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Purpose : This study was performed to evaluate the presence and severity of Hill-Sachs (HS) lesions on MR arthrography
(MRA) of shoulder in patients with Bankart lesions following anterior dislocation and to investigate their relationship with
Bankart lesions and frequency of dislocations.

Materials and Methods: 86 MRA of shoulder were evaluated in patients with arthroscopic Bankart repairs following
anterior dislocations. The largest surface length of HS lesion on MRA and extent of Bankart lesions on arthroscopy were
measured. Relationships between length of HS lesions and extent of Bankart lesions and frequency of dislocations were
assessed.

Results: HS lesions were identified on MRA in 78 patients. The largest surface length of HS lesion ranged from 9.3 mm to
29.6 mm (mean, 18.8 mm). The extent of Bankart lesion ranged from one to six o’clock extent (mean, 4.25 o’clock
extent). Three patients had single dislocation and the other 75 patients had recurrent dislocations (mean 24.5 times). The
largest surface length of HS lesions was positively correlated with extent of Bankart lesions (p = 0.001, r = 0.37), but not
with frequency of dislocation.

Conclusion: HS lesion was very common in patients with Bankart lesion. The severity of HS lesions was correlated with
extent of Bankart lesions.

Index words : Shoulder - MR arthrography - Trauma - Hill-Sachs lesion - Bankart lesion

range of motion at various positions, but also gives a

particularly high chance of instability, thus making the
glenohumeral joint the most common site of disloca-

The shoulder is the most mobile joint in the body. tion in the human body. The majority of shoulder
This flexibility allows the shoulder to have a wide  dislocation occurs anteriorly. During dislocation, the
humeral head is displaced anteroinferiorly and the
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detached with a tear of the inferior glenohumeral
ligament, is called a classic Bankart lesion.
Occasionally erosion or a defect of the anterior aspect
of the glenoid bone can be present (1-4).

Hill-Sachs and Bankart lesions are commonly found
when evaluating the shoulder instability (5-7). Both
are produced during the anterior dislocation of the
shoulder, and their relation has been reported to have
a positive trend (8). However, all of the etiologies of
both lesions have not been clearly established and
neither is likely to be the exact counterpart of the
other (9). Regarding the relationship of Hill-Sachs
lesion with the frequency of the shoulder dislocation,
although there have been quite a few clinical investi-
gations, controversies still remain as some studies have
proposed their contribution to the shoulder dislocation
based on the higher incidence of Hill-Sachs lesions in
patients with recurrent dislocations (5, 10-12), while
other studies reported that there was no relationship
between these lesions and the frequency of dislocation
3,7,8).

The purposes of this study were to evaluate the
prevalence and the severity of Hill-Sachs lesion seen
on MR arthrography in patients with Bankart lesion
following anterior shoulder dislocations, and to
investigate the relationship of Hill-Sachs lesions with
Bankart lesions as well as with the frequency of
shoulder dislocations.

MATERIALS AND METHODS

We retrospectively analyzed eighty-six MR arthro-
grams of the shoulder in patients who received arthro-
scopic Bankart repair after antecedent anterior
shoulder dislocation from 2007 to 2009. All of these
patients underwent direct MR arthrography of the
shoulder in order to assess instability following
shoulder dislocations and then received arthroscopic
Bankart repair after MR imaging was performed. The
patients who had bony Bankart lesion were excluded.
Seventy-three males and thirteen females ranging age
from 13 to 73 years (mean age, 26.4 years) were
enrolled.

Our institutional ethics committee approved this
retrospective study. Informed consent was obtained
from all patients after the nature of the procedure had
been fully explained to them prior arthrography.
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Under fluoroscopic guidance, each patient was
prepared in supine position for injection. After
administration of lidocaine into the skin overlying the
glenohumeral joint, a 22-gauge spinal needle was
advanced into the joint space. Intra-articular position-
ing of the needle was confirmed with a test injection
of less than 1 ml of iodinated contrast material
(iohexol, Omnipaque; GE Healthcare, Carrington hill,
Ireland). Approximately 15 - 20 ml of diluted
gadopentate dimeglumine (Magnevist; Schering,
Berlin, Germany) was then injected in a concentration
of 1 mmol/l. To obtain this concentration, 1 ml of
gadopentate dimeglumine was added to 250 ml of
normal saline solution.

