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Background: The optimal treatment of Hill-Sachs injuries is difficult to determine and is potentiated by the finding that a Hill-Sachs
injury becomes more important in the setting of glenoid bone loss, making engagement of the humeral head on the glenoid inher-
ently easier. The “glenoid track” concept was developed to biomechanically quantify the effects of a combined glenoid and hum-
eral head bony defects on instability.

Purpose: To clinically evaluate humeral head engagement on the glenoid by utilizing glenoid track measurements of both humeral
head and glenoid bone loss.

Study Design: Retrospective cohort.

Methods: A total of 205 patients with recurrent anterior shoulder instability were evaluated, and of these, 140 patients (68%;
9 females [6%] and 131 males [94%]) with a Hill-Sachs lesion and a mean age of 27.6 years (range, 15-47 years; standard error of
mean [SEM], 0.59) were included in the final magnetic resonance angiogram [MRA]) analysis. Bipolar bone loss measures of gle-
noid bone loss (sagittal oblique MRA) and multiple size measures of the Hill-Sachs injury (coronal, axial, and sagittal MRA) were
recorded. Based on the extent of the bipolar lesion, patients were classified with glenoid track as either outside and engaging
of the glenoid on the humeral head (OUT-E) or inside and nonengaging (IN-NE). The 2 groups were then compared with clinical
evidence of engagement on examination under anesthesia (EUA) using video arthroscopy, number of dislocations, length of
instability, and patient age.

Results: The mean glenoid bone loss was 7.6% (range, 0%-29%; SEM, 1.20%), and 31 of 140 (22%) patients demonstrated
clinical engagement on EUA. Radiographically, 19 (13.4%) patients were determined to be OUT-E, while 121 (86.6%) were IN-NE
and not expected to engage. Of those 19 patients with suggested radiographic engagement (OUT-E), 16 (84.5%) had clinical
evidence of engagement versus only 12.4% that clinically engaged (15/121) without radiographic evidence of engagement (IN-NE)
(P < .001). Younger age and a greater number of recurrence events were jointly predictive of a patient being classified as OUT-E
(11.8 vs 6.4 dislocations; P = .015).

Conclusion: This study demonstrates that glenohumeral engagement was well predicted based on preoperative glenoid and
humeral head bone loss measurements using the glenoid track method. In addition, younger age and a greater number of
recurrences were predictive of engagement. The glenoid track concept may be important to fully assess the overall risk for
engagement prior to surgery and may help guide surgical decision making such as bony augmentation procedures.
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The Hill-Sachs lesion is classically described as a compres-
sion fracture of the posterosuperolateral humeral head in
association with anterior instability or dislocation of the
glenohumeral joint. Joseph-Francois Malgaigne first docu-
mented this lesion in his 1855 thesis, and Eve” expounded
on it with the first case report and its association with a
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glenohumeral dislocation. It was radiographically described
by Hill and Sachs as a line of condensation on the internal
rotation shoulder radiograph and was attributed to the
impression of the dense cortical glenoid on the humeral head
during an anterior dislocation event.® 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.®81%19-242833 Plain radiographs
are useful for the initial identification of the humeral
defect; a combination of internal rotation and Stryker
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notch views are 92% accurate.>?° However, magnetic reso-
nance imaging (MRI) is imperative for determining the
exact location and extent of the lesion, as it has a 97% sen-
sitivity and 91% specificity in the detection of Hill-Sachs
lesions.3!

Though the detection, location, and relationship of a Hill-
Sachs lesion to anterior instability are well described, little
is known about its prognostic implications or relationship
to glenoid bone loss. The effect of a bony glenoid defect on
the risk of recurrent instability after a Bankart repair has
been well established.! Burkhart et al' found that defects
involving over 25% of the glenoid width had unacceptably
high failure rates, and Itoi et al used a cadaveric model to
demonstrate that defects greater than 21% would fail with-
out bone grafting.'® However, though many classification
systems exist for Hill-Sachs lesions, the same prognostic
and therapeutic parameters have not been clearly estab-
lished for this defect.

