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Abstract

Background An assortment of variables has been used in
predicting anterior shoulder instability resulting from
pathologic engagement of Hill-Sachs lesions on the glen-
oid. The glenoid track is a unique biomechanical model
that relates both Hill-Sachs and bony Bankart lesions to
predict shoulder engagement. We examined the glenoid
track concept to determine if it provides a model that
unifies glenoid rim and humeral head bone loss in pre-
dicting engagement.
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Questions/purposes In this review we addressed two
questions: (1) How are humeral head and glenoid rim bony
defects and their interactions quantified? (2) Why is the
concept of the glenoid track important?

Methods We performed a systematic review of the liter-
ature using PubMed (MEDLINE) and OVID for
biomechanical studies and peer-reviewed articles published
until March 2013. Twenty-four studies fit the inclusion
criteria. These were subdivided into four anatomic studies,
four studies quantifying glenohumeral bone loss, nine
studies biomechanically defining shoulder engagement, six
studies analyzing current treatment models, and one clini-
cal study to be included in the final review.

Results Data demonstrate pathologic engagement is
dependent on the medial margin of the Hill-Sachs lesion
traveling outside the glenoid track. The width of the
glenoid track decreases accordingly if there is a glenoid
defect, making engagement more likely. Most treatment
models focus on widening the glenoid track before
addressing Hill-Sachs lesions.

Conclusions The glenoid track uses both glenoid and
humeral head bone loss to predict subsequent risk of
humeral head engagement and possible dislocation. The
glenoid track shows us that restoring the track to its natural
width should be among the surgeon’s first priority in
restoring shoulder stability. Humeral head lesions, also
known as Hill-Sachs lesions, are surgically addressed
when they cause clinical symptoms. Symptoms arise when
the medial margin of the defect engages the glenoid track.

Introduction

It is well established that glenoid bone loss (Bankart
lesions) and humeral head bone loss (Hill-Sachs lesions)
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Fig. 1A-B (A) This is a CT scan axial view of a right shoulder with a
large Hill-Sachs lesion (denoted by the white arrowhead). (B) This is
a three-dimensional CT reconstruction of the same large Hill-Sachs
lesion shown in (A).

are associated with shoulder instability. The incidence of
Hill-Sachs lesions in anterior shoulder instability ranges
from 38% to 88% and is associated with up to 100% of
recurrent dislocations [4, 12, 22]. The geometry of the
glenohumeral joint surface provides less static stabilization
compared with other joints because of the smaller surface
area and shallowness of the glenoid in comparison with the
humeral head [16]. Glenohumeral joint stability is depen-
dent on multiple dynamic and static stabilizers whose
importance changes depending on the position of the arm.
When the shoulder is in the middle ROM (defined as up to
30° glenohumeral abduction, AP translation, or superoin-
ferior translation), it is stabilized by negative intraarticular
pressure along with a concavity-compression effect caused

by muscle contraction on the glenoid cavity. A bony lesion
that results in disruption of the negative intraarticular
pressure could cause shoulder instability.

At extremes of motion such as during maximum external
rotation and abduction, as seen in pitchers, the glenohumeral
joint is kept congruous by the anteroinferior shoulder capsule.
This end range stability can be disrupted by Bankart lesions
and large Hill-Sachs lesions that engage with the anterior rim
of the glenoid and lever the humerus out of congruity.

Multiple studies have attempted to relate risk of
engagement with focus on either the Bankart or the Hill-
Sachs size, diameter, and volume with mixed results. A
potential weakness of just looking at the one humeral aspect
of the joint is that it ignores the many interactions of the
joint. It is intuitive that instability resulting from a Hill-
Sachs injury is potentiated by glenoid bone deficiency. The
relationship of Hill-Sachs defects to anterior shoulder
instability is well recognized (Fig. 1A-B); however, the
impact in association with glenoid bone loss is less clearly
defined. There is a lot of heterogeneity in the assessment of
Hill-Sachs lesions that has made quantifying and treatment
decisions difficult. There has been disagreement as to
whether depth, volume, or other factors is the most impor-
tant factor to determine risks of further engagement or
dislocation. The glenoid track concept tries to best explain
this through arguing that location is the most important
factor in predicting whether a lesion is clinically significant.

