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Background: The relationship between glenoid bone loss and Hill-Sachs lesions (HSLs), which is known as the glenoid
track, has been well described in the literature. Off-track lesions have been found to be associated with recurrent shoulder
instability.

Purpose: To assess the intraobserver and interobserver reliability in glenoid track measurement using 2-dimensional (2D) com-
puted tomography (CT).

Study Design: Cohort study (diagnosis); Level of evidence, 3.

Methods: Electronic medical records between 2009 and 2019 were reviewed for patients with known shoulder instability and
bone loss. Using 2D CT, fellowship-trained orthopaedic surgeons and orthopaedic residents measured glenoid loss and humeral
head bone loss to calculate the glenoid track and to assess for on-track and off-track lesions.

Results: A total of 38 patients met the inclusion criteria. For fellowship-trained surgeons, there was moderate intraobserver reli-
ability when assessing the glenoid diameter (intraclass correlation coefficient [ICC], 0.704) and HSI (ICC, 0.720). There was good
reliability when evaluating glenoid defects (ICC, 0.761) and glenoid track (ICC, 0.825). Intraobserver assessment of on-track and
off-track lesions according to kappa criteria was moderate (k = 0.531; P \ .001). The interobserver reliability among fellowship-
trained surgeons for the glenoid track was good (ICC, 0.762); the reliability measurement for the glenoid defect (ICC, 0.672), gle-
noid diameter (ICC, 0.627), and HSI (ICC, 0.520) were moderate; and the on-track and off-track assessments were moderate (k =
0.405; P\ .001). For the residents, there was moderate intraobserver reliability when assessing the glenoid diameter (ICC, 0.633),
glenoid defect (ICC, 0.709), HSI (ICC, 0.536), and glenoid track (ICC, 0.708). Interobserver reliability within the residents was mod-
erate for the glenoid diameter (ICC, 0.542), glenoid defect (ICC, 0.574), and glenoid track (ICC, 0.629) and poor for the HSI (ICC,
0.292). Determination of on- and off-track lesions among residents was fair (k = 0.234; P \ .001).

Conclusion: Among fellowship-trained surgeons, both the interobserver and intraobserver reliability of measuring the glenoid
track on 2D CT were good; however, agreement on whether lesions were on-track or off-track was only moderate. The reliability
among residents was moderate; however, their agreement on whether lesions were on-track or off-track was poor.

Keywords: glenoid track; Hill-Sachs; shoulder, instability; shoulder, glenoid labrum; imaging and radiology; imaging, computed
tomography

Traumatic anterior shoulder instability is one of the most
common shoulder injuries among athletes in the United
States.4 Arthroscopic stabilization has demonstrated high
rates of success; however, management of shoulder

instability in the young, active patient population often
poses many challenges because the risk of recurrent insta-
bility is multifactorial.1,9-11

One of the many challenges in treating anterior gleno-
humeral instability is management of bone loss, which is
a risk factor for recurrent instability after arthroscopic sta-
bilization.1,2,9,17 Historically, glenoid bone loss of 25% was
defined as critical bone loss. In patients with critical glenoid
bone loss, an arthroscopic Bankart repair alone has high
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rates of recurrent instability; therefore, augmentative pro-
cedures are indicated.17,22 Recent studies have challenged
the threshold of glenoid bone loss. Shin et al19 showed
that patients undergoing arthroscopic Bankart repair with
a glenoid bone loss of 17.3% had a 28.6% risk of recurrent
shoulder instability. Dekker et al6 demonstrated that
patients with .15% glenoid bone loss had nearly 3 times
greater odds of recurrent instability. Shaha et al18 looked
at subcritical glenoid bone loss in the active-duty military
population and noted that as little as 13.5% of glenoid
bone loss resulted in poor functional outcome scores.

Another variable in the management of anterior shoul-
der instability is the Hill-Sachs lesion (HSL). Yamamoto
et al20 described the relationship between glenoid bone
loss and HSLs, which is known as the glenoid track. Sub-
sequent studies have further validated the concept of the
glenoid track and engagement of the HSL on the glenoid
rim.3,14,17

Measurements of glenoid bone loss and the HSL are
used to determine whether a lesion is on-track versus off-
track, and the amount of bone loss is frequently used to
guide treatment. In the study by Yamamoto and col-
leagues,20 their initial description and measurement of
the glenoid track was in a cadaveric model. Subsequent
studies have assessed the intraobserver and interobserver
reliability of measuring the glenoid track in 3-dimensional
reconstruction models16; however, these measurement
techniques may not be true to clinical practice. In clinical
practice, it is more common to use 2-dimensional (2D)
image sequences to measure bone loss. The reliability of
measuring the glenoid track with 2D imaging has not
been described. There is a lack of literature examining
the accuracy of glenoid track measurement in 2D imaging,
and thereby its reliability in aiding clinical decision-
making remains unclear.

