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Abstract

Background MRI is the current pre-operative imaging
standard in recurrent anterior shoulder instability; however,
CT has increasingly gained interest due to its advantages in
the detection of bony glenoid defects. This study compares
the value of CT imaging and MRI for pre-operative sur-
gical planning in recurrent anterior shoulder instability.
Methods Between 2006 and 2009, 83 patients presented
to the author’s department with recurrent anterior shoulder
instability. For 48 patients, both, pre-operative MRI and
CT images were available. The respective patho-morpho-
logical descriptions were retrospectively compared with
the intra-operative findings. The effect of each imaging
technique on the pre-operative surgical planning was ana-
lyzed and the accuracy in predicting the necessity of open
versus arthroscopic surgery was compared.

Results In determining the necessity of open versus
arthroscopic surgery CT imaging rendered an inaccurate
prediction in 4.8 % of the cases which is less than the
25.0 % calculated for MRI. (p = 0.019). MRI showed a
low sensitivity (35.3 %) in the detection of significant
glenoid bone defects (=20 % of the glenoid width mea-
sured on en-face views using a best-fit circle technique)
while CT imaging provided an accurate prediction of the
intra-operative finding in all cases.
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Conclusion Despite the advantages of MRI in the detec-
tion of soft tissue damages in recurrent anterior shoulder
instability CT imaging proved to be more important for
pre-operative planning by prevailing in the detection of
glenoid defects. Therefore, the replacement of MRI as
preoperative imaging standard with CT imaging is
recommended.
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Introduction

Anterior shoulder instability is a musculoskeletal pathol-
ogy of traumatic or atraumatic origin which commonly
affects young adults and leads to discomfort and limitation
of participation in high-level activities [26]. While a patient
presenting with first-time anterior shoulder dislocation can
be treated non-operatively or surgically [13], recurrent
anterior shoulder instability is generally addressed surgi-
cally. The current pre-operative standard imaging algo-
rithm for patients presenting with recurrent anterior
shoulder instability at clinical examination is composed by
magnetic resonance imaging (MRI) for detection of labral
damage or other accompanying soft tissue injuries [29] in
addition to a conventional radiographic imaging series at
least including a true anteroposterior and axillary lateral
view of the gleno-humeral joint [8].

Labral damage in its various forms represents the central
pathology in gleno-humeral instability [18] and is found in
nearly all cases of recurrent anterior shoulder instability
[39]. Despite the common pre-operative evaluation with
MRI (native or MR-arthrography), labral integrity is still
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best assessed intra-operatively. In case labral damage is
detected, open or arthroscopic Bankart repair techniques
can be performed with the latter increasingly gaining favor
[27]. Another major factor for shoulder stability is the bony
integrity of the glenoid. According to Yamamoto et al. [38]
a glenoid defect in the 3 o’clock position with a width of
6 mm or more significantly decreases the anterior stability
of the affected shoulder. Undetected damage to the glenoid
rim has been described as the leading reason for recurrence
of instability after surgical stabilization [6, 37]. While mere
fractures of the glenoid or bony Bankart lesions with
clearly visible fragment are easy to identify, intra-operative
detection of glenoid damage can be difficult when attri-
tional bone loss is present [37] or the fragment is hidden
within the capsulo-labral soft tissue complex [35]. There-
fore, it is of major importance to detect and quantify bony
glenoid defects pre-operatively using cross sectional
imaging techniques [8]. Whenever the defect is significant,
open surgical intervention with bony augmentation instead
of arthroscopic Bankart repair is required [8]. Thus, pre-
operative cross-sectional imaging represents a criterion of
utmost importance for surgical planning. Due to the dis-
advantages of MRI in bone imaging [33], lately, computed
tomography (CT) imaging has increasingly been employed
in pre-operative assessment of recurrent anterior shoulder
instability for the detection and quantification of glenoid
bone damage [1, 10, 12]. In case of attritional bone loss,
several different methods have been described and vali-
dated to estimate the extent of the missing anterior glenoid
rim using CT imaging [11, 20, 24, 35].

