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Early Clinical and Radiographic Outcomes of Anatomic Total Shoulder Arthroplasty with a Bi-1 

convex Posterior Augmented Glenoid for Patients with Posterior Glenoid Erosion: Minimum 2-2 

Year Follow-Up 3 

Abstract 4 

Background: 5 

Glenoid bone loss in anatomic total shoulder arthroplasty (aTSA) remains a controversial 6 

and challenging clinical problem. Previous studies have shown high rates of glenoid loosening 7 

for aTSA in shoulders with retroversion, posterior bone loss, and posterior humeral head 8 

subluxation. This study is the first to present minimum two-year follow-up data of an all-9 

polyethylene, biconvex augmented anatomic glenoid component for correction of glenoid 10 

retroversion and posterior humeral head subluxation. 11 

Methods: 12 

This study is a multi-center, retrospective review of prospectively collected data on 13 

consecutive patients from 7 global clinical sites.  All patients underwent aTSA using the 14 

biconvex posterior augmented glenoid (PAG). Inclusion criteria were: Preoperative computed 15 

tomography (CT) scan, minimum 2-years since surgery, pre and minimum 2-year postoperative 16 

range of motion exam and PROMs. Glenoid classification, glenoid retroversion, and posterior 17 

humeral head subluxation were measured from preoperative CT and XR, and postoperative XR. 18 

Statistical comparisons between pre- and postoperative values were performed with a paired t-19 

test. 20 

Results: 21 

86 of 110 consecutive patients during the study period (78% follow-up) met the inclusion 22 

criteria and were included in our analysis. Mean follow-up was 35 ± 10 months with a mean age 23 
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of 68 ± 8 (range 48 to 85) years. Range of motion statistically improved in all planes from pre- to 24 

postop. VAS improved from 5.2 preop to 0.7 postop, SANE from 43.2 to 89.5, Constant from 25 

41.8 to 76.9, and ASES from 49.8 to 86.7 (all p < 0.0001). Mean glenoid retroversion improved 26 

from 19.3 to 7.4 (p <0.0001). Posterior subluxation improved from 69.1% to 53.5% and 27 

posterior decentering improved from 5.8% to -3.0% (p<0.0001). There was one patient with both 28 

a prosthetic joint infection and radiographic glenoid loosening that required revision. 79/86 had a 29 

Lazarus score of 0 (no radiolucency seen about peg or keel) at final follow-up. 30 

Conclusions: 31 

This study shows that at minimum 2-year follow-up, a posterior-augmented all-polyethylene 32 

glenoid can correct glenoid retroversion and posterior humeral head subluxation. Clinically, 33 

there was significant improvement in both ROM and PROMs.  34 

Level of Evidence: Level IV; Case Series; Treatment Study 35 

Keywords: Shoulder arthroplasty; B2 Glenoid; Posterior augmented glenoid; shoulder arthritis; 36 

Glenoid erosion  37 

 38 

 39 

Anatomic total shoulder arthroplasty (aTSA) is a safe and effective surgical intervention 40 

for glenohumeral arthritis49. Once considered a contraindication to arthroplasty25, posterior 41 

subluxation and posterior glenoid erosion (B2 in the Walch classification)51, remains a 42 

challenging, and frequent, clinical scenario affecting approximately 44% of all glenoids treated 43 

with aTSA47,51. A recent systematic review analyzing all surgical treatment options for B2 44 

glenoids with respect to revision rates and patient reported outcomes concluded that the ideal 45 

shoulder arthroplasty treatment remains unclear43. However a recent review of the biomechanical 46 
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literature advocated for the use of augmented components with glenoid retroversion greater than 47 

159.  48 

Anatomic total shoulder arthroplasty with a posterior augmented glenoid (PAG) is an 49 

option that allows for version correction without the excessive bone removal and joint-line 50 

medialization required for aTSA with a traditional glenoid implant and asymmetric glenoid 51 

reaming21,41.  However, it is unclear whether PAG patients will experience the resubluxation and 52 

early glenoid failure which has plagued aTSA with non-augmented glenoid components in the 53 

setting of posterior glenoid erosion13,20,41. Recent publications have shown promising 54 

radiographic and clinical outcomes for PAG in aTSA10,17, but there have also been concerns 55 

about central post osteolysis and glenoid loosening with larger augments17,38. 56 