Burkhart and De Beer [2] describe the “engaging Hill-
Sachs lesion” as an arthroscopic finding and is based on the
arm being in a position of function (maximally externally
rotated and abducted). The prevalence of engaging lesions
has varied from 1.5% to 34% [2, 5, 19]. Yamamoto et al. [30]
introduced the concept of the glenoid track based on the arm
in a position of function to biomechanically relate both
humeral head and glenoid rim bone loss to shoulder insta-
bility. The study found that as glenoid bone loss increases,
the glenoid track decreases in width making it more likely
that the medial aspect of the Hill-Sachs lesion can engage the
glenoid rim (Fig. 2A-B).

Using a systematic literature review of biomechanical
shoulder studies, we addressed the following questions: (1)
How are humeral head and glenoid rim bony defects and
their interactions quantified? (2) Why is the concept of the
glenoid track important? In answering these questions, we
demonstrate the importance of examining the glenoid and
humeral head bony loss in synergy and how this informa-
tion can benefit the practicing orthopaedic surgeon.

Search Strategy and Criteria

We searched MEDLINE (through PubMed) and OVID1 up
to March 2013. Articles were identified using the following
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Fig. 2A-B (A) This is a drawing of the glenoid track. Notice the
glenoid pushes the cuff tendon at its insertion by 16% of the glenoid
width, leaving the remaining 84% covering the articular surface of the
humeral head. (B) This is a similar drawing as (A); however, note the
large glenoid defect decreasing the total width of the glenoid track. In
a case with a bony defect of the glenoid, the defect width (a) should

queries: “Shoulder instability” or “glenoid track™ or “hill
sachs” or “bankart”. In addition to the PubMed and OVID
searches, we also conducted a hand search of the Journal of
Bone and Joint Surgery, Clinical Orthopaedics and Rela-
ted Research®), and the Journal of Shoulder and Elbow
Surgery for articles published up to March 2013. We
identified 4399 total articles. The resulting articles were
entered into EndNote® (Thomas Reuters, Carlsbad, CA,
USA) for removal of duplicate articles, resulting in a total
of 1503 unique references that were retained for further
title and abstract review.

Articles were included in the systematic review based on
the following criteria: (1) published in English; and (2)
cadaver studies; or (3) a clinical study with a level L, II, III,
or IV design. We specifically included biomechanical
studies on humeral head and glenoid bony loss and (4)
redislocation risk in clinical studies and the propensity to
redislocate in cadaveric or biomechanical studies after
bony repairs to the glenoid and/or the humeral head. All
authors screened articles to determine inclusion or exclu-
sion; disagreements were resolved through discussion and
consensus.

We specifically excluded articles that had concurrent
capsular, ligamentous, rotator cuff, or labrum injury. We
also excluded Bankart or Hill-Sachs lesions in the context
of concurrent arthritis, neoplasm, humeral shaft, clavicle,
or scapula fracture. All authors independently verified
included articles to ensure that the inclusion and exclusion
criteria were being met.