The purpose of this study was to assess the intraob-
server and interobserver reliability in glenoid track mea-
surement using 2D computed tomography (CT). Our
hypothesis was that on-track and off-track measurements
using 2D imaging would demonstrate good intraobserver
and interobserver reliability.

METHODS

We retrospectively reviewed the medical records of consec-
utive patients between 2009 and 2019 at a single institu-
tion who underwent a glenoid bony augmentation
procedure for recurrent anterior shoulder instability. The
decision to undergo a glenoid augmentation procedure

was at the discretion of the treating surgeon and commonly
included recurrent instability after a prior anterior stabili-
zation procedure or a history of recurrent instability with
evidence of glenoid and/or humeral head bone loss on
advanced imaging. Data collection was performed via an
electronic medical records search.

Preprocedure CT scans were retrospectively reviewed for
glenoid and humeral head bone loss. Inclusion criteria were
patients .17 years of age with both glenoid and humeral
head bone loss demonstrated on CT scans, and patients
undergoing a Latarjet procedure. Exclusion criteria were
patients without adequate advanced imaging (Figure 1).

Having a prior shoulder surgery or diagnosis of multidi-
rectional instability was not considered an exclusion crite-
rion, although these data were not specifically gathered for
this study.

Two fellowship-trained shoulder and elbow surgeons
(K.M., W.D.), 1 fellowship-trained sports surgeon (L.Z.),
and 4 orthopaedic surgery residents (postgraduate years 2-
5; A.M.) independently reviewed 38 CT series to assess gle-
noid bone loss and HSL size, using our Synapse 5 PACS.
All surgeons performed 2 separate reviews, with the second
review performed .2 weeks after the first review. In an
effort to standardize the measurement technique, a group
measurement training session was conducted before individ-
ual measurements.

Measurement Technique

Measurement of the HSL was standardized before the
start of the study and measured as described by Di Gia-
como et al.7,8 True to practice, the measuring surgeon
had the entire imaging series to select, in their interpreta-
tion, the best 2D images to be measured.

A perfect circle method was used to measure the esti-
mated diameter of the glenoid (D), and the amount of ante-
rior glenoid bone loss (d) was measured. Calculation of the
glenoid track was determined by the equation 0.83D – d.
The Hill-Sachs interval (HSI) was measured on axial
images; the HSI was determined by the width of the HSL
plus the width of the bone bridge (BB). The BB was deter-
mined from the lateral border of the HSL to the medial bor-
der of the infraspinatus footprint as seen on axial imaging.
All CT scans were obtained under our institution’s shoul-
der instability protocol, known as the ‘‘Moose protocol,’’
where each CT was calibrated to acquire images in the
plane of the scapula to be able to more accurately assess
the glenoid face. The Moose protocol used fine CT cuts of
2.5 mm so the glenoid face could be accurately assessed.
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If the HSI was greater than the glenoid track, then the
lesion was deemed off-track; if the HSI was less than the
glenoid track, the lesion was deemed on-track (Figures 2
and 3).

Statistical Analysis

The interpretations for reliability estimates were based on
Portney and Watkins15 for intraclass correlation coefficient
(ICC) and Landis and Koch12 for kappa statistic. Interob-
server and intraobserver rater reliability for continuous
measures such as diameter, defect, HSI, and track were
assessed by ICC (95% confidence interval). The value of
an ICC can range from 0 to 1, with 0 indicating no reliability
among raters and 1 indicating perfect reliability among
raters. ICC values \0.5 are indicative of poor reliability,
values between 0.5 and 0.75 indicate moderate reliability,

values between 0.75 and 0.90 indicate good reliability, and
values .0.90 indicate excellent reliability.15

For on-track and off-track determination, we used the
Cohen kappa for 2 raters and Fleiss kappa for multiraters,
with the P value. Kappa measures can be interpreted as
follows: values �0, no agreement; 0.01 to 0.20, no to slight
agreement; 0.21 to 0.40, fair agreement; 0.41 to 0.60, mod-
erate agreement; 0.61 to 0.80, substantial agreement; and
0.81 to 1.00, near-perfect agreement.

RESULTS

Patient Characteristics

A total of 38 patients met the inclusion criteria. There were
37 male patients and 1 female patient. The mean age was
26.3 years (range, 18-43 years).

Figure 2. Measurements of the bone bridge and Hill-Sachs lesion, used to calculate the Hill-Sachs interval.

 

military medical 
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12 excluded: 
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Figure 1. Flowchart of inclusion and exclusion criteria.
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Intraobserver Reliability. The intraobserver reliability
among all reviewers as indicated by ICC values was good
for the glenoid track (ICC, 0.750). It was moderate for
the diameter (ICC, 0.656), glenoid defect (ICC, 0.727),
and HSI (ICC, 0.613) among all reviewers. Kappa assess-
ment of intraobserver reliability for on-track or off-track
assessment was moderate among all reviewers (k =
0.459; P \ .001) (Table 1).

