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INTRODUCTION
Conventional total shoulder replacement is an impor-

tant treatment alternative for patients with debilitating joint 
destruction from a wide variety of etiologies.  As a discipline, 
shoulder arthroplasty is one of the fastest growing areas in 
joint replacement surgery and the prospects for future growth 
appear assured as the population of elderly expands rapidly over 
the next few decades.1  

The clinical importance and utilization of the reverse total 
shoulder replacement is even more staggering.  This prosthesis 
was first developed by Grammont in the early 1970’s.2  Several 
generations of this prosthesis have since been developed and 
the reverse total shoulder replacement has been used widely 
in Europe for more than 15 years as a salvage operation for 
rotator cuff arthropathy.  The introduction of this prosthesis to 
the United States in March of 2004 has resulted in an almost 
instantaneous adaptation of this technology for our patients.  
In fact, the incorporation of this prosthesis into our treatment 
arsenal has been encouraged by some of the first mid-term 
clinical outcomes studies from the French indicating that the 
survivorship of these prosthesis, even at 10 years, may be com-
parable to that for historical data from conventional shoulder 
arthroplasty even if the complications rate for this procedure is 
significantly higher. 3-5

Despite our extensive experience with shoulder arthro-
plasty and numerous clinical outcomes studies validating the 
effectiveness of this treatment in relieving pain and restoring 

function, relatively little is understood about component stabil-
ity or polyethylene wear with these prostheses.  The develop-
ment of improved prosthetic design and, ultimately, greater 
longevity and function for our patients is dependent on a better 
understanding of these factors.  The purpose of this paper is to 
introduce the application of radiostereographometric analysis 
(RSA) in the analysis of conventional and reverse total shoulder 
replacements as a means of deepening our understanding of 
these issues in shoulder arthroplasty.

THE PROBLEMS: COMPONENT STABILITY AND WEAR
cOMpOnenT STabiliTy

Several of the clinical studies with long-term follow-up 
after total shoulder replacement have indicated that the ‘weak-
link’ for component stability in these prosthesis is the glenoid.1, 

4, 6-12 While migration or rotation of the glenoid component on 
serial radiographs is a dramatic and definitive indicator for fail-
ure of fixation, the identification of early loosening has primar-
ily been made by observing the progression of radiolucent lines 
with time.  The reliability of this technique for identifying early 
loosening has been studied and been shown to be poor since 
many patients have radiolucent lines on their first postopera-
tive xray, reproducible positioning of the patient is difficult and 
the anatomic variation of the glenoid version greatly influences 
the frequency of observed radiolucencies.14-16 Consequently, the 
reported rate of radiolucency has ranged from 22-95%.4, 12, 17-19  

The need for accurate and precise analysis of component 
stability in total shoulder arthroplasty is not trivial.  The poten-
tial complications that may result from loose prosthesis may 
include osteolysis of the glenoid, glenohumeral instability, dis-
location of the component, pain and loss of function.20

Wear

To date, the issue of polyethylene wear has simply not 
been studied in total shoulder arthroplasty.  The need to gain 
a better understanding of the potential role that polyethylene 
wear may have in glenoid loosening, osteolysis and component 
failure is clear based on our collective experience from hip and 
knee arthroplasty.  It is now well established that hip and knee 
periprosthetic osteolysis is a direct result of particulate debris 
generated from the implants. 

The relatively recent development of ultrahigh molecular 
weight highly cross-linked polyethylene developed at the Harris 
Orthopaedic Biomechanics and Biomaterials Laboratory at 
Massachusetts General Hospital and the laboratory data sup-
porting the marked reduction in particulate debris has resulted 
in the use of this material clinically since 1999.21-24 Now, virtu-
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ally all manufactured soft-bearing component systems for total 
hip arthroplasty use highly cross-linked UHMWPE as the stan-
dard liner for their prostheses.  The early clinical results with this 
new polyethylene in THA have verified a reduction in polyethyl-
ene with reduced rates of femoral head penetration.25, 26  27, 28   

The importance of expanding our understanding of poly-
ethylene wear to total shoulder replacements is particularly 
crucial since none of the total shoulder replacement systems 
currently on the market utilize highly cross-linked polyethylene 
as a bearing surface.  

