Technical Note

Assessment and Evaluation of Glenoid Bone Loss

Jason T. Hamamoto, B.S., Timothy Leroux, M.D., Jorge Chahla, M.D., Sanjeev Bhatia, M.D.,
John D. Higgins, B.A., Anthony A. Romeo, M.D., Adam B. Yanke, M.D., and
Nikhil N. Verma, M.D.

Abstract: The preoperative assessment of anterior glenoid bone loss is a critical step in surgical planning for patients with
recurrent anterior glenohumeral instability. The structural integrity of the glenoid has been identified as one of the most
important factors influencing the success of operative repair. The currently accepted gold standard for glenoid structural
assessment among most orthopaedic surgeons is the use of 3-dimensional reconstructed computed tomography images
with the humeral head digitally subtracted, yielding an en face sagittal oblique view of the glenoid. This view allows for
evaluation of glenoid morphology and quantitative assessment of glenoid bone loss. In this article, we describe the
practical application of ImageJ software (National Institutes of Health, Bethesda, MD) to quantify the amount of glenoid
bone loss reported as a percentage of either total surface area or diameter. The following equations are used in this
technical note for the diameter-based method and surface area method, respectively: Percent bone loss = (Defect width/
Diameter of inferior glenoid circle) x 100% and Percent bone loss = (Defect surface area/Surface area of inferior glenoid

circle) x 100%.

lenoid bone deficiency with recurrent shoulder
instability constitutes one of the key components to
assess in cases of failed shoulder stabilization surgery.'
Preoperative history taking and physical examination,
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as well as quantifying anterior glenoid bone deficiency,
are critical for successful surgical treatment because the
anterior glenoid has been identified as the primary
location of bone loss.” The osseous structure, as well as
integrity, has been identified as one of the most critical
factors that influences surgical outcomes.’ Glenoid bone
defects related to recurrent anterior shoulder instability
typically occur in 2 possible forms including a fracture
fragment or attritional loss.’

History taking can elicit important clinical clues that
point toward the diagnosis of glenoid bone loss,
including a history of a high-energy mechanism of
injury, specifically if the arm was abducted 70° or more
and extended 30° or more during the initial dislocation
event.' In addition, in patients who have multiple dis-
locations, instability in the midranges of motion, and
instability at night, bone deficiency pathology should be
considered. Physical examination can provide mean-
ingful clues, which strongly suggest glenoid bone loss,
particularly in patients with a positive apprehension test
in the range of motion between 30° and 90° of shoulder
abduction with a minimal amount of external rotation.'
The examination should also include an evaluation of
anterior translation of the humeral head over the
glenoid border because, when reproducible, this is sug-
gestive of bone loss." Preoperative imaging can help
determine the extent and type of glenoid deficiency.

Besides commonly ordered radiographs, other indices
can contribute to enhanced sensitivity of diagnosis,’
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such as the apical oblique view,” the West Point view,’
and the Didiee view.® However, to quantify the extent
of the deficiency, a computed tomography (CT) scan
with 3-dimensional (3D) reconstruction should be
performed.” This imaging modality allows for digital
subtraction of the humeral head, providing an unob-
structed view of the glenoid." It is vital to determine if a
bone procedure will be required or should be expected
for preoperative planning and proper informed consent
of the patient.

Several methods have been reported to quantify the
amount of glenoid bone loss. One of the most
commonly used concepts described in the literature
uses the diameter of the “best-fit circle” circumscribed
around the inferior glenoid.*”

The ImageJ program was developed by the National
Institutes of Health (Bethesda, MD) and is publicly
available for download and use. The program is able to
display, edit, and analyze images with applications within
the field of orthopaedic surgery. It can evaluate the area
and pixel value measurements of user-defined selections
using an assortment of drawing functions. The purpose of
this article was to describe the practical applications of the
ImageJ program in the assessment and evaluation of
glenoid bone loss using 3D CT imaging.

Technique
We used reformatted 3D CT patient images of
the right shoulder of a 21-year-old male with the hu-
meral head digitally subtracted (Fig 1) acquired with
1.25-mm slices using the BrightSpeed CT scanner (GE

Healthcare, Little Chalfont, England). A screenshot of
these 3D CT images was taken in the routine picture
archive and communication system (Opal Viztech,
Garner, NC) and imported into Microsoft PowerPoint
(Microsoft, Redmond, WA). Within Microsoft Power-
Point, a perfect circle was drawn using the circle-
drawing function within the Shape menu under the
Insert option on the menu bar. This circle was drawn
around the inferior portion of the glenoid (Video 1)
based on previous studies showing that the inferior
glenoid can be modeled as a true circle.*” This patient
image, with the perfect circle drawn, was saved as a
picture file (JPEG) and then imported into the ImageJ
program for analysis of glenoid bone loss.

