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Total shoulder arthroplasty is a common surgical procedure indicated for arthritis of the glenohumeral joint12. 
First introduced by Emile Péan in 1893 as the platinum-rubber shoulder arthroplasty for the treatment of 
tuberculous arthritis, the concept of total shoulder prothesis has undergone numerous developments over 
the past century1. Péan’s prothesis was succeeded by an attempted total shoulder arthroplasty in the 1950s 
using acrylic components, but was unsuccessful due to lack of material durability2. This attempt was 
eventually followed by the first modern anatomic shoulder replacement performed by Charles Neer in 1974, 
which featured a vitallium humeral component and polyethylene glenoid component3. Although more 
successful than previous approaches, Neer’s prosthesis suffered from high failure rates due to glenoid 
loosening2. Despite its high failure rates, it ultimately laid the foundation for the development of the modern 
total shoulder arthroplasty. Today, anatomic total shoulder arthroplasty features the implantation of a 
stemmed metal, convex articular component for the head of the humerus and a concave polyethylene “cup” 
in the proximal glenoid, replicating the anatomical arrangement of the glenohumeral joint.

Although this surgical procedure is highly successful in restoring the function of the glenohumeral joint and 
relieving pain associated with glenohumeral degeneration, it is not free of post-operative 
complications4,13,14,16. Prosthetic loosening accounts for 39% of total shoulder arthroplasty complications, 
with glenoid component loosening being responsible for 32% of all complications4. Glenoid component 
loosening is one of the most common causes of total shoulder arthroplasty failure, and is associated with 
symptoms such as pain, stiffness, material failure, wear and joint instability5,6,7,8,9,12. Further, revision surgery 
is indicated in most cases of glenoid component loosening5,10,11,15. The common problem of glenoid 
component loosening is one that has not been fully resolved since the development and application of Neer’s
prosthesis – thus, there is a clear and enduring need to further explore the glenoid’s morphology and 
discover alternative methods for stabilization of the glenoid component in total shoulder arthroplasty. 

Through examination of the anatomy of the glenoid vault as it pertains to glenoid component implantation, 
there is potential to better understand the cause of glenoid component loosening and craft new approaches 
to ensure the stability and longevity of the implant. While many anatomic studies have been conducted to 
quantify the superficial features of the glenoid, fewer have investigated its internal spatial composition in 
both a qualitative and quantitative manner – thus, digitization of the glenoid and its surrounding scapular 
structures using our study’s protocol has the potential to yield novel information about its overall 
morphology and capacity for modification17-25. Quantification and characterization of the glenoid vault will 
ultimately provide valuable insight into how to improve the success rate of total shoulder arthroplasty, and 
may provide information that can help lay the groundwork for the development of novel techniques for other 
procedures using similar glenoidal implants.

A Microscribe G2 Digitizer and Rhinoceros 3-D imaging software were used to digitize the glenoids of 70 
cadaveric scapulae from the Cleveland Museum of Natural History’s osteological collection. Three-dimensional 
models were manually constructed for each specimen using over 400 unique data points. Measurements were 
performed on the digitized scapulae using Rhinoceros’ native analysis functions. The ideal positioning for 
achieving maximal cylinder diameter & best fit was determined for 5, 10 and 15 millimeter cylinders. 

Figure 1. Three-D Model of the 

Glenoid and Associated Scapular 

Structures.