The intraobserver reliability was observed to be
greater across all categories among fellowship-trained sur-
geons when compared with residents in training. For

fellowship-trained surgeons, there was moderate reliabil-
ity when assessing the diameter (ICC, 0.704) and HSI
(ICC, 0.720). There was good reliability when evaluating
defects (ICC, 0.761) and the glenoid track (ICC, 0.825).
The intraobserver assessment of on-track and off-track
lesions according to kappa criteria was moderate (k =
0.531; P \ .001).

Interobserver Reliability. The interobserver reliability
among all reviewers was moderate for the glenoid diameter
(ICC, 0.567), moderate for the glenoid defect (ICC, 0.610),
poor for the HSI (ICC, 0.328), moderate for the glenoid
track (ICC, 0.668), and fair for on-track and off-track
assessment (k = 0.267; P \ .001).

The interobserver reliability among fellowship-trained
surgeons for the glenoid track was good (ICC, 0.762); meas-
urements for the glenoid defect (ICC, 0.672), glenoid diam-
eter (ICC, 0.627), and HSI (ICC, 0.520) were moderate; and
on-track and off-track assessment was moderate (k = 0.405;
P \ .001) (Table 2).

DISCUSSION

Recurrent glenohumeral dislocations often result in attri-
tional bone loss of both the glenoid and humeral head
and can lead to off-track glenohumeral lesions. An off-track
lesion is a risk factor of recurrent instability17; however,
the true-to-practice application of the glenoid track mea-
surement in 2D imaging has not been studied. Our study
demonstrated that among fellowship-trained orthopaedic
surgeons, both the interobserver and intraobserver reli-
ability of measuring the glenoid track are good, and agree-
ment on whether the lesion is on-track or off-track is
moderate. In contrast, for residents, the intraobserver

Figure 3. Measurement of the glenoid track using the best-
fit circle method; with D being the diameter of the glenoid
and d representing the amount of glenoid bone loss. These
measurements are made using sagittal computed tomogra-
phy images.

TABLE 1
Intraobserver Reliabilitya

Diameter Defect HSI Track On/Off, Kappa

All 0.656 (0.581-0.721) 0.727 (0.661-0.782) 0.613 (0.531-0.684) 0.750 (0.691-0.799) 0.459 (P \ .001)
Attendings 0.704 (0.597-0.787) 0.761 (0.658-0.834) 0.720 (0.617-0.799) 0.825 (0.753-0.877) 0.531 (P \ .001)
Residents 0.633 (0.525-0.72) 0.709 (0.619-0.781) 0.536 (0.41-0.642) 0.708 (0.618-0.78) 0.401 (P \ .001)

aData are presented as intraclass correlation coefficient (ICC) (95% CI) unless otherwise indicated. ICC values \0.5 indicate poor reliabil-
ity; 0.5 to 0.75, moderate reliability; 0.75 to 0.90, good reliability; .0.90, excellent reliability. HSI, Hills-Sachs interval.

TABLE 2
Interobserver Reliabilitya

Diameter Defect HSI Track On/Off, Kappa

All 0.567 (0.474-0.663) 0.610 (0.517-0.702) 0.328 (0.232-0.441) 0.668 (0.584-0.75) 0.267 (P \ .001)
Attendings 0.627 (0.505-0732) 0.672 (0.558-0.768) 0.520 (0.37-0.651) 0.762 (0.674-0.833) 0.405 (P \ .001)
Residents 0.542 (0.43-0.653) 0.574 (0.455-0.684) 0.292 (0.17-0.428) 0.629 (0.519-0.728) 0.234 (P \ .001)

aData are presented as intraclass correlation coefficient (ICC) (95% CI) unless otherwise indicated. ICC values \0.5 indicate poor reliabil-
ity; 0.5 to 0.75, moderate reliability; 0.75 to 0.90, good reliability; .0.90, excellent reliability. HSI, Hills-Sachs interval.
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and interobserver reliability of measuring the glenoid
track are moderate, and agreement on whether the lesion
is on-track or off-track is fair. Shaha et al18 found that
assessing the glenoid track preoperatively may also be use-
ful in determining which patients would be at increased
risk of recurrent instability after treatment with an arthro-
scopic Bankart repair alone. In their study, they found that
75% of patients with off-track lesions had recurrent insta-
bility, which comprised 60% of the total recurrent instabil-
ity cohort. They highlight the importance of identifying off-
track lesions preoperatively to appropriately indicate
patients for potential augmentation procedures.

