
Background: The outcomes of patients 50–55 years old or younger undergoing prosthetic shoulder arthroplasty (PSA) may not generalize 
to younger patients. We report outcomes following PSA in a consecutive series of patients 40 years or younger. We hypothesize that total 
shoulder arthroplasty (TSA) provides better outcome and durability than resurfacing hemiarthroplasty (RHA).
Methods: Patients were stratified by diagnosis and surgical procedure performed, RHA or TSA. Active range of motion and self-assessed 
outcome were evaluated preoperatively and at final follow-up. 
Results: Twenty-nine consecutive PSAs were identified in 26 patients, comprising 9 TSAs and 20 RHAs, with a minimum of 2-year fol-
low-up. Twelve PSAs were performed for chondrolysis. Mean active forward elevation, abduction, external rotation, and internal rotation 
improved significantly (p<0.001 for all). Mean pain score improved from 6.3 to 2.1, Simple Shoulder Test from 4.0 to 9.0, and American 
Shoulder and Elbow Surgeons score from 38 to 75 (p<0.001 for all). Patients undergoing RHA and TSA had similar outcomes; but three 
RHAs required revision, two of these within 4 years of implantation. Four of five patients undergoing revision during the study period had 
an original diagnosis of chondrolysis.
Conclusions: PSA in young patients provides substantial improvement in active range of motion and patient reported outcomes irrespec-
tive of diagnosis and glenoid management. However, patients undergoing RHA, especially for chondrolysis, frequently require subsequent 
revision surgery, so that RHA should be considered with caution in young patients and only after shared decision-making and counsel on 
the risk of early revision to TSA. 

Keywords: Arthroplasty, shoulder, replacement; Young; 40 Years; Resurfacing; Chondrolysis

Original Article
Clin Shoulder Elbow 2022;25(4):311-320
https://doi.org/10.5397/cise.2022.01088

Prosthetic shoulder arthroplasty in patients 40 years or younger: 
outcomes stratified by diagnosis and surgery  
Samer S. Hasan1,2, Leslie E. Schwindel3, Cassie M. Fleckenstein1,2  
1Mercy Health/Cincinnati SportsMedicine and Orthopaedic Center, Cincinnati, OH, USA 
2Cincinnati Sports Medicine Research and Education Foundation, Cincinnati, OH, USA 
3Lake Cumberland Regional Hospital, Somerset, KY, USA 

Financial support: None.
Conflict of interest: None.

Received: July 2, 2022    Revised: November 1, 2022    Accepted: November 3, 2022
Correspondence to: Samer S. Hasan 
Mercy Health/Cincinnati SportsMedicine and Orthopaedic Center, 4700 E. Galbraith Rd, 3rd Floor, Cincinnati, OH 45236, USA 
Tel: +1-513-853-8886, E-mail: sshasan@zoomtown.com, ORCID: https://orcid.org/0000-0002-5344-9245

INTRODUCTION 

Prosthetic shoulder arthroplasty (PSA) provides excellent pain 
relief and restores function in patients with glenohumeral arthri-
tis. PSA performance has increased significantly [1-4] because of 
greater patient expectations, proven clinical outcomes, and im-

plant durability. Specifically, anatomic total shoulder arthroplasty 
(TSA) is preferred over hemiarthroplasty (HA), at least for pa-
tients with primary glenohumeral osteoarthritis, because of doc-
umented superior outcomes and durability [5,6]. 

In addition, the indications for PSA have expanded to new pa-
tient populations, including increasingly younger patients with 
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specific types of glenohumeral arthritis, such as post-traumatic 
arthritis, chondrolysis, and capsulorrhaphy arthropathy. Particu-
larly, post-arthroscopic chondrolysis is a rare but devastating 
condition characterized by rapid cartilage destruction with asso-
ciated high pain level and stiffness. Chondrolysis has affected pa-
tients as young as 15 years [7] and has been associated with 
prominent suture anchors, excessive use of heat, and intra-artic-
ular infusion of local anesthetics [8]. 

