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Background: We have proposed the concept of glenoid track (“on-track/off-track” lesion) to evaluate the
risk of engagement of the Hill-Sachs lesion with the glenoid after arthroscopic Bankart repair. This
concept has been widely used and many clinical validation studies have been reported. To measure the
glenoid track width, we have recommended to use 3-dimensional computed tomography (CT) images.
However, the CT method has the issue of radiation exposure and involves time and effort to make 3-
dimensional CT images from 2-dimensional images. For these reasons, there are several reports
describing the measurement method using magnetic resonance imaging. Recently, the threshold of the
critical glenoid bone loss becomes lower. A zone of bone loss below the critical size is called “subcritical
bone loss”, which might be related to deterioration of quality of life and bone grafting is recommended.
We applied the concept of “subcritical bone loss” to the glenoid track. Patients with “on-track” lesions
can be divided into 2 subgroups: those with a “peripheral-track” lesion (most medial 1/4) and those with
a “central-track” lesion (the rest 3/4). More recently, similar evaluation methods to evaluate the risk of
“off-track” lesions have been reported: ‘‘distance to dislocation’’ and “Hill-Sachs interval/glenoid track
ratio”. Also, similar concept to “peripheral-track” lesion, “near-track” lesion was reported. The concept of
“peripheral-track” lesion is a concept of assessing an “on-track” lesion which is very close to the medial
margin of the glenoid track (subcritical bone loss).
Methods: Similar evaluation methods to evaluate the risk of “off-track” or “peripheral-track” lesions
were proposed in the literature. A review was performed by searching PubMed. Journal articles pub-
lished between January 2014 and January 2023 were taken into account. They were compared and their
differences were explained.
Results: The “near-track” lesion concept is similar to “peripheral-track” lesion. However, the cutoff value
is different: Hill-Sachs occupancy � 75% is the “peripheral-track” lesion, whereas “distance to disloca-
tion” < 8 mm is the “near-track” lesion.
Conclusion: We introduced update of the glenoid track concept including the evaluation method,
peripheral-track lesion, and its clinical application.

© 2023 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
The Hill-Sachs lesion (HSL) is one of the most common findings
observed in patients with anterior shoulder dislocation. Although
the prevalence of HSL is reported to be very high,18,23 most of these
lesions are small to medium in size and do not necessarily require
surgical treatment.5 However, we may sometimes encounter a
large HSL, which is known to be a risk factor of postoperative
recurrence. Seven percent of these lesions are a large HSL that
needs to be treated, which may engage with the glenoid rim even
after arthroscopic Bankart repair.11 When we think about
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engagement of an HSL, this is an important thing. Engagement al-
ways occurs between an HSL and the glenoid rim. This means both
the HSL and the glenoid are responsible for the engagement. In a
biomechanical study using cadaveric shoulders, we clarified which
HSL is risky by determining the location of the glenoid on the hu-
meral head with the arm elevating along the posterior end-range of
motion (ROM).19 We defined the contact zone of the glenoid on the
humeral head as the “glenoid track”. According to the measure-
ments in cadaveric shoulders, the glenoid track width was 84% of
the glenoid width in cadaveric shoulders19 and 83% in live shoul-
ders.16 Di Giacomo et al3 have developed a method that uses the
concept of the glenoid track to determine whether an HSL will
engage the glenoid rim with and without an anterior glenoid
osseous defect. They3 defined “on-track/off-track” lesion as follows.
If themedial margin of an HSL is within the glenoid track, the HSL is
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Table I
Glenoid track table showing the relationship between horizontal extension angle
and glenoid track width.

Horizontal
extension*

�15� �10� �5� 0� 5� 10� 15� 20� 25� 30�

Glenoid track
widthy

97 95 93 90 87 85 83 80 78 75

*Minus value indicates horizontal flexion angle.
yPercentage of the glenoid width.

