A New Arthroscopic Technique to Determine Anterior-Inferior
Glenoid Bone Loss: Validation of the Secant Chord Theory in a
Cadaveric Model
Alvin J. Detterline, M.D., CDR Matthew T. Provencher, M.D., MC, USN,
Neil Ghodadra, M.D., Bernard R. Bach Jr., M.D., Anthony A. Romeo, M.D.,
and Nikhil N. Verma, M.D.
Purpose: The accuracy of a previously described method using the glenoid bare spot (GBS) as a
reference point was compared with a new method using the secant chord theory (SCT), which relies
on the circular geometry of the inferior glenoid to calculate bone loss. Methods: In 7 embalmed
cadaveric shoulders a digital image of the glenoid face was used to calculate the area of the best-fit
circle of the inferior glenoid. Osteotomy templates from the 3-o’clock to 6-o’clock position were
created to make a simulated anterior-inferior bone defect of 12.5% and 25% of the area of the circle.
Measurements were taken with an arthroscopic probe from 2 simulated posterior portal positions (9
and 10 o’clock) by use of 2 techniques—SCT and GBS—in the intact, 12.5% loss, and 25% loss
states. Results: In the intact state, measurements showed a mean SCT loss of 4.1% and GBS loss of
4.4%. In the 12.5% loss state, mean percent bone loss with GBS was 23.1% compared with 14.8%
with SCT (P ⫽ .0001) at the 10-o’clock portal and 22.2% compared with 15.9% (P ⫽ .006) at the
9-o’clock portal. In the 25% loss state, mean percent bone loss with GBS was 31.5% compared with
26.6% with SCT (P ⫽ .002) at the 10-o’clock portal and 30.4% compared with 28.9% (P ⫽ .48) at
the 9-o’clock portal. Conclusions: The SCT is shown to be a more accurate method of determining
glenoid bone loss in an arthroscopic model; however, additional mathematic calculations are
necessary. As shown in the intact state, there is an inherent small error of approximately 4% when
arthroscopically determining bone loss. Clinical Relevance: The technique may aid the clinician in
quantifying glenoid bone loss and help determine when bone augmentation may be advisable. Key
Words: Shoulder instability—Glenoid bone loss—Shoulder arthroscopy.

A

rthroscopic treatment of anterior shoulder instability has grown in popularity in recent years,
with results comparable to open stabilization.1-4 How-
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ever, satisfactory outcomes are dependent on appropriate patient selection. It has been well documented
that patients with soft-tissue incompetence,5-7 humeral
head deficiencies,5,8-10 or glenoid bone loss5,11-13 have
higher failure rates than patients without these abnormalities. Specifically, much attention has been given
to glenoid bone loss as a reason for failure of arthroscopic anterior stabilization techniques. Burkhart and
De Beer14 emphasized this point when they showed a
markedly increased failure rate (67% v 4%) in arthroscopic stabilization when significant bone loss was
present on the glenoid, causing an “inverted-pear”
appearance.15
Various techniques have been used to identify the
presence of glenoid bone loss both preoperatively and
intraoperatively. Techniques using plain radiographs
such as the apical oblique16 and West Point17 views
have been described. Sugaya et al.18 have popularized
the use of computed tomography (CT) reconstructions
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FIGURE 1. GBS method of calculating glenoid bone loss. Percent
bone loss is equal to (BC ⫺ AB)/(BC ⫻ 2).

to calculate the area of glenoid bone loss. Burkhart et
al.19 have advocated an arthroscopic technique that
uses the bare spot of the glenoid as a reference point.
In this technique the arthroscope is placed in the
anterosuperior portal, and a graduated arthroscopic
probe is placed in the posterior portal. By use of the
glenoid bare spot (GBS) as the center reference point
(B), the distance from the bare spot to the anterior rim
of the glenoid (AB) is compared with the distance
from the bare spot to the posterior rim (BC) (Fig 1). In
an intact glenoid this measurement should be equal. If
glenoid bone loss is present, AB will be less than BC;
the percent bone loss can be calculated as follows:
(BC ⫺ AB)/(BC ⫻ 2).
Other authors have called into question the validity
of using the bare spot as a central reference point.20,21
Kralinger et al.20 have shown that the GBS is actually
not the center of the inferior portion of the glenoid, but
instead, it was found to be located approximately 1.4
mm anterior to the true center of the glenoid. If the
reference point for this technique is not exactly in the
center of the glenoid, an incorrect assessment of glenoid bone loss will result. Furthermore, this arthroscopic technique was described with the use of 1
posterior portal. With many surgeons varying the location of the posterior arthroscopic portal, it remains
unclear whether the GBS can reliably be reached with
different posterior portal positions by use of the arthroscopic probe and whether the change in portal
position results in a change in measured percentage
loss.
Although the accuracy of the GBS has been brought
into question in the literature, there have been numerous reports that show the inferior portion of the glenoid to be reliably circular.18,21,22 With this information, it would seem logical that an arthroscopic
technique that uses the circular geometry of the infe-