It is intuitive that the instability due to a Hill-Sachs
injury is potentiated in the setting of glenoid bone defi-
ciency; however, this has not been verified clinically. Yama-
moto et al®2 conceptualized the “glenoid track” concept to
biomechanically quantify the effects of combined glenoid
and humeral head bony defects on instability in a cadaveric
model. The optimal treatment of Hill-Sachs injuries is diffi-
cult to determine and is potentiated by the finding that a
Hill-Sachs injury becomes more important in the setting
of glenoid bone loss, making engagement of the humeral
head on the glenoid inherently easier. It is thought to be
important to determine if a Hill-Sachs lesion is at high risk
of engaging the glenoid, thus changing potential treatment
options.

Thus, the purpose of this study was to clinically evalu-
ate humeral head engagement on the glenoid by utilizing
glenoid track measurements of combined humeral head
and glenoid bone injuries. Our null hypothesis was that
there is no association between the glenoid track system
and examination findings for engagement or other demo-
graphic factors in a patient population with recurrent
anterior instability.

MATERIALS AND METHODS

A total of 205 patients treated consecutively for recurrent
anterior shoulder instability over a 2-year period (2006-
2008) were reviewed. Of these, a total of 173 (80.8%)
shoulders had an adequate shoulder magnetic resonance
(MR) evaluation, and Hill-Sachs lesions were identified on
140 (80.9%). Therefore, a total of 140 patients (68% of the
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TABLE 1
Patient Demographics®
Mean Range SEM
Age,y 27.6 15-47 0.59
Length of instability, mo 43.4 0-360 5.27
Number of dislocations 7.2 0-100 1.53

“SEM, standard error of mean.

cohort) were included in the final radiographic analysis and
grading of Hill-Sachs lesions, including 9 females (6%) and
131 males (94%) with a mean age of 27.6 years (range, 15-47
years; standard error of mean [SEM], 0.59), mean length of
instability of 43.4 months (range, 0-360 months; SEM,
5.27), and a mean 7.2 dislocations (range, 0-100; SEM,
1.53). These demographics are comparable with other large
anterior instability series, which include a preponderance
of young males (20-30 years old, 81%-90% male).%12! Prior
to data collection, the study protocol was reviewed by the
hospital institutional review board and approved as an
exempt protocol (Table 1).

Three independent examiners investigated all radio-
graphic parameters and were blinded to patient demographic
and clinical information. A sports fellowship—trained senior
surgeon standardized the radiographic parameters and
then instructed 3 orthopaedic residents on the technique
for taking the measurements. These examiners then
completed measurements on all patients independently.
Measurements were based on the patient’s first MR eva-
luation (96% of patients had an MR angiogram [MRA]
[n = 134] and 4% had an MRI [n = 6] with a shoulder
coil and 1.5-T magnet; Siemens Healthcare, Munich, Ger-
many) and were completed once by each examiner, who
was blinded to the results of the other 2 investigators. All
radiographic measurements were made using an IMPAX
digital viewing system (Agfa Healthcare, Mortsel, Bel-
gium). Distance measurements were made to the nearest
tenth of a millimeter, and degree measurements were
made to the nearest degree using digital measuring soft-
ware provided with the system. A separate researcher col-
lected patient demographic and clinical data based on a
chart review.

Yamamoto et al>2 developed a novel approach to describe
Hill-Sachs lesions that was based on both the location and
size of the humeral head defect as well as the amount of gle-
noid bone loss. They used a cadaveric model to study bipolar
bone loss of the humeral head and glenoid concomitantly.
The authors brought the cadaveric glenohumeral joint
through a predetermined range of motion, measuring the
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Glenoid track

Figure 1. The glenoid track concept describes Hill-Sachs
lesions based on both the location and size of the humeral
head defect as well as the amount of glenoid bone loss. Using
a cadaveric model, a zone of contact was measured between
the glenoid rim and the humeral head. With the shoulder in 60°
of abduction and maximum external rotation to simulate ante-
rior apprehension, the distance from the contact area to the
medial margin of the footprint was found to be 84% of the gle-
noid width. Reprinted with permission from Provencher and
Romeo.?2

distance of the articular contact area to the rotator cuff foot-
print, and noted that it was 84% the width of the glenoid
(Figure 1), hence the concept of a “glenoid track.” It was
postulated that a Hill-Sachs lesion outside this track was
at high risk for engagement and thus recurrent instabil-
ity.32 In this model, the location of the glenoid track on the
humeral head is based solely on the glenoid width. Thus,
the classification is intimately related to not only the loca-
tion and size of the humeral defect but also the amount of
glenoid bone loss. With increasing size of a bony Bankart
lesion, the glenoid track decreases accordingly, potentiat-
ing the risk for engagement.

