-ultrasonography.org
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were generated to display 3D topographical pixel intensities from
ROIs on the ultrasonograms (Figs. 2H, 3H).

Image Analysis
The image analysis was performed in two steps. Written instructions
were provided to each observer prior to each step of the image
analysis.

Step 1
The purpose of step 1 was to assess the incidence of SHEBs in all
ROIs of the articular cartilage from our osteochondral specimens.
The ROIs that showed an SHEB would be used in step 2. Thus, we
classified the patterns of echogenicity at the ROIs into the following
three categories (Fig. 1):
1. SHEB pattern
2.	H ypoechoic pattern (homogeneously hypoechoic articular
cartilage with no SHEB)
3. Indeterminate
If there was an SHEB at the superficial layer of the articular
cartilage, the ROI was defined as category 1 (SHEB pattern)
(Fig. 1). The meniscus was used as the reference standard
for echogenicity because the meniscus is well known as a
homogeneously hyperechoic structure [19]. Thus, an SHEB was
defined as a superficial echogenic band that was isoechoic to
or more hyperechoic than the meniscus. Thus, the SHEB was
also hyperechoic to the deep layer of the articular cartilage.
Category 2 (hypoechoic pattern) was defined as the ROI showing
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Fig. 3. G. A vertical profile plot shows the pixel intensities of each
region of interest (ROI) along the depth of articular cartilage: red
curve (pixel intensity of ROI on SOR ), black curve (pixel intensity of
ROI on sonogram), and blue curve (pixel intensity of ROI on MTB ).
H. The SHEB is visualized as an elevated bright band on the threedimensional surface plot, which is reconstructed from the pixel
intensities of the sonogram.

homogeneous hypoechogenicity relative to the meniscus and no
incidence of SHEBs (Fig. 1). The hypoechoic pattern included the
conventional hypoanechoic pattern that has been known to be
representative of the echogenicity in the articular cartilage [2-8].
Category 3 (indeterminate) was defined as an ROI showing complex
echogenicity that could not be classified into category 1 or 2.
A research assistant prepared multiple image sets composed
of two types of ultrasonograms from each osteochondral
specimen. One was a usual grayscale ultrasonogram (Figs. 2A,
3A), and the other was a color-coded ultrasonogram (Figs. 2B,
3B) for an improved comparison of echogenicity. Each image set
contained grids that were used to localize the ROIs. Two observers
(musculoskeletal radiologists A and B) were asked separately which
pattern was seen for each of the 47 ROIs in the ultrasonograms.
Each observer’s preference was recorded as category 1, 2, or 3 by
the assistant on a data sheet [20,21].

Step 2
The ROIs that both observers classified into category 1 in consensus
in step 1 were selected for step 2. Another image set of ROIs,
selected from step 1, were made for step 2 of the analysis.
Each image set contained rectangular ROI images from the
ultrasonograms, SOR images, and MTB images, and vertical profile
plots that were generated from each ROI by using ImageJ for
improved objectivity (Figs. 2G, 3G). There were three types of curves
on the vertical profile plot. The curves showed the changes in pixel
intensities along the depth in the ultrasonograms, SOR images, and
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MTB images (Figs. 2G, 3G) to assist in objective decision-making.
After a 2-week “washout” period after step 1, a research
assistant presented each image set to the two observers in a
random order on a computer monitor. The observers were blinded to
the type of histological staining, because grayscale ROI images that
had been prepared from the channel-separated histological images
(SOR and MTB ) were displayed, and not the original histological
images in color.
The two observers were asked separately which grayscale
histological image (SOR or MTB ) best correlated with the SHEB on
the US for each of the 20 ROIs. The two standards of judgment on
the vertical profile plot were (1) the proximity between the peak
point of the US pixel intensity curve and the histological images’
pixel intensity curve, and (2) the similarity of curve shape within the
superficial layer of cartilage (Figs. 2G, 3G). Each observer’s decision
was classified into one of the following three categories and
recorded by the assistant [20,21]:
1. SOR profile (SHEB correlates to SOR )
2. MTB profile (SHEB correlates to MTB )
3. Indeterminate