CT scans in the pre-operative imaging routine for
patients with recurrent anterior shoulder instability facili-
tate the detection of bony glenoid damage and help to
decide whether open bone augmentation surgery instead of
an arthroscopic Bankart repair is needed. The immediate
benefit of pre-operative MRI to determine labral damage
appears limited since it is present in nearly all cases of
recurrent anterior shoulder instability [39], is best detect-
able intra-operatively, and addressable during both, open or
arthroscopic surgery. We hypothesized that a pre-operative
CT scan instead of MRI is sufficient for efficient surgical
planning in patients presenting with recurrent anterior
shoulder instability upon clinical examination. To investi-
gate this hypothesis the influence of MRI and CT imaging
on the surgical treatment plan for patients with recurrent
anterior shoulder dislocations is retrospectively analyzed in
this study.

Methods

Over the course of 3.5 years (2006 until 2009) 83 patients
were surgically treated at the author’s institution for
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recurrent anterior shoulder instability. Due to the above-
explained reasons we established CT scanning with three-
dimensional reconstruction of the glenoid (a so called
“en-face”-view) as routine pre-operative imaging in addi-
tion to radiographic evaluation including a true a.p.- and
axillary lateral view of the affected shoulder. Even though
MR imaging is not performed as standard prior to surgery
at the author’s institution anymore, a great percentage of
the patients referred to our tertiary care institution by other
physicians had already MR imaging. The inclusion criteria
for this retrospective study were (1) history of recurrent
anterior shoulder instability, including failed prior arthro-
scopic or open stabilization surgery; and (2) complete pre-
operative MRI and CT-scans with 3D-reconstruction of the
glenoid. Thus, 48 patients were included in this study.

All available MRIs and CT-scans were re-evaluated for
study purposes in a blinded fashion by the same musculo-
skeletal radiologist. Pathological findings were listed and
compared with the intra-operatively described patho-
morphological findings documented on the surgical report.
Analyzed findings included labral damage, significant
bony glenoid defects (>20 % of the glenoid width mea-
sured according to Sugaya et al. [34, 35] on 3D “en face”
CT or parasagittal “en face” MRI images), Hill-Sachs
lesions, humeral avulsions of the gleno-humeral ligament
(HAGL), capsular insufficiency or redundancy, rotator
cuff lesions, and superior labral anterior to posterior
(SLAP) lesions.

All cases in which open surgery was chosen over
arthroscopy were reviewed for the reason triggering this
decision to analyze the possible influence of either imaging
technique on pre-operative surgical planning. To analyze
the accuracy of MRI and CT imaging in predicting whether
an arthroscopic treatment approach would be sufficient or
open surgery would be required, the treatment recom-
mendation drawn from the results of either imaging tech-
nique in awareness of the patient history and clinical
examination was compared with the treatment the patients
ultimately received based on patient history, examination,
CT, MRI, and intra-operative findings. Additionally, the
medical history of all patients was reviewed regarding the
cause of the shoulder instability, time elapsed since the first
dislocation, number of instability episodes, previous sur-
gical treatment, and affection of the contralateral shoulder.

Imaging modalities

All CT scans included multiple planes (axial, parasagittal,
paracoronal and three-dimensional reconstruction) and
were obtained at the author’s institution prior to surgery
using a 64-slice CT scanner (Siemens Somatom Sensation
64, Siemens, Erlangen/Germany). MR images were
obtained by the patients at 23 different radiological
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institutions. All images used for evaluation were generated
with at least 1.5 T devices and included multiple planes
(axial, parasagittal, and paracoronal) and at least two dif-
ferent sequences.

Surgical treatment

All 48 patients included in the present study underwent
surgical stabilization at the author’s institution. All shoul-
der stabilization surgeries were performed in beach chair
position under general anesthesia in combination with an
interscalene nerve block. A standard arthroscopic capsulo-
labral repair is performed to treat labral lesions. A pos-
terior, antero-superior and antero-inferior portal has been
used. Bony Bankart lesions with a significant fragment size
have been addressed by arthroscopic or open screw fixation
to restore the bony anatomy of the anterior glenoid rim.
Bone loss of the anterior glenoid exceeding 20 % of the
glenoid width measured using the technique described by
Sugaya et al. [34, 35]. on the socalled “en-face” view of
the glenoid was deemed significant. Bony deficiency
included complete bone loss at the anterior glenoid rim as
well as those cases with a partially absorbed, medialized
Bankart fragment. Surgical treatment was open bone
grafting either using a J-bone graft [3], or a Latarjet pro-
cedure [40]. Concomitant soft tissue structural damages of
the shoulder encountered during surgery such as capsular
insufficiency or rotator cuff lesions are treated during both,
arthroscopic or open surgery, depending on the operative-
setting chosen. Exceptions are HAGL lesions which at our
institution are only treated using open surgery and SLAP
lesions which are preferably addressed arthroscopically.