Here we present the first report of radiographic and clinical results of aTSA with an all-57 

polyethylene, biconvex augmented anatomic glenoid component with minimum two-year follow-58 

up.  This is, to date, the largest study of augmented glenoid aTSA using any device.  We 59 

hypothesized that the PAG would allow correction of version, durable correction of posterior 60 

subluxation, improvements in pain and function, and a low incidence of component loosening 61 

and other complications.  62 

 63 

Materials and Methods 64 

Patient Selection 65 

This study is a multi-center retrospective review of prospectively collected data from 66 

consecutive patients, with a minimum two-year follow-up, who have undergone aTSA using the 67 

PERFORM + glenoid (Tornier-Stryker Upper Extremity, Bloomington, MN, USA). This all-68 

polyethelene implant has a biconvex shape designed to match the typical biconcave shape of the 69 
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B2 glenoid (Figure 1). Patients were identified from an existing secure clinical database at each 70 

institution. Inclusion criteria included: Preoperative computed tomography (CT) scan, minimum 71 

2-year time elapsed since surgery, pre and minimum 2-year postoperative range of motion exam, 72 

and pre and minimum 2-year postoperative patient reported outcome measures (PROMs). 73 

Exclusion criteria included: patients with less than two-year follow-up, posttraumatic arthritis, 74 

inflammatory arthritis, or previous shoulder arthroplasty. The study was approved by the 75 

Institutional Review Board at the lead site for the study, Rush, (ORA# 19051308). Additionally, 76 

parallel IRBs were obtained at all participating sites with data use agreements in place for 77 

transmission of patient data. 78 

A total of 110 consecutive were identified across participating sites with 86/110 patients 79 

meeting our inclusion criteria. Of the 24 patients excluded, 8 were lost to follow-up, 10 had 80 

incomplete imaging data, and 6 had incomplete PROM data. Patient demographics can be seen in 81 

Table 1. The mean patient age was 68 ± 8 years (range 48 to 85); 62/86 (72%) were male; 52/86 82 

(60%) of surgeries were on the dominant arm; 73 had never smoked, 12 were former smokers, 83 

and 1 was a current smoker; 2/86 (2%) were worker’s compensation. 84 

 85 

Radiographic Measurements 86 

Axial imaging with computerized tomography (CT) scans were obtained for each patient 87 

within 3 months prior to surgery. Glenoid retroversion was measured utilizing the Friedman 88 

method7, comparing the margin of the glenoid to the transverse axis of the scapula. This 89 

technique is an established method for version measurement with validity when measured on 90 

radiographs as well as CT imaging15,26,33,36. The glenoid morphology was classified from the CT 91 

scan according to the modified Walch classification1. Humeral subluxation was measured on 92 
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axillary radiographs and CT scan using two commonly used techniques: 1) with respect to the 93 

transverse axis of the scapula as described by Walch et al52 described here as posterior 94 

subluxation (Figure 2A), 2) with respect to the face of the glenoid as described by Hsu et al16 95 

described here as posterior decentering (Figure 2B).  96 

 Glenoid loosening was assessed on AP and lateral x-rays at the first postoperative visit 97 

and final postoperative visit utilizing the Lazarus score for pegged and keeled glenoids22, with a 98 

score from 0 (no radiolucency) to 5 (gross loosening). Glenoid component seating was assessed 99 

utilizing the first postoperative x-rays, and measured according to the technique of Lazarus et 100 

al22, from a grade of A (complete component seating) to E (>50% incomplete contact). Lastly, 101 

the radiodensity score proposed by Iannotti54 was calculated on final follow-up x-rays from 1 102 

(osteolysis about central peg) to 3 (no osteolysis and increased radiodensity between flanges; 103 

optimal outcome). 104 

 All radiographic measurements were conducted by a single author who did not perform 105 

any of the surgeries (RJQ) using OsiriX DICOM Viewer (Pixmeo, Bernex, Switzerland). A 106 

random sample of 20 patients had all measurements performed twice to assess intraobserver 107 

reliability. Intraobserver reliability is reported here as the mean of the absolute difference 108 

between each measurement from the first to the second trial. Intraobserver reliability is as 109 

follows: Glenoid retroversion (XR) – 0.7° (SE 0.7°, 95% CI 0.39 to 1.02), Glenoid Retroversion 110 

(CT) – 0.5° (SE 0.58°, 95% CI 0.24 to 0.74), Posterior Humeral Subluxation (XR) – 1.4% (SE 111 

