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Is CT scan a predictor of instability in recurrent dislocation shoulder?
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Purpose: Glenoid bone defect and the defect on the posterior-superior surface of the humerus “Hill-
Sachs lesion” are the commonly seen bony lesions in patients with recurrent dislocation shoulder.
Computed tomography (CT) scan is considered as the best option in assessing the bony defects in the
recurrent dislocation shoulder. The aim of this study was to assess the clinical and radiological co-
relation in the patients with recurrent dislocation shoulder.
Methods: Forty-four patients of recurrent dislocation shoulder who were evaluated between January
2015 and December 2017 at a tertiary care center, clinically and radiologically using CT scan and meeting
the inclusion criteria, were included. The correlation between the clinical history of the number of
dislocations and the bone loss using CT scan was evaluated. Two sided statistical tests were performed at
a significance level of a ¼ 0.05. The analysis was conducted using IBM SPSS STATISTICS (version 22.0).
Results: All the patients were male with mean age of 25.95 (SD ± 4.2) years were evaluated. Twenty-four
patients sustained injury in sporting activities while 20 patients sustained injury in training. There were
an average of 4.68 (SD ± 3.1, range 2e15, median 3) episodes of dislocation. Forty-one patients had the
glenoid bone loss while 40 had the Hill-Sachs lesions. The mean glenoid width defect was 10.80% (range
0e27%) while the mean Hill-Sachs defect was 14.27 mm (range 0e26.6 mm). The mean area of bone loss
of the glenoid surface was 10.81% (range 0e22.4%). The lesions were on track in 34 patients and off track
in 10 patients.
Conclusions: CT scan of the shoulder joint is an effective method for assessing the amount of bone loss.
The number of dislocations are correlated significantly with off-track lesions and the amount of bone loss
on the glenoid and Hill-Sachs lesion. The glenoid width bone loss of more than 9.80% or Hill-Sachs defect
of more than 14.80 mm are the critical defects after which the frequency of dislocations increases.
© 2019 Chinese Medical Association. Production and hosting by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Recurrent dislocation of the shoulder joint (RDS) is a common
injury in athletes and military personals who are involve in the
rigorous activities.1 Bony defects of the glenoid and the defect on the
posterior-superior surface of the humerus “Hill-Sachs lesion” are the
common bony lesions in these patients.2 The amount of bone loss is
considered as a significant risk factor for the recurrence of the
instability of shoulder joint.3 Recently, Yamamoto et al.4,5 have given
the concept of glenoid track, and bony defect on the humeral and
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glenoid side in combination are considered as the bipolar bone
lesion and the prognosis of shoulder instability is considered as
inversely proportional to the amount of bipolar bone loss.

Various modalities have been used to assess the amount of bone
loss like plain radiograph (X-ray), computerized tomography (CT)
scan, and magnetic resonance imaging (MRI).6 X-ray is easily
available, cheap but less accurate in assessing the amount of bone
loss.7 CT scan is considered a better option than X-ray but it is
associated with higher radiation exposure. MRI is another good
option for assessing bony as well as soft tissue lesions. However, CT
scan is considered as the best option for assessing the bony defects
in the recurrent shoulder dislocation.6

The aim of this study was to assess the amount of bone loss
using CT scan in patients with RDS and its correlation with clinical
findings.
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Methods

Study design

The current study was an observational study of the high de-
mand personals with a history of RDS who were evaluated at ter-
tiary care center during the period between January 2015 and
December 2017. In all the patients planned for surgical interven-
tion, MRI and CT scan of the shoulder were performed. The lesions
of glenoid labrum, rotator cuff, biceps and superior labrum anterior
and posterior (SLAP) were evaluated using MRI. While the CT scan
of the shoulder was used to evaluate the glenoid and Hill-Sachs
bone loss.

The inclusion criteria for this study: symptomatic cases of
traumatic RDS; patients willing to participate. The exclusion
criteria: bilateral RDS; patients who were operated earlier for any
shoulder pathology; osteoarthritis of the shoulder joint; associated
rotator cuff tear; posterior RDS; multi-directional or atraumatic
RDS; patients with generalized ligamentous laxity.

Methodology

CT scans of both the shoulders of patients with symptomatic
RDS were analyzed in this study. The clinical history of the patients
was correlated with CT scan of the shoulder joint. The clinical
evaluation included the age of the patient, side of involvement,
mode of injury at the time of the first episode, number of episodes,
the time between the first episode and CT scan.

The CT scans of shoulder joint were performed bilaterally pre-
operatively in the supine position with the field of view covering
both the shoulder joints. Axial and oblique coronal image (plane
showing the maximum surface area of glenoid) reconstruction in
1 mm thin slices were obtained using 16 slice multi detector CT
machine (Philips Brilliance 16 slice CT scanner, Netherland).