Statistical Analysis
Statistical analyses were performed using SPSS ver. 20.0 (IBM
Co., Armonk, NY, USA) and the R statistical package ver. 2.10.1 R
(Foundation for Statistical Computing, Vienna, Austria). The incidence
for SHEB was calculated in step 1. In step 2, the proportion test was
used to assess the statistical significance of differences in numbers
among categories according to the observers’ decisions [22,23].
Kappa values were calculated to assess the interobserver agreement
for steps 1 and 2. A P-value of <0.05 was considered to indicate
statistical significance. As suggested by Landis and Koch, agreement
was considered poor when k<0, slight when k=0-0.2, fair when

k=0.21-0.40, moderate when k=0.41-0.60, substantial when
k=0.61-0.80, and almost perfect when k=0.81-1 [24].

Results
Step 1: Incidence of SHEBs in ROIs of Articular Cartilages in
OA Patients
In total, 47 ROIs were selected from the ultrasonograms of
osteochondral specimens. The 47 ROIs were investigated
independently by the two observers. The incidence of SHEBs in
all ROIs and the interobserver agreement are summarized in
Table 1. The interobserver agreement was moderate (k=0.579)
(Table 1). The number of ROIs that were answered as category 1
in consensus by both observers was 20 out of 47 (42.6%). All six
osteochondral specimens had at least one ROI that showed SHEBs
on ultrasonograms.

Step 2: The Grayscale Histological Image That Correlated
Better with the SHEB on the Ultrasonograms
From step 1, 20 ROIs were selected for step 2. The 20 ROIs were
investigated by two observers. Each observer’s decision and
the interobserver agreement are summarized in Table 2. The
interobserver agreement was substantial (k=0.722) (Table 2).
The number of ROIs that were classified into category 1 (SOR ) in
consensus by both observers was 15 out of 20 (75.0%). No ROI
was judged as category 2 (MTB ) by agreement. The difference in
proportion was statistically significant (P<0.05). Thus, this result
indicates that the SHEB correlated better with changes in staining in
SOR images than with those in MTB images.

Table 1. Cross tabulation of step 1 results to show the incidence
of SHEBs in the ROIs of articular cartilage and the interobserver
agreement

Table 2. Cross tabulation of step 2 results to show the
interobserver agreement and the SHEB that correlated with
histological staining (SOR and MTB )

Observer A
Category Category Category Total
1
2
3
Observer B Category 1 20 (42.6)
5
5
30

Observer A
Category Category Category Total
1
2
3
Observer B Category 1 15 (75)
0
1
16

Observer category

Kappa
0.579

Observer category

Category 2

0

12 (25.5)

2

14

Category 2

0

0 (0)

0

0

Category 3

0

0

3 (6.4)

03

Category 3

0

1

3 (15)

4

20

17

10

47

15

1

4

20

Total

Values are presented as number (%).
Category 1, superficial hyperechoic band (SHEB); Category 2, hypoechoic pattern
(homogeneously hypoechoic articular cartilage without SHEB); Category 3,
indeterminate.
ROI, region of interest.

e-ultrasonography.org

Total

Kappa
0.722

Values are presented as number (%).
Category 1, Safranin-O stain (SO) profile (superficial hyperechoic band [SHEB]
correlates with SOR ); Category 2, Masson’s trichrome stain (MT) profile (SHEB
correlates with MTB ); Category 3, indeterminate.

Ultrasonography 34(2), April 2015

121

Tae Sun Han, et al.

