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Articular Cartilage Thickness of the
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abstract
This study determined the thickness of normal humeral head articular cartilage by anatomic cross section using computer-aided image analysis software. Sixteen adult cadaveric humeral heads were analyzed. Our findings
reveal that the thickness of humeral articular cartilage is substantially thinner than articular cartilage found in the knee. The cartilage is thickest in the
central portion of the head and becomes progressively thinner towards the
periphery. Surgical techniques used to treat pathology in the glenohumeral
joint, specifically thermal energy or mechanical debridement, may have deleterious effects on the relatively thin humeral articular cartilage.

A

rticular cartilage thickness has
been extensively studied in the
knee.1-7 However, there is a paucity of data regarding the thickness of
articular cartilage of the humeral head.
Most characterizations of humeral head
articular cartilage have been performed
using radiographic imaging studies, specifically magnetic resonance imaging
with and without the use of intraarticular
contrast.8-10 The radiographic data obtained in two of these studies were compared to the corresponding data obtained
by direct measurement of the articular
surface. In both studies, only limited areas of the humeral head were analyzed,
and direct measurements of the articular
surface were performed by observers using loupe magnification. The difficulty in
accurately imaging the highly spherical
humeral head and the substantially thinner articular cartilage found on the hu-

MARCH 2008 | Volume 31 • Number 3

ORTHO0308Fox.indd 1

meral head as compared to the knee were
the reasons given for the inferior results.
According to Eckstein2, magnetic resonance imaging (MRI) of strongly curved
surfaces can overestimate cartilage thickness without appropriate derivations. Soslowsky et al11 used stereophotogrammetry to define the geometry of the
glenohumeral articulation and reported
on surface area and cartilage thickness of
both the humeral head and the glenoid.
The purpose of this study was to determine the thickness of humeral head
articular cartilage via anatomic measurements from multiple cross sections of
cadaveric humeral heads using computeraided image analysis software. From this
data a topographical map of humeral head
articular cartilage was developed. This information may serve as a standardization
of normal articular cartilage thickness of
the humeral head.

MATERIALS AND METHODS
Eighteen adult cadaveric humeri (8 left
and 10 right) were obtained through the
anatomic gift association at Rush University Medical Center. The age of the specimens ranged from 53 to 91 years. Overlying muscle and soft tissue were sharply
dissected away with a scalpel and scissors
with care taken to avoid injury to the articular surface. Two right humeral heads
were eliminated: one head demonstrated
evidence of degenerative changes, and the
second head had developed subchondral
cysts. Thus, 16 humeral heads were analyzed. Humeral heads were cut at the anatomical neck with a band saw. The heads
were then placed in a plastic container and
potted in Isocryl (an acrylic mold). The
purpose of this was to create a stable block
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Figure 1: After removing the humeral head at the anatomic neck, the head was then sectioned in the sagittal plane at 3-mm increments.

in which the heads could each be sliced
at a uniform width. Once dry, the Isocryl
block was removed and the humeral heads
were sectioned at 3-mm intervals in the
sagittal plane with a band saw (Figure 1).
Specimens were numbered according to
anatomic location. The most peripheral
sections of the humeral heads were discarded to avoid falsely elevated articular
cartilage measurements due to the oblique
nature of the cuts in these areas.
To enhance contrast and visibility of
the articular cartilage, the specimens were
briefly immersed in a solution comprised
of 0.25% methylene blue in 1% acetic
acid. Excess methylene blue was removed
by rinsing the specimens in 95% ethyl
alcohol followed by water to demarcate
the articular cartilage from the underlying subchondral bone (Figure 2). Fixed
distance digital photography was used
to capture a digital image of each specimen. A transparent metric ruler was also
imaged from the same preset distance for
reference of measurement. The digital
images were analyzed with a computer
software program (Scion Image; Scion
Corp, Frederick, Maryland) according to
a previously validated technique12 to allow for accurate measurement of the articular cartilage thickness. Scion Image
is the PC version of National Institutes
of Health (NIH) Image, a public domain
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imaging processing and analysis program
designed to run on Macintosh computers.
The program was developed at the NIH
and is available for download at http://rsb.
info.nih.gov/nih-image/.
Measurement
features were calibrated using the metric
ruler image to discern that 7.787 pixels⫽1
mm.
Using the apex of each section as the
center of reference, the sections were
analyzed at 22.5⬚ intervals, producing 7
points along each section from which the
articular cartilage thickness was measured
(Figure 3). Measurement tools (accurate to
the 1/100th of a millimeter) were used in
a click-and-drag fashion by a single investigator to measure the articular cartilage
thickness. From the raw data a topographical map of the humeral head articular cartilage was generated. The map was used to
divide the humeral head articular surface
into 9 sectors labeled A-I (Figure 4). The
mean articular cartilage thickness was calculated for each sector. Each sector was
then compared to every other sector (A to
B, A to C, A to D, etc.). A commercially
available computer program was utilized
for statistical analysis (SPSS version 11.5;
SPSS Inc, Chicago, Illinois). Friedman
tests were performed to detect differences
in articular cartilage thickness between
the sectors of the humeral head. Statistical
significance was defined as P⬍.05.