The ImageJ program was designed with multiple
drawing functions that allow for calculation of pixel
values and area measurements that include a rectan-
gular function, oval/elliptical function, polygonal func-
tion, freehand function, and straight-line function. The
toolbar also contains a status bar that displays the x- and
y-coordinates of the cursor relative to the imported
image, the length of any line drawn, and the dimensions
of any shape drawn. When the user is drawing an el-
lipse, the height and width dimensions are displayed;
therefore, the user must use this readout to draw a
perfect circle by ensuring these dimensions are equal.

Diameter-Based Method

To calculate the percentage of glenoid bone loss using
the diameter-based method, the user selects the
straight-line drawing function and then measures the
anterior-to-posterior diameter by drawing a line

Fig 1. Preoperative 3-dimensional
reconstructed computed tomog-
raphy images of the glenoid with
the humeral head digitally sub-
tracted showing (A) an oblique
view and (B) en face view of the
right shoulder of a 21-year-old
male patient. These images were
acquired using 1.25-mm-thick
slices using the BrightSpeed
computed tomography scanner
with the patient lying in the su-
pine position. The significant
amount of anterior glenoid bone
loss should be noted.
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through the center of the previously drawn circle from
Microsoft PowerPoint (Fig 2A). Once this line is drawn,
the user selects the Measure function from the Analyze
drop-down menu. ImageJ will then calculate the
diameter of the circle in a pixel value displayed in a
readout data sheet that will save all measurements. This
value will be used as the denominator in the glenoid
bone loss calculation. The user will then select the
straight-line function to measure the width of the
defect along the same axis previously used for
the diameter measurement (Fig 2B). Again, the user
selects the Measure function to determine the width of
the defect. This value will be the numerator used in the
calculation. These values can then be plugged into the
following equation: Percent bone loss = (Defect width/
Diameter of inferior glenoid circle) x 100%.

Surface Area Method

To calculate the percentage of glenoid bone loss using
the surface area method, the user selects the oval/ellipse
drawing function and uses the previously drawn perfect
circle from PowerPoint as a guide to draw a circle within
ImageJ (Fig 3A). The user should draw the ellipse with
the same height and width dimensions, which are dis-
played on the status bar located below the toolbar, to
ensure a perfect circle is drawn. The area of this circle
can then be calculated by selecting the Measure function
once again from the Analyze drop-down menu. The user

Fig 2. Diameter method of
glenoid bone loss quantification
showing the user interface when
using the straight-line drawing
function of ImageJ. (A) A
straight line (yellow) has been
drawn representing the diam-
eter of the perfect circle that can
be used to calculate the length of
the diameter in a pixel value.
(B) A straight line (yellow) has
been drawn representing the
width of the glenoid defect.
The measurements of the lines
shown in A and B can be plug-
ged into the following equation
to calculate the percentage of
glenoid bone loss: Percent bone

loss = (Defect width/Diameter
of inferior glenoid circle) x
100%. These images were

acquired from the right shoulder
of a 21-year-old male patient.

will select the freehand function and outline the glenoid
defect border, incorporating the circumference of the
perfect circle to calculate the surface area of the defect
(Fig 3B). Again, the user selects the Measure function
from the Analyze drop-down menu. These 2 measure-
ments will then be plugged into the following equation:
Percent bone loss = (Defect surface area/Surface area of
inferior glenoid circle) x 100%.

Discussion

In this technical note, we describe the use of the sur-
face area method and diameter method for quantifica-
tion of glenoid bone loss as a percentage using the
ImageJ program. Currently, 3D CT imaging is the most
reliable imaging modality to evaluate glenoid bone loss
and morphology for preoperative surgical planning in
cases of anterior stabilization procedures.” Sugaya et al."’
first described the use of the circle method to quantify
the percentage of bone loss by modeling the inferior
glenoid as a perfect circle. The technique we present uses
the same concept with the publicly available ImageJ
program. ImageJ has previously been applied in the
evaluation of the reproducibility of unilateral CT mea-
surements of glenoid surface area.'' The authors found
that the normal inferior glenoid surface is very similar to
a perfect circle and can be modeled as such for preop-
erative assessment of glenoid bone loss. The diameter
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method is another commonly used method to evaluate
glenoid bone loss, which we also demonstrate in this
technical note. The line drawn within ImageJ that rep-
resents the diameter of the circle was drawn perpen-
dicular to the defect border according to similar findings
by Altan et al.'? The diameter method is frequently used
because of its ease of use; however, Bhatia et al."” re-
ported that determining the percentage of glenoid bone
loss based on the glenoid diameter is inconsistent with a
surface area—based method. They found that the diam-
eter method calculation overestimated glenoid bone
loss by approximately 4% when compared with the
geometric calculation of surface area of a circular
segment. The maximum error occurred when the