Discussion
Most previous studies have reported the usefulness of US to
measure articular cartilage thickness, and articular cartilage is
typically seen as a homogeneous anechoic or hypoechoic band-like
structure on US [2-8]. While examining osteochondral specimens
using high-resolution US, we suspected that the thin superficial
layer was sometimes more hyperechoic than the deep layer of
the articular cartilage. We became interested in the topographical
zonal variations that caused the superficial and deep layers of
the articular cartilage to appear with differing echogenicity and
in the constituent(s) of the articular cartilage that affected the
echogenicity. The purposes of this study were to demonstrate
findings of the SHEB in the articular cartilage, and to assess any
correlation between the topographical changes in echogenicity and
the constituents of articular cartilage.
The step 1 results showed that the incidence of SHEBs was 42.6%
among the ROIs (Table 1). Past reports have described US figures
of the articular cartilage as an anechoic band-like layer with a
hyperechoic outer contour. Similar sonographic images can be seen
in the reports, but most studies have reported that the hyperechoic
outer superficial layer of the articular cartilage is either the synovialcartilage interface, soft tissue-cartilage interface, hyperechoic
superficial interface, echogenic anterior margin, or water-cartilage
interface [1,3-6,8,10,11]. In our study, ultrasonograms of the
articular cartilage showed a thin band-like superficial hyperechoic
layer (SHEB). The SHEB was not the synovial-cartilage interface or
an artifact because the osteochondral specimens in our study were
placed in normal saline-filled jars with no synovial tissue and were
evaluated using a high-resolution transducer. Razek et al. [9] noted
that the blurring and poor visualization of the outer margin of the
cartilage, loss of cartilage transparency, and increased echogenicity
may reflect structural alterations. Grassi et al. [6] asserted that the
loss of clarity in cartilage bands is an early sonographic feature of
OA.
It is important to understand that articular cartilage is not a
simple homogenous anechoic structure but a complex structure
that can show topographical changes in echogenicity with SHEBs.
This information may prevent investigators from potentially
underestimating the thickness of the articular cartilage during a US
examination, because many investigators define cartilage thickness
as the width of only the anechoic space [1,2,7].
Articular cartilage is a complex structure with interactions among
its biochemical constituents that include water, electrolytes, and
a solid matrix composed primarily of collagens and GAG. The
earliest signs of OA include the loss of PG and the disruption of
the superficial collagen network, leading to the fibrillation of the
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articular cartilage surface [25]. The major macromolecule is GAG, a
major component of PG. Some magnetic resonance imaging studies
have asserted that variations in the water or PG content determine
the layering within the articular cartilage, and topographical
variations in the GAG content and the cartilage thickness have
been reported [26-31]. Paul et al. [32] showed that the variation
curve in the magnetic resonance signal intensity resembles the
curve for zonal variation in the cartilage PG content, but not the
curve for collagen or free-water content. Although there has been
controversy about the relationship between US echogenicity and
the constituents of articular cartilage in previous reports [33-38],
in our study, we used high-resolution clinical US, B-mode images,
and human osteochondral specimens and methods differentiated
from these past studies. For objective analyses, specialized image
processing was also used, based on the red color density on SO
staining reflecting the distribution of GAG and the blue color density
on MT staining reflecting the distribution of collagen [14-18].
In step 2 of the analysis of the set of 20 ROI images, category 1
was chosen more than the other categories by the two observers
(Table 2). Thus, this finding indicates that the SHEB correlated
better with the changes in staining on SOR images than those
on MTB images (Figs. 2, 3). Our results suggest that the SHEB on
US may reflect the depletion of GAG at the superficial layer of
the articular cartilage (Figs. 2C, 2G, 2H, 3C, 3G, 3H). This result is
consistent with that of Laasanen et al. [36] in that the US reflection
parameters were not significantly related to the superficial collagen
content. There are also other reports that ultrasound can be used
for characterizing articular structural properties, such as surface
roughness and PG depletion [37,39,40].
Our study has several limitations. This was a preliminary study with
a small number of osteochondral specimens. Although all cartilage
specimens in our study had at least one ROI that showed an SHEB,
we cannot be sure whether healthy or young cartilage would show
similar topographical changes because all osteochondral specimens
in our study were obtained from OA patients who had undergone
TKA. If the SHEB is not seen or is very thin in healthy and young
individuals, the existence or thickening of the SHEB may be a
promising subject for investigators studying the pathogenesis of
OA and may provide an early sign of OA prior to the thinning of the
articular cartilage itself. Another limitation is that the criteria for the
minimum thickness of the SHEB for category 1 were not defined in
our study. Therefore, the dichotomizations in step 1 were performed
on the basis of visual perceptions by observers.
In conclusion, our study using human osteochondral specimens
showed that articular cartilage is not a simple anechoic structure
and that an SHEB is frequently seen at the articular cartilage. Our
results also showed that an SHEB in articular cartilage correlated
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with the changes in the red color channel of SO staining. Thus, our
preliminary study suggests that an SHEB indicates the depletion of
GAG at the superficial layer of the articular cartilage. Further studies
are needed to investigate its correlation and usefulness in assessing
cartilage degeneration.
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