1.5%, 95% CI 0.74 to 2.06), Posterior Humeral Subluxation (CT) – 1.4% (SE 1.2%, 95% CI 0.87 112 

to 1.93), Posterior Decentering (XR) – 0.6% (SE 0.58%, 95% CI 0.3 to 0.89), and Posterior 113 

Decentering (CT) – 1.3% (SE 1.2%, 95% CI 0.77 to 1.83). 114 

 115 
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Physical Exam and Patient Reported Outcome Measures 116 

Forward elevation, external rotation, and internal rotation were measured preoperatively 117 

and at final follow-up. Forward elevation and external rotation were measured using a 118 

goniometer. For internal rotation, the highest vertebral level reached was measured and recorded 119 

as an integer according to the scale of Morwood et al, starting at 1 for T1 and ending at 22 for S5 120 

and below32. Due to the international and multi-center nature of this study, there was some 121 

variability to the PROMs utilized. Validated PROMs were assessed according to surgeon 122 

preference, including visual analog scale (VAS), single assessment numeric evaluation (SANE), 123 

Constant score, and American Shoulder and Elbow Surgeons score (ASES). All patients 124 

completed a preoperative and final follow-up VAS score and least one preoperative and final 125 

functional score (Table 1).   126 

 127 

Surgical Technique, Components, and Complications 128 

 Surgical technique and humeral component utilized was surgeon dependent, but critical 129 

surgical steps were categorized for all patients included in the study. 72/86 (83.7%) had a lesser 130 

tuberosity osteotomy, while 14/86 (16.3%) had a subscapularis tenotomy. 55/86 (64%) utilized a 131 

stemless SIMPLICITITM humeral component (Tornier-Stryker Upper Extremity, Bloomington, 132 

MN, USA), while 31/86 (36%) utilized a short stemmed Ascend Flex humeral component 133 

(Tornier-Stryker Upper Extremity, Bloomington, MN, USA).  134 

This PAG glenoid is a biconvex, moderately crosslinked, all-polythelene glenoid 135 

designed to address glenoid defects with posterior augmentation for aTSA. This implant is 136 

available in four sizes, with 3 different amounts of augmentation. Also, given laterality-specific 137 

orientation of the pegs/augment it has right and left options.  It also has two anchor options, a 138 
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fluted peg design and a keeled option, with availability dependent on geographic regulatory 139 

clearance. In this cohort, 16/86 were small, 35/86 were medium, 33/86 were large, and 2/86 were 140 

extra-large. For the glenoid augment size, 37/86 utilized a 15-degree augment, 32/86 utilized a 141 

25-degree augment, and 17/86 utilized a 35-degree augment. 72/86 of the glenoid components 142 

were pegged, while 14/86 were keeled; all were cemented in place. 46/86 had a capsulectomy 143 

performed, and all 86 had a biceps tenodesis performed.  144 

 145 

Statistical Analysis 146 

 Statistical comparison between pre and postoperative values for range of motion, 147 

PROMs, and radiographic measurements was performed using a paired t-test with significance 148 

set at 0.05.  149 

 150 

Results 151 

The clinical results are shown in Table 2. Mean clinical follow-up was 35 ± 10 months 152 

(range 24 to 54). Of the 86 treated patients, 33 had a B1 glenoid, 43 had a B2 glenoid, 5 had a B3 153 

glenoid, and 5 had a C glenoid. Regarding range of motion, forward elevation improved from 154 

114 ± 24 preoperatively to 154 ± 14 at final follow-up, external rotation (ER) improved from 23 155 

± 18 preoperatively to 51 ± 15 at final follow-up, and internal rotation improved from 18 ± 4 156 

(S1) preoperatively to 12 ± 3 (T12) at final follow-up, all with p < 0.0001. All reported PROMs 157 

(VAS, SANE, Constant, and ASES) showed a statistical improvement from preoperatively to 158 

final follow-up.  159 

Mean preoperative glenoid retroversion was 19.3 ± 8.9° on x-ray (Range 8-39), 16.0 ± 160 

7.4° on CT scan (Range 7-32), and improved to 7.4 ± 7.6° on final follow-up x-ray (Range -4-161 

Jo
urn

al 
Pre-

pro
of



22) (p < 0.0001). Posterior humeral subluxation improved from preoperative values of 69.1 ± 162 

8.5% on x-ray, and 65.7 ± 7.6% on CT to 53.5 ± 6.7% on final follow-up x rays (p <0.0001) 163 