Figure 1 “Peripheral-track” lesion. The glenoid track was divided into 4 zones based
on the percentage of Hill-Sachs occupancy: zone 1, < 25%; zone 2, 25% to < 50%; zone 3,
50% to < 75%; and zone 4, � 75%. This Hill-Sachs lesion in zone 4 is called “peripheral-
track” lesion.
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defined as “on-track” HSL; if the medial margin of the HSL is more
medial than the glenoid track, the HSL is defined as “off-track”
lesion.

It has generally been accepted that the critical size of the glenoid
bone loss is 20% or 25% of the glenoid width.1,2,14 A recent report by
Shaha et al17 indicated that a bone loss between 13.5% and 20%
treated with Bankart repair alone led to a decrease of quality of life,
independent of the presence of recurrent dislocation. They called
this bone loss “subcritical bone loss”. We applied this concept of
“subcritical bone loss” to the glenoid track concept. To clarify
whether a subcritical bone loss exists in assessing an HSL, 50 pa-
tients with an “on-track” lesion who were treated with arthro-
scopic Bankart repair were assessed.21 We found that patients with
“on-track” lesions were divided into 2 subgroups: “peripheral-
track” lesion (most medial 1/4 of the glenoid track) and “central-
track” lesion (the rest 3/4). Patients with a “peripheral-track” lesion
showed significantly worse Western Ontario Shoulder Instability
Index (WOSI) scores than those with a “central-track” lesion,
although both groups had no recurrent instability events.

More recently, similar evaluationmethods to evaluate the risk of
“off-track” lesions have been reported: “distance to dislocation”
(DTD)13 and “Hill-Sachs interval/glenoid track ratio”.22 Also, similar
concept to “peripheral-track” lesion,21 “near-track” lesion13 was
reported. The concept of “peripheral-track” lesion is a concept of
assessing an “on-track” lesion which is very close to the medial
margin of the glenoid track (subcritical bone loss). We think the
“near-track” lesion concept is the same as “peripheral-track” lesion.
However, the cutoff value is different: Hill-Sachs occupancy � 75%
is the “peripheral-track” lesion, whereas “DTD” < 8 mm is the
“near-track” lesion. In this review article, the peripheral-track HSL
is similar to the subcritical bone loss of the glenoid.

Glenoid track measurement

To measure the glenoid track width, we recommend to use 3-
dimensional (3D) computed tomography (CT) images. In our
practice, we use en face views of both glenoid and the posterior
view of the involved humeral head on 3D CT. First, the width of the
uninvolved glenoid is measured and 83% of the glenoid width is
calculated. Then, this 83% value (0.83D) is applied to the involved
glenoid. If there is a glenoid bone loss, the defect width (d) needs to
be subtracted from the 83% value (0.83D) to obtain the true glenoid
track width (0.83D - d). We apply this width (0.83D - d) to the
posterior view of the humeral head. If the medial margin of the HSL
stays within the glenoid track (“on-track” lesion), there is no risk
that this HSL engages with the anterior rim of the glenoid. If the
HSL extends more medially over the medial margin of the glenoid
track (“off-track” lesion), there is a risk of engagement. To accu-
rately assess an “off-track” lesion, we recommend this CT method
but for the reasons described above, there are several reports
describing the measurement method using magnetic resonance
imaging (MRI).4,6,15,22

Influence of joint laxity and range of motion on glenoid track

Since the glenoid track is defined as a zone of contact between
the glenoid and the humeral head, theoretically, the glenoid track
width is affected by the shoulder joint laxity or the ROM. It would
be ideal to take a patient’s joint laxity or ROM into consideration
with the glenoid track concept. It is speculated that if a patient has a
greater ROM or joint laxity, his/her glenoid track width is narrower
comparedwith the normal shoulder.We have used a constant value
of 83% of the glenoid width for all patients16 because we did not
know the relationship between the glenoid track width and ROM.
Therefore, we performed an MRI study.10 MRI was taken in 41
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shoulders of 21 healthy volunteers with the arm in maximum
horizontal extension, with the arm kept in 90� of abduction and 90�

of external rotation. Three-dimensional surface bone models of the
glenoid and the humerus were created with an image analysis
software. Active and passive ROMwere measured in the supine and
sitting positions. The correlations between the glenoid track width
and ROMwere investigated. We found that the greatest correlation
was observed between the glenoid track width and the active ROM
in horizontal extension in the sitting position. Our data showed that
an individualized glenoid track width can be obtained by
measuring the active horizontal extension angle of the uninvolved
shoulder with the arm in abduction and external rotation in the
sitting position (Table 1). Also, the glenoid track width may change
depending on sports type and sex. Our previous data21 showed that
male sex and contact sports are found to be risk factors for recur-
rent instability. Locher et al15 also reported that male sex is another
significant risk factor for recurrent instability.

“Peripheral-track” lesion

It has been clinically demonstrated that shoulders with glenoid
bone loss just below the critical size (“subcritical bone loss”) led to a



Table II
Similar concept and evaluation methods.

Definition Paper

Glenoid track A contact zone of the glenoid on the humeral
head with the arm in various degrees of
abduction keeping in maximum external
rotation and horizontal extension.

Yamamoto et al J Shoulder Elbow Surg 200719

“On-/off-track” lesion If the medial margin of a Hill-Sachs lesion is
within the glenoid track, it is defined as “on
track”; if the medial margin of the Hill-Sachs
lesion is more medial than the glenoid track, it
is defined as “off track”.

Di Giacomo et al Arthroscopy 20143

“Peripheral-/central-track” lesion “On-track” lesion is divided into 2 subgroups:
“peripheral-track” and “central track” lesions. If
a Hill-Sachs lesion is located close to the glenoid
track line (�75% of the glenoid track width), it is
defined as “peripheral-track” lesion. If a Hill-
Sachs lesion is located medial to the glenoid
track line (<75% of the glenoid track width), it is
defined as “central-track” lesion.

Yamamoto et al Am J Sports Med 202021

Distance-to-dislocation (DTD) Distance-to-dislocation is defined as the
distance between the glenoid track and the Hill-
Sachs lesion or between the edge of the anterior
aspect of the glenoid and the medial border of
the Hill-Sachs lesion.

Li et al J Bone Joint Surg 202113

“Near track” lesion A “near-track” lesion is defined as a Hill-Sachs
lesion with a distance-to-dislocation of < 8 mm.

Li et al J Bone Joint Surg 202113

Hill-Sachs interval/glenoid track (H/G ratio) Hill-Sachs interval/glenoid track (H/G ratio) is a
new parameter “Hill-Sachs interval to glenoid
track width ratio” or “H/G ratio” (Hill-Sachs
interval divided by glenoid track width)

Yang et al Orthop Trauma Surg Res 201822

Figure 2 “Distance to dislocation”. “Distance to dislocation (DTD)” is defined as the
distance between the medial edge of the Hill-Sachs lesion and the medial margin of
the glenoid track.

N. Yamamoto, T. Aizawa and E. Itoi JSES International 8 (2024) 608e613
decrease of quality of life, independent of the presence of recurrent
dislocation. To find out if there was any ‘gray zone’ in the glenoid
track concept, which was similar to the subcritical bone loss of the
glenoid, we assessed 50 patients with an “on-track” lesion who
were treated with arthroscopic Bankart repair for recurrent ante-
rior dislocation.21 The Hill-Sachs interval was measured on 3D CT
images and divided by the glenoid track width, defined as the Hill-
Sachs occupancy. The glenoid track was divided into 4 zones based
on the percentage of Hill-Sachs occupancy: zone 1, < 25%; zone 2,
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25% to < 50%; zone 3, 50% to < 75%; and zone 4, � 75%. This HSL in
zone 4 is called “peripheral-track” lesion (Fig. 1). The WOSI score of
patients in zone 4 (“peripheral track” lesion) was significantly
lower than those in the other zones (“central-track” lesion). Thus,
patients with “on-track” lesions are divided into 2 subgroups: those
with a “peripheral-track lesion” (most medial 1/4 of the glenoid
track) and those with a “central-track” lesion (the rest 3/4).