Statistics

The statistical analysis was conducted using the Pearson’s
Chi Square Test with the alpha level set to 0.05 and all
p values being two tailed. If a contingency table contained
cells with a value below 5 the Fisher’s Exact Test was
utilized.

Results

Of the 48 patients included in this study 8 were females and
40 were males. The average age at the time of surgery was
30.8 years ranging from 20 to 78 years. In 81.3 % of the
cases the recurrent shoulder instability resulted from a
trauma, 14.6 % had an atraumatic instability, and 4.2 % an
epileptic seizure. The number of experienced instability
episodes ranged from 2 to 24 with an average of 9.1 epi-
sodes. In 23 patients the right shoulder was affected, in 20
patients the left shoulder, and 5 patients showed bilateral

shoulder instability. The mean time elapsed between the
first instability episode and the index procedure was
3 years with a range from 0.3 to 10 years. (Table 1) Seven
patients presented with failed stabilization surgery (5 of
them with arthroscopic Bankart repair, 2 with open Bankart
repairs). As index procedures the following techniques
have been performed: arthroscopic Bankart repairs (24),
J-bone grafting (13), Latarjet procedure (2), HAGL repair
(2), open bony fragment fixation (2), Eden-Hybinette pro-
cedure (1), open Bankart repair (1), capsular shift (2), and
arthroscopic bony fragment fixation (1). The average time
elapsed between imaging and surgery was 78.4 days for
MRI (range 8-330) and 25.8 days for CT (range 1-133).
The most common intra-operative pathomorphological
finding was labral damage (91.7 %), followed by Hill
Sachs lesion (89.6 %), significant bony defect of the
anterior glenoid (35.4 %), and capsular insufficiency
(35.4 %) (Table 1). Pre-operative CT imaging had a sen-
sitivity of 100 % for significant bony defects of the gle-
noid, while MRI only reached 35.3 %. The negative
predictive value (NPV) of pre-operative MRI in the
detection of significant bony glenoid defects was 73.8 %
compared with the 100 % NPV of CT imaging. Both
imaging techniques showed high sensitivity (CT 95.3 %,
MRI 86.0 %) and specificity (CT 80.0 %, MRI 80.0 %) in
the detection of Hill-Sachs lesions. While CT imaging
rendered no information about damage to soft tissue
structures of the shoulder, MRI had a high sensitivity and
specificity for labral damage (90.9 and 75.0 %), rotator
cuff tears (100 and 93.3 %), and a mediocre sensitivity for
SLAP lesions (66.7 %), HAGL lesions (50.0 %), and
capsular insufficiency (58.8 %). The positive predictive

Table 1 Patient data and intra-operative findings

Parameter n (% or range)
No. of patients 48

Mean age at surgery (years) 30.8 (20-78)
Revision surgery 7

Mean no. of instability episodes 9.1 (2-24)
Mean time from first disloc. (years) 3.0 (0.3-10)
Bilateral instability 5
Traumatic/atraumatic/epilepsy 39/772
Labral damage* 44 (91.7)
Significant glenoid defect™* 17 (35.4)
Hill-Sachs lesion 43 (89.6)
Capsular insufficiency 17 (35.4)
HAGL 2(4.2)
SLAP lesion 3(6.3)
Rotator cuff tear 3(6.3)

* Including Bankart, Perthes, ALPSA, GLAD
** Defect >20 % of the glenoid width
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Table 2 Comparison of both

. . . Intra-operative finding
imaging techniques

Sensitivity
MRI vs CT

Specificity
MRI/CT

Positive predictive
value MRI/CT

Negative predictive
value MRI/CT

Labral damage
Significant glenoid defect
Hill-Sachs lesion
Capsular insufficiency
HAGL