(Figure 3). Note, a value of 50% posterior humeral subluxation represents the center of the 164 

humeral head perfectly in line with the axis of the scapula. Preoperative posterior decentering 165 

was measured as 5.8 ± 5.7% utilizing the Hsu et al method16,42 on x-ray, and 3.3 ± 6.1% on CT 166 

scan. Posterior decentering improved to -3.0 ± 2.6% at final follow-up (p <0.0001). 167 

Glenoid component seating as described by Lazarus22 was measured on the first 168 

postoperative x-ray. 79/86 (91.8%) had a score of A, representing complete contact of the poly 169 

with the glenoid bone on AP and lateral x-rays, while 7/86 (8.2%) had a score of B, representing 170 

< 25% loss of contact between the poly and the glenoid bone on a single radiograph. On final 171 

follow-up x-rays, the Lazarus score for keeled and pegged glenoids was measured to assess for 172 

radiolucency or loosening22. Of the pegged glenoids, 68/72 had a score of 0 (no radiolucency), 173 

3/72 had a score of 1 (incomplete radiolucency about one peg), and 1/72 had a score of 2 174 

(complete radiolucency about one peg with or without incomplete radiolucency around another 175 

peg). Of the keeled glenoids, 12/14 had a score of 0 (no radiolucency), and 2/14 had a score of 1 176 

(radiolucency at superior or inferior flange). For the pegged glenoids, the central peg 177 

radiodensity score of Iannotti54 was measured, with 71/72 scoring a 3 (increased radiodensity 178 

between central peg and peripheral flanges), with 1/72 scoring a 2. 179 

Complications were also recorded including prosthetic joint infection (1/86), 180 

intraoperative fracture (0/86), postoperative fracture (0/86), subscapularis failure (2/86; 1 LTO 181 

non-union, 1 tenotomy rupture), gross glenoid loosening as determined by obvious change in 182 

position of the glenoid on x-ray (1/86; keeled implant), humeral loosening (0/86). Of the above, 183 

there was a single patient that had a subscap tenotomy failure, prosthetic joint infection, and 184 
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glenoid loosening which subsequently underwent staged revision. This was the only revision 185 

procedure in our cohort. 186 

 187 

Discussion 188 

Here we have presented the largest cohort of aTSA treated with a posterior augmented 189 

glenoid with 86 patients and mean 35 month follow-up.  The results were encouraging with 190 

correction of retroversion (19.3 to 7.4), improvement in posterior subluxation (69% to 54%) 191 

and improvement in posterior decentering (6% to -3%).  Most importantly, the complication rate 192 

was low, and PROMs improved considerably. Our study builds on the data of previous studies 193 

on PAG showing that, at least in the short-term, this strategy  reproducibly recenters the head 194 

with a low complication rate and low rate of glenoid loosening6,10,17,55. 195 

Selection of the ideal management of posterior glenoid erosion with shoulder arthroplasty 196 

is a challenging clinical decision, with all available options either suffering from a lack of long-197 

term data or showing inferior outcomes.   198 

Humeral head hemiarthoplasty (HHA) for patients with eccentric glenoid erosion has 199 

poor long-term outcomes with only 31% (5/16) of patients satisfied at mean 17-year follow-up 200 

and plagued by glenoid erosion, glenoid-based pain, and a high revision rate23. HHA using the 201 

“ream-and-run” technique shows improved results in these scenarios but still may lead to 202 

residual glenoid-based pain and glenoid erosion, especially without careful patient 203 

selection8,27,46,47. 204 

Historically the results of aTSA with a non-augmented glenoid implant and so-called 205 

high-side or eccentric reaming are poor in patients with Walch B2 glenoids. Iannotti and 206 