Despite the benefits of PSA, concerns over long-term durabili-
ty have limited its use in young patients [9]. These concerns have 
motivated the development of non-prosthetic alternatives, in-
cluding arthroscopic and open reparative and biologic interven-
tions. Specifically, osteoarticular autograft transfer or allograft 
surgery [10-12], as well as arthroscopic procedures including de-
bridement, resection of osteophytes, microfracture, and capsular 
release, coupled with adjunctive procedures such as biceps teno-
desis and subacromial decompression are being performed in 
young patients with glenohumeral arthritis [10,12-17]. Some 
have advocated arthroscopic intervention even for advanced dis-
ease [14,15], but long-term effectiveness remains unknown, and 
both short-term effectiveness and reproducibility have been 
questioned, especially in patients with bipolar joint disease 
[10,13,17,18]. Furthermore, some types of glenohumeral arthri-
tis, such as chondrolysis, are refractory to nonoperative and ar-
throscopic interventions and frequently require PSA [19,20]. 

The precise definition of “young” patient, as pertaining to PSA, 
is also evolving. Most previous reports adopted thresholds of 50 
or 55 years of age to characterize patients as young [9,21-26]. 
However, much younger patients also undergo PSA [19,20,27]. 
The generalizability of published results of PSA in patients ap-
proaching 50 years of age is unproven. Understanding the out-
comes of PSA in young patients is important for several reasons. 
Young patients often have the highest expectations and greatest 
demands for both work and sport. Second, their life expectancy 
is longer, increasing the importance of identification of risk fac-
tors for early failure or revision. Third, the number of patients 
undergoing PSA, including young patients, is projected to con-
tinue to increase [3]. 

To our knowledge, there are no published data on the outcome 
of PSA in a cohort composed entirely of patients who are much 
younger than 50 years. The purpose of this study is to report on 
outcomes following PSA, stratified by surgery and by diagnosis, 
in patients who are 40 years or younger. There are several studies 
looking at patients younger than 50 including articles by Sperling 
et al. [24-26]. Our hypothesis is that TSA provides better clinical 
outcomes and implant durability compared with HA, including 
resurfacing hemiarthroplasty (RHA). Our secondary hypothesis 

is that patients with chondrolysis have inferior outcomes follow-
ing PSA than do those with other diagnoses. 

METHODS 

This study was conducted in compliance with Good Clinical 
Practices. Data included in this study were prospectively collect-
ed as part of the senior author’s standard of care. Internal review 
by our ethics committee was completed, but formal Institutional 
Review Board approval was not required. Informed consent was 
not required for this retrospective study because all data record-
ed, analyzed, and reported were obtained routinely as part of the 
senior author's clinical practice. 

All primary PSAs performed by the senior author between Janu-
ary 2008 and December 2017 in patients 40 years and younger 
were identified. As stated, younger than 40 years excludes patients 
who are 40 years old, but we included these patients. The type and 
number of previous surgeries and underlying diagnoses were re-
corded for each patient. Surgeries were stratified as either RHA 
or TSA. The results from two patients undergoing stemmed HA 
with concentric glenoid reaming, often referred to as the ream-
and-run procedure, were included in the TSA group. This classi-
fication was used because of the similar peri-glenoid soft tissue 
releases and glenoid surface preparation (other than glenoid 
component insertion) as well as indication of glenohumeral ar-
throsis with more severe glenoid wear. This differentiated these 
cases from RHAs, which were performed in patients with con-
centric and generally milder glenoid wear. All patients under-
went preoperative standardized bi-planar radiographs and either 
magnetic resonance imaging or computed tomography scan. 

All PSAs were performed through a deltopectoral interval with 
subscapularis peel. Anterior and inferior capsular release was 
carried out in all patients, but the labrum was preserved unless a 
glenoid implant was being inserted. Except in a few of the young-
est patients treated early in the study period, the biceps tendon 
was tenodesed routinely. All humeral implants were inserted 
without cement, and all glenoid implants were composed of 
all-polyethylene cemented components. Subscapularis repair was 
performed using transosseous sutures for TSA and three to four 
double- or triple-loaded suture anchors for RHA. No patient 40 
years or younger underwent reverse shoulder arthroplasty, stem-
less TSA, or glenoid resurfacing using a tissue patch during the 
study period. 