MR images were obtained with 1.5 T imagers (Signa;
GE Medical Systems, Milwaukee, WI, USA, or Intera-
NT; Philips Medical Systems, Best, The Netherlands)
using a dedicated shoulder coil. Each patient was
positioned with their arms at the sides of their body in
a neutral position. Spin-echo T1-weighted (repetition
time in ms/echo time in ms = 650/16, 760/60) MR
images with fat saturation were acquired in axial,
oblique coronal, and oblique sagittal planes, and fast
spin-echo T2-weighted images (repetition time in
ms/echo time in ms = 3300/96, 3500/90) were
acquired in axial and oblique coronal planes. The
imaging parameters were common to both scanners;
256 x 192 matrix, 2 NEX, slice thickness of 4-mm
with 1-mm interslice gap, and 14 x 14-cm field
of view. Only fat-saturated T1-weighted series were
evaluated in our study.

Initially, two experienced musculoskeletal radiolo-
gists who were unaware of the patients’ clinical
details, reviewed fifteen MR arthrograms of the
shoulder which were not included in this study, as this
session was to establish a baseline consensus in the
findings and severity of Hill-Sachs lesion on MR
images. One radiologist then reviewed MR arthro-
grams included in this study.

Hill-Sachs lesion was considered to be present on
MR images when an abnormal contour, i.e. notched
defect or flattening, of the posterolateral aspect of the
superior portion of the humeral head was observed in
the axial plane and on either the oblique coronal or
the oblique sagittal planes (Fig. 1). When Hill-Sachs
lesion was present, its extent was further evaluated on
axial images. A circular frame of reference regarding
the humeral head was established on contiguous axial
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images showing Hill-Sachs lesion. The surface length
of Hill-Sachs lesion was measured on axial images and
the largest such surface length among these measure-
ments was recorded (Fig. 2) (11).

Surgical reports of arthroscopy were reviewed in
order to determine the extent of Bankart lesion.
Bankart lesion was defined as detachment of the
labrum and joint capsule from the anterior glenoid rim
as seen at arthroscopy. The lesion extent was
described on the basis of conventional clock-face
description of the location of the glenoid labrum (Fig.
3). The median interval between MR imaging and
surgery was 40 days (range, one to 108 days). The

patients’ medical records were reviewed in order to
determine the number of frequency of shoulder
dislocations.

The relationship between the severity of Hill-Sachs
lesion seen on MR arthrography and the extent of
Bankart lesion seen at arthroscopy, was evaluated
using Spearman’s rank test. Spearman’s correlation
was also used to test the relationship between the
severity of Hill-Sachs lesion and the frequency of
shoulder dislocations.

Spearman’s correlation coefficient (r) of 1.0 indicates
a perfectly positive linear correlation, and a P value
less than 0.05 was considered to indicate a significant

Fig. 1. Hill-Sachs lesion on MR arthrogram in a patient with antecedent anterior shoulder dislocation.
A fat-saturated T1-weighted axial MR image at the level of the coracoid process shows a notched defect (arrow) (a) and flattening
(arrow) (b) on posterolateral aspect of humeral head indicating Hill-Sachs lesion.

a
Fig. 2. Measurement of the largest surface length of Hill-Sachs lesion on MR arthrogram.

On three contiguous fat-saturated T1-weighted axial MR images, the surface lengths of bony defect on posterolateral aspect of
humeral head (dotted lines) are measured (a-c). Among them, the largest surface length of Hill-Sachs lesion (b) is recorded as the
extent of Hill-Sachs lesion.
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difference. The statistical Package for Social Sciences
program (version 17.0, SPSS, Chicago, IL, USA) for
Windows was used for the statistical data analyses.

RESULTS

Hill-Sachs lesions were identified in 78 patients of
86 (90.7%) patients on MR arthrograms of the
shoulder, who were received arthroscopic Bankart
repair following anterior shoulder dislocation. They
were 67 males and 11 females, and the average age
was 26.8 years (range, 15 to 73 years). The remaining
eight (9.3 %) patients had no evidence of a contour
deformity of the humeral head indicating the presence
of Hill-Sachs lesion on MR arthrography of the
affected shoulder. Regarding the severity of Hill-Sachs
lesion, the largest surface length of Hill-Sachs lesion
measured on contiguous axial MR images ranged from
9.3 mm to 29.6 mm, and the mean + SD was 18.8 +
4.4 mm.

The extent of Bankart lesion according to the arthro-
scopic reports in 78 patients showing Hill-Sachs

Fig. 3. Description of conventional clock-face in glenoid.