Norris19 reported a 3-fold increase in the risk of glenoid loosening when erosion is present and 207 
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using a non-augmented glenoid. Walch et al53 reported a 21% rate of glenoid loosening at mean 208 

follow-up of 6 years. More recent studies have shown similar outcomes between high side 209 

reaming for those with posterior erosion and concentric reaming for those without posterior 210 

erosion at short term follow-up29,37,44. 211 

Anatomic total shoulder arthroplasty with concomitant bone grafting has similarly 212 

demonstrated mixed results. Neer34 and Nicholson36 reported excellent clinical and radiographic 213 

outcomes, but multiple other studies have reported high rates of complications, including graft 214 

resorption and residual instability12,48,50.  aTSA with an on-lay component, leaving the glenoid in 215 

retroversion, has also been described on a limited basis but the only retrospective review 216 

available did not have preoperative CT scans and only 21/71 patients included were left in 217 

retroversion42.   Concerns about aTSA implanted in retroversion stem from the fact that finite 218 

element analyses (FEA) show increased posterior stresses and decreased predicted cyclic fatigue 219 

tolerance11.  Clinically, this can manifest as increased osteolysis around the central peg, thought 220 

to be an early marker for glenoid failure39, in standard aTSA implants placed in greater than 15 221 

degrees of retroversion14. 222 

Anatomic total shoulder arthroplasty with inlay components left in retroversion is a 223 

relatively more recent option that has been described in a few early cohort studies3,4.  224 

Cvetanovich et al recently published on their experience with a young (mean age 52) 225 

predominantly male (93%) population treated with inlay glenoids3.  The results were good at 40 226 

months mean follow-up, but most were not treated with version correction and there were only 4 227 

of 27 B2 glenoids in the cohort so it is difficult to say if their results are generalizable to all 228 

patients with posterior glenoid erosion. Egger et al reviewed a cohort with 24 B1 and B2 patients 229 

treated with an inlay glenoid without version correction4.  They showed improvements in 230 
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subluxation and decentering at 43 months follow-up with no clinical difference in range of 231 

motion of PROMs compared to 7 with concentric glenoids.  232 

Reverse total shoulder arthroplasty (rTSA), a well-established treatment for cuff tear 233 

arthropathy, has also emerged as a surgical treatment option in glenohumeral arthritis with 234 

eccentric glenoid wear even in the setting of an intact rotator cuff. However, concerns exist 235 

regarding its use in younger patients5,31—a particularly salient concern given that patients with 236 

B2 glenoids are more likely to be younger, male, and involved in heavy activity and thus may 237 

not be ideal patients for rTSA28.  The typical B2 population is distinct from the evidence 238 

frequently cited for rTSA use for posterior glenoid erosion.  For example, Mizuno et al showed 239 

fantastic results for biconcave glenoids treated with rTSA but 81% of the patients were female 240 

and the mean age was 76 years old (range 68-82)31. 241 

Anatomic total shoulder arthroplasty with a posterior augmented glenoid (PAG) has 242 

shown  survival and complication rates that compares well with rTSA43.  Biomechanically, the 243 

concept is appealing as the augment allows for less medialization41.  The medialization that 244 

occurs with version correction and high-side reaming is felt to lead to lack of correction of the 245 

posterior capsular laxity, recurrence of resubluxaton, and may explain the high failure rates of 246 

non-augmented glenoids in this scenario.  Furthermore, less bone is removed in some of the 247 

aTSA PAG designs and finite element analyses shows encouraging biomechanical results20,21. 248 

Neer initially mentioned the concept of a “sloped” augment, but it is unclear how many 249 

of these, if any, were implanted or the clinical outcomes35.  Next, the Cofield 2 posterior 250 

augment (Smith and Nephew, Memphis, TN, USA) was a keeled, wedge-shaped implant.  Rice 251 

et al reported on 14 implants in 13 patients with minimum 2 year (mean 5 year) follow-up40.  252 

36% of the outcomes were judged as excellent, 50% satisfactory, and 14% unsatisfactory. 253 
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Additionally, 4 out of 12 patients with radiographic follow-up had recurrence of their posterior 254 

subluxation.  The implant only corrected 4 degrees and was removed from the market as the 255 

advantage was felt to be marginal40. 256 

 Of the three PAG glenoids currently available, this is the first report of the PERFORM + 257 

glenoid. The other implants currently available are the Equinoxe PAG (Exactech, Gainesville, 258 

FL, USA), AllianceTM PAG (Zimmer-Biomet, Warsaw, IN, USA), and the STEPTECH® 259 

(DePuy-Synthes, Rayhnam, MA, USA). The Equinoxe is a wedge-shaped, pegged implant that 260 

has been studied in a case-controlled age and gender matched cohort study; Wright et al 261 

evaluated 24 patients with and 24 without posterior glenoid erosion at minimum 2 year follow-up 262 