In patients with glenoid and/or humeral head bone loss,
the arthroscopic Bankart repair may be insufficient to
restore stability. MacDonald et al13 demonstrated the
effectiveness of the arthroscopic Bankart repair with
remplissage. They showed that there is a significantly
greater risk of postoperative recurrent instability in
patients who did not have a remplissage performed in con-
junction with an arthroscopic Bankart repair for the treat-
ment of traumatic recurrent anterior shoulder instability
with HSLs of any size and glenoid bone loss \15%.13 In
contrast, Yang et al21 demonstrated that for collision ath-
letes, there was a higher re-dislocation rate in patients
who were treated with a Bankart repair and remplissage,
compared with patients treated with a Latarjet procedure.
They found superior outcomes in patients treated with the
Latarjet if there was .10% glenoid bone loss. In the mili-
tary population, Cruz et al5 showed high return-to-duty
rates in patients treated with the open Latarjet; however,
the effectiveness of the Latarjet procedure in treating off-
track lesions is unknown.

In its original description, the glenoid track was mea-
sured on a cadaveric specimen. Although the concept of
track is well accepted, the reproducibility of the measure-
ment can vary. Schneider et al16 assessed the interob-
server and intraobserver reliability of glenoid track
measurement using static 3D imaging. In their study,
they used preselected static 3D images for measurement.
They concluded that the evaluation of HSLs demonstrates
a high level of variability and poor interobserver reliability
when measured between 3 orthopaedic fellowship-trained
shoulder specialists and 1 musculoskeletal radiologist.
This contrasts with our study, in which we demonstrated
moderate intraobserver and interobserver reliability of
determining the glenoid track among fellowship-trained
orthopaedic surgeons. Although this study was the first
to assess the intraobserver and interobserver reliability
among glenoid track measurements, using preselected 3D
images makes the applicability of their results to clinical
practice difficult. In the clinical setting, 2D imaging is
more commonly used, and the surgeon selects the image
to measure the defects.

To our knowledge, this is the first study to evaluate the
intraobserver and interobserver reliability of measuring
on-track and off-track lesions using 2D imaging. Among
all reviewers, we found good intraobserver reliability for
the glenoid track, moderate reliability for the HSI, and
moderate on-/off-track assessment. Among fellowship-
trained surgeons, the interobserver reliability for the

glenoid track was good; the measurements for the glenoid
defect, glenoid diameter, and HSI were moderate; and
on-track and off-track assessments were moderate. How-
ever, interobserver reliability among residents for the
HSI was poor, and on-track and off-track assessments
were fair. Overall, the reliability was observed to be
greater across all categories among fellowship-trained sur-
geons when compared with orthopaedic surgery residents
in training.

We believe that there was an overall poor interobserver
reliability when compared with intraobserver reliability
because of a wider range of variability between resident
measurements when compared with attending measure-
ments. There was also an overall low reliability of meas-
urements between the residents, which would adversely
affect interobserver reliability, but resulted in no statisti-
cally significant differences, likely given to our lower sam-
ple size. Based on our results, surgeons should use caution
when basing their treatment decisions solely on the 2D CT
imaging when evaluating patients with glenoid bone loss.

Limitations

There are several limitations to this study. It is a radio-
graphic review without patient-reported outcomes. Fur-
thermore, we only conducted measurements on CT scans.
In the general population, it is more common to undergo
magnetic resonance imaging (MRI) for advanced imaging;
however, in our institution shoulder instability is common
and we often obtain CT to better assess bone defects. There
is further research to be done comparing the reliability of
MRI scans versus CT scans, as well as the reliability of
measurements when both CT and MRI are used in con-
junction. We also only looked at 2D images and did not
compare the accuracy of 2D measurements with 3D
measurements.

Furthermore, measuring the HSI, glenoid diameter,
and track is dependent on the gantry of the CT and the
positioning of the patient’s scapula and humerus. This var-
iability in patient positioning and gantry of the scanner
likely contributes to the variability in measurement, as
well as measuring the HSL on the soft tissue window,
instead of the bone window, to better assess the soft tissue
attachment of the infraspinatus, which was not done in
this study. Another limitation is our small sample size.
However, we specifically included patients who only under-
went a Latarjet procedure, as there is another follow-up
study ongoing at our institution assessing the outcomes of
treating on- and off-track lesions with a Latarjet procedure.

CONCLUSION

Preoperative measurement of the glenoid track to identify
off-track lesions is another tool that the orthopaedic sur-
geon can use to guide surgical treatment of shoulder insta-
bility. Our study shows that the assessment of the glenoid
track on 2D CT for on-track and off-track lesions is more
reliable among fellowship-trained surgeons. Among
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fellowship-trained surgeons, both the interobserver and
intraobserver reliability of measuring the glenoid track
on 2D CT were good, and agreement on whether lesions
were on-track or off-track was moderate.
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