A total of 87 articles were eventually identified for
detailed review with the predominant patient population
being young males with shoulder instability. Of these, 24
were identified as topic-pertinent cadaver and
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be subtracted from the 84% length to obtain a true glenoid track width
(b) in this shoulder. Reprinted with permission from Yamamoto N,
Itoi E, Abe H, Minagawa H, Seki N, Shimada Y, Okada K. Contact
between the glenoid and the humeral head in abduction, external
rotation, and horizontal extension: a new concept of glenoid track. J
Shoulder Elbow Surg. 2007;16:649-656.

biomechanical studies (Fig. 3). Of these 24 articles, four
correlated humeral head and glenoid anatomy [6, 16, 26,
28]. Four articles examined imaging strategies used to
quantified humeral head and glenoid bone loss [5, 17, 21,
27]. Nine articles correlated humeral head and/or glenoid
bone loss with shoulder engagement [2, 9, 10, 13, 14, 24,
29-31]. Six articles defined current concepts in Bankart
and Hill-Sachs repair and treatment [3, 7, 8, 11, 15, 25].
Finally, one article relates the glenoid track concept to
current clinical practices [18].

Results

How Are Humeral Head and Glenoid Rim Bony
Defects and Their Interactions Quantified?

Huysmans et al. [9] demonstrated the shape of the inferior
glenoid to be a true circle in 39 of 40 cadaveric scapulae
(Table 1). Glenoid loss can be calculated using the circle
method in which a line is drawn about the long axis of the
glenoid with a best-fit circle placed about the inferior
border of the glenoid. Glenoid bone loss can be calculated
through the difference between expected and actual
diameter of the glenoid. Itoi et al. [10] showed that CT
scans are better than axillary or West Point views in
assessing glenoid bone loss. Itoi et al. also showed that a
glenoid defect at 45° from the longitudinal axis of the
glenoid of 21% can result in a loss of 50% of width at the
inferior one-fourth of the glenoid, resulting in instability.
Kodali et al. [17] demonstrated that with two-dimen-
sional CT, individual observers are more accurate in
determining depth rather than width measurements of Hill-
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Medline/OVID/hand search (JBJS/CORR®/JSES)
Total references =4399

— » Duplicates removed; articles removed for failing to meeting inclusion criteria

Unique references = 1503
_
l Title and abstract review

Retained for full-text review 79

» Additional articles found through reference search

References retained for full text review = 87

P> Retained articles separated into three distinct groups
Shoulder bony anatomy: N = 32 )
Radiographic studies of humeral head
and glenoid osseous lesions: N = 23 > 23 cadaver/biomechanical studies
1 clinical study on glenoid track

Management of glenoid rim and Shoulder bony anatomy: N = 4
humeral head bone loss: N =33

_

Imaging modalities in quantifying
humeral head and glenoid bone loss:
N=4

Relation of glenoid and/or humeral
head bony lesions with engagement:
N=9

Bony Bankart and Hill-Sachs
treatment models: N=6

Glenoid track clinical studies:
N=1

Fig. 3 A flow diagram shows the methods of article selection for study inclusion. JBJS = Journal of Bone and Joint Surgery;
CORR®) = Clinical Orthopaedics and Related Research®; JSES = Journal of Shoulder and Elbow Surgery.

Sachs lesions. Coronal views gave the largest percentage  image plane makes it easier for an observer to select an
error at 19.2% =+ 13.6%, whereas sagittal views the least at ~ image that depicts the maximum depth and width; how-
11.8% =+ 8.2%. A defect that is more perpendicular to the  ever, in defects relatively parallel to the image plane, the
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observer is likely to select an image that represents maxi-
mum depth or width but not both.

Cho et al. [5] used CT scans to determine engaging Hill-
Sachs lesions are larger and more horizontally orientated to
the humeral shaft. Burkhart and De Beer [2] describe
similar findings in which engaging Hill-Sachs lesions are
positioned more horizontal to the humeral shaft than non-
engaging lesions.

Kurokawa et al. [18] used CT to demonstrate that Hill-
Sachs engagement does not depend on width of the humeral
lesion, but on the location of the lesion’s medial margin. In a
series of 100 cases with a Hill-Sachs lesion, 7% had engaging
lesions. Three percent of these had wide Hill-Sachs lesions,
whereas 4% had narrow but medially located Hill-Sachs
lesions. All engaging lesions had substantial (greater than 20%
of the affected glenoid width) glenoid bone loss (Table 2).