A fat-saturated T1-weighted oblique coronal image shows a
detachment of anteroinferior aspect of glenoid labrum (dotted
line with arrow tips), indicating Bankart lesion. Bankart lesion is
located at 2 to 6 o'clock direction on the basis of conventional
clock-face description of the location of the glenoid labrum, the
extent of Bankart lesion is 4 o’clock extent. Arrows indicates 12,
3, 6, 9 o'clock direction starting from the superior point with
counterclockwise direction.
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lesions on MR arthrograms, ranged from one to six
o’clock extent according to the conventional, clock-
face description, and its mean + SD was 4.25 + 0.9
o’clock extent.

Only three patients had a history of a single,
anterior shoulder dislocation. The other 75 patients
had recurrent anterior shoulder dislocations with a
frequency range of two to 100 times. The mean
frequency of anterior shoulder dislocations was 24.5
times and the SD was + 26 times.

The relationship between the largest surface length
of Hill-Sachs lesions on MR arthrography and the
extent of Bankart lesion at arthroscopy was statisti-
cally significant and showed a positive correlation (p =
0.001, r = 0.37) (Fig. 4).

The largest surface length of Hill-Sachs lesions was
not statistically correlated with the frequency of
shoulder dislocations (p = 0.4).

DISCUSSION

The stability of the glenohumeral joints is critical for
establishing the essential function of the shoulders as a
fulcrum for placing the upper extremities at various
positions in three-dimensional space. This is provided
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Fig. 4. Scatterplot graph about relationship between the largest
surface length of Hill-Sachs lesions and the extent of Bankart
lesions.

Graph shows a positive correlation between the largest surface
length of Hill-Sachs lesions on MR arthrograms (x-axis) and the
extent of Bankart lesions at arthroscopy (y-axis). The Spearman’s
correlation coefficient is 0.37, p = 0.001.
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by various bony and soft tissue structures which are
divided into static and dynamic components. Static
stabilizers include the bony components, cartilaginous
labrum, glenohumeral ligament, particularly the
inferior one, and the joint capsule. Rotator cuff
muscles and the long head of the biceps tendon are
considered as dynamic stabilizers with its compression
concavity mechanism (4, 13).

The bony component comprising the humeral head
and the glenoid is not only the basis of stability of
glenohumeral joint but is also a major contributor to
the inherent instability of this joint because of the
discrepancy in size between the large humeral head
and the small glenoid cavity (4, 13, 14). As such,
injury to this foundation may cause more severe
shoulder instability promoting a vicious circle (14, 15).

Hill-Sachs lesion is thought to result from impaction
of a dislocated humerus against the glenoid and is seen
as a notched defect or flattening of the contour of the
posterolateral aspect of the humeral head (2, 5). This
deformity has been evaluated using various diagnostic
methods, including plain radiography of anteroposte-
rior projection and specialized views such as internal
rotation or the Stryker Notch view, as well as
ultrasonography, computed tomography (CT), MR
imaging, and CT or MR arthrography. MR imaging is
the first imaging modality in assessing shoulder joint
abnormalities with instability. MR arthrography,
particularly, can be very helpful to detect subtle lesion
(4,7,16,17). It is considered to be the method of a
choice for assessment of the labrum and glenohumeral
ligaments (13, 17), although CT is excellent for detect-
ing bony lesions and a recent study showed that CT
arthrography may be a good alternative to MRI
especially for evaluating labral lesions (18).

The incidence of Hill-Sachs lesion in patients with
anterior shoulder dislocation has been reported to
range from 31% to 93% (10, 11, 19-21). Such a wide
range could considerably be attributed to the different
imaging modalities used and the development of
imaging equipments over time. The recent studies
using CT and MR arthrography revealed that the
prevalence of Hill-Sachs lesion in patients with
anterior dislocation was 86 % and 71 %, respectively
(7, 9). On MR arthrography in our series, Hill-Sachs
lesion was identified in 90.7% of the patients follow-
ing anterior dislocation, who had Bankart lesions
confirmed on arthroscopy. This supports that Hill-
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Sachs lesion is closely correlated with Bankart lesion
following anterior shoulder dislocation as reported
previously (8).