Similar concept and evaluation methods

More recently, “near-track” lesion,13 a similar concept to “pe-
ripheral-track” lesion,21 was reported (Table 2). The concept of
“peripheral-track” lesion is a concept of assessing an “on-track”
lesion which is close to the medial margin of the glenoid track
(subcritical bone loss). We think the “near-track” lesion concept is
the same as “peripheral-track” lesion. However, the cutoff value is
different: Hill-Sachs occupancy � 75% is the “peripheral-track”
lesion, whereas “DTD” < 8 mm is the “near-track” lesion. Also,
similar evaluation methods to “Hill-Sachs occupancy” have been
reported in the literature: “DTD” (Fig. 2) and “Hill-Sachs interval/
glenoid track ratio” (Fig. 3). Li et al13 recently introduced the “DTD”
calculation to determine how close “on-track” lesions are to
become “off-track”. DTD is defined as the distance between the
medial edge of the HSL and the medial margin of the glenoid track
and was calculated with the formula DTD ¼ glenoid track width e

Hill-Sachs interval. A DTD of > 0 indicates an “on-track” lesionwith
a defined DTD, whereas a DTD of& 0 indicates an “off-track” lesion.
Yang et al22 designed a new parameter “Hill-Sachs interval/glenoid
track ratio (Hill-Sachs interval divided by glenoid track width, H/G
ratio)”.

“Distance to dislocation”

DTD is a quantitative measure of the glenoid track concept that
is predictive of failure after arthroscopic Bankart repair. Li et al13

reported that a DTD of < 8 mm was a critical threshold for a



Figure 3 “Hill-Sachs interval/glenoid track (H/G) ratio”. H/G ratio is defined as Hill-
Sachs interval (A) divided by glenoid track width (B).

Figure 4 Glenoid track, “central-track”, and “near-track” lesion in one shoulder. The
width of the glenoid is 25 mm in one shoulder and the glenoid track width is calcu-
lated: 25 � 0.83 ¼ 21 mm. The “central-track” width is calculated: 25 � 0.75 ¼ 19 mm.
“On-track” lesions with a distance-to-dislocation of < 8 mm is defined as ‘‘near-track”
lesion. In this shoulder, if we choose the value of 8 mm to judge a subcritical bone loss,
we may overdiagnose it.

N. Yamamoto, T. Aizawa and E. Itoi JSES International 8 (2024) 608e613
significantly higher risk of recurrent dislocation after arthroscopic
Bankart repair. They determined the association of DTD with
recurrent dislocation after arthroscopic Bankart repair. Twenty-
eight patients (16%) sustained a recurrent dislocation following
Bankart repair. They found that decreased DTD were independent
predictors of failure. Receiver operating characteristic curve anal-
ysis of DTD alone demonstrated that a threshold value of 8 mm
could best predict failure. They suggested that when using the
glenoid track concept as the basis for surgical decision-making,
clinicians need to consider the DTD value as a continuous vari-
able to estimate failure rather than a binary on-track/off-track
designation. DTD is defined as the distance between the glenoid
track and the medial margin of the HSL. It seems that the DTD value
reflecting a bipolar lesion. However, our paper proposing the
concept of the “peripheral-track” lesion showed that there was no
significant correlation between the Hill-Sachs occupancy and the
WOSI score. This is different from the results of the glenoid bone
loss: the greater the glenoid bone loss, the lower theWOSI score, as
previously reported.17,20 This is because the glenoid bone loss is
related to mid-range stability of the shoulder (concavity-
compression effect).9,12 With the decrease in glenoid concavity,
shoulder stability decreases in the mid-range of shoulder motion.
On the other hand, at the end-ROM, both the HSL and the glenoid
are related to the engagement because engagement occurs be-
tween the HSL and the glenoid and the risk of engagement or
dislocation depends not only on the HSL but also on the glenoid
bone loss (bipolar lesion).3 There was no significant correlation
between the Hill-Sachs occupancy and theWOSI score: one-on-one
relationship between them was not observed. Thus, we think that
the value of the glenoid track cannot be used as a continuous
variable.