Patients underwent standardized measurement of active range 
of motion including forward elevation, abduction, and external 
rotation at the side, all of which were expressed in degrees; and 
internal rotation to the back, expressed as the highest spinous 
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process level attained with the thumb on the operative side. In-
ternal rotation levels were transformed to a 10-point scale as for 
the Constant score [28]. Self-assessed outcomes were evaluated 
pre-operatively and at the most recent follow-up using the 
10-point visual analog scale (VAS) for pain, the Simple Shoulder 
Test (SST), and the American Shoulder and Elbow Surgeons 
(ASES) score. True AP in external rotation (Grashey) and axil-
lary-lateral plain radiograph views were obtained in all but two 
patients at most recent follow-up. In addition, intraoperative and 
postoperative complications and all repeat operations, including 
revision shoulder arthroplasty, were identified and reported. 

Statistical Analysis 
Preoperative active range of motion, SST, ASES, and VAS pain 
scores were compared to those at the most recent follow-up. Fi-
nal range of motion and self-assessed outcome, as well as im-
provements in both, were also compared between RHA and TSA. 
Similarly, the results for chondrolysis were pooled and compared 
to those for the other diagnoses. Statistical analysis was per-
formed on Excel (Microsoft Excel for Mac, Redmond, WA, USA) 
using the paired or unpaired t-test or Wilcoxon signed rank test, 
as appropriate. 

RESULTS 

Between January 2008 and December 2017, the senior author 
performed 1057 PSAs, including 511 anatomic TSAs, 400 reverse 

TSAs, 94 stemmed HAs, and 52 RHAs, including revisions. For-
ty-two of these (4.1%) were performed in patients 40 years or 
younger. Five patients younger than 40 years underwent revision 
shoulder arthroplasty, including two patients in this study, but 
their outcomes following revision shoulder arthroplasty are not 
included. Two additional patients were excluded because PSA 
was performed as part of salvage revision surgery for recurrent 
traumatic anterior shoulder instability with combined massive 
glenoid and humeral bone loss, and five patients (six shoulders) 
were lost to follow-up. The remaining 29 shoulders in 26 patients 
were available for clinical and self-assessment follow-up at a 
mean of 5.0 years (range, 24 months– 11 years) postoperatively. 

Nine shoulders in eight patients underwent TSA, including 
three shoulders in two patients undergoing the ream-and-run 
procedure. Twenty shoulders in 18 patients underwent RHA 
(Figs. 1 and 2). Twelve shoulders underwent PSA for chondroly-
sis, seven shoulders for osteonecrosis, six for capsulorrhaphy ar-
thropathy, two for primary osteoarthritis, and two for post-trau-
matic arthritis. Twenty-one of 29 shoulders (72.4%) underwent 
previous surgery (range, 1–3 surgeries), including 21 of 22 shoul-
ders with a diagnosis other than osteonecrosis. Patient character-
istics, including type of PSA, are shown in Table 1, stratified by 
diagnosis. Follow-up for PSA performed for chondrolysis was 
significantly longer than that for PSA performed for other diag-
noses (7.2 ± 2.6 years vs. 3.7 ± 2.2 years, p < 0.001). 

Nineteen PSAs were performed in 17 male patients and nine 
PSAs in nine female patients. Mean age at arthroplasty was 31.2 

Fig. 1. Resurfacing hemiarthroplasty for glenohumeral chondrolysis secondary to prominent anchors on the articular face in a 19-year-old 
woman. (A, B) Preoperative radiographs. (C) Preoperative magnetic resonance imaging demonstrating a prominent anchor (arrow). (D, E) In-
traoperative images: the arrow points to the site of two prominent anchors removed from the anteroinferior glenoid face. (F) Two anchors re-
moved from the glenoid face. (G, H) Arthroscopic images from a “second-look” arthroscopy performed elsewhere prior to resurfacing demon-
strating humeral chondral thinning and labrum repair. (I, J) Postoperative radiographs demonstrating resurfacing hemiarthroplasty.
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years (range, 17–40 years). With the numbers available, patients 
undergoing primary PSA for chondrolysis were significantly 
younger than patients undergoing PSA for other diagnoses (25.6 
vs. 35.1, p < 0.001). Additionally, patients undergoing RHA were 
slightly younger (30.2 vs. 33.3 years, p = not significant) than 
those undergoing TSA. 