In addition to noninvasive preoperative imaging, intra-
operative findings help quantify bone loss. Burkhart and De
Beer [2] and Burkhart et al. [3] used intraoperative findings
to calculate glenoid bone loss while using the bare spot as
the anatomic center of the glenoid. Huysman et al. [9]
describe using the bare spot and a calibrated probe to
identify global glenoid bone loss but note the exact center
of the bare spot can sometimes be difficult to determine
resulting in measurement error.

glenoid are possible; translation depends on joint

the humerus was delineated
congruence and humeral external rotation
and increased contact area increasing

positions of function
Shoulder abduction resulted in increased joint congruence

A consistent pattern of rotator cuff attachment tendons to
Contact areas are greatest at midelevation positions and

Small translations of the humeral head position on the

Conclusions

Why Is the Concept of the Glenoid Track Important?

Early studies of contact areas at the glenohumeral joint
demonstrate a complex interaction of the glenoid and
humeral head. Kaar et al. [14] and Sekiya et al. [24] note
that increasing the size of a humeral bony defect increases
the risk of engagement; however, a defect of up to 25% in
isolation does not necessarily result in engagement. With
elevation and abduction, the humeral head dramatically
migrates from an inferior region to a superior-central
posterior region of the glenoid and contact area increased
[26, 28]. Kurokawa et al. [18] noted that all of their
engaging Hill-Sachs lesions also had significant glenoid
bone loss (Table 3). The importance of glenoid surface
area was further characterized by Saito et al. [23] and Ji
et al. [13] who found the major direction of glenoid defects
was in a more anterior portion rather than anteroinferior in
patients with recurrent shoulder dislocation (Table 4).
Yamamoto et al. [30] defined the glenoid track using
cadaveric models to map the path of the glenoid rim on the
humeral head as the arm moved to maximum abduction,
extension, and external rotation. It was noted that the width
of the glenoid track was 84% of the total glenoid width
because there was overlap laterally with the rotator cuff
attachment. Additional glenoid defects are subtracted from
84% to give the corrected glenoid width (Fig. 4A-B).

geometry and contact patterns
normal glenohumeral joint

major landmarks
glenohumeral joint

Study purpose
Define the relation between articular surface

Define the rotator cuff footprint and relate to
Determine contact areas in a normal
Define the articular contact patterns of a

20 (cadaver study)
9 (cadaver study)
9 (cadaver study)
10 (cadaver study)

Sample size

ear
2006
1992
1998

2001

Table 1. Shoulder anatomy

Curtis et al. [6]
Kelkar et al. [16]
Soslowsky et al. [26]
Warner et al. [28]

Study
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Table 2. Imaging modalities in quantifying humeral head and glenoid bone loss

Study Year Sample size Study purpose

Conclusions

Kodali et al. 2011 6 (anatomic bone
[17] substitutes)

Sugimoto 2004 6 (cadaver study)

Cho et al. [5] 2011 107 (prospective

cohort)

Richards 1994
et al. [21]

8 (cadaver study)

Assess the accuracy of CT scan in
measuring Hill-Sachs lesions

Clarify the reliability of ultrasound in

[27] evaluating a Bankart lesion

Judge the diagnostic validity of three-
dimensional CT to predict
engagement of Hill-Sachs lesions

Can MRI be used to differentiate Hill-
Sachs lesions from the anatomic
groove on the posterior humerus?

Hill-Sachs width is underestimated in all planes
with CT scans; sagittal and axial plane
measurements are the most accurate in evaluating
defects

Ultrasound with axillary approach is useful in
diagnosing Bankart lesions

Engaging lesions were larger in size and
horizontally orientated to the humeral shaft than
non-engaging lesions on three-dimensional CT
scan

Hill-Sachs are best differentiated by means of a

more cephalic position along the longitudinal
humeral axis

In sharp contrast to humeral bony defects, Yamamoto
et al. [31] and Itoi et al. [10] note that anterior glenoid
defects greater than 19% the width of the total glenoid
length remain unstable even after Bankart repair and
require additional bone grafting for stability (Table 5).