2
Figure 2: Representative humeral head section
after staining the articular surface with Methylene
blue.

RESULTS
An average of 11 sagittal sections was
obtained from each humeral head (range,
9-12 sections). A total of 1144 data points
were collected from the 16 specimens. The
average thickness of the articular cartilage
measured 0.89 mm (range, 0.13-2.09 mm,
SD 0.29 mm). Articular cartilage was
thickest in the central third of the humeral
head (Sectors D, E, and F) and decreased
peripherally (Table 1). The mean thickness
of the anatomic center of the humeral head
(90⬚ from axis of the central cross section)
was 1.21 mm (range, 0.90-1.80 mm, SD
0.25 mm) (Figure 5). The central sector of
the humeral head (Sector E) was the thickest sector with a mean articular cartilage
thickness of 1.11 mm (range, 0.94-1.42
mm, SD 0.12 mm). The central sector was
significantly thicker than all other sectors
of the humeral head with the exception of
the central-inferior sector F (P⫽.20). The
articular thickness of anterior third of the
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Figure 3: Each specimen was numbered according to location along the humeral head. Seven articular cartilage thickness measurements were collected
from each specimen.

humeral head was not significantly different when compared to the corresponding
posterior third of the humeral head with
the exception of the superior sectors (Sector G was significantly thicker than Sector
A; P⫽.03). There was no significant difference noted when the superior sectors
were compared to the corresponding inferior sectors.

Figure 4: Diagram of humeral head sectors.

Table

Articular Cartilage Thickness Measurements of the Humeral Head
Minimum
Thickness (mm)

Maximum
Thickness (mm)

Mean Thickness
(mm)

Standard
Deviation (mm)

A

0.44

0.97

0.77

0.15

B

0.62

1.03

0.82

0.13

C

0.54

1.12

0.77

0.15

DISCUSSION

D

0.77

1.26

0.98

.015

To our knowledge this is the first investigation in the English literature to
define the articular cartilage thickness of
the humeral head at multiple locations via
anatomic measurements using computeraided image analysis software. The image analysis software used in the present
study has been validated previously in a
veterinary report comparing MRI and histomorphologic measurements of articular
cartilage thickness revealing strong correlations without significant differences
(P⭐.001).12 Scion Image has also been
used in prior studies within the orthopedic
literature to measure joint space narrowing of the wrist and digits,13 the effect of
impaction bone grafting on prosthetic fit
in the proximal humerus,14 the impact of
Ho:YAG laser bone ablation of the lumbar spine,15 and the determination of an
optimal femoral donor site in autologous
osteochondral transplantation.16 Other
versions of computer imaging software
have also been used to determine shoulder

E

0.94

1.42

1.11

0.12

F

0.74

1.53

1.01

0.22

G

0.62

1.07

0.86

0.15

H

0.57

1.24

0.89

0.16

I

0.50

1.30

0.82

0.20
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Sector

capsular thickness17 and patellar articular
cartilage thickness.2 The accuracy of the
image analysis software used in the present study has also been published previously in a study analyzing prostate cancer
histologic sections.18
Our results indicate that the thickness
of the adult humeral head articular cartilage ranges from 0.28 to 2.09 mm, with
the average thickness of the articular cartilage measuring 0.89 mm. The measurements obtained in the present study suggest that the articular cartilage thickness
of the humeral head is thinner than what

has been previously reported. Soslowsky
et al11 analyzed 28 humeral heads with an
average age of 72 years using a complex
stereophotogrammetry method and determined the mean articular cartilage thickness to be 1.44⫾0.3 mm.
Graichen et al8 compared quantitative MRI measurements to A-mode ultrasound measurements of humeral head
articular cartilage in eight humeral heads
with a relatively young average age of
50.6 years. The mean articular cartilage
thickness as determined by quantitative
MRI was 1.2⫾0.09 mm, and the mean
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Figure 5: Topographical map of the humeral head articular surface.