For the entire cohort at the most recent follow-up, mean ac-
tive forward elevation improved from 102° preoperatively to 
141°, active abduction improved from 91° to 126°, active exter-
nal rotation improved from 26° to 43° (p < 0.001 for all), and ac-
tive internal rotation improved from L5 to T12 spinous process 
(p < 0.005). Mean VAS-pain score improved from 6.3 to 2.1 
(p <0.001), mean SST improved from 4.0 to 9.0 (p <0.001), and 
mean ASES score improved from 38 to 75 (p < 0.001). 

The outcomes stratified by diagnosis and by treatment are 
demonstrated in Tables 2 and 3, respectfully. Patients undergo-

Fig. 2. A 24-year-old man with glenohumeral chondrolysis secondary to infusion of local anesthetics after instability repair. (A, B) Preopera-
tive radiographs. (C) Intraoperative findings. (D, E) Early postoperative radiographs after resurfacing hemiarthroplasty. (F, G) Progressive gle-
noid erosion and humeral head subluxation at 24 months postoperative. (H, I) Recentered glenohumeral joint after revision to total shoulder 
arthroplasty with augmented glenoid component.
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Table 1. Characteristics of the 29 shoulders, stratified by diagnosis

Demographic Chondrolysis Other
Number 12 17
Age (yr), mean± SD 25.6± 8.3 35.1± 4.4
Sex (male:female) 6:6 13:4
Previous surgery 12 9
RHA:TSA (including ream-and-run) 8:4 12:5
Subsequent surgery (patient) 7 (6) 4 (2)
Revision 4 1
Values are presented as mean± standard deviation or number (%).
SD: standard deviation, RHA: resurfacing hemiarthroplasty, TSA: total 
shoulder arthroplasty.

Table 2. Active range of motion and patient reported outcomes, 
stratified by diagnosis

Measure Preoperative Postoperative p-value
Chondrolysis (n= 12)
  FE (°) 110± 30 135± 23 0.06
  AB (°) 95± 26 129± 32 < 0.05
  ER (°) 26± 23 46± 12 < 0.01
  IR* 6.3± 1.2 7.3± 1.2 NS
  VAS-pain 6.9± 1.1 1.4± 1.1 < 0.001
  SST 3.8± 2.7 8.9± 2.2 < 0.005
  ASES score 35± 15 81± 10 < 0.005
Other (n= 17)
  FE (°) 97± 24 144± 19 < 0.001
  AB (°) 88± 26 124± 33 < 0.001
  ER (°) 26± 16 42± 12 < 0.001
  IR* 6.2± 1.9 8.0± 1.4 < 0.005
  VAS-pain 6.0± 2.1 2.6± 2.6 < 0.001
  SST 4.1± 3.1 9.1± 2.7 < 0.001
  ASES score 39± 15 76± 21 < 0.001
Values are presented as mean± standard deviation.
FE: forward elevation, AB: abduction, ER: external rotation (at the 
side), IR: internal rotation (to the back), NS: not significant, VAS: visual 
analog scale, SST: Simple Shoulder Test, ASES: American Shoulder and 
Elbow Surgeons.
*IR levels were transformed to a 10-point scale as for the Constant 
score [28].

ing TSA had less preoperative external rotation than patients 
undergoing RHA (14° vs. 31°, p < 0.05). Otherwise, RHA and 
TSA patients had similar pre- and postoperative range of mo-
tion and outcomes scores. Patients undergoing PSA for chon-
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drolysis as well as those receiving PSA for other diagnoses had 
similar pre- and postoperative range of motion and outcomes 
scores (p > 0.05). 