In the current study, the original glenoid track model
was modified to quantify it based on MR images of patients.
The glenoid width was measured based on the technique
described by Huysmans et al,'? the bare spot was identified
on a sagittal oblique MR image, and the glenoid width was
measured using this central reference point. Then, to deter-
mine the expected glenoid width, a best-fit circle was placed
on the inferior third of the glenoid centered on the bare spot
and the diameter of the circle was measured to calculate the
expected width prior to bone loss (Figure 2).!2 Therefore,
both percentage of glenoid bone loss and glenoid track were
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determined from these measurements. The glenoid track
was calculated as 84% of the actual glenoid width, which
was the expected glenoid width minus any bone loss.??

Based on prior methods, the distance from the medial
margin of the rotator cuff footprint to the medial margin of
the Hill-Sachs lesion was then measured in millimeters
using the largest distance on a coronal cut.2? If this value
was greater than the glenoid track, then the humeral head
was said to be outside the glenoid track and at high risk for
engaging (OUT-E). Otherwise, if combined glenoid and hum-
eral bone loss was not greater than the track, it was consid-
ered inside the track and nonengaging (IN-NE). Each
patient was then classified as OUT-E or IN-NE and the num-
ber (percentage) of patients in each group was recorded.

Clinical determination of “engagement” was made for
each patient by reviewing the reported intraoperative
examination findings and evaluating intraoperative video
arthroscopy. A sports fellowship—trained senior surgeon
performed the examination on each patient. In order for a
lesion to be considered engaging, both portions of the exam-
ination had to be positive. First, the examination, com-
pleted under anesthesia, was performed based on the
technique described by Burkhart et al' to document any
humeral head engagement with the shoulder in 90° of
abduction and greater than 0° of external rotation with the
patient in the lateral decubitus position. An attempt was
made to dislocate the humeral head anterior to the glenoid
based on a palpable clunk that required manual manipula-
tion for reduction. In those shoulders that were thought to
engage on this initial examination, engagement of the Hill-
Sachs lesion was verified under initial diagnostic video
arthroscopy before any fluid was introduced into the joint.
The number of engaging shoulders in the outside (OUT-
E) and inside (IN-NE) glenoid track groups was recorded
(Figure 3).

For each of the 3 observers, the frequency of each catego-
rical variable as well as the mean and SEM of each contin-
uous variable were taken. Interobserver reliability between
the 3 observers was then determined for each variable. Cor-
relation coefficients were then calculated between indepen-
dent variables, and multiple regression analysis was used
to determine the relationship between patient demographic
factors (age, length of instability, number of dislocations)
and the glenoid track system.

RESULTS

Of the 140 Hill-Sachs lesions, 19 (13.4%) were determined
to be outside (OUT-E) the glenoid track and at higher risk
of functional glenohumeral engagement; the remaining
121 (86.6%) were inside (IN-NE) the track. Interobserver
reliability between the 3 observers was 0.43 (k). Clinically,
16 of 19 (84.5%) lesions outside (OUT-E) the glenoid track
engaged in a functional position when the shoulder was
externally rotated in 90° of abduction versus only 15 of
121 (12.4%) inside (IN-NE) the glenoid track (P < .001).
Furthermore, the mean distance from the footprint to the
medial margin of the Hill-Sachs lesion on coronal MR was
22.1 mm (SEM, 1.12 mm) for the OUT-E group compared
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24 mm x 0.84=20.1 mm
23.1 mm

Figure 2. (A) The glenoid track is calculated as 84% of the actual glenoid width measured on the sagittal oblique magnetic reso-
nance (MR) image. A best-fit circle is placed on the glenoid to calculate the expected width prior to bone loss. Therefore, both
percentage of bone loss and glenoid track can be determined. In this case, the actual glenoid width is 24 mm, with 4 mm of bone
loss (17% bone loss). The glenoid track is 84% of 24 mm, or 20.1 mm. (B) The distance from the rotator cuff footprint to the medial
margin of the Hill-Sachs lesion is measured on the coronal MR. In this case, it is 23.1 mm. Since the Hill-Sachs width to the footprint
(23.1 mm) is greater than the glenoid track measurement (20.1 mm), it is considered outside the glenoid track and at high risk for
engaging.