rior glenoid without using the bare spot as a reference
might be an alternative way of measuring glenoid
bone loss arthroscopically. To our knowledge, no
technique using these principles has been described in
the literature.
The purpose of this study was to validate a technique to measure the amount of anterior-inferior glenoid bone loss using the secant chord method. The
hypothesis was that the secant chord theory (SCT)
technique is more accurate than using the bare spot as
a central reference point in measuring the amount of
glenoid bone loss present by use of an arthroscopic
model of anterior shoulder instability.
METHODS
We inspected 7 embalmed cadaveric shoulders (4
right and 3 left; 4 female and 3 male; mean age, 81
years; age range, 56 to 90 years) and determined that
they were free of significant articular cartilage wear
and glenoid bone loss. All specimens showed no evidence of previous shoulder surgery. The scapulae
were dissected free of all soft tissue. A digital image
was taken of the face of the glenoid with a 30-mm
sizing marker placed next to and level with the articular surface of the glenoid. The digital images of the
glenoid faces were uploaded into a personal computer,
and a best-fit circle of the inferior two thirds of the
glenoid was determined by use of commercial software (Adobe Photoshop CS [Adobe, San Jose, CA]
and Universal Desktop Ruler [AVPSoft, Moscow,
Russian Federation]). The area of the best-fit circle
was calculated in square millimeters after it was digitally calibrated with the sizing marker.
Glenoid osteotomy templates were created at 45° in
relation to the longitudinal axis of the glenoid to make
a simulated anterior-inferior glenoid bone defect of
12.5% and 25% of the area of the best-fit circle of
the inferior glenoid by use of the computer software.
The defect was created between the 3-o’clock and
6-o’clock positions on the glenoid face (right shoulder). To create the bone loss states, the computergenerated templates were superimposed over the glenoid specimens, and a high-speed rotary (The Black &
Decker Corporation, Towson, MD) saw set to
15,000 rpm to minimize bone loss was used to
create the osteotomies (Fig 2). Care was taken to ensure that the template remained in place after each
osteotomy to ensure that the correct amount of bone
was removed.
The scapulae were mounted in a custom apparatus
that had a pivoting arm that allowed for simulation of
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FIGURE 2.
area loss.
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Template used to create a glenoid osteotomy with 25%

a posterior arthroscopic portal (Fig 3). The arm could
be adjusted such that the “posterior portal” could be
fixed at either the 10-o’clock or 9-o’clock position for
a right shoulder and the 2-o’clock or 3-o’clock position for a left shoulder with the supraglenoid tubercle
representing the 12-o’clock position in all specimens.

FIGURE 3. Custom glenoid apparatus simulating arthroscopic
conditions with a pivoting posterior portal through which a probe
is inserted.

FIGURE 4. The probe is inserted through the posterior portal and
advanced to the midpoint of anterior bone loss. It should be noted
that the probe does not pass through the bare spot (BS) through this
portal position. The bare spot is extrapolated to the probe in this
instance for measurement with the GBS technique.

A depth gauge with an attached digital caliper was
placed in the “posterior portal” to simulate a graduated
arthroscopic probe for measurement purposes. All
measurements with the digital calipers were made to
the nearest 0.1 mm.
The specimens were measured by 2 independent
observers from the 2 portal positions (10 o’clock and
9 o’clock) by 2 different techniques in the intact,
12.5% bone loss, and 25% bone loss states. The GBS
measurement technique relied on the bare spot of the
glenoid as the center reference point as popularized by
Burkhart and colleagues.15,19 The distance from the
anterior rim to the bare spot was compared with the
distance from the posterior rim to the bare spot. The difference between the 2 distances was divided by the
distance from the posterior rim to the bare spot multiplied by 2 to calculate the percent bone loss. As
shown in Fig 4, the arthroscopic probe represented a
line connecting the posterior portal to the midpoint of
the bony defect on the anterior glenoid rim. These 2
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FIGURE 5. SCT method of calculating bone loss. According to the
geometric theorem, FN ⫽ (DE ⫻ ME/NE) ⫺ NE.