SLAP lesion

Rotator cuff tear

90.9 % vs n/a
35.3 vs 100 %
86.0 vs 95.3 %
58.8 % vs n/a
50.0 % vs n/a
66.7 % vs n/a
100 % vs n/a

75.0 % vs n/a
100 vs 100 %
80.0 vs 80.0 %
74.2 % vs n/a
100 % vs n/a
100 % vs n/a
93.3 % vs n/a

97.6 % vs n/a
100 vs 100 %
97.4 vs 97.6 %
55.6 % vs n/a
100 % vs n/a
100 % vs n/a
50 % vs n/a

42.9 % vs n/a
73.8 vs 100 %
40.0 vs 66.7 %
76.7 % vs n/a
97.9 % vs n/a
97.8 % vs n/a
100 % vs n/a

value for rotator cuff tears (50.0 %) was the lowest of all
pathomorphological findings analyzed (Table 2).

The pre-operative planning to perform an open surgery
was determined by findings of significant bony damage to
the glenoid only detected in the CT images in 55.0 % of the
cases, bony damage to the glenoid detected with both
imaging techniques in 25 %, patient history of multiple
failed previous surgeries in 15.0 %, and MRI evidence of
HAGL lesions in 5.0 % (Fig. 1).

In predicting the need of open versus arthroscopic sur-
gery pre-operative CT imaging rendered an inaccurate
prediction in 4.8 % of the cases which is statistically sig-
nificantly lower than the 25.0 % calculated for MRI
(p = 0.019). A surgical plan merely based on the MRI
findings would have resulted in 11 patients (22.9 %) being
at least initially treated arthroscopically despite the pres-
ence of a significant bony defect of the glenoid and the

Glenoid defect
(CT) 55%

HAGL (MRI) 5%

Fig. 1 In this diagram the determining reasons for pre-operative
decision to perform open surgery are depicted. The imaging modality
by which the respective findings were determined is shown in
brackets
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necessity of open bone augmentation surgery. Vice versa,
if only relying on CT findings for pre-operative planning
two patients (4.2 %) would have at least initially been
treated arthroscopically despite the need for open surgical
repair of a HAGL lesion (Fig. 2).

Discussion

The use of MRI for pre-operative evaluation of recurrent
anterior shoulder instability is widely accepted as imaging
standard [29]. However, pre-operative CT imaging has
gained interest due to the increasing awareness of unde-
tected and untreated bony defects of the glenoid as a major
factor for unsuccessful surgical stabilization [6, 37]. The
purpose of this study was to evaluate the benefit and
effectiveness of both imaging techniques in pre-operative
surgical planning of recurrent anterior shoulder instability.

In contrast to CT imaging, MRI represents the gold
standard to detect soft tissue injuries such as labral damage
which represents the main factor in shoulder instability
[39]. Given that labral damage is best assessable intra-
operatively, the use of MRI for its pre-operative prediction
seems to be redundant especially since according to our
and other reported results [39] labral damage is present in

4'|2%

CT alone 95.8% Il
2.] %

22.9% |

2,] %

MRI alone

Combined

0% 20% 40% 60% 80% 100%

M Accurate prediction 0O Bony defect B HAGL

Fig. 2 Accuracy of MRI and CT in pre-operative prediction of the
need of open versus arthroscopic surgery. For both imaging modal-
ities the reasons for in-accurate prediction are displayed (white and
gray bars)
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nearly all patients who have clinically been diagnosed with
recurrent anterior shoulder instability. The value of MRI in
the pre-operative prediction of labral damage further
diminishes when considering the 17 % chance for false-
negative results reported in a recent study involving
3 T-MRI [21] and the low NPV found in the present study
(42.9 %). In general, the capability of MRI in the evalua-
tion of soft tissue injuries such as labral damage, capsular
insufficiency, rotator cuff tears, or SLAP lesions is an
apparent advantage over CT at first sight. However,
according to our data, only the pre-operative detection of a
HAGL lesion using MRI had an effect on the surgical
planning because its repair required open surgery. In 80 %
of the cases only the glenoid rim integrity determined the
necessity of an open surgery since the concomitant soft
tissue damages were addressable using both, arthroscopic
or open surgery. Considering that HAGL lesions were only
found in 4.2 % of the cases (which is still more than the
1.2 % prevalence reported elsewhere [39]) and MRI
showed to have a limited sensitivity (50 %), and in another
report even specificity [22] for the detection of a HAGL
lesion the immediate necessity and value of pre-operative
MRI evaluation of soft tissue injury in the case of recurrent
anterior shoulder instability becomes questionable.