Figure 3. During standardized examination under anesthesia, as described by Burkhart et al," a palpable clunk was noted with the
shoulder abducted to 90° and external rotation greater than 0°, as this large Hill-Sachs lesion engaged the anterior glenoid. The
examination was verified arthroscopically. (A) The shoulder is abducted 45° and is brought into a few degrees of external rotation.
It is close to engaging due to a large amount of anterior glenoid bone loss (28%). (B) The shoulder is brought into further external
rotation and easily engages the glenoid.
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TABLE 2
Glenoid Track Results
Inside Track Outside Track
(IN) (OUD)
Number of patients, n (%) 121 (86.6) 19 (13.4)
Glenoid track, mm 22.2 20.2
Percentage engaging, % 12.4 84.5
Mean Hill-Sachs size, mm 14.5 22.1
Mean glenoid bone loss, % 6.5 13.7
Mean number of dislocations 6.4 11.8

to 14.5 mm (SEM, 0.45 mm) for those in the IN-NE group
(P < .001). Also, the mean glenoid bone loss was 13.7%
(SEM, 1.74%) for those shoulders OUT-E versus 6.5%
(SEM, 0.65%; P < .001) for those IN-NE (Table 2). For all
patients, the mean glenoid bone loss was 2.2 mm or 7.6%
of the glenoid width.

From regression analysis, younger patient age and
greater number of recurrent instability events were
jointly predictive of being outside (OUT-E) the glenoid
track (P = .015). The mean number of dislocations in this
group was 11.8 (SEM, 5.48) versus 6.4 (SEM, 1.38) for those
inside (IN-NE) the track.

Other findings from regression analysis included that
number of dislocations was predictive of glenoid bone loss
(P = .01), and more dislocations also correlated with larger
Hill-Sachs lesions as well as larger extent of combined gle-
noid and humeral bone loss (P < .001). Length of instability
also correlated with patient age and number of dislocations.

DISCUSSION

The principal findings of this study demonstrated that
approximately 13% of instability patients with a Hill-Sachs
injury were felt to be at increased risk of glenohumeral
engagement with bipolar bone loss calculations outside the
glenoid track. This system correlated well with clinical
findings during surgery, where 85% of these patients also
demonstrated functional glenohumeral engagement during
examination under anesthesia. Also, these patients had sig-
nificantly greater glenoid bone loss than those with lesions
within the glenoid track (14% vs 7%). This is the key to this
classification system because it indicates that irrespective
of total Hill-Sachs size, the likely most important factor for
risk of engagement and recurrent instability is humeral
lesion location related to the glenoid rim. This is defined
by glenoid width, which is significantly affected by the
amount of glenoid bone loss. Therefore, this study demon-
strates the importance of viewing bone loss problems in the
shoulder as a bipolar issue, where glenoid and humeral
losses potentiate each other and increase the risk of recur-
rent instability. This is a principle that no prior grading
system has taken into account. In addition, there is an asso-
ciation of the glenoid track with age and number of disloca-
tions, which indicates that this classification system may
have both prognostic and therapeutic value.
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Yamamoto et al®2 utilized a novel cadaveric model to map

the rim of the glenoid in relation to the humeral head in
various degrees of abduction. Thus, the glenoid track con-
cept advanced the understanding of engagement and
recurrent instability by not only including the humeral
head deficiency but also defining it in relation to the gle-
noid width and bone loss. They were also able to verify
their model in 3 patients with anterior instability using
3-dimensional reconstruction computed tomography (CT)
images.?? However, to date, no other study has translated
this concept to a large case series or correlated it to demo-
graphic or injury-specific factors. Thus, the current study
applies the glenoid track classification to a clinical model
using MRA and verifies its usefulness as a potential prog-
nostic tool.

Prior studies have characterized the typical orientation
of a Hill-Sachs lesion based on the position of the humeral
head on the glenoid during the dislocation event and differ-
entiated its location from the bare spot based on the corre-
lation of a cadaveric model to MR imaging.}?® Therefore,
though there have been prior discussions of Hill-Sachs
engagement based on orientation, with the arm in a func-
tional position of external rotation and abduction, none of
these studies looked at their findings in relation to glenoid
bone loss or, more importantly, with regard to clinical
outcomes.'®

Other studies have attempted to identify an association
between the risk of recurrent shoulder instability and
severity of Hill-Sachs lesion. A number of studies have
looked at factors associated with failed anterior stabiliza-
tion procedures and have included Hill-Sachs lesion size
as a potential cause. A few of these graded Hill-Sachs
lesions based on Rowe grade, and none found a significant
association between grade and risk for recurrent instabil-
ity.242629 Therefore, even though some prior Hill-Sachs
grading schemes may correlate highly with each other, they
are potentially of limited value to the clinician.