The average maximum diameter for 5, 10 and 15 millimeter depth cylinders was 22.35 ± 2.93, 17.21 ± 3.48 
and 13.32 ± 3.14 mm respectively for male specimens, and 16.55 ± 1.96, 11.15 ± 1.82 and 8.48 ± 1.91 mm 
respectively for female specimens. The average distance from the glenoid center to the cylinder center for 5, 
10 and 15 mm depth cylinders was 5.40 ± 1.78, 7.76 ± 2.84 and 7.52 ± 3.92 mm respectively for males, and 
6.00 ± 1.92, 7.45 ± 3.04 and 8.36 ± 3.49 mm respectively for females. In male specimens, the average angle 
from the vertical axis to the cylinder center was -8.76 ± 18.11, -5.94 ± 15.12, -10.62 ± 21.67 degrees in the 
inferior-posterior quadrant for 5, 10 and 15 mm depths respectively. In female specimens, the average angle 
from the vertical axis to the cylinder center was -8.69 ± 11.67, -2.46 ± 11.30, -5.56 ± 13.08 degrees in the 
inferior-posterior quadrant for 5, 10 and 15 mm depths respectively. In male specimens, the average maximum 
cylinder volume accommodated by this region was 1995.37 ± 534.29, 2418.60 ± 999.18 and 2237.56 ±
1064.42 mm3 for 5, 10 and 15 mm depth cylinders respectively. In female specimens, the average maximum 
cylinder volume accommodated by this region was 1050.69 ± 226.53, 1001.53 ± 320.14 and 863.66 ±
345.47 mm3 for 5, 10 and 15 mm depth cylinders respectively.

Figure 2. Top-down View of the Glenoid Vault 
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Figure 3. View from 

Superior End of 

Glenoid Showcasing 

Best-fit Cylinder 

Placement.

• This study presents novel findings pertaining to glenoid morphology through both 3-D digitization and the 
quantitative and qualitative analysis of a newly characterized modification site. 

• Using this information, innovative surgical techniques, reaming strategies and glenoid implant designs can be developed. 

• This region has not been quantified or characterized in this manner previously, and thus provides an 
opportunity for guided exploration into alternative approaches to glenoidal prosthesis fixation in total 
shoulder arthroplasty and related procedures. 

• Through the development of alternatives to traditional approaches to total shoulder arthroplasty and 
related surgical procedures involving the glenohumeral joint, there is potential to discover solutions that 
minimize–or perhaps even eliminate–the occurrence of post-operative glenoid implant loosening in these 
surgical procedures. 

Figure 4. Key Results

1.) Lin, et al. RSNA 36 (1): 192–208. (2016)

2.) Petscavage, et al. AJR 199: 757–767. (2012)

3.) Neer, et al. J Bone Joint Surg Am 64: 319–337. (1982)

4.) Sanchez-Sotelo. Open Orthop J. 5: 106–114. (2011)

5.) Raphael, et al. HSS J. 6 (1): 52–56. (2010)

6.) Bohsali, et al. J Bone Joint Surg Am. 88: 2279-2292. (2006)

7.) Dines, et al. J Bone Joint Surg Am. 88: 1494-1500 (2006).

8.) Matsen, et al. J Bone Joint Surg Am. 90: 885-896 (2008). 

9.) Wirth, et al. J Bone Joint Surg Am. 78: 603-616 (1996)

10.) Cofield. Instr. Course Lect. 39: 449–462. (1990)

11.) Torchia, et al. J Shoulder Elbow Surg. 6(6): 495-505. (1997)

12.) Godenèche, et al. J Shoulder Elbow Surg. 11(1):11-8. (2002)

13.) Sperling, et al. J Bone Joint Surg Am. 95(6): 563–569. (2013)

14.) Bohsali, et al. J. Bone Joint Surg Am. 88(10): 2279-2292. (2006)

15.) Eichinger JK, Galvin JW. Curr Rev Musculoskelet Med. 8(1): 
83-91.(2015)

16.) Wirth MA, Rockwood CA Jr. Clin Orthop Relat Res. 307:
47-69. (1994)

17.) Iannotti, et al. J Bone Joint Surg Am. 74(4): 491-500. (1992)

18.) Piponov, et al. Int Orthop. (11): 2347-2353. (2016)

19.) Churchill, et al. J Shoulder Elbow Surg. 10(4): 327-332. (2001)

20.) Roche, et al. Bull Hosp Jt Dis. 63(3-4):93-7. (2006)

21.) Cabezas, et al. Clin Orthop Surg. 8(3): 280–287. (2016)

22.) Obert, et al. SICOT J, 2, 33. (2016)

23.) Bicknell, et al. J Shoulder Elbow Surg. 16(3): 96-101. (2007)

24.) De Wilde, et al. Surg Radiol Anat. 26(1):54-9. (2004).

25.) McPherson, et al. J Shoulder Elbow Surg. 6(2): 105-112. (1997)