The area of bone loss of the glenoid surface was measured in
oblique coronal images using the best-fit circle to inferior glenoid
margin. It was comparedwith opposite normal glenoid surface area
(Fig. 1A, B).8

The width loss measurements of glenoid were performed using
the Griffith index in which both the shoulders were compared and
percentage bone loss was calculated. (Fig. 2 A, B).9e11

One mm thin reconstructions of the humeral head in coronal
plane were obtained from high-resolution axial images. The Hill-
Sachs defect was measured corresponding to the largest size of
the humeral defect in the coronal plane (Fig. 3).12

The bone loss of shoulder joint was labelled as on-track or off-
track lesion on the basis of the amount of bipolar lesions.5 If the
Fig. 1. Method of glenoid surface area measurement by ‘best fit circle surfa
Hill-Sachs lesion remains on the glenoid surface (glenoid track) or
the size of the Hill-Sachs lesion was smaller than the width of the
glenoid, it was a non-engaging lesion and less likely to cause
dislocation. Hence called as the on-track lesion.13While if the lesion
of Hill-Sachs goes out of (medial to) glenoid surface (glenoid track)
or if the size of the Hill-Sachs lesionwas more than the width of the
glenoid. These lesions were engaging or off-track lesions.13

The correlation between the clinical history of the number of
dislocations and the bone loss was evaluated in the present study.

Statistical analysis

Discrete categorical data were presented as n (%). Proportions
were compared using Chi-square or Fisher's exact test whichever
was applicable. The continuous data were given as mean ± SD,
range or median and interquartile range, as appropriate. Normality
of quantitative data was checked by measures of Kolmogorov
Smirnov tests of normality. Normally distributed Student’s t-test
was applied to compare 2 groups (track off/on). All statistical tests
were two-sided and performed at a significance level of a ¼ 0.05.
The analysis was conducted using IBM SPSS STATISTICS (version
22.0).

The sample size was estimated based on assumption that the
prevalence of recurrent dislocation shoulder is 1.7% in general
population.16 To estimate this proportion with a 95% confidence
interval (CI) of proportion & margin of error as 5% the sample size
required was 30 subjects using the formula

n0 ¼ ðzÞ**2*ðpÞðqÞ=ðdÞ**2

Where: n0 is the sample size; z is the value for the selected alpha
level, i.e. 1.96 for (0.05) at 95% confidence level. p is the estimated
proportion of an attribute that is present in the population; q is 1-p;
d is the acceptable margin of error for proportion being estimated.

Results

The study included 44 male patients who were evaluated clin-
ically and radiologically at our center.

The average age of the patient at the time of first episode of
dislocationwas 25.95 years (SD ± 4.2 years). Themean height of the
patients was 172.81 cm (range 164e184 cm). Twenty-four patients
sustained the injury during sports (handball, volleyball, kabaddi,
basketball, etc.). While 20 patients sustained the injury during
training (fall from height/vertical rope climbing/running). The pa-
tients had on an average of 4.68 (SD ± 3.1, range 2e15, median 3)
episodes of dislocation at the time of presentation to our center.
ce area’: (A) Abnormal side (3.824 cm2), (B) Normal side (4.904 cm2).



Fig. 2. (A) (B) Glenoid width loss measurement using Griffith index - width measurements are made perpendicular to a line through the vertical axis of the glenoid and compared to
the uninjured glenoid (injured width/normal width � 100) to determine percent width loss. (i.e. 2.63/2.88 � 100 ¼ 91.32%, about 8.7% loss as compared to normal side).

Fig. 3. Method of Hill-Sachs defect measurement.
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Right shoulder was involved in 28 and left shoulder was involved in
16 patients.

The CT scan of the shoulder joint was performed at a mean
duration of 35.36 months (SD ± 29.6, range 1e150 months) from
the date of the first episode to our center. Forty-one patients had
glenoid bone loss while 40 had Hill-Sachs lesions.

Bone loss of glenoid width, Hill-Sachs defect and bone loss area of
the glenoid

The mean glenoid width defect was 10.80% (range 0e27%). The
glenoid width defect was <5% in 9, 5e10% in 13, >10%e20% in 18
and > 20% in 4 patients. The mean Hill-Sachs defect was 14.27 mm
(range 0e26.6 mm). The Hill-Sachs defect was 0e10 mm in 10,
10e15 mm in 25 and > 15 mm in 9 patients. The mean area of bone
loss of the glenoid surface was 10.81% (range 0e22.4%). The area of
bone loss of the glenoid surface was 0e10% in 22, 10e15% in 11
and > 15% in 11 patients.

On-track vs off-track lesions

On the basis of glenoid and Hill-Sachs bone loss. The lesions
were on-track in 34 patients and off-track in 10 patients.
Correlation of number of dislocations and bone loss

The bone loss on glenoid and humerus side was compared with
the number of dislocations. There was a significant correlation
between the number of dislocations and bone loss of glenoid width
(in percentage) using Spearman's rho test (p ¼ 0.017). Also, there
was a significant correlation between the number of dislocations
and bone loss of Hill-Sachs defect (in mm) using Spearman's rho
test (p ¼ 0.035). However, the correlation between bone loss areas
of the glenoid (mm2) with the number of dislocations was found to
be not significant (p ¼ 0.789).