If a lesion is noted to be outside the glenoid track and
therefore at increased risk for instability, there are a num-
ber of potential surgical treatment options that utilize the
principles of this concept. One can augment anterior gle-
noid bone loss with a Latarjet procedure or an iliac crest
bone graft to, in effect, increase the glenoid track size and
prevent engagement.?*1¢ Another treatment strategy is
to shift the glenoid track so that it contains the entire
Hill-Sachs lesion and thus prevents engagement. This can
be accomplished using a rotational humeral osteotomy or
by tightening the anterior soft tissue structures to limit
external rotation and shift the glenoid track medially and
superiorly.17-24:25:30

There were a number of limitations to this study. First,
the original glenoid track study utilized direct measure-
ments with a caliper and correlated the cadaveric model
to 3-dimensional CT images in live patients. In the current
study, these images were not available for all patients;
therefore, the classification was adapted to MRA using cor-
onal images for the footprint to lesion measurement and
sagittal oblique images to measure glenoid width for gle-
noid track calculations. However, these measurements
have been well validated in prior bone loss models.?>3! In
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this group of patients, MRA was available for most patients
and has been shown to be a precise method of measuring
glenoid and humeral-sided bone loss.'? In addition, we feel
that MRA is superior for measuring the distance from the
Hill-Sachs lesion to the rotator cuff footprint, given that the
footprint is a soft tissue structure that is more precisely
identified using this modality than CT. Another limitation
was the study design as a retrospective case series. The ret-
rospective nature of the study was a potential source of
bias, in particular, selection bias. However, all consecutive
patients within a 2-year period were included in the study,
and the inclusion rate was over 80% for all instability
patients in this time period. Video arthroscopy was reviewed
to determine engagement through the functional range of
motion. Also, a control group was not available against
which to compare data because there were too few patients
who lacked Hill-Sachs lesions. In addition, there was no
gold standard against which to compare the results.
Finally, the majority of patients in this cohort were males;
therefore, extrapolation of these results to female patients
should be done with caution. However, this cohort is con-
sistent with other studies where patients with anterior
instability are predominately young males.>1%2! In addi-
tion, although an intraoperative examination was com-
pleted for each patient, it did not take into account soft
tissue restraints prior to surgical repair and was not
repeated after repair to evaluate for a difference. Also, the
examination was not standardized with regard to the
amount of force applied or the degree of external rotation
required to dislocate the shoulder. Finally, this study was
a preliminary report that did not evaluate the glenoid
track system in terms of outcomes. This study did not
attempt to record the method of treatment or correlate
group designation, with failure rates based on the surgical
method. Further investigation will be required to deter-
mine the optimal treatment for these patients.

CONCLUSION

In this study, a radiographic review was performed of 140
patients with shoulder instability and associated Hill-
Sachs lesions. The glenoid track was measured using MRA
images, and large bipolar humeral and glenoid lesions were
considered outside the glenoid track while smaller lesions
were classified as inside the track. A total of 13.4% of the
patients were determined to be outside the glenoid track,
and a high percentage of these patients (84.5%) had func-
tionally engaging lesions identified during examination
under anesthesia.

These findings indicate that preoperative glenoid and
humeral bone loss measurements can be effectively used
to predict the risk for glenohumeral engagement and poten-
tially be indicative of future instability. This may be helpful
for surgical decision making, particularly when considering
bony augmentation procedures.

The glenoid track is a new classification system that can
be utilized to assess the risk of engagement of a Hill-Sachs
lesion in a patient with anterior shoulder instability, and
this article provides the first important data about how
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to apply the glenoid track concept clinically. Hill-Sachs
injuries are common in shoulder instability, and one should
look closely at the extent of glenoid bone loss in addition to
the size of the Hill-Sachs lesion to more completely assess
the potential for glenohumeral engagement, as this is a
bipolar problem. Additional prospective data are necessary
to determine the prognostic value of Hill-Sachs grading
scores and the glenoid track concept.
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