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Abstract

Background: Current glenoid defect measurement techniques only quantify bone loss in terms of defect diameter
or surface. However, the glenoid depth plays an important role in shoulder stabilization by means of concavity
compression.

Case presentation: We present a case of a professional wrestler who suffered from anterior shoulder instability
after sustaining a bony Bankart lesion without loss of glenoid surface area but flattening of the concavity due to
medialization of the fragment. The patient’s glenoid concavity was reconstructed arthroscopically by reduction and
percutaneous screw fixation of the bony fragment along with a capsulo-ligamentous shift. Changes of the glenoid
concavity with according alterations in the Bony Shoulder Stability Ratio (BSSR) were analyzed on pre-op, post-op,
and follow-up CT scans. Postoperative CT scans revealed a deepened concavity (3.3 mm) and improved BSSR (46.
1 %) compared to pre-op scans (0.7 mm; 11.3 %). Follow-up CT scans showed a slight remodeling of the glenoid
concavity (3.2 mm) with steady BSSR (44.7 %).

Conclusion: This case shows that the passive stabilizing effect of the glenoid can be compromised by loss of
concavity despite the absence of loss of articular surface. Therefore, addressing the concavity loss and resulting
reduction of the BSSR is recommended in these cases. Bony Bankart repair was successful in restoring the BSSR
of the patients shoulder as determined by mathematical calculations based on CT scans.
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shoulder instability score; ASOSS, Athletic Shoulder Outcome Scoring System (ASOSS)

Background
Glenoid Defects are common injuries associated with
recurrent anterior shoulder instability [1]. Typically an
anterior glenoid rim defect occurs either in form of attri-
tional bone loss or a fracture with resulting free bony frag-
ment. Such fragments typically medialize and resorb over
time [2] and eventually either disappear or remain visible
in form of a small ridge slightly medial to the anterior
glenoid rim [3]. The size of the osseous defect is critical

for shoulder stability and has been discussed in previous
reports [4–6].
A recent CT study showed that glenoid bone loss not

only results in reduction of glenoid surface area but
also in a flattening of the glenoid concavity [7]. A loss of
glenoid concavity compromises the concavity compression
exerted by the rotator cuff, which is the main stabilizing
mechanism of the shoulder in mid-range of motion
[5, 8, 9]. These changes in stability due to morphological
alterations of the bony glenoid concavity can be mathem-
atically quantified in vivo by calculating the Bony Shoulder
Stability Ratio (BSSR) based on CT measurements [10]
(Fig. 1).
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We present the case of a professional wrestler with
anterior shoulder instability without loss of glenoid sur-
face area but loss of glenoid concavity due to medialized
malunion of a bony glenoid rim fragment. The biome-
chanical effects of arthoscopic mobilization, reduction
and percutaneous screw fixation of the bony fragment on
the morphology of the glenoid concavity and the resulting
BSSR are analyzed according to a previously published
method [10] and the clinical outcome is reported.

Case presentation
A 31-year old male professional wrestler was referred to
our department by his primary care physician because of
recurrent uni-lateral anterior shoulder instability episodes
and anterior shoulder pain preventing participation in
competition and practice. The first reported instability
episode was a traumaic subluxation which had occurred a
year earlier during a wrestling fight. Multiple further sub-
luxations ensued afterwards. The patient had not under-
gone any previous surgical interventions on his shoulder.
During clinical examination the patient featured a positive
apprehension- and relocation test, a negative sulcus-sign
and a Beighton Score of 0. No loss of range of motion or
strength was noted. CT scans with 3D reconstruction
revealed no lack of glenoid surface area, however flatten-
ing of the glenoid concavity due to fracture and media-
lized malunion of the anterior glenoid rim was visible on
axial CT scans (Fig. 2). Preoperative MRI examination
showed no detachment of the labrum from the medialized
anterior glenoid rim. The patient was treated with artho-
scopic osteotomy, reduction and percutaneous screw
fixation of the bony fragment along with arthroscopic
capsulo-ligamentous shift.

Surgical technique
The surgical technique has previously been described [11].
The operation was performed in beach chair position and
under general anaesthesia. Diagnostic arthroscopy revealed
that the articular surface of the anterior glenoid rim was
slightly medialized resulting in a reduced concavity depth
as visible on the preoperative CT scans. The capsulo-labral
complex was still attached to the medialized osteoarticular
fragment without any visible Bankart lesion. Only a small
and shallow Hill-Sachs lesion was detected. The fragment

Fig. 1 Schematic drawings of a gleno-humeral joint with illustrated
translational force (T), compressive force (C), resulting joint force
vector (R), joint radius (r), and concavity depth (d). The geometrical
measurements and force vectors can be used to calculate the Bony
Shoulder Stability Ratio (BSSR) as previously described [10]

Fig. 2 No loss of glenoid surface area or diameter can be detected on the preoperative 3DCT scans. However, a dimished glenoid concavity can
be detected on the axial CT scans
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was mobilzed using a periostal elevator and subsequently
reduced. A percutaneous fracture screw system was used
to fix the fragment with a cannulated self-tapping screw
inserted from antero-inferiorly into the gleno-humeral
joint (Fig. 3). Finally the anteroinferior capsuloligamentous
complex was moderatly tightened using two knotless

suture anchors. The Patient was discharged from the
hospital on the third postoperative day and had to wear a
shoulder sling for 4 weeks before starting physiotherapy.