As expected CT imaging proved to have much higher
sensitivity and specificity than MRI in the detection of
bony defects of the humeral head (Hill-Sachs lesions) or
the glenoid. Hill-Sachs lesions can cause recurrent insta-
bility sensation after surgical repair, whenever an engage-
ment of the humeral bony defect and the anterior glenoid
rim occurs in abduction and external rotation [6]. The pre-
operative prediction of this engagement using CT imaging
has recently been described by Cho et al. [9] and could be
an additional benefit of pre-operative CT imaging in
anterior shoulder instabilities. However, intra-operative
verification of an occurrence of engagement still seems to
be the easiest and most commonly used method.

As mentioned above, the finding of a significant bony
glenoid defect accounted for 80 % of all decisions to per-
form an open surgery instead of arthroscopy. Considering
the fact that missed glenoid rim defects are the primary
cause of recurrence after surgical stabilization [37], pre-
operative CT imaging seems to be an indispensable tool in
drawing up the correct surgical treatment plan as already
indicated by Burkhart et al. in a recent study [10]. In case
attritional glenoid bone loss is present or the bony fragment
is not visible due to medialization and soft tissue coverage
[36], the intra-operative assessment can be difficult making
it a frequently missed and untreated entity [6, 37]. Due to
the unavailability of the contralateral side for comparison
purposes, the intra-operative assessment of glenoid bone
loss is usually performed using the bare spot method [5, 7]
which, however, when applied in practice is associated

with some limitations. First, the consistent position of the
bare spot in the exact center of the glenoid is still under
debate [16] and in some patients a bare area rather than a
bare spot is present limiting its applicability as a reference
point for measurement purposes [12]. Second, the cali-
brated probe inserted through the posterior portal needs to
be aligned exactly perpendicularly to the long axis of the
glenoid to avoid underestimation of glenoid bone loss [12].
Third, sometimes it can be difficult to arthroscopically
count the millimeter-spaced lines along the calibration
probe [23]. Therefore, to avoid misdiagnosis and mis-
treatment, glenoid bone loss should be assessed pre-oper-
atively, as suggested by Bushnell et al. [8] in a recent
current concepts article. In order to adequately plan sur-
gical shoulder stabilization and to pre-operatively inform
the patient about open or arthroscopic procedure, it is
crucial to know about the presence of a significant anterior
glenoid bone loss. Even if arthroscopic techniques of
anterior glenoid bone grafting have been described [17,
30], this kind of procedure is a domain of open surgery at
the present time. In contrast, all concomitant soft tissue
injuries found in recurrent anterior shoulder instability as
rotator cuff lesions, SLAP lesions, and capsulo-ligamen-
tous laxity can be addressed arthroscopically and would not
require an intra-operative switch from arthroscopy to open
surgery, if not detected in the pre-operative field. Thus,
despite the patient’s exposure to a certain amount of radi-
ation, the preferred imaging method should be CT imaging
rather than MRI. In addition to a higher sensitivity and
specificity in the evaluation of glenoid damage, further
arguments are lower cost, greater availability in many
institutions, and the shorter imaging time which is espe-
cially welcomed by patients suffering from claustrophobia.
Finally, metal implants in proximity to the focus area
(which can often be the case in revision surgery) or MRI-
incompatible devices in general [19] do not contraindicate
CT examination.

SLAP lesions and rotator cuff tears are often more easily
addressed arthroscopically than during open surgery. In
general, SLAP lesions or rotator cuff tears can be assessed
during clinical examination with the latter typically being
more common in older patients. If the clinical examination
suggests a concomitant soft tissue damage such as a rotator
cuff tear and the treating surgeon wishes further pre-
operative evaluation, sonography of the shoulder can be
performed which typically is readily available [31], of high
cost-effectiveness [31], and was proven to have high sen-
sitivity (94 %) and specificity (94 %) in the detection of
rotator cuff tears [28]. Alternatively, a CT arthrogram
instead of mere CT imaging can be taken into consider-
ation, which has been shown to have high sensitivity and
specificity in the detection of both bony lesions and soft
tissue injuries [25, 41]. MR arthrography has even higher
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sensitivity and specificity in the detection of soft tissue
damage than MRI [21]; however, its sensitivity in the
detection of bony glenoid damage is still rather low at
67 % [4]. Similar to CT arthrography, it is not always
available and carries some risks including infection,
bleeding, synovitis, allergy to the contrast media, delayed
pain reaction due to capsule distension [33], and avascular
necrosis of bones adjacent to the injected joint [14].