A large Hill-Sachs lesion may lead to recurrent
shoulder dislocation as it acts as a lever that promotes
translation of the humeral head in external rotated
arm (5, 11). To define a critical level for surgical
treatment, there have been many attempts to classify
the severity of Hill-Sachs lesions. Rockwood et al.
classified Hill-Sachs lesions into three degrees,
comprising mild defect of less than 20% deformity,
moderate degree of between 20% to 45 %, and severe
defect of greater than 45%, according to the percent-
age of humeral head involved (22). Spatschil et al.
divided the size of Hill-Sachs lesion on arthroscopy;
non, chondral, osteochondral flat, or osteochondral
deep (10). Griffith et al. estimated the overall size of
Hill-Sachs deformity on serial axial CT images and
classified them as absent, minimal, mild, moderate, or
severe degrees (9). Cetik et al. measured the percent-
age and depth of Hill-Sachs lesion on CT arthrography
(11). Cicak et al. calculated the volume of Hill-Sachs
lesion on ultrasound using their width, length, and
depth (23). For determining the severity of Hill-Sachs
lesion seen on MR arthrography, we measured the
largest surface length of a contour deformity of the
humeral head on contiguous MR axial images. This
measurement could be readily applicable and
reproducible in routine clinical practice, although
three-dimensional quantification of a bony defect
would be helpful to more accurately evaluate the
extent of Hill-Sachs lesions. In this study, the largest
surface length of Hill-Sachs lesion seen on MR
arthrography was in range of 9.3 to 29.6 mm, with the
mean being 18.8 mm.

Widjaja et al. suggested that there is a strong correla-
tion between Hill-Sachs lesions and Bankart lesions on
MRI, however, they only evaluated the incidence of
both lesions, and not the severity of these lesions (8).
In addition, their result was also not statistically signif-
icant because of the small number of the study
patients. The study by Griffith et al. revealed that
glenoid bone loss in patients with anterior dislocation
on CT was positively correlated with the severity of
Hill-Sachs deformity, although they did not evaluate
the glenoid labral lesion (9). In order to determine the
relationship of the severity between both lesions in
our study, the measurement of the largest surface
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length of each Hill-Sachs lesion was compared with
the extent of each Bankart lesion confirmed on
arthroscopy. The extent of Hill-Sachs lesion was
positively correlated with the extent of each Bankart
lesion (r = 0.37), thus indicating that Hill-Sachs lesions
tend to be larger in patients having more severe
Bankart lesion.

Several studies have been shown that the incidence
of Hill-Sachs lesion in patients with recurrent shoulder
dislocation was higher than in those with a single
dislocation (5, 10-12). However, the relationship
between the extent of Hill-Sachs lesion and frequency
of shoulder dislocation were assessed in only a few
studies. In the study by Griffith et al., the deformity of
humeral head was more severe in patients with
recurrent dislocations (12). Cetik et al. reported that
the extent of Hill-Sachs lesion was positively
correlated with the frequency of anterior shoulder
dislocation (11). However, our results showed no
significant correlation between the length of Hill-
Sachs lesion and the frequency of the shoulder
dislocations. We suggested that it is not possible to
accurately predict the severity of Hill-Sachs lesion
solely on the basis of the frequency of dislocations.

There are some limitations to our study. First, the
presence and extent of Hill-Sachs lesions we evaluated
on MR arthrography were not precisely correlated
with the surgical findings, although all of our study
patients had undergone the arthroscopic surgery.
However, MR arthrography has been proposed as
more accurate than arthroscopy for evaluating Hill-
Sachs lesions (5, 23). In addition, the largest surface
length of lesions was evaluated, without using its
volume. Second, as the median time lag between MR
arthrography and arthroscopy in surgery was 40 days,
with a wide range from one day to 108 days, this may
have influenced the severity of Bankart lesions. This
study is retrospective in nature and with the frequency
of dislocation also established retrospectively.
Therefore, resulting frequency of dislocations cited by
patients with frequent dislocations may not be entirely
accurate. Also, regarding the relation to the frequency
of shoulder dislocation, the difference of the extent of
Hill-Sachs lesion or of Bankart lesion between single
dislocation and recurrent dislocations could not be
evaluated because of small number of patients.
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CONCLUSION

Hill-Sachs lesions were very common in patients
with Bankart lesion confirmed on arthroscopy, in as
many as 90.6 % of these patients, following anterior
shoulder dislocation. Regarding the severity of Hill-
Sachs lesion when identified on MR arthrography, the
largest surface length of Hill-Sachs lesions was
positively correlated with the extent of Bankart
lesions observed on arthroscopy. This supports the
close relationship between Hill-Sachs and Bankart
lesions regarding both their incidence and severity
and, therefore, suggests that if one of these lesions is
detected, there is a high probability that the other will
also be identified and that the larger Hill-Sachs lesion,
the more severe Bankart lesion will be seen when
evaluating MR images of the shoulder in patients with
a history of anterior shoulder dislocation.
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