points defined the line; in certain instances, this line
did not include the GBS. When this occurred, the bare
spot position was extrapolated to the closest point on
the line created by the arthroscopic probe.
A second measurement technique was then performed by use of the SCT to calculate percent bone
loss. In circular geometry23,24 a secant is defined as a
line that intersects 2 points on a circle but extends
beyond the circumference of the circle. The secant
(DE) can be divided into an internal segment, or chord
(DM), and an external segment (ME) (Fig 5). A mathematic theorem has been proved that when 2 secants
share an endpoint outside the circle, the products of
the secant length and its external segment are equal.
Thus the following equation is derived (SCT): DE ⫻
ME ⫽ FE ⫻ NE. If FE ⫽ NE ⫹ FN, then the equation
can be modified to DE ⫻ ME ⫽ (NE ⫹ FN) ⫻ NE. By
use of basic algebra, it is possible to solve for FN. The
equation then becomes FN ⫽ (DE ⫻ ME/NE) ⫺ NE.
If anterior-inferior bone loss is present, the chord
FN as shown in Fig 6 will be the only segment
affected. The lengths of the segments DE, ME, and
NE will remain the same. Thus, if one can measure the
segments DE, ME, and NE directly, it is possible to
calculate what the expected length of the segment FN
should be in the intact glenoid state where the inferior
portion of the glenoid represents a true circle. This
calculated value for FN can then be compared with the
directly measured length of the segment FN. The
difference between the calculated value of FN (FNcalc)
and measured value of FN (FNmeas) can be used to
determine percent bone loss by use of the following
equation: Percent bone loss ⫽ (FNcalc ⫺ FNmeas)/
FNcalc.
In this arthroscopic model (Fig 6), point E represents the posterior portal location, point D represents

a point on the anterior rim not affected by bone loss,
and point Fmeas represents a point on the anteriorinferior rim where bone loss would occur. The probe
served as a line connecting points E and D, and thus
point M was the point where the probe crossed the
posterior rim of the glenoid. Therefore we directly
measured the lengths of the segments DE and ME.
The probe was then repositioned to represent a line
connecting points E and Fmeas, and point N was the
point where the probe intersected the posterior rim of
the glenoid. We then measured the lengths of the
segments NE and FNmeas. With these raw data, we
were able to calculate the expected value of FN (FNcalc)
and compare it with the actual measured value of FN
(FNmeas) to determine percent bone loss.
The measurements of either GBS or SCT were
randomized to prevent an order effect of sequential
measurements. The percent bone loss calculated by
use of the 2 techniques was compared with the actual
bone loss for the intact, 12.5% loss, and 25% loss
states at each portal position to determine the accuracy
of each method. The measurements of glenoid bone
loss obtained by each technique were compared by use
of Wilcoxon signed rank tests, and the differences in
bone loss measurements obtained between the 2 posterior portal positions were compared by use of the
Wilcoxon–Mann-Whitney test. The level of significance was set at P ⬍ .05.
RESULTS
The results of the study are summarized in Table 1.
In the intact state there was no statistical difference in
calculated bone loss between techniques at either por-

FIGURE 6. With anterior bone loss present, the measured chord
FN (FmeasN) will be less than the calculated value of FN (FcalcN)
because the inferior portion of the glenoid is no longer circular.
Percent bone loss is equal to (FNcalc ⫺ FNmeas)/FNcalc.

SECANT CHORD THEORY FOR GLENOID BONE LOSS
TABLE 1. Summary of Calculated Percent Bone Loss in
Intact, 12.5% Loss, and 25% Loss States at 10-o’clock
and 9-o’clock Portal Positions

10 o’clock
GBS
SCT
P value
9 o’clock
GBS
SCT
P value

Intact

12.5% Loss

25% Loss

5.8% (2.1%)
3.0% (1.8%)
.56

23.1% (5.2%)
14.8% (4.1%)
.0001*

31.5% (3.2%)
26.6% (3.8%)
.002*

3.3% (2.0%)
4.5% (2.1%)
.42

22.2% (5.3%)
15.9% (4.3%)
.006*

30.4% (5.1%)
28.9% (4.8%)
.48

NOTE. Date are given as mean (standard deviation).
*Denotes statistical significance.