ROENTGEN STEREOPHOTOGRAMMETRIC ANALYSIS 
(RSA)
WhaT iS iT?

RSA is a technique that was developed by Selvik et al. 29 
in order to accurately and quantitatively measure the relative 
displacement of components on the axial skeleton.  RSA is 
widely accepted as the most accurate method to determine 
the magnitude of relative displacements between rigid objects 
using radiographs.  The technique has been expanded and 
refined for a wide variety of purposes including the study of 
growth plate integrity, joint kinematics, implant stability, spi-
nal fusion integrity and polyethylene wear.  30, 31 26, 32, 33  Using 
RSA, relative motion as little as 0.1-0.7 mm between two rigid 
bodies (implant and bone) can be reproducibly and accurately 
determined.20, 34, 35 

RSA requires the implantation of small tantalum beads.  
Tantalum is used since its high density makes its visualization 
on radiographs optimal.   A pair of stereo-radiographs is taken 
with the patient positioned in front of a calibration cage so 
that a three-dimensional coordinate system can be generated. 
(Figure 1)36 Sequential radiographs are obtained and analyzed 
using an automated image analysis tools and relative displace-
ments can be determined.

WhaT’S been dOne WiTh ThiS Technique?
Only two studies using RSA to analyze component stability 

after total shoulder arthroplasty have been reported.  In a study 
by Nagels et al, five patients after TSR using a keeled cemented 
glenoid were analyzed using RSA at a minimum of 3 years 
after implantation.20 Three of the five patients had evidence of 
glenoid loosening based on component migration ranging from 
1.2-5.5 mm; only one patient with gross loosening had radio-
graphically visible evidence consistent with the RSA findings.  
Despite the small sample size, these investigators were able to 
suggest that traditional radiographs likely underestimated the 
degree of early loosening for the glenoid component.

Rahme et al. reported on a larger series of 14 shoulders with 
keeled cemented glenoids evaluated using RSA at a minimum 
of two-years follow-up.16 Translation of the glenoid of greater 
than 1mm was observed in four of the shoulders and rotation of 
greater than 2º was observed in ten shoulders.  Eleven of the 14 
shoulders studied had evidence of radiolucent lines about the 
glenoid component although most of the lines were not pro-
gressive and were less than 0.1mm in width.  Interestingly, the 
presence of radiolucent lines did not correlate with component 
migration based on the RSA findings.  
WhaT are We dOing and hOW are We dOing iT?

We have recently commenced a five-year prospective RSA 
study in order to provide insight into the relevant questions 

regarding component stability and polyethylene wear in both 
conventional Anatomical total shoulder replacements and the 
reverse prosthesis. (Figure 2)  In addition to conducting an 
adequately-powered study, the goals of this research project 
incorporate three unique experimental design features:  (1) the 
study of pegged cemented glenoids, (2) the first study of reverse 
total shoulder replacements, (3) the application of RSA to the 
quantification of polyethylene wear in addition to component 
stability.  

If we are able to achieve the goals of our study, the quanti-
fication of component mobility and polyethylene wear in these 
two arthroplasty systems, we believe several significant contri-

Figure 1.  The RSA calibration cage has two groups of tantalum beads 
used to created a three dimensional coordinate system.  Using this 
coordinate system, the precise location of the in vivo markers can be 
calculated.  On serial radiographs, the accuracy of these measurements is 
between 0.1-0.7mm.  (Drawing courtesy of Dr. Johan Karrholm)

Figure 2.  RSA images with the Anatomical Total Shoulder 
System (Zimmer, Warsaw, IN) from our pilot studies.  The num-
bering is from the calibration cage projecting from the orthogo-
nal radiographs.  The arrows indicate tantalum beads in the 
glenoid used on serial radiographs to determine implant stability, 
polyethylene wear and shoulder joint kinematics.