thickness as determined by A-mode ultrasound was 1.4⫾0.12 mm. No significant
difference was found between the two
methods. A difference in the current study
compared to the previous studies relates
to the processing of the humeral heads
for articular cartilage visualization. In the
study by Soslowski et al,11 the humeral
heads were initially measured in the intact
state followed by repeat measurements
obtained after dissolution of the articular
cartilage with a sodium hypochlorite solution. The articular cartilage thickness
was then determined as the difference in
thickness between the two measurements.
No processing of the humeral heads was
reported in the study by Graichen.8 In the
current study, the humeral heads were potted in an acrylic mold to enhance sectioning of the heads, and the articular surfaces
were stained with Methylene blue and
subsequently washed with 95% ethyl alcohol to enhance the demarcation of the
articular cartilage-subchondral bone interface. Another potential reason for the differences noted in this study was the use of
embalmed specimens as opposed to freshfrozen specimens. The age of the humeral
heads used in the present study were older
than the humeral heads used in the study
by Graichen8 but similar in age to the humeral heads used by Soslowski.11 This
was not felt to be a factor in the different
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results obtained in the present study.
The information provided by this anatomic study lends insight into several aspects of shoulder surgery. First, the articular cartilage thickness of the humeral head
is substantially thinner than the articular
cartilage thickness seen in the normal human femoral condyle (3-4 mm).4 With
the increasing use of thermal radiofrequency devices in arthroscopic surgery, it
is important to know the thickness of the
articular cartilage being treated directly
or indirectly. Thermal chondroplasty is a
commonly used treatment for chondromalacia during arthroscopic procedures.
Hogan et al19 described the progressive
loss of articular cartilage from the medial
femoral condyle of an individual treated
with thermal chondroplasty for modified
Outerbridge Grade III chondromalacia.
Studies have shown that both monopolar
and bipolar radiofrequency energy applied to human articular cartilage leads
to chondrocyte death, with bipolar radiofrequency energy causing significantly
more chondrocyte death than monopolar
radiofrequency.20,21 The depth of chondrocyte injury is proportional to the time
exposed to radiofrequency energy21 and
the strength of energy delivered.22 At a
bipolar radiofrequency setting of 133 to
147 kHz (1000-1100C), a treatment time
of only 10 seconds was found to produce

chondrocyte death to a depth of 1.5 mm.
The articular cartilage used in the referenced study was procured from the human
knee. Knowing that the thickest regions of
articular cartilage on the humeral head
averages 1.11 mm, a similar treatment
used on the humeral head articular surface
would easily penetrate the entire articular
surface. In fact, a treatment time of 15
seconds produced chondrocyte death to a
depth of ⬎2 mm, which is deeper than any
articular cartilage measurement obtained
in this study.
The adverse effects of thermal capsulorrhaphy for the treatment of shoulder
instability have been well documented.2327
When performing an arthroscopic thermal capsulorrhaphy, some of the thermal
energy delivered to the capsule can be
absorbed by the neighboring humeral articular cartilage or local temperatures may
rise to critical levels if flow is inadequate.
The potential exists for enough energy
to be absorbed by the humeral articular
surface to cause chondrocyte death and
matrix degeneration. A case report in the
literature describes a full thickness loss of
humeral articular cartilage that was believed to be the result of a thermal shrinkage procedure of the anterior glenohumeral joint capsule.28 Similar cases have been
presented by Petty et al.29
Finally, the use of osteochondral grafts
for the treatment of isolated Grade IV articular defects has been well reported in
the knee.30-33 In contrast, osteochondral
allograft transplantation in the shoulder
has not been extensively studied. The use
of allografts for humeral head defects has
been reported for the treatment of osteochondritis dessicans34 and glenohumeral
dislocation.35,36 The information provided
by this baseline anatomic study may help
direct future investigations in this area.
A limitation of the study is the use of a
relatively small number of specimens. In
addition, the use of embalmed specimens
and the post-dissection processing of the
humeral heads used to enhance articular
cartilage visualization as previously dis-
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cussed may potentially have led to desiccation of the specimens yielding results
that differed from previous studies.8,11
However, our results highlight the differences in thickness of the articular cartilage of the humeral head compared to the
articular cartilage thickness of the knee.

CONCLUSION
Articular cartilage thickness of the humeral head is substantially thinner than
the articular cartilage found in the knee.
The cartilage is thickest in the central portion of the humeral head and becomes progressively thinner at the periphery. No significant difference in cartilage thickness is
seen between corresponding superior and
inferior points on the humeral head. No
significant difference in cartilage thickness is seen between corresponding anterior and posterior points on the humeral
head except superiorly where the posterior
portion of the head is significantly thicker
than the anterior portion of the head. The
information presented in this study provides an understanding of humeral head
articular anatomy and should alert the
orthopedist to exercise caution if thermal
energy is used for the treatment of conditions about the glenohumeral joint to
avoid injury to the articular surface.
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