“Near-track” lesion

Li et al13 pointed out that not all “on-track” lesions are equal,
although the glenoid track concept was validated in several
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studies7,17 that demonstrated increased risk of failure in association
with “off-track” lesions. Specifically, “on-track” lesions with a DTD
of < 8 mm, in which the medial margin of the HSL is in close
proximity to the medial margin of the glenoid track, also may be at
risk for failure. They called this HSL “near-track” lesion. This new
concept of “near-track” lesion is very similar to our concept of
“peripheral-track” lesion. A “peripheral-track” lesion is the one
which is located just medial to the border line of the glenoid track.
What is the difference between “near-track” and “peripheral-track”
lesion? With a quick calculation, the width of the glenoid is 25 mm
in one shoulder and the glenoid track width (83% of the glenoid
width) is calculated: 25 � 0.83 ¼ 21 mm. The “central-track”width
(75% of the glenoid width) is calculated: 25 � 0.75¼ 19 mm. DTD is
calculatedwith the formula DTD¼ glenoid trackwidtheHill-Sachs
interval: 21 e19¼ 2 mm. If we choose the value of 8 mm to judge a
subcritical bone loss, we may overdiagnose it (Fig. 4).

“Hill-Sachs interval/glenoid track ratio”

Yang et al22 introduced the “Hill-Sachs interval to glenoid track
width ratio (H/G ratio)” to adjust the original glenoid track concept
because they believe that the postoperative condition of soft tissue
in vivowas not comparable to that designed in the intact condition.
Those authors found that a higher ratio was a significant predictor
for recurrent dislocation. They reported that H/G ratio seems to be a
reliable parameter for predicting recurrent instability. H/G ratio �
0.7 may be considered as a positive predictor for recurrent insta-
bility after arthroscopic Bankart repair. The parameter of “H/G ra-
tio” is the same as Hill-Sachs occupancy which we used in the
previous study as a parameter to evaluate the subcritical bone
loss.20 Also, the value of 0.7 is very similar to our value, 0.75.
However, these values were interpreted differently. The term “H/G
ratio” was used as a parameter for predicting recurrent instability.
On the other hand, patients with “peripheral-track” lesion had
worse impairment of quality of life without the presence of recur-
rent instability.21

Treatment for “peripheral-track” lesion

There was a significant difference in sex between those with
the “peripheral-track” and “central-track” lesions in our study.21



Table III
Treatment strategy for a Hill-Sachs lesion.

On-track lesion Off-track lesion

Central-track lesion Peripheral-track lesion

Noncontact athletes Contact athletes

Arthroscopic Bankart repair Arthroscopic Bankart repair Latarjet or Remplissage Latarjet or Remplissage
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Of 10 patients with the “peripheral-track” lesion, 7 were male
patients and participated in contact sports. This means that with
the same location of an HSL, male contact athletes with high
activity levels are more likely to be affected than female
noncontact athletes. From these results, we need to consider sex
and type of sports when thinking about the surgical treatment of
“peripheral-track” lesion. In clinical practice, how should an HSL
be evaluated? First, we need to evaluate whether an HSL is “on-
track” or “off-track”3,8 (Table 3). If it is “off-track”, either Latarjet
or remplissage needs to be considered. If it is “on-track”, then we
need to evaluate whether it is a “peripheral-track” lesion or
“central-track” lesion. If a contact athlete has a “peripheral-
track” lesion, we need to consider Latarjet procedure or
augmentation such as remplissage in addition to arthroscopic
Bankart repair. However, if a noncontact patient has a “periph-
eral-track” lesion, a standard Bankart repair seems to be pref-
erable. Patients with a “central-track” lesion are expected to
have satisfactory outcome with a standard Bankart repair
regardless of their activity level.