11�

References

1. Wirth MA, Rockwood CA, Jr. Complications of total shoulder-replacement arthroplasty. J Bone Joint Surg Am 1996;78(4):603-16.
2. Grammont PM, Baulot E. Delta shoulder prosthesis for rotator cuff rupture. Orthopedics 1993;16(1):65-8.
3. Sirveaux F, Walch, G. Unpublished data presented at the American Shoulder and Elbow Society Annual Meeting, 2006;
4. Torchia ME, Cofield RH, Settergren CR. Total shoulder arthroplasty with the Neer prosthesis: long-term results. J Shoulder Elbow Surg 1997;6(6):495-505.
5. Sperling JW, Cofield RH, Rowland CM. Minimum fifteen-year follow-up of Neer hemiarthroplasty and total shoulder arthroplasty in patients aged fifty years or younger. J  
 Shoulder Elbow Surg 2004;13(6):604-13.
6. Cofield RH. Total shoulder arthroplasty with the Neer prosthesis. J Bone Joint Surg Am 1984;66(6):899-906.
7. Lacroix D, Prendergast PJ. Stress analysis of glenoid component designs for shoulder arthroplasty. Proc Inst Mech Eng [H] 1997;211(6):467-74.
8. Sperling JW, Cofield RH, Rowland CM. Neer hemiarthroplasty and Neer total shoulder arthroplasty in patients fifty years old or less. Long-term results. J Bone Joint Surg  
 Am 1998;80(4):464-73.
9. Skirving AP. Total shoulder arthroplasty -- current problems and possible solutions. J Orthop Sci 1999;4(1):42-53.
10. Hopkins AR, Hansen UN, Amis AA, Emery R. The effects of glenoid component alignment variations on cement mantle stresses in total shoulder arthroplasty. J   
 Shoulder Elbow Surg 2004;13(6):668-75.
11. Severt R, Thomas BJ, Tsenter MJ, Amstutz HC, Kabo JM. The influence of conformity and constraint on translational forces and frictional torque in total shoulder  
 arthroplasty. Clin Orthop Relat Res 1993(292):151-8.
12. Brenner BC, Ferlic DC, Clayton ML, Dennis DA. Survivorship of unconstrained total shoulder arthroplasty. J Bone Joint Surg Am 1989;71(9):1289-96.
13. Weiss AP, Adams MA, Moore JR, Weiland AJ. Unconstrained shoulder arthroplasty. A five-year average follow-up study. Clin Orthop Relat Res 1990(257):86-90.
14. Havig MT, Kumar A, Carpenter W, Seiler JG, 3rd. Assessment of radiolucent lines about the glenoid. An in vitro radiographic study. J Bone Joint Surg Am    
 1997;79(3):428-32.
15. Lazarus MD, Jensen KL, Southworth C, Matsen FA, 3rd. The radiographic evaluation of keeled and pegged glenoid component insertion. J Bone Joint Surg Am   
 2002;84-A(7):1174-82.
16. Rahme H, Mattsson P, Larsson S. Stability of cemented all-polyethylene keeled glenoid components. A radiostereometric study with a two-year follow-up. J Bone Joint   
 Surg Br 2004;86(6):856-60.
17. Amstutz HC, Thomas BJ, Kabo JM, Jinnah RH, Dorey FJ. The Dana total shoulder arthroplasty. J Bone Joint Surg Am 1988;70(8):1174-82.
18. Barrett WP, Franklin JL, Jackins SE, Wyss CR, Matsen FA, 3rd. Total shoulder arthroplasty. J Bone Joint Surg Am 1987;69(6):865-72.
19. Boyd AD, Jr., Thomas WH, Scott RD, Sledge CB, Thornhill TS. Total shoulder arthroplasty versus hemiarthroplasty. Indications for glenoid resurfacing. J Arthroplasty   
 1990;5(4):329-36.
20. Nagels J, Valstar ER, Stokdijk M, Rozing PM. Patterns of loosening of the glenoid component. J Bone Joint Surg Br 2002;84(1):83-7.
21. Jasty M, Goetz DD, Bragdon CR, et al. Wear of polyethylene acetabular components in total hip arthroplasty. An analysis of one hundred and twenty-eight components   
 retrieved at autopsy or revision operations. J Bone Joint Surg Am 1997;79(3):349-58.
22. Muratoglu OK, Bragdon CR, O’Connor DO, et al. Unified wear model for highly crosslinked ultra-high molecular weight polyethylenes (UHMWPE). Biomaterials   
 1999;20(16):1463-70.
23. Shen FW, McKellop HA, Salovey R. Morphology of chemically crosslinked ultrahigh molecular weight polyethylene. J Biomed Mater Res 1998;41(1):71-8.