There were no intraoperative or immediate postoperative com-
plications. Seven of 29 shoulders (24.1%) have undergone 11 re-
operations, including five revision shoulder arthroplasties. Three 
RHAs underwent revision to TSA, including a revision per-
formed elsewhere for progressive glenoid erosion at 8 years post-
operatively. One patient underwent two-stage revision to reverse 
shoulder arthroplasty for glenoid implant loosening with uncon-
tained glenoid defect requiring structural bone graft at age 47 
years, 8 years postoperatively. One ream-and-run patient under-
went single-stage reimplantation for prosthetic joint infection. 
Four of five shoulders undergoing revision surgery had an origi-
nal diagnosis of chondrolysis. 

Additionally, the ream-and-run patient underwent arthroscop-
ic lysis of adhesions twice, before and after single-stage revision. 
The patient who was ultimately revised from RHA to TSA at 8 
years postoperatively had previously undergone arthroscopic ly-
sis of adhesions 18 months after RHA. One patient underwent 
arthroscopy-assisted open biceps tenodesis 3 months postopera-
tively, with a good clinical result maintained at 8 years postopera-

tively. Finally, one patient who underwent bilateral ream-and-
run procedures underwent left suprascapular nerve release else-
where, with substantial improvement in symptoms and good 
clinical result maintained at 4 years postoperatively. 

DISCUSSION 

PSA for glenohumeral arthritis in young patients is a challenging 
proposition because patients often expect, in addition to pain re-
lief, the ability to return to physical work or sports [21,23]. For 
some patients, these expectations remain unmet after PSA; for 
others, return to strenuous activities places greater motion and 
loading demands on the PSA and might lead to accelerated wear 
or early loosening. Additionally, the underlying diagnosis in 
young patients is typically inflammatory arthritis or various types 
of secondary arthritis such as chondrolysis, capsulorrhaphy ar-
thropathy, or osteonecrosis, rather than primary osteoarthritis. 
Therefore, these patients present with a unique set of complex 
pathologies and treatment challenges [29]. 

Not surprisingly, patient satisfaction in younger patients fol-
lowing PSA has historically been disappointing. Schoch et al. [24] 
and Sperling et al. [25,26] have reported on the results of HA and 
TSA in patients with glenohumeral arthritis who were younger 
than 50 years. Follow-up at 15 years confirmed long-term pain 
relief and improvement in shoulder motion after both proce-
dures. Still, 60% of patients undergoing HA and 48% of patients 
undergoing TSA were dissatisfied with their result [26]. More re-
cently, Wagner et al. [30] studied the role of age in the outcomes 
and complications of PSA in a large institutional database and 
found that the risk of revision surgery decreased linearly between 
ages 40 and 85, with each 1 year increase in age showing a 3% 
decrease in risk of revision. The authors [30] concluded that 
there is a strong association between young age and increased 
rates of revision surgery and reoperation because of mechanical 
failure after PSA.  

Our study included patients undergoing RHA and TSA. In 
general, RHA was performed on patients younger than 30 years 
or when the glenoid was unaffected or concentrically eroded; 
otherwise, TSA was performed. An economic decision study em-
ploying a Markov chain decision tree model demonstrated an 
advantage of TSA over HA in patients between age 30 and 50 
years [31]. Compared with HA, TSA required fewer revisions, 
greater cost savings, and greater quality adjusted life years gained. 
HA avoids the problems associated with glenoid implantation, 
including late loosening. However, painful glenoid erosion may 
hasten the need for revision surgery. 

RHA aims to avoid humeral head resection and use of an in-

Table 3. Active range of motion and patient reported outcomes, 
stratified by treatment