55.  Both groups did equally well with no recurrent posterior subluxation and no revisions in 263 

either group.  Given the previous poor results with standard aTSA for cases with posterior 264 

glenoid erosion14,19,53, the fact that the augmented implant gave comparable results to the 265 

matched group without glenoid erosion was interpreted as a sign of efficacy. Priddy et al 266 

evaluated 37 shoulders treated with an the augmented glenoid and 37 with a standard glenoid and 267 

showed comparable ROM and PROMs38. This study did highlight however that there was higher 268 

incidence of radiographic lucencies and need for revision with the larger augment (16) used, 269 

which the authors reported they no longer use in their practice. Grey et al recently published a 270 

cohort of 68 aTSA using the Equinoxe PAG with 50-month mean follow-up showing correction 271 

of posterior humeral subluxation, although 2 glenoids required revision for aseptic loosening10.  272 

  The STEPTECH is a pegged glenoid with a posterior augment that is prepared for by 273 

means of a power rasp.  Favorito et al reviewed 22 patients with minimum 2 year (mean 36 274 

months) follow-up showing favorable clinical results with no loose glenoids despite 3 episodes 275 

of instability in 2 patients6. Iannotti et al published a cohort of 50 patients with B2 or B3 276 
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glenoids treated with the STEPTECH PAG compared to 42 with an A1 glenoid treated with a 277 

non-augmented glenoid17. At mean 28 months follow-up there was continued correction of 278 

posterior humeral subluxation with the PAG with no revisions related to the glenoid implant, 279 

however in the B3 group there was increased central post osteolysis compared to the A1 group 280 

(29% vs 5%). 281 

Lastly, an important consideration with the use of PAG is the deformity of the glenoid 282 

that it is attempting to correct. By design, the biconvex nature of the PERFORM + PAG makes it 283 

conforming to a B2 glenoid biconcavity. In this study we have reported on its use in B3 and C 284 

glenoids that are monoconcave by definition. In the setting of monoconcavity, the use of a 285 

biconvex implant does require some amount of high side reaming to create a glenoid that 286 

conforms to the implant. This biconvex implant allows for correction of glenoid retroversion, but 287 

does require some anterior bone removal. It remains to be seen whether retroverted, uni-concave 288 

B1, B3, and C glenoids may be best treated with a full wedge augment instead of a biconvex 289 

implant. 290 

Despite the strengths of the large cohort size, multi-center design, and the prospective 291 

data collection, there are significant limitations.  First, while preoperative CTs were performed 292 

on all patients, postoperative CTs were not performed as this was not a part of all surgeons’ 293 

standard of care.  Thus, while preoperative glenoid retroversion and subluxation could be 294 

measured on CT and axillary radiograph, the postoperative measures were, in large part, on 295 

radiographs only.  Fortunately, published and oft-utilized paradigms for measuring on both 296 

modalities exist7,15,26,33,36,45.  Furthermore, there is precedent for concordance between plain 297 

radiographs and CT scans and our measurements were highly concordant with preoperative 298 

glenoid retroversion measuring 19.3  8.9 on radiographs and 16.0  7.4 on CT7,15,26,33,36. 299 
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Additionally, measurement of glenoid version on an axillary lateral radiograph requires 300 

appropriate patient positioning that can be challenging to obtain in a stiff, arthritic shoulder. In 301 

our study, 27 patients did not have an adequate axillary lateral x-ray to measure preoperative 302 

glenoid version, but all 86 patients had preoperative CT scans with glenoid version 303 

measurement, and complete postoperative x-ray imaging. Given that 27 patients did not have x-304 

ray glenoid version measurements preoperatively, only the 59 patients with complete pre- and 305 

postoperative x-ray measurements were included in our statistical analysis of version correction, 306 

posterior subluxation, and posterior decentering on x-ray. 307 

While the follow-up is in keeping with other augment studies, a limitation is the 308 

relatively short-term follow-up.  This is a concern given the lack of consensus regarding the 309 

mechanism of the posterior subluxation that initiated the pathologic cycle of posterior 310 

subluxation and posterior glenoid erosion.  Theories ranging from premorbid retroversion, to 311 

infraspinatus atrophy, to extrinsic contractures, to scapular positioning, to anterior capsular 312 

contracture have been proposed but none have been conclusively proven2,18,30.  We believe that 313 

static posterior erosion and posterior subluxation of the humeral head is the result of a tight 314 

antero-inferior capsule, leading to altered kinematics and erosion in much the same way as over-315 

exuberant antero-inferior capsulorrhaphy can lead to capsulorrhaphy arthropathy24,30.  Soft tissue 316 

balancing and version correction with a non-augmented aTSA has been shown to lead to 317 

correction of humeral head subluxation in 39/39 (100%) of patients in Habermeyer et al and 318 