24. Muratoglu OK, Bragdon CR, O’Connor DO, Jasty M, Harris WH. A novel method of cross-linking ultra-high-molecular-weight polyethylene to improve wear, reduce   
 oxidation, and retain mechanical properties. Recipient of the 1999 HAP Paul Award. J Arthroplasty 2001;16(2):149-60.
25. Martell JM, Verner JJ, Incavo SJ. Clinical performance of a highly cross-linked polyethylene at two years in total hip arthroplasty: a randomized prospective trial. J   
 Arthroplasty 2003;18(7 Suppl 1):55-9.
26. Digas G, Karrholm J, Thanner J, Malchau H, Herberts P. The Otto Aufranc Award. Highly cross-linked polyethylene in total hip arthroplasty: randomized evaluation of   
 penetration rate in cemented and uncemented sockets using radiostereometric analysis. Clin Orthop Relat Res 2004(429):6-16.
27. Bragdon CR, Barrett S, Martell JM, Greene ME, Malchau H, Harris WH. Steady State Wear Rate of E-Beam Irradiated, Highly Cross-linked Polyethylene at an Average   
 45 Month Follow-up. Journal of Arthroplasty 2006;Accepted.
28. Geller J, Bragdon C, Freiberg AA, et al. A Minimum Five-year Follow-up of Highly Crosslinked Polyethylene Liners in Total Hip Replacement. In: 73rd Annual Meeting of  
 the American Academy of Orthopaedic Surgeons; 2006; Chicago IL; 2006. p. 517.
29. Hansson LI, Olsson TH, Selvik G, Sunden G. A roentgen stereophotogrammetric investigation of innominate osteotomy (Salter). Acta Orthop Scand 1978;49(1):68-72.
30. Karrholm J, Hansson LI, Selvik G. Longitudinal growth rate of the distal tibia and fibula in children. Clin Orthop Relat Res 1984(191):121-8.
31. Mjoberg B, Selvik G, Hansson LI, Rosenqvist R, Onnerfalt R. Mechanical loosening of total hip prostheses. A radiographic and roentgen stereophotogrammetric study. J  
 Bone Joint Surg Br 1986;68(5):770-4.
32. Ahl T, Dalen N, Lundberg A, Selvik G. Mobility of the ankle mortise. A roentgen stereophotogrammetric analysis. Acta Orthop Scand 1987;58(4):401-2.
33. Hildebrand H, Aronson S, Kullendorff CM, Selvik G. Roentgen stereophotogrammetric short-term analysis of growth rate in children operated for Crohn’s disease. Acta   
 Paediatr Scand 1991;80(10):917-23.
34. Bragdon CR, Estok DM, Malchau H, et al. Comparison of Two Digital Radiostereometric Analysis (RSA) Methods in the Determination of Femoral Head Penetration in a   
 Total Hip Replacement Phantom. Journal of Orthopaedic Research 2004;22(3):659-64.
35. Bragdon CR. Evaluations of Methods of Measuring Wear of Polyethylene Acetabular Components in Total Hip Arthroplasty. PhD Thesis, Department of Orthopaedics,   
 Institute of Surgical Sciences, Göteborg, University, Sweden 2004(ISBN 91-628-6154-9).
36. Bragdon C. Evaluation of Methods of Measuring Wear of Polyethylene Acetabular Components in Total Hip Arthroplasty. PhD Thesis, Institute of Surgical Sciences,   
 Goteborg University, Goteborg, Sweden 2004.

butions to our understanding of shoulder arthroplasty will be 
attained.  First, this information would enable us to assess the 
short-term performance of current component designs quanti-
tatively providing a basis of comparison between prosthesis that 
does not exist today.  Second, the RSA wear data would answer 
the potentially important questions regarding what clinically 
significant role, if any, does polyethylene wear play in the fail-
ure of total shoulder replacements and the glenoid component, 

in particular.  Third, these studies would provide insight into 
the kinematics of total shoulder arthroplasty in these two very 
different devices.  Finally, the information we learn from these 
studies may enable us to enhance our collective efforts to opti-
mize the design of total shoulder replacements in a manner 
that maximizes their in vivo longevity and improves the func-
tion of our patients’ shoulders.