Discussion

An assortment of variables has been used in predicting
anterior shoulder joint instability resulting from pathologic
engagement of Hill-Sachs lesions on the glenoid. How-
ever, controversy still exists over the best method to predict
shoulder engagement. Most studies assessing shoulder
instability concentrate on bone deficits of the humerus or
the glenoid in isolation. These studies overlook the inter-
action of the two lesions through the arc of ROM and how
this may influence instability. The glenoid track is the first
model to determine, in a dynamic way, how bone loss on
both sides of the joint can lead to instability. In this review,
we sought to further examine the concept of the glenoid
track and addressed the following questions: (1) How are
humeral head and glenoid rim bony defects and their
interactions quantified? (2) Why is the concept of the
glenoid track important?

There were several limitations to our study. First,
Yamamoto et al.’s [30] initial study is the only biome-
chanical study of the glenoid track concept to date. All
other biomechanical studies focused on either glenoid or
humeral head bony defects in isolation from which we had
to extrapolate results to apply to our study. Second, the
dominance of cadaveric studies in our study can reflect bias
because they do not fully simulate in vivo conditions.
Third, biomechanical and anatomic studies are often not
reported in a unified manner, making synthesis of results
difficult. Despite the limited biomechanical and sparse
clinical studies regarding the glenoid track concept, we

believe the systematic nature of our search encompasses
current ideas on the combined effects of glenoid rim and
humeral head bony defects on shoulder engagement.
Lastly, although a rigorous assessment of the topic using
systematic review methods was used, this topic does not
easily lend itself to the systematic review methodologies.
In answering our second question, we hoped to educate the
reader rather than simply answer a testable question.
Previous studies have produced multiple models in
predicting glenohumeral bone loss but have failed to
accurately predict shoulder engagement [20]. However, it
has been noted that lesions in line with the anterior glenoid
in a position of function [5, 25], or medially located, are
more likely to result in instability [18, 30]. In isolated
studies of humeral head bone loss, Sekiya et al. [25]
determined that humeral head defects of up to 25% in
isolation have significantly less anterior translation before
dislocation. However, large osteoarticular defects, greater
than 37.5%, could benefit from an allograft transplant to
restore shoulder stability. In a similar study, Kaar et al. [14]
determined that humeral head defects that are five-eighths
total width of the humeral head radius showed a significant
decrease in stability. Similarly, in isolated studies of the
glenoid, Yamamoto et al. [29] determined that lesions
greater than 20% result in possible engagement. However,
to accurately predict shoulder engagement, it is vital to
assess both glenoid and humeral head bone loss.
Yamamoto et al.’s [30] concept of the glenoid track
takes both humeral head and glenoid lesions into consid-
eration when assessing a shoulder with anterior instability.
In following the pathway of the humerus on the glenoid
through functional ROM, several important concepts were
appreciated. First, bone loss from the glenoid results in a
smaller track making it more likely for the humerus to
engage and dislocate. Second, humeral lesions located
medially are at increased risk of engagement. Although
both of these findings have been validated through prior
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Table 4. Bankart and Hill-Sachs treatment models

Conclusions

Study purpose

Sample size

Year

Study

After Bankart repair, no additional stability was provided with

Examine effects of remplissage on glenohumeral

8 (cadaver study)

2012

(71

Elkinson et al.

remplissage of Hill-Sachs lesions of 15% and ROM was

stability as an adjunct to Bankart repairs with

Hill-Sachs defects of 15%-30%

diminished; for Hill-Sachs lesions of 30%, stability was provided

by remplissage

Humeroplasty significantly reduced width, length, depth and volume

Can a bone tamp be used to correct a Hill-Sachs

2005 14 (cadaver study)

Kazel et al. [15]

of “small” Hill-Sachs lesions
All improved stability; HHA most resembled intact shoulders; PRA

defect using a technique of humeroplasty?