There are many factors related to the patients when considering
the surgical treatment. In our clinical study, some factors such as
age, sex, type of sports, and activity level are clarified. However, the
other factors (dominance, combined lesion, type of sports, and job)
are not clarified yet. We need a further study to demonstrate it.
Thus, this “peripheral-track” lesion is still a gray zone in terms of
surgical treatment.

Conclusion

Since the greatest correlationwas observed between the glenoid
track width and the active ROM in horizontal extension, an indi-
vidualized glenoid track width can be better estimated by
measuring the active horizontal extension angle of the uninvolved
shoulder. We proposed a new concept of assessing an on-track
lesion: “peripheral-track” and “central-track” lesions. We need to
consider sex and type of sports when thinking about the surgical
treatment of “peripheral-track” lesion. If a contact athlete has a
“peripheral-track” lesion, we need to consider Latarjet procedure or
augmentation such as remplissage in addition to arthroscopic
Bankart repair.

Disclaimers:

Funding: No funding was disclosed by the authors.
Conflicts of interest: The authors, their immediate families, and any
research foundation with which they are affiliated have not
received any financial payments or other benefits from any com-
mercial entity related to the subject of this article.

References

1. Boileau P, Villalba M, He'ry JY, Balg F, Ahrens P, Neyton L. Risk factors for
recurrence of shoulder instability after arthroscopic bankart repair.
J Bone Joint Surg Am 2006;88:1755-63. https://doi.org/10.2106/
JBJS.E.00817.
612
2. Burkhart SS, De Beer JF. Traumatic glenohumeral bone defects and their rela-
tionship to failure of arthroscopic bankart repairs: significance of the inverted-
pear glenoid and the humeral engaging Hill-Sachs lesion. Arthroscopy 2000;16:
677-94.

3. Di Giacomo G, Itoi E, Burkhart SS. Evolving concept of bipolar bone loss and the
Hill-Sachs lesion: from “engaging/non-engaging” lesion to “on-track/off-track”
lesion. Arthroscopy 2014;30:90-8. https://doi.org/10.1016/j.arthro.2013.
10.004.

4. Dyrna FGE, Ludwig M, Imhoff AB, Martetschl€ager F. Off-track Hill-Sachs lesions
predispose to recurrence after nonoperative management of first-time anterior
shoulder dislocations. Knee Surg Sports Traumatol Arthrosc 2021 Jul;29:2289-
96. https://doi.org/10.1007/s00167-020-06176-1.

5. Green M, Norris TR. Glenohumeral dislocation. In: Browner BD, Jupiter JB,
Levine AM, Trafton PG, editors. Skeletal trauma: fractures, dislocations, liga-
mentous injuries, 2. Philadelphia, Pa: W.B. Saunders Company; 1998. p. 1639-
56.

6. Gyftopoulos S, Yemin A, Beltran L, Babb J, Bencardino J. Engaging Hill-Sachs
lesion: is there an association between this lesion and findings on MRI?
AJR Am J Roentgenol 2013;201:W633-8. https://doi.org/10.2214/AJR.12.
10206.

7. Hatta T, Yamamoto N, Shinagawa K, Kawakami J, Itoi E. Surgical decision
making based on the on-track/off-track concept for anterior shoulder insta-
bility: a case-control study. JSES Open Access 2019;3:25-8. https://doi.org/
10.1016/j.jses.2018.10.001.

8. Itoi E. ‘‘On-track’’ and ‘‘off-track’’ shoulder lesions. EFORT Open Rev 2017;2:
343-51. https://doi.org/10.1302/2058-5241.2.170007.