The fact that pre-operative CT imaging prevailed over
MRI in predicting the necessity of open or arthroscopic
surgery which ever was found to be adequate by the sur-
geon who had a synopsis of the MRI, CT, and intra-oper-
ative findings suggests that standard pre-operative CT
imaging instead of MRI in patients with recurrent anterior
shoulder instability not only could lower the recurrence
rate by improving the detection of glenoid bone loss but
also optimize surgical planning. Obviously, MRI still offers
advantages in terms of pre-operative detection of con-
comitant soft tissue injuries which might be of interest for
patient counseling; however, according to the findings of
this study it should only be considered in the pre-operative
imaging algorithm of recurrent anterior shoulder instability
whenever the clinical examination indicates a tear of the
rotator cuff or a SLAP lesion. According to these findings
we propose the imaging algorithm shown in Fig. 3. In the
case of an isolated HAGL lesion pre-operative CT imaging
is of none and native MRI is of limited value due to its low
sensitivity in addition to the low prevalence of the
pathology itself.

A limitation of this study is that some of the results are
determined by the surgical standards at our institution
regarding the indication for open versus arthroscopic sur-
gery and cannot directly be adopted by every other

Recurrent anterior shoulder
instability

v ! Rotator cuff tests + |

y

| 3D Computed tomography (en face view) |

I Critical glenoid defect | | No critical glenoid defect |

y !

Bone augmentation
surgery

Arthroscopic Bankart
repair

Fig. 3 Imaging algorithm for recurrent anterior shoulder instability
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orthopedic department without proper adaptations. How-
ever, we believe that the standards at our institution reflect
a surgical standard widely established in most orthopedic
tertiary care centers, even though lately some successful
attempts have been made to arthroscopically treat signifi-
cant bone loss of the glenoid [17, 30] or HAGL lesions
[15, 32] and some authors prefer to perform diagnostic
arthroscopy prior to every open bone augmentation for
further evaluation of the shoulder joint [2]. Another limi-
tation of our study is that at the time of intra-operative
evaluation of structural damages of the shoulder joint the
surgeon was fully aware of the MRI and CT findings which
could potentially have influenced the intra-operative
assessment. As mentioned above, intra-operative glenoid
assessment can be difficult and sometimes misleading.
Therefore, surgeons intra-operatively often rely on the 3D
CT measurements of the glenoid obtained before surgery.
This explains the 100 % sensitivity and specificity of CT
imaging in the detection of significant glenoid bone loss,
but at the same time underlines the importance of pre-
operative CT imaging. The fact that MRI images were
obtained from 23 different institutions adds another limi-
tation to this study since many different imaging modalities
were used which raises concern for poor image quality and
plane alignment in some cases. Due to the reason that MR
images were obtained by the patients prior to the first visit
at our department, the average time elapsed between MRI
and surgery was longer than the average time between CT
and surgery. This might have distorted the results in cases
of redislocation and possible additional structural damage
after MRI and before surgery. All MRI and CT images
were assessed by a single radiologist for pathomorpho-
logical findings and no inter- or intraobserver reliability
calculations were carried out. A further limitation might be
the fact that the surgical treatment plan for the study
patients was determined by four different surgeons; how-
ever, all treatment decisions were made according to the
guidelines issued by the chairman of the department.
Finally, it must be mentioned that the accuracy of the
surgical treatment the patients eventually received can be
disputed since there was no follow-up of the outcome;
however, in all cases the treatment relied on the assessment
of experienced surgeons based on a synopsis of all avail-
able findings including CT, MRI, patient history, and
clinical examination.

Conclusion

Despite the advantages of MRI in the evaluation of soft
tissue injuries, CT imaging seems to be sufficient and more
effective in the pre-operative surgical planning in case of
recurrent anterior shoulder instability.
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