Comparison between 3 “moderate-large” Hill—

2012 8 (cadaver study)

Giles et al. [8]

does not fully prevent engagement; remplissage decreases ROM

Sachs repair techniques; humeral head
allografting (HHA), partial resurfacing

arthroplasty (PRA), and remplissage

glenoid length increase the

likelihood of instability and Hrnit ROM after Bankart repair

Glenoid defects with width of > 21% of

Determine the effect of various sized Bankart

16 (cadaver study)

2000

Ttoi et al. [11]

lesions on shoulder stability before/after repair

Defects as small as 12.5% could affect stability if defects in line with

Assess effects of size and orientation of Hill-Sachs

9 (cadaver study)

2009

Sekiya et al. [25]

anterior glenoid and stability was reduced with increasing size;

defect on stability and osteoarticular repair

large humeral head osseous defects (> 37.5%) may benefit from

osteoarticular grafting

Significant bone loss is best treated with open repairs and bone

Analyze Bankart repairs to determine factors that

2002 194 patients (case series)

Burkhart et al. [3]

grafting

influence instability

research, the glenoid track concept best unifies these con-
cepts. Recent clinical trials have shown promise to the
concept of the glenoid track. Kurokawa et al. [18] noted
that in the setting of glenoid bone loss, shoulder engage-
ment depended on the location of the medial margin of the
humeral lesion. Kurokawa et al. calculated an occupancy
ratio of the Hill-Sachs lesion in the glenoid track with the
medial margin of the rotator footprint a fixed point and the
two variables being the medial margin of the Hill-Sachs
lesion along with the glenoid track width. Per their for-
mula, engaging lesions score greater than a 100%
occupancy ratio indicating an increased risk of shoulder
instability or dislocation (Table 6).

The use of the glenoid track concept can potentially
help guide surgical decision-making. Previous studies have
focused on the isolated treatment of Hill-Sachs and bony
Bankart lesions. Giles et al. [8], Sekiya et al. [25], Elkinson
et al. [7], and Kazel et al. [15] all studied various methods
of isolated Hill-Sachs repair, whereas Itoi et al. [10] and
Yamamoto et al. [29] both studied various methods of
isolated bony Bankart repair. The importance of addressing
the glenoid in the setting of humeral deficits was demon-
strated by Kurokawa et al. [18] who used a Latarjet
procedure to increase the width of the glenoid without
treatment of the concurrent Hill-Sachs lesions. They
showed that after the Hill-Sachs lesions were placed inside
the glenoid track, they became nonengaging. Their study
classified engaging Hill-Sachs lesions into two specific
types: wide and large versus narrow and medially located.
The formula demonstrates that the risk of engagement does
not depend on the width of the Hill-Sachs lesion but on the
location of its medial margin [1, 31] (Fig. 5). In the context
of glenohumeral bony lesions, glenoid rim bone grafting
could be considered a primary method to return a Hill-
Sachs lesion inside the glenoid track with the various
methods of Hill-Sachs repair a secondary option in cases
of extensive glenohumeral bone loss (Fig. 6A-C).

Orthopaedic surgeons can use this information in sev-
eral ways. First, if the Hill-Sachs lesion is particularly
wide or medially located, we can predict engagement
resulting in shoulder instability and may push for earlier
interventions anticipating additional interventions such as
having to address the Hill-Sachs lesion with or without
glenoid repair. Second, if the Hill-Sachs lesion does not
fall out of the glenoid track, then it can be ignored while
the glenoid defect can be focused on. Further exploration
of the topic may allow for more precise predictions based
on imaging, but the best assessment of shoulder stability is
done under direct visualization in the operating room.