Fig 3. Surface area method of
glenoid bone loss quantification
showing the user interface when
using the oval/ellipse drawing
function of ImageJ. (A) A per-
fect circle (yellow) has been
drawn over the previously
drawn perfect circle (red) that
can be used to calculate the
surface area in a pixel value. (B)
The freehand drawing function
is used to outline the anterior
glenoid defect border (yellow)
and circumference of the perfect
circle for determination of the
surface area of the defect. The
surface area measurements of
the circle and freehand drawing
shown in A and B, respectively,
can be plugged into the
following equation to calculate
the percentage of glenoid bone
loss: Percent bone loss = (Defect
surface area/Surface area of
inferior glenoid circle) x 100%.
These images were acquired
from the right shoulder of a
21-year-old male patient.

glenoid defect width was 20% of the diameter of
the glenoid/circle. Understanding the measurement
differences between the surface area method and
diameter-based method of bone loss (Tables 1 and 2)
is critical when describing indications for bone recon-
struction procedures. When authors or surgeons are
providing recommendations regarding the amount of
bone loss, which indicates bone reconstruction, they
must specify which measurement method is being used
for the calculation.

There exist other methods using different imaging
modalities including plain radiography, fluoroscopy, and
magnetic resonance imaging, as well as intraoperative
techniques, to measure bone loss. Edwards et al.'”

Table 1. Step-by-Step Comparison of Diameter-Based Method and Surface Area Method

Diameter-Based Method

Surface Area Method

Perfect circle drawn in Microsoft PowerPoint

Image imported into ImageJ

Select straight-line drawing function

Draw straight line representative of diameter of perfect circle

Select “Analyze” and “Measure” to calculate length of line/diameter
Select straight-line drawing function
Draw straight line representative of glenoid defect width

Select “Analyze” and “Measure” to calculate width of glenoid defect
Percent bone loss = (Defect width/Diameter of inferior glenoid
circle) x 100%

Perfect circle drawn in Microsoft PowerPoint

Image imported into ImageJ

Select oval/ellipse drawing function

Draw perfect circle (use height and width dimensions in status bar)
circumscribed over perfect circle previously drawn in PowerPoint

Select “Analyze” and “Measure” to calculate area of circle

Select freehand drawing function

Draw outline of glenoid defect incorporating glenoid border and
perfect circle circumference

Select “Analyze” and “Measure” to calculate area of defect

Percent bone loss = (Defect surface area/Surface area of inferior
glenoid circle) x 100%
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Table 2. Advantages and Disadvantages of Diameter-Based Method and Surface Area Method

Advantages

Disadvantages

Diameter-based  Easy to use with rapid clinical application’

method
reference point'”’

Widely used and accepted in clinical practice'

Surface area

method bone loss'’

More accurate calculation allows for more informed decision

making regarding treatment options'’

Can be applied intraoperatively using glenoid bare spot as a

May be more accurate representation of percentage of glenoid

May overestimate percentage of glenoid bone loss'’

Represents deficit in anteroposterior width of glenoid
only"’

Maximum error occurs at 20% of glenoid diameter (common
threshold used to determine open bone graft procedure v
arthroscopic stabilization)'’

More complex measurements needed for calculation'®

Difficult to apply intraoperatively'”

described a method using the Bernageau view and
fluoroscopic control to detect anterior glenoid rim le-
sions. However, the limitations of this method are that
the contralateral shoulder must be imaged, exposed to
radiation, and healthy for comparison. In addition, their
method is not able to detect inferior glenoid fractures.'”
Griffith et al.'® proposed a technique to measure bone
loss by measuring the diameter of the affected shoulder
and comparing the result with the contralateral healthy
shoulder. Lastly, Burkhart et al.'” described an arthro-
scopic method for quantifying glenoid bone loss using
the glenoid bare spot as a landmark and applying similar
principles of the diameter-based method.

The publicly available ImageJ program developed
by the National Institutes of Health is a user-friendly
computer software program that can be efficiently
and effectively used for the assessment and evaluation
of the percentage of glenoid bone loss and preoperative
surgical planning in cases of shoulder instability. When
practicing orthopaedic surgeons use these techniques to
assess glenoid bone loss, they must consider the mea-
surement differences between the diameter-based
method and surface area method when making treat-
ment recommendations for patients.
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Video 1. Steps for calculating the percentage of bone loss in a case of right shoulder instability in a 21-year-old male
patient. Important steps highlighted in this video include the importation of the 3-dimensional reconstructed
computed tomography screenshot image of the en face view of the glenoid into Microsoft PowerPoint from our
picture archive and communication system. A perfect best-fit circle is drawn over the inferior glenoid within
PowerPoint, and the image is subsequently saved as a picture file (JPEG) and imported into ImageJ for analysis of
bone loss using the following equations: Percent bone loss = (Defect width/Diameter of Inferior glenoid circle) x
100% and Percent bone loss = (Defect surface area/Surface area of inferior glenoid circle) x 100%.
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