Measure Preoperative Postoperative p-value
RHA (n= 20)
  FE (°) 98± 29 143± 21 < 0.001
  AB (°) 90± 29 128± 29 < 0.005
  ER (°) 31± 17 47± 11 < 0.001
  IR* 6.4± 1.6 7.9± 1.3 < 0.05
  VAS-pain 6.3± 2.0 1.9± 2.0 < 0.001
  SST 3.8± 3.2 9.1± 2.4 < 0.001
  ASES 38± 17 78± 19 < 0.001
TSA† (n= 9)
  FE (°) 112± 19 135± 22 < 0.05
  AB (°) 93± 17 121± 39 NS
  ER (°) 14± 17 37± 12 < 0.001
  IR* 5.9± 1.8 7.2± 1.3 0.06
  VAS-pain 6.4± 1.4 2.6± 2.7 < 0.05
  SST 4.4± 2.2 8.8± 2.7 < 0.05
  ASES 38± 12 71± 25 < 0.01
Values are presented as mean± standard deviation.
RHA: resurfacing hemiarthroplasty, FE: forward elevation, AB: abduc-
tion, ER: external rotation (at the side), IR: internal rotation (to the 
back), VAS: visual analog scale, SST: Simple Shoulder Test, ASES: 
American Shoulder and Elbow Surgeons, TSA: total shoulder arthro-
plasty, NS: not significant.
*IR levels were transformed to a 10-point scale as for the Constant 
score [28]; †Including three shoulders that underwent ream-and-run 
procedures.

315https://doi.org/10.5397/cise.2022.01088

Clin Shoulder Elbow 2022;25(4):311-320



tramedullary stem and to preserve the native anatomy of the gle-
nohumeral joint. Optimal positioning of the resurfacing implant 
should, in theory, preserve native humeral head inclination, off-
set, and version and facilitate late revision to an anatomic TSA 
when this becomes necessary [32]. Levy et al. [33] reported 
81.6% survivorship and high patient satisfaction at a minimum 
of 10 years following RHA in a group of patients aged 50 years or 
younger, with a mean age of 39 years. Other studies have demon-
strated good short- and mid-term clinical results and durability 
in younger patients [21,34-36], although at least one study has 
demonstrated poor durability and patient satisfaction [37]. 

Survivorship of TSA has typically exceeded that of HA. Schoch 
et al. [24] reported that survivorship of HA was 82% at 10 years 
and 75% at 20 years; and survivorship of TSA was 97% and 84% 
at 10 and 20 years, respectively . However, most of the patients in 
that study had post-traumatic or inflammatory arthritis, and 
none had chondrolysis [24,26]. In a related study employing the 
same institutional database, Bartelt et al. [22] studied the long-
term outcomes of PSA specifically for osteoarthritis in patients 
younger than 55 years. Implant survivorship at 10 years was 92% 
for TSAs and 72% for HAs [22]. Substantial glenoid periprosthet-
ic lucencies or a shift in component position was identified in 10 
of 34 TSAs, and at least moderate severity glenoid erosion was 
identified in 6 of 13 HAs. However, the authors concluded that 
TSA offered advantages over HA in terms of pain relief, shoulder 
range of motion, and implant survival [22]. Eichinger et al. [23] 
evaluated patient satisfaction and implant durability rates follow-
ing PSA. The authors reported 5-year survivorship of 89% for 
HA and 95% for TSA. However, corresponding rates of patient 
satisfaction at 5 years were 72% and 95%, respectively. The au-
thors noted discordance between patient satisfaction and implant 
survival, especially for HA [23]. 

In the youngest and most active patients, the benefits of a poly-
ethylene glenoid implant may need to be balanced against the 
risk of glenoid implant loosening. Concerns over glenoid implant 
loosening and progressive glenoid erosion have motivated the 
development of alternatives including biologic glenoid resurfac-
ing and the ream-and-run procedure [12,38]. No patient in this 
series underwent biologic glenoid resurfacing using soft tissue 
interposition because of a preponderance of studies demonstrat-
ing poor outcomes and survivorship when using this procedure 
[39-43]. For example, Elhassan et al. [39] reported that 10 of 13 
patients (77%) undergoing HA combined with biologic glenoid 
resurfacing required revision to TSA for persistent pain at a 
mean of 14 months follow-up. Radiographs demonstrated rapid 
and progressive joint space narrowing and glenoid erosion. Muh 
et al. [44] demonstrated initial improvements in pain and func-

tion following HA with biologic glenoid resurfacing in patients 
55 years old or younger, but the revision rate was 44% at a mean 
36 months follow-up. A recent systematic review of the results of 
biologic glenoid resurfacing combined with HA documented an 
overall complication rate of 36%, a revision surgery rate of 34%, 
and a clinical failure rate of 43% [45]. 