Although early research is promising, further clinical
studies to validate and refine the glenoid track concept are
needed to better predict shoulder engagement. Further
studies are needed into the predicting ability of the glenoid

@ Springer



2360  Trivedi et al.

Clinical Orthopaedics and Related Research®

Glenoid track (GT)= 27 mm x 0.84= 22.7 mm

Actual GT=22.7 mm - 6 mm= 16.7 mm

205imm,

R
B o S e

Fig. 4A-B (A) A coronal view CT of the right shoulder that
corresponds to the largest size of the Hill-Sachs lesion measuring
20.1 mm at the medial margin. (B) This is a three-dimensional CT
reconstruction of the glenoid showing anterior bone loss. Glenoid

Table 5. Glenoid track clinical studies

track (GT) width = 27 mm x 0.84 = 22.7 mm; actual GT width =
227 mm — 6 mm = 16.7 mm; X = actual GT = 16.7 mm; Y =
medial margin of Hill-Sachs lesion = 20.1 mm. If Y > X, lesion will
engage 20.1 mm > 16.7 mm = engagement.

Study Year Sample size Study purpose Conclusions
Kurokawa 2013 100 (case series) Use the glenoid track concept to clarify 2 types of engaging Hill-Sachs lesions—wide and
et al. [18] prevalence of engaging shoulder lesions large and narrow, but medially located; these

lesions are dependent on location of the
medial margin

Table 6. Occupancy ratio

Occupancy ratio (OR) = ([maximum distance from medial margin of
the Hill-Sachs lesion to medial margin of the rotator footprint]/
glenoid track width) * 100

track. Can the glenoid track be modified to meet the sport-
specific demands of various athletes? Although the clinical
patient population in our study was predominantly younger

@ Springer

males with shoulder instability, it would be fair to
extrapolate to other patient populations with similar lesions
because there is little reason to believe the glenoid track
concept would change with age or sex. However, further
research is needed into how various shoulder pathologies
and anatomic variants influence and affect the glenoid
track. How does modification of soft tissue restraints alter
the glenoid track? Further research is also needed into
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clinical application of the glenoid track such as assessing
the outcomes of isolated glenoid repairs in cases with
glenohumeral bone loss. When does an isolated glenoid
repair placing an engaging Hill-Sachs inside the glenoid
track negate the need for further humeral head repairs?
Does artificially widening the glenoid track (greater than
84%) have any deleterious effects? (Fig. 7).

The glenoid track concept incorporates both humeral
head and glenoid rim bony loss to predict the likelihood of
humeral head engagement and shoulder instability. Hum-
eral head bony defects are likely to engage if they lie

Fig. 5 An axial view CT scan of the right shoulder showing a Hill-
Sachs lesion (white arrow) with corresponding anterior glenoid bone
loss (white arrowhead).

outside the track, and restoring the track to its natural width
should be a priority when reestablishing shoulder stability.
Further studies are needed to validate and refine the glenoid
track concept, but initial studies show it to be a potentially
powerful method to predict risk of engagement and plan
surgical interventions.

Glenoid track

Fig. 7 When the arm is elevated, the glenoid created a zone of
contact (gray zone) along the rim of the humeral head. We defined
this zone as a “glenoid track.” Reprinted with permission from
Yamamoto N, Itoi E, Abe H, Minagawa H, Seki N, Shimada Y,
Okada K. Contact between the glenoid and the humeral head in
abduction, external rotation, and horizontal extension: a new concept
of glenoid track. J Shoulder Elbow Surg. 2007;16:649-656.

METRIC

Measurement device is not calibrated

5|
INCHES Devon“ OR Products & Safety Soluti
1

Fig. 6A—C (A) Intraoperative photograph of humeral head showing a
large Hill-Sachs lesion indicated with a black arrowhead. (B) Fresh
osteochondral humeral head allograft prepared for filling the Hill-

Sachs defect. (C) The humeral head allograft is fit into final position
affixed with headless compression titanium screws.
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