As the correlation between the number of dislocations and bone
defect on the humeral and glenoid side was found to be significant.
The number of dislocations [<3 and � 3 (median dislocation were
3)] were compared with the bone loss of glenoid width and the
Hill-Sachs defect using receiver operating characteristic (ROC)
curve and T-test (Figs. 4 and 5). It was found that when the per-
centage of bone loss was >9.60%, the higher number of dislocations
were seen (p ¼ 0.049, sensitivity 0.650 and specificity 0.417).
Similarly, > 14.80 mm bone loss of Hill-Sachs defect is associated
with higher number of dislocations (p ¼ 0.043, sensitivity 0.650
and specificity 0.458).
Correlation of number of dislocations and off/on-track lesion

The mean number of dislocations associated with off-track
lesion were 6.60 while the mean number of dislocations associated
with on-track lesion were 4.15. It was found that off-track lesions
were associated with a significantly higher number of episodes of
dislocations using Matt-Whitney test (p ¼ 0.028).
Discussion

The amount of bone loss is considered as one of the key factors
in predicting RDS.14 Also, various studies have reported higher
reoccurrence rate associated with increased bone loss.1,14,15,17 In the
present study, the glenoid defect was present in 41 out of 44 pa-
tients (92.95%). While the Hill-Sachs defect was seen in 40 out of 44
patients (88.64%). Further, the defects on both sides were found to
be more common than reported by various other studies.1,17e19 One
of the main reasons could be the inclusion of high demand pro-
fessionals who are involved in various high velocity and rigorous
activities.



Fig. 4. ROC curve showing true positive and negative rate of dislocation when co-
related with glenoid width defect.

Fig. 5. ROC curve showing true positive and negative rate of dislocation when co-
related with Hill- Sachs defect.
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We have studied the correlation between the number of dislo-
cations and amount of bone loss using CT scan. Our group of pa-
tients was matched in terms of age, side involved, the height of the
patients and mode of patients with the number of dislocations.

The correlation between the number of dislocation and the
glenoid width defect was found to be significant (p ¼ 0.017). This
result of the present study is similar to various other studies.15,18,20

The correlation between the number of dislocation and Hill-Sachs
defect was also found to be significant (p ¼ 0.030). While the
other study has found that Hill-Sachs defect has significant corre-
lations with initial trauma and relocation.21 Furthermore, the cor-
relation was found to be not significant when the number of
dislocation were compared with the surface area loss of the gle-
noid. The surface area loss of glenoid is the total area of missing
bone as compared to the normal side in patients with RDS. We
believe that themaximumwidth defect which is generally anterior-
inferior is significant risk factor as compared to the total surface
area bone loss.

The height of the patient has been considered as one of the main
variables to determine the size of glenoid and humerus which has
been matched along with other variables in our study.21,22 After
equating the various variable it was found that higher number of
dislocations (median > 3) were seen when percentage glenoid
width bone loss is more than 9.80% or when the Hill-Sachs defect
was more than 14.80 mm. These 2 parameters can also help us in
deciding the management and type of surgery to be performed in
case of RDS.

Yamamoto et al.4 gave the concept of the glenoid track which
considered Hill-Sachs and glenoid defect in combination while
evaluating patients with RDS. According to the glenoid track
concept, the bone loss of the glenoid in RDS results in a smaller
track of glenoid which is more likely to engage or dislocate in the
presence of the humeral defect. The glenoid track concept also
helps in determining the type of surgery required to tackle patient
with RDS.19 Similar to this concept, the off-track lesions in our study
were associated with more number of mean dislocations (6.600) as
compared to the on-track lesions (4.150). (p ¼ 0.028). These finding
of our study are similar to the other studies.19

The present study has limitations, it is a retrospective study
which subjects it to biases. Further, we have not studied the loca-
tion of the glenoid bone loss and Hill-Sachs Lesions which can also
be the factors for determining the reason for reoccurrence.4

Another drawback of the study is that we have not evaluated the
correlation of various soft tissue injuries seen in the study with
RDS. The effect of the various soft tissue injuries to the RDS cannot
be ignored. However, the main aim of the study was to evaluate the
various type of bone loss seen in RDS.

CT scan of the shoulder joint is an effective method for assessing
the amount of bone loss on the glenoid side or the head of the
humerus. The number of dislocations are correlated significantly
with off track lesions, the amount of glenoid width bone loss and
Hill-Sachs lesion. Furthermore, glenoid width bone loss of more
than 9.80% or Hill-Sachs defect of more than 14.80 mm are the
critical defects after which the frequency of dislocations increases.
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