The ream-and-run procedure combines HA with concentric 
spherical glenoid reaming to correct glenoid articular surface in-
congruity in order to recenter the humeral head and create dura-
ble glenoid articulation without implant or graft [46-53]. The 
procedure provides an alternative to TSA using a conventional 
all-polyethylene glenoid implant. Its development was motivated 
by concerns over early glenoid implant loosening, especially in 
younger, more active patients, and the unpredictable results fol-
lowing either glenoid implant removal or revision implantation 
[49]. Recent studies have demonstrated higher rates of return to 
sports and strenuous work following ream-and-run compared 
with TSA [48,52]. In our series, one patient with severe bilateral 
posterior glenoid erosion and dysplasia underwent staged bilat-
eral ream-and-run procedures at 20 and 24 years of age to par-
tially correct glenoid version and create a smooth articulation. 
Another patient with capsulorrhaphy arthropathy underwent 
ream-and-run at age 32 years. 

The mean age of patients undergoing PSA in this series was 
only 31.2 years, which is nearly a decade younger than in any 
previously published report. Additionally, the mean age of pa-
tients undergoing RHA was only 30.2 years; and RHA was per-
formed in 8 of 10 shoulders performed at age 26 years or young-
er. We did not consider implanting a glenoid component in these 
patients for several reasons: to preserve glenoid bone stock for 
eventual revision, to avoid the glenoid exposure challenges that 
accompany humeral head preservation, and to avoid the risk of 
early glenoid implant failure. 

Three of 20 RHA patients (15%) required revision to TSA, at 
30, 42, and 91 months postoperatively. All three patients had 
chondrolysis and developed progressive glenoid erosion, and 
none had evidence of implant loosening or any intraoperative or 
postoperative signs of prosthetic joint infection. All three patients 
reported improvements in range of motion and outcome follow-
ing their revisions. 

Six all-polyethylene glenoid components were implanted in 
this series of patients 40 years or younger, comprising the nine in 
the TSA group less the three ream-and-run procedures. One pa-
tient underwent staged glenoid implant removal and bone graft 
of an uncontained glenoid defect at age 47 years and 95 months 
postoperatively, followed by revision to reverse shoulder arthro-
plasty 3 months later. The remaining five glenoid components 
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have survived for a mean follow-up of 78 months. 
The rate of revision surgery varied by underlying diagnosis. 

Twelve patients in this series were initially diagnosed with chon-
drolysis, accounting for nine of the 10 shoulders. The patients 
undergoing PSA were 26 years or younger. Four of the five PSAs 
that underwent revision, including that performed at a different 
care facility, were patients with chondrolysis. This includes three 
RHA patients who underwent early revision for glenoid arthrosis 
and a single TSA patient who underwent revision for glenoid 
loosening at approximately 8 years postoperatively. Overall, four 
of 12 (33.3%) shoulders with chondrolysis have undergone revi-
sion PSA, compared to only one shoulder with another diagno-
sis. 

Chondrolysis patients demonstrated high revision rates, which 
may relate to the underlying diagnosis as well as the development 
of painful glenoid arthrosis following RHA. However, these high 
rates may also relate to their young age and substantially longer 
duration of follow-up than patients undergoing PSA for other di-
agnoses (7.2 vs. 3.7 years). In a large retrospective review of a 
single health care system database, Dillon et al. [54] reported that 
patients younger than 59 years had a two-fold higher risk of early 
revision than patients older than 59 years following PSA. A re-
cent multicenter study evaluating the results of treatment for os-
teoarthritis and capsulorrhaphy arthropathy in patients 50 years 
or younger found that complication and revision rates were sub-
stantially higher following HA than TSA [55]. Another study re-
cently demonstrated that prior non-arthroplasty surgery was as-
sociated with inferior patient reported outcomes and higher revi-
sion rates after TSA [56]. Collectively, these studies raise con-
cerns over the influence of diagnosis, prior surgeries, and high 
functional demands experienced by young patients on implant 
durability and the need for revision surgery. 