tal position (P ⫽ .56 at 10 o’clock and P ⫽ .42 at 9
o’clock). In the 12.5% loss state there was a significant difference between the mean percent bone loss
with the GBS technique versus the SCT technique at
both portal positions (23.1% v 14.8%, P ⫽ .0001;
22.2% v 15.9%, P ⫽ .006). In the 25% bone loss state
there was a significant difference between the GBS
technique and the SCT technique at the 10-o’clock
position (31.5% v 26.6%, P ⫽ .002) but not at the
9-o’clock position (30.4% v 28.9%, P ⫽ .48). The
mean interobserver and intraobserver interclass correlation coefficients were 0.789 and 0.882, respectively.
DISCUSSION
The principal findings of our study show that the
SCT can serve as an accurate method to measure
glenoid bone loss and help aid the clinician in determining when glenoid bone augmentation may be advisable because of the higher risk of recurrent instability. In this study we have developed a novel
technique for measuring bone loss based on the SCT.
There have been several techniques described to
measure the amount of glenoid bone loss present both
radiographically and arthroscopically.16-19 Sugaya et
al.18 have described the use of 3-dimensional CT
imaging with humeral head subtraction to visualize
the face of the glenoid and determine whether bone
loss is present. They calculated bone loss by fitting the
inferior portion of the glenoid to a true circle, calculating its area, and then calculating the area of the
missing osseous fragment. The ratio of the area of the
osseous fragment to the area of the glenoid circle
determined the percent bone loss present.
In our study this technique was mimicked by taking
a scaled digital photograph of the face of the glenoid,
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fitting a circle to the inferior glenoid, calculating its
area, and then creating osteotomies in the anteriorinferior quadrant to create 12.5% and 25% area loss
states. We believe that this is an accurate method of
measuring bone loss because the inferior portion of
the glenoid is a true circle, as has been shown in
several studies.18,21,22,25 Most notably, Huysmans et
al.21 noted that in 39 of 40 scapulae studied, the
inferior glenoid had the shape of a true circle, which
they defined as missing parts comprising less than 1%
of the surface of the drawn best-fit circle.
From an arthroscopic standpoint, Burkhart et al.19
have popularized the use of the GBS as a central
reference point to calculate percent bone loss present.
However, other authors have questioned the accuracy
of the bare spot as a reference point.20,21 Aigner et
al.26 found the bare spot to be eccentric in most
shoulders. Kralinger et al.20 found the bare spot to be
a mean 1.4 mm anterior to the true center of the
inferior glenoid when critically looking at its location
using 3-dimensional reconstructed CT scans of 20
embalmed cadaveric glenoids. They also commented
that in many specimens, the bare spot was either not
well visualized or irregular. In another cadaveric study
Huysmans et al.21 found the bare spot to be slightly
eccentrically located in 40 shoulders; however, they
concluded that because the differences were so small,
the bare spot could be used as a reference point to
obtain global information but not for exact measurements.
Because of the reported controversy surrounding
the validity and accuracy of the GBS, we devised the
SCT technique that allows for arthroscopic calculation
of glenoid bone loss without the use of the bare spot.
To use this technique, the surgeon places the arthroscope in the anterior portal to allow for visualization
of the glenoid. A graduated arthroscopic probe is then
inserted through the posterior portal. As described in
the “Methods” section, the arthroscopist can measure
the lengths of the segments of the secant lines that
would not be affected by anterior-inferior glenoid
bone loss (DE, ME, and NE in Fig 7). This will allow
the surgeon to calculate the expected length of the
chord of the secant that would be affected by bone loss
(FcN in Fig 7) and compare it with the actual measured length of the chord (FmN in Fig 7) to determine
percent bone loss present. Because the SCT method
relies only on the circular geometry of the inferior
portion of the glenoid and not the bare spot, it can be
used in many different settings of bone loss regardless
of shape or orientation. It should be noted that even
with a completely intact glenoid, the amount of bone
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FIGURE 7. In the arthroscopic setting point E represents the posterior portal position. Point D is a spot on the anterior glenoid rim
not affected by bone loss. Points M and N are points where the
probe would intersect the posterior glenoid rim. The arthroscopist
can measure the segments DE, ME, and NE, which will allow for
calculation of the segment FcN by the SCT. The segment FmN can
directly be measured and compared with the value calculated for
FcN to determine the amount of bone loss present.