9. Itoi E, Lee SB, Berglund LJ, Berge LL, An KN. The effect of a glenoid defect on
anteroinferior stability of the shoulder after bankart repair: a cadaveric study.
J Bone Joint Surg Am 2000;82:35-46.

10. Kawakami J, Yamamoto N, Etoh T, Hatta T, Mineta M, Itoi E, et al. In vivo
glenoid track width can be better predicted with the use of shoulder horizontal
extension angle. Am J Sports Med 2019;47:922-7. https://doi.org/10.1177/
0363546519825629.

11. Kurokawa D, Yamamoto N, Nagamoto H, Omori Y, Tanaka M, Sano H, et al.
The prevalence of a large Hill-Sachs lesion that needs to be treated.
J Shoulder Elbow Surg 2013;22:1285-9. https://doi.org/10.1016/j.jse.2012.
12.033.

12. Lazarus MD, Sidles JA, Harryman DT, Matsen FA. Effect of a chondral-labral
defect on glenoid concavity and glenohumeral stability: a cadaveric model.
J Bone Joint Surg Am 1996;78:94-102.

13. Li RT, Kane G, Drummond M, Golan E, Wilson K, Lesniak BP, et al. On-track
lesions with a small distance to dislocation are associated with failure after
arthroscopic anterior shoulder stabilization. J Bone Joint Surg Am 2021;103:
961-7. https://doi.org/10.2106/JBJS.20.00917.

14. Lo IK, Parten PM, Burkhart SS. The inverted pear glenoid: an indicator of sig-
nificant glenoid bone loss. Arthroscopy 2004;20:169-74. https://doi.org/
10.1016/j.arthro.2003.11.036.

15. Locher J, Wilken F, Beitzel K, Buchmann S, Longo UG, Denaro V, et al. Hill-sachs
off-track lesions as risk factor for recurrence of instability after arthroscopic
bankart repair. Arthroscopy 2016;32:1993-9. https://doi.org/10.1016/
j.arthro.2016.03.005.

16. Omori Y, Yamamoto N, Koishi H, Futai K, Goto A, Sugamoto K, et al. Mea-
surement of the glenoid track in vivo as investigated by 3-dimensional motion
analysis using open MRI. Am J Sports Med 2014;42:1290-5. https://doi.org/
10.1177/0363546514527406.

17. Shaha JS, Cook JB, Song DJ, Rowles DJ, Bottoni CR, Shaha SH, et al. Redefining
"critical" bone loss in shoulder instability: functional outcomes worsen with
"subcritical" bone loss. Am J Sports Med 2015;43:1719-25. https://doi.org/
10.1177/0363546515578250.

18. Spatschil A, Landsiedl F, Anderl W, Imhoff A, Seiler H, Vassilev I, et al. Post-
traumatic anterior-inferior instability of the shoulder: arthroscopic findings
and clinical correlations. Arch Orthop Trauma Surg 2005;126:217-22. https://
doi.org/10.1007/s00402-005-0006-4.

19. Yamamoto N, Itoi E, Abe H, Minagawa H, Seki N, Shimada Y, et al. 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;16:649-56. https://doi.org/10.1016/j.jse.2006.12.012.

20. Yamamoto N, Kawakami J, Hatta T, Itoi E. Effect of subcritical glenoid bone loss
on activities of daily living in patients with anterior shoulder instability. Orthop
Traumatol Surg Res 2019;105:1467-70. https://doi.org/10.1016/j.otsr.2019.
08.015.