Several studies have noted the relatively modest functional 
gains and high pain levels following PSA for chondrolysis 
[19,20,27]. We previously reported on the short-term results of 
PSA for glenohumeral chondrolysis that included patients older 
than age 40 and found that mean active forward elevation im-
proved 47° to 140°, mean active abduction improved 50° to 131°, 
and mean active external rotation improved 27° to 49°; these 
were all statistically significant improvements [19]. In addition, 
mean VAS-pain scores improved significantly to 3.4; and mean 
ASES scores and SST improved significantly, from 37 to 66 and 
from 4 to 8, respectively. 

Levy et al. [27] reported on 11 patients with a mean age of 39, 
ranging from 16 to 64 years and including two patients, aged 16 
and 18 years, who underwent total shoulder replacement for 
chondrolysis. The authors [27] found statistically significant im-

provements in range of motion, including gains of 34° in active 
abduction and 22° in active external rotation; but the 16° im-
provement in active forward elevation was not statistically signif-
icant due to limited sample size. In addition, ASES scores im-
proved significantly from 30 to 77 and SST from 3 to 8 [27]. The 
ASES pain score improved to 36.4, equivalent to a VAS-pain 
score of 2.9. 

Schoch et al. [20] reported on 26 patients undergoing PSA for 
chondrolysis after shoulder arthroscopy including patients 21 to 
58 years old with a mean age of 40 years. Twenty-three of 26 pa-
tients were followed for a minimum of 2 years or until reopera-
tion, with a mean follow-up of 4 years, comparable to the fol-
low-up in the present series. The authors [20] found that pain 
scores improved from 4.7 to 2.6, but only 14 of 23 patients de-
creased to mild or no pain. Five of 23 patients (21.7%) required 
reoperation, including two for glenoid loosening and one each 
for infection, instability, and stiffness [20]. Mean ASES score was 
64, and eight patients (35%) rated their shoulder as the same or 
worse [20]. The authors concluded that, although PSA for chon-
drolysis improves pain and mobility, patient satisfaction is vari-
able, and the reoperation rate is unexpectedly high. Therefore, 
patients undergoing PSA for chondrolysis should be counseled 
about postoperative expectations [20]. 

Collectively, the results of previous studies and those presented 
here indicate challenges in treating relatively young patients with 
end-stage glenohumeral arthritis. These patients often have re-
sidual shoulder pain following PSA, which dampens their self-as-
sessed outcomes. This is especially true of patients with chondro-
lysis, who often present with high pain levels and marked joint 
stiffness and who respond less predictably to PSA. In addition, 
although avoidance of a glenoid implant may be desirable, the 
rate of revision from RHA to TSA reported here is concerning, 
especially given the young patient ages. No fewer than five of the 
29 shoulders in this series have undergone multiple subscapularis 
tenotomy for surgical exposure during PSA, causing concerns 
over the potential for subscapularis muscle atrophy and tendon 
attenuation and a negative clinical impact over time. 

Study limitations include a relatively short follow-up of a small 
cohort of patients with heterogeneous diagnoses and treatments. 
However, the varied diagnoses underscore the reality that young 
patients today develop end-stage glenohumeral arthrosis, rather 
than primary osteoarthritis or inflammatory arthritis, from prior 
surgery or other treatments. Longer follow-up will be needed to 
evaluate the overall survival of both RHA and TSA cohorts. 
However, this study represents an initial report on the outcomes 
of relatively young patients following PSA. 

This study demonstrates that PSA in young patients provides 
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substantial improvement in active range of motion and patient 
reported outcomes in most patients, irrespective of diagnosis and 
glenoid management. However, one-third of chondrolysis pa-
tients underwent revision surgery during the study period, in-
cluding three RHAs revised to TSAs due to glenoid wear. There-
fore, we cannot recommend RHA in chondrolysis cases. Addi-
tionally, RHA should be considered with caution in young pa-
tients and performed only after shared decision-making and 
counsel about the risk of early revision to TSA. 
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