Clinical outcome
The post-operative clinical improvement of the patient
was recorded prospectively at 3, 6, and 12 months. The
Western ontario shoulder instability index (WOSI, range
2100–0 points) improved from 895 preoperatively to 355,
142 and 37 points, respectively. The Rowe Score (range
0–100 points) increased from 47 preoperatively to 87, 97,
and 97 points, respectively. Similar to the Subjective
Shoulder Value (SSV, range 0–100 %) which increased
from 85 to 93, 96, and 99 %, respectively. The Athletic
Shoulder Outcome Scoring System (ASOSS, range 0–100
points) increased from 52 to 84, 96, and 96 points,
respectively. At the 6 and 12 months follow-up the patient
featured a negative apprehension test and the range of
motion as well as strength of the affected shoulder was
fully restored. He started actively participating in wrestling
competitions 5 months after surgery without any events of
shoulder instability (Fig. 4).

Radiological outcome
Based on the glenoid concavity depth and radius measured
on a standarized axial imaging plane [7] on preoperative,
postoperative, and 1-year follow-up CT scans the BSSR was
calculated utilizing a previously published and validated
mathematical formula [10]. The preoperative CT scans
revealed a glenoid concavity depth of 0.7 mm and a BSSR
of 11.3 % compared to 3.1 mm and 40.3 % measured on

Fig. 3 Intraoperative arthroscopic images show the impacted anterior glenoid rim with attached capsulo-labral complex which was mobilized,
reduced, and stabilized by percutaneous screw insertion as described by Tauber et al. [11]

Fig. 4 The patient competing in a wrestling competition 6 months
after surgery
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the unaffected contralateral side (Fig. 2). Postoperative CT
scans showed a deepened concavity (3.3 mm) and improved
BSSR (46.1 %) compared to the pre-op scans (Fig. 5).
The follow-up CT scans showed a slight remodeling of the
glenoid concavity (3.2 mm) with steady BSSR (44.7 %)
(Fig. 6).

Discussion
Biomechanical studies have revealed that glenoid bone
loss in anterior shoulder instability results in a decreased
stability ratio of the joint. A loss of the glenoid arc was
deemed responsible for the decrease in gleno-humeral
stability [5]. However, current glenoid defect measurement
techniques only consider the glenoid articular surface in
two dimensions and bone loss is mostly quantified either
in terms of the defect diameter or surface [12–14].
In a recent study, a mathematical formula was intro-

duced that allows for in-vivo determination of the stability
ratio of the bony glenoid concavity based on CT scans
[10]. In the study it was also revealed that patients with

shoulder instability do not feature smaller but inherently
flatter glenoids than healthy controls with resulting re-
duced stability ratios [10].
We presented the case of a patient with bony Bankart

lesion and slightly medialized malunion of the fragment.
Even though no loss of glenoid articular surface area or
diameter was detected, the BSSR was significantly reduced
due to the loss of glenoid concavity depth. The arthroscopic
intervention including fragment mobilization, reduction,
and fixation was successful in significantly increasing the
BSSR to 46 % which is four times higher than the preope-
rative value and slightly higher than the BSSR of the un-
affected contralateral side. The follow-up CT scans revealed
a slight remodeling process without relevant osteolysis as
previosuly described for similar bony Bankart repairs [15].
The clinical outcome of the patient was excellent as

described above. It cannot be ignored that a mere capsulo-
labral shift without fragment reposition might have re-
sulted in a similar result. However no capsulolabral defect
was visible on preoperative MRI scans ot during surgery.
Instead the preoperative CT scan analysis revealed an

Fig. 5 The postoperative CT scans 1 day after surgery show the reconstructed anterior glenoid rim with deepened glenoid concavity

Fig. 6 A slight remodeling process of the reconstructed glenoid concavity is visible 1 year after surgery. The screw head is prominent however
not lying intaarticular, therefore resulting in no restraints for the patient
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extensive deficiency of the passive stabilization capacity of
the bony glenoid. Therefore the primary goal of the surgery
was to restore the bony glenoid concavity. Since the pos-
sibility of capsular elongation without visible defect exists
[16] and due to the fact that the patient is a professional
wrestler with high shoulder demand we additionally per-
fomed a capsuloligamentous shift with the goal to further
improve the postoperative stability. The main goal of this
case report is, however, not to report the clinical outcome
of the procedure which has been presented before [11] but
instead to point out the biomechanical effect of glenoid
concavity loss and reconstruction even in the absence of
glenoid diameter and surface area deficiency.

Conclusion
This case shows that the passive stabilizing effect of the
glenoid can be compromised by loss of concavity despite
the absence of loss of articular surface or diameter. There-
fore, addressing the concavity loss and resulting reduction
of the BSSR is recommended in these cases. Bony Bankart
repair was successful in restoring the BSSR of the patients
shoulder as determined by mathematical calculations
based on CT scans.