https://doi.org/10.2106/JBJS.E.00817
https://doi.org/10.2106/JBJS.E.00817
http://refhub.elsevier.com/S2666-6383(23)00287-6/sref2
http://refhub.elsevier.com/S2666-6383(23)00287-6/sref2
http://refhub.elsevier.com/S2666-6383(23)00287-6/sref2
http://refhub.elsevier.com/S2666-6383(23)00287-6/sref2
https://doi.org/10.1016/j.arthro.2013.10.004
https://doi.org/10.1016/j.arthro.2013.10.004
https://doi.org/10.1007/s00167-020-06176-1
http://refhub.elsevier.com/S2666-6383(23)00287-6/sref5
http://refhub.elsevier.com/S2666-6383(23)00287-6/sref5
http://refhub.elsevier.com/S2666-6383(23)00287-6/sref5
http://refhub.elsevier.com/S2666-6383(23)00287-6/sref5
https://doi.org/10.2214/AJR.12.10206
https://doi.org/10.2214/AJR.12.10206
https://doi.org/10.1016/j.jses.2018.10.001
https://doi.org/10.1016/j.jses.2018.10.001
https://doi.org/10.1302/2058-5241.2.170007
http://refhub.elsevier.com/S2666-6383(23)00287-6/sref9
http://refhub.elsevier.com/S2666-6383(23)00287-6/sref9
http://refhub.elsevier.com/S2666-6383(23)00287-6/sref9
https://doi.org/10.1177/0363546519825629
https://doi.org/10.1177/0363546519825629
https://doi.org/10.1016/j.jse.2012.12.033
https://doi.org/10.1016/j.jse.2012.12.033
http://refhub.elsevier.com/S2666-6383(23)00287-6/sref12
http://refhub.elsevier.com/S2666-6383(23)00287-6/sref12
http://refhub.elsevier.com/S2666-6383(23)00287-6/sref12
https://doi.org/10.2106/JBJS.20.00917
https://doi.org/10.1016/j.arthro.2003.11.036
https://doi.org/10.1016/j.arthro.2003.11.036
https://doi.org/10.1016/j.arthro.2016.03.005
https://doi.org/10.1016/j.arthro.2016.03.005
https://doi.org/10.1177/0363546514527406
https://doi.org/10.1177/0363546514527406
https://doi.org/10.1177/0363546515578250
https://doi.org/10.1177/0363546515578250
https://doi.org/10.1007/s00402-005-0006-4
https://doi.org/10.1007/s00402-005-0006-4
https://doi.org/10.1016/j.jse.2006.12.012
https://doi.org/10.1016/j.otsr.2019.08.015
https://doi.org/10.1016/j.otsr.2019.08.015


N. Yamamoto, T. Aizawa and E. Itoi JSES International 8 (2024) 608e613
21. Yamamoto N, Shinagawa K, Hatta T, Itoi E. Peripheral-track and central-
track Hill-Sachs lesions: a new concept of assessing an on-track lesion.
Am J Sports Med 2020;48:33-8. https://doi.org/10.1177/0363546519
886319.

22. Yang TC, Chen KH, Chiang ER, Chang MC, Ma HL. Using the "Hill-Sachs interval
to glenoid track width ratio" for prediction of recurrent instability after
613
arthroscopic Bankart repair. Orthop Traumatol Surg Res 2018;104:797-801.
https://doi.org/10.1016/j.otsr.2018.02.013.

23. Yiannakopoulos CK, Mataragas E, Antonogiannakis E. A comparison of the
spectrum of intra-articular lesions in acute and chronic anterior shoulder
instability. Arthroscopy 2007;23:985-90. https://doi.org/10.1016/j.arthro.
2007.05.009.

https://doi.org/10.1177/0363546519886319
https://doi.org/10.1177/0363546519886319
https://doi.org/10.1016/j.otsr.2018.02.013
https://doi.org/10.1016/j.arthro.2007.05.009
https://doi.org/10.1016/j.arthro.2007.05.009

	Glenoid track and subcritical Hill-Sachs lesion
	Glenoid track measurement
	Influence of joint laxity and range of motion on glenoid track
	“Peripheral-track” lesion
	Similar concept and evaluation methods
	“Distance to dislocation”
	“Near-track” lesion
	“Hill-Sachs interval/glenoid track ratio”
	Treatment for “peripheral-track” lesion
	Conclusion
	Disclaimers:
	References