loss measured by either technique in this study ranged
from 3.0% to 5.8%; thus there is an inherent built-in
error of approximately 4% that should be kept in mind
when arthroscopically determining bone loss.
The prevalence of glenoid bone loss as a result of
recurrent anterior shoulder dislocations varies widely
in the literature, ranging from 8% to 95%.12,25,27-33 In
a recent study Lo et al.15 reported that a majority of
patients (64%) undergoing arthroscopic shoulder stabilization for anterior instability showed some degree
of bone loss. Therefore they recommended accurate
quantification of glenoid bone loss in all shoulder
instability patients.
Despite the known prevalence of bone loss in instability patients, the significance remains somewhat
controversial. Furthermore, the maximal amount of
bone loss acceptable during soft-tissue arthroscopic
stabilization remains poorly defined. Itoi et al.34
showed that less translational force was required to
produce anterior instability with as little as 21% bone
loss in a cadaveric model. Burkhart and De Beer14
showed a markedly higher failure rate (67% v 4%) in
patients in whom an inverted-pear glenoid was
present, signifying significant glenoid bone loss. Big-

liani et al.11 recommended coracoid transfer in patients who had greater than 25% bone loss because of
higher failure rates. Mologne et al.35 recommended
incorporating the bony Bankart lesion into the arthroscopic repair when possible and showed improved
results (9.5% subluxation rate and 4.8% dislocation
rate), yet they cautioned that results are less predictable when attritional bone loss is present.
When comparing the 2 methods, we found that the
bare spot method overestimated the amount of bone
loss present, regardless of posterior portal location, in
both the small (12.5%) and large (25%) area loss
states but to a much more significant degree when a
small bony defect was created (22% to 23% in 12.5%
loss state compared with 30% to 31.5% in 25% loss
state). This is likely because of a couple of factors.
First, the bare spot location is slightly anterior to the
true center of the glenoid. Second, and more importantly, the arthroscopic probe serves as a line connecting the posterior portal to the center of the anteriorinferior bony defect, although it does not always pass
through the bare spot. This can introduce error by
inaccurately extrapolating the bare spot to the line
defined by the arthroscopic probe. We found this to be
true regardless of whether the posterior portal was
placed at the 10-o’clock or 9-o’clock position. Because the secant method does not incorporate the bare
spot into its determination of bone loss and instead
uses a relation of chords and secants, it avoids this
potential inaccuracy.
We believe the secant method of determining glenoid bone loss has several advantages. First, it eliminates the need to use the bare spot as a reference point.
If the bare spot is poorly visualized or eccentrically
located, it may be difficult to use as an accurate point
of reference. Second, the technique can be performed
arthroscopically to help guide intraoperative treatment
decisions. Finally, in our study it was found to be
more accurate in predicting actual bone loss compared
with the GBS method in this cadaveric model. However, the secant method does involve a much more
complex mathematic calculation, which cannot be performed without the use of a calculator. With the
increasing availability of technology present in the
operating room, we do not believe this to be a significant hindrance to its use.
The major limitation of the secant chord method is
that it requires an anterior superior reference point
such that the superior chord measurement is unaffected by the bone loss present. If the anterior glenoid
bone loss is extensive, the ratio of secants would no
longer allow for accurate computation of bone loss
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because both chords would be less than expected. This
would produce a result that would underestimate the
amount of bone loss present. Further clinical study
will be required to determine how often this clinical
scenario is present. Additional limitations include that
this study was performed in a simulated arthroscopic
environment, which may not mimic true intraoperative conditions. The humeral head was absent and thus
did not affect visualization of the face of the glenoid,
and the labrum was removed circumferentially around
the glenoid so that the bony rim could easily be
identified. In addition, the assimilated arthroscopic
portal had a well-defined endpoint from which to
measure. In the true arthroscopic setting the posterior
portal location would be defined as the edge of the
skin or portal, which might not be as well defined or
consistent because of soft-tissue swelling and skin
pliability. Furthermore, our measurements were made
to the nearest 0.1 mm with a digital caliper. Certainly,
there is no arthroscopic probe that would provide that
amount of precision, and errors in measurement will
affect the accuracy of the calculation by use of both
techniques. Finally, the posterior portal location was
not precisely measured to be placed at the 10-o’clock
and 9-o’clock positions, which may have resulted in
slight variation in portal location; but because no
significant differences in measurements were noted
between the 2 portal locations, this likely did not have
any significant impact on the results.

CONCLUSIONS
The SCT was shown to be a more accurate method
of determining glenoid bone loss when compared with
the GBS technique in this arthroscopic cadaveric
model; however, additional mathematic calculations are
necessary. As shown in the intact state, there is an
inherent small error of approximately 4% when arthroscopically determining bone loss.
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