Funding
No funding was obtained for this study.

Availability of data
All data and materials are included in the manuscript and thus available to
the reader.

Authors’ contributions
PM: Study design, data interpretation, drafting of the manuscript. FH:
data acquisition, drafting of the manuscript. MQ: data acquisition, drafting
of the manuscript. ES: data acquisition, drafting of the manuscript. ME:
data interpretation, image analysis. NM: data interpretation, image analysis.
AA: data interpretation, image analysis. HR: Physician who performed the
surgery, study supervision. All authors read and approved the final
manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent to participate & publish
Informed written consent was obtained from the patient to publish his
case-related information and images.

Ethics approval
Not applicable

CARE guidelines
The case report was structured according to the CARE Guidelines.

Received: 16 April 2016 Accepted: 10 August 2016

References
1. Griffith JF, Antonio GE, Yung PS, Wong EM, Yu AB, Ahuja AT, Chan KM.

Prevalence, pattern, and spectrum of glenoid bone loss in anterior
shoulder dislocation: CT analysis of 218 patients. AJR Am J Roentgenol.
2008;190(5):1247–54.

2. Nakagawa S, Mizuno N, Hiramatsu K, Tachibana Y, Mae T. Absorption of the
bone fragment in shoulders with bony Bankart lesions caused by recurrent

anterior dislocations or subluxations: when does it occur? Am J Sports Med.
2013;41(6):1380–6.

3. Moroder P, Tauber M, Hoffelner T, Ernstbrunner L, Sattler C, Auffarth A,
Resch H. The medial-ridge sign as an indicator of anterior glenoid bone
loss. J Shoulder Elbow Surg. 2013;22(10):1332–7.

4. Yamamoto N, Itoi E, Abe H, Kikuchi K, Seki N, Minagawa H, Tuoheti Y.
Effect of an anterior glenoid defect on anterior shoulder stability:
a cadaveric study. Am J Sports Med. 2009;37(5):949–54.

5. Yamamoto N, Muraki T, Sperling JW, Steinmann SP, Cofield RH, Itoi E,
An KN. Stabilizing mechanism in bone-grafting of a large glenoid defect.
J Bone Joint Surg Am. 2010;92(11):2059–66.

6. 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(1):35–46.

7. Moroder P, Hitzl W, Tauber M, Hoffelner T, Resch H, Auffarth A. Effect
of anatomic bone grafting in post-traumatic recurrent anterior shoulder
instability on glenoid morphology. J Shoulder Elbow Surg.
2013;22(11):1522–9.

8. Lazarus MD, Sidles JA, Harryman 2nd DT, Matsen 3rd FA. Effect of a
chondral-labral defect on glenoid concavity and glenohumeral stability.
A cadaveric model. J Bone Joint Surg Am. 1996;78(1):94–102.

9. Matsen 3rd FA, Harryman 2nd DT, Sidles JA. Mechanics of glenohumeral
instability. Clin Sports Med. 1991;10(4):783–8.

10. Moroder P, Ernstbrunner L, Pomwenger W, Oberhauser F, Hitzl W, Tauber M,
Resch H, Moroder R. Anterior shoulder instability is associated with an
underlying deficiency of the Bony glenoid concavity. Arthroscopy.
2015;31(7):1223–31.

11. Tauber M, Moursy M, Eppel M, Koller H, Resch H. Arthroscopic screw fixation
of large anterior glenoid fractures. Knee Surg Sports Traumatol Arthrosc.
2008;16(3):326–32.

12. Baudi P, Righi P, Bolognesi D, Rivetta S, Rossi Urtoler E, Guicciardi N,
Carrara M. How to identify and calculate glenoid bone deficit.
Chir Organi Mov. 2005;90(2):145–52.

13. Bois AJ, Fening SD, Polster J, Jones MH, Miniaci A. Quantifying glenoid
bone loss in anterior shoulder instability: reliability and accuracy of
2-dimensional and 3-dimensional computed tomography measurement
techniques. Am J Sports Med. 2012;40(11):2569–77.

14. Sugaya H, Moriishi J, Dohi M, Kon Y, Tsuchiya A. Glenoid rim morphology
in recurrent anterior glenohumeral instability. J Bone Joint Surg Am.
2003;85-A(5):878–84.

15. Park JY, Lee SJ, Lhee SH, Lee SH. Follow-up computed tomography
arthrographic evaluation of bony Bankart lesions after arthroscopic repair.
Arthroscopy. 2012;28(4):465–73.

16. Park JY, Chung SW, Kumar G, Oh KS, Choi JH, Lee D, Park S. Factors affecting
capsular volume changes and association with outcomes after Bankart
repair and capsular shift. Am J Sports Med. 2015;43(2):428–38.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Moroder et al. BMC Musculoskeletal Disorders  (2016) 17:357 Page 5 of 5


	Abstract
	Background
	Case presentation
	Conclusion

	Background
	Case presentation
	Surgical technique
	Clinical outcome
	Radiological outcome

	Discussion
	Conclusion
	Funding
	Availability of data
	Authors’ contributions
	Competing interests
	Consent to participate & publish
	Ethics approval
	CARE guidelines
	References