21/23 (91%) in Gerber et al. However, if the joint line is medialized with a non-augmented 319 

glenoid component and/or the version is not corrected, the capsular laxity and rotator cuff forces 320 

may lead to continued subluxation and early glenoid failure as seen in Iannotti et al19 and Walch 321 

et al53. We believe soft tissue balancing is a critical part of the management of this pathology and 322 
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46/86 of our patients were treated with complete anterior/inferior capsulectomy while the 323 

remainder had thorough anterior/inferior capsular release.   324 

With the approach of soft tissue balancing and version correction without joint line 325 

medialization, we had no instances requiring a posterior capsular plication, no instances 326 

requiring non-anatomic anteriorization of the humeral head, no instances of clinical posterior 327 

subluxation events, excellent version correction, and correction of the radiographic posterior 328 

instability that was maintained for at least 2, nearly 3 years (mean 35 months, range 24-54).  329 

Further follow-up is critical but with the data thus far available, this appears to be a highly viable 330 

clinical alternative with excellent short-term outcomes. 331 

 332 

Conclusion 333 

The use of the PERFORM + anatomic posterior-augmented glenoid as a part of a strategy of 334 

soft-tissue balancing, glenoid version correction, and avoidance of over-medialization of the 335 

glenoid articular surface shows promise with respect to improvement in PROMs, a low incidence 336 

of complications, version correction, and correction of posterior-subluxation.   337 

 338 
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 518 

Figure Legends 519 

 520 

Figure 1. PERFORM + posterior augmented glenoid. Seen above is the pegged model from left 521 

to right with 15 augment, 25 augment, and 35 augment.  (Published with permission from 522 

Tornier, Inc. an indirect subsidiary of Stryker Medical, NV) 523 

 524 

Figure 2. Posterior humeral subluxation as measured by two methods. A) Posterior subluxation 525 

described by Walch et al52. B) Posterior decentering as described by Hsu et al16 method 526 

 527 

Figure 3: Typical preoperative (A) and 2 year postoperative (B) axillary lateral radiograph 528 

showing the correction of posterior subluxation with the posterior augmented all polyethylene 529 

glenoid component. 530 
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Table 1. Demographics 

 

Age 68 ± 8 years (range 48 to 85) 

Follow Up 35 ± 10 months (range 24 to 54) 

Sex  

 Male 62/86 

 Female 24/86 

Dominant Arm? 52/86 

Smoking Status  

 Never 73/86 

 Former 12/86 

 Current 1/86 

Worker’s Compensation 2/86 
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Table 1. Clinical Results 

 

  Preoperative Final Follow Up   

  Avg SD Avg SD P-value N 

E
x
a
m

 

Forward 

Elevation 

114 24 154 14 < 0.0001 86 

ER at side 22 18 51 15 < 0.0001 86 

IR at side 17 34 12 3 < 0.0001 86 

P
R

O
M

s 

VAS 5.2 2.4 0.7 1.6 < 0.0001 86 

SANE 43.2 18.3 89.5 13.2 < 0.0001 60 

Constant 41.8 13.4 76.9 9.2 < 0.0001 31 

ASES 49.8 18.2 86.7 17.6 < 0.0001 72 

X
-R

a
y
 

M
ea

su
re

m
en

t*
 Glenoid 

Retroversion 

19.3 8.9 7.4 7.6 < 0.0001 59 

Posterior 

Subluxation 

69.1% 8.5% 53.5% 6.7% < 0.0001 59 

Posterior 

Decentering 

5.8% 5.7% -3.0% 2.6% < 0.0001 59 

C
T

 

M
ea

su
re

m
en

t Glenoid 

Retroversion 

16.0 7.4 N/A   86 

Posterior 

Subluxation 

65.7% 7.6% N/A 

 

  86 

Posterior 

Decentering 

3.8% 6.1% N/A   86 

 

*Note: Due to stiffness-related positioning difficulties, 27 patients did not have an adequate 

axillary lateral radiographs for preoperative glenoid version measurement. All patients had 

preoperative CT scans and complete postoperative x-ray imaging including version 

measurement, but only the 59 with complete pre- and post-operative x-ray imaging were 

included in the statistical analysis. 
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