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Clinical Outcomes of Anatomical Total Shoulder 
Arthroplasty in a Young, Active Population
Nicholas Kusnezov, MD, John C. Dunn, MD, Stephen A. Parada, MD, Kelly Kilcoyne, MD,  
and Brian R. Waterman, MD

A lthough total shoulder arthroplasty (TSA) 
has proved to be a reliable solution in older 
patients, treatment in younger patients 

with glenohumeral arthritis remains controversial, 
and there are still few reliable long-term surgical 
options.1-8 These options include abrasion arthro-
plasty and arthroscopic management,9,10 biologic 
glenoid resurfacing,11,12 and humeral hemiarthro-
plasty with13 or without14,15 glenoid treatment and 
anatomical TSA.

In the younger cohort, 20-year TSA survivor-
ship rates up to 84% have been reported, and 

unsatisfactory subjective outcomes have been 
unacceptably high.16 In addition, there is a paucity 
of literature addressing the impact of TSA on return 
to sport. Recommendations on returning to an 
athletic life style are based largely on surveys of 
expert opinion17,18 and heterogeneous studies of 
either older patients (eg, age >50-55 years) who 
are active19-21 or younger patients with no defined 
level of activity.5,7,8,16,22-24 

To our knowledge, no one has evaluated the 
short-term morbidity and clinical outcomes within 
a young, high-demand patient population, such as 

Abstract
Glenohumeral arthritis in young, active 
patients poses many treatment challenges, 
and significant concerns about component 
loosening and failure limit the available 
surgical options.

We conducted a study of the clinical 
outcomes of total shoulder arthroplasty 
(TSA) for glenohumeral arthritis in a young, 
high-demand population. We searched 
the Military Health System Management 
Analysis and Reporting Tool database to 
retrospectively review the cases of all US 
military service members who had under-
gone anatomical TSA (Current Procedural 
Terminology code 23472) between 2007 and 
2014. Demographic information, occupation-
al parameters, and clinical outcomes were 
extracted from electronic medical records.

Twenty-four service members (26 shoul-
ders) met the inclusion criteria. The cohort 
was predominantly male (n = 25). Mean age 
was 45.8 years (range, 35-54 years). The most 

common etiology of glenohumeral arthritis 
was post-instability arthropathy (50.0%). At 
mean follow-up of 41 months, 9 patients had 
a total of 12 complications (46.2%), including 
6 component failures caused by neurologic 
injury (2 cases), adhesive capsulitis (2), and 
venous thrombosis (2). The reoperation rate 
for all component failures was 23.1% (6 cas-
es, 5 patients). Ten patients (41.7%) remained 
on active duty at 2 years, and 5 (20.8%) were 
subsequently deployed. Ultimately, 9 pa-
tients (37.5%) underwent medical discharge 
for persistent shoulder disability.

TSA in young, active patients provides 
reliable improvements in range of motion 
and pain. However, roughly one-third of 
patients in this study were unable to contin-
ue high-demand activities by 2 years after 
surgery. The short-term complication profile 
(46.2%) and reoperation rate for component 
failure (23.1%) should be emphasized during 
preoperative counseling. 
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the US military. Therefore, we conducted a study 
to evaluate the clinical success and complications 
of TSA performed for glenohumeral arthritis in a 
young, active population. We hypothesized that pa-
tients who had undergone TSA would have a low 
rate of return to duty, an increased rate of compo-
nent failure, and a higher reoperation rate because 
of increased upper extremity demands.

Materials and Methods
After obtaining protocol approval from the Wil-
liam Beaumont Army Medical Center Institutional 
Review Board, we searched the Military Health 
System (MHS) Management Analysis and Report-
ing Tool (M2) database to retrospectively review 
the cases of all tri-service US military service 
members who had undergone primary anatomical 
TSA (Current Procedural Terminology code 23472) 
between January 1, 2007 and June 31, 2014. This 
was a multisurgeon, multicenter study. Patient 
exclusion criteria were nonmilitary or retired status 
at time of surgery; primary surgery consisting 
of limited glenohumeral resurfacing procedure, 
hemiarthroplasty, or reverse TSA; surgery for acute 
proximal humerus fracture; rotator cuff deficiency 
diagnosed before or during surgery; and insuffi-
cient follow-up (eg, <12 months, unless medically 
separated beforehand).

The M2 database is an established tool that has 
been used for clinical outcomes research on treat-

ment of a variety of orthopedic conditions.25,26 The 
Medical Data Repository, which is operated by MHS, 
is populated by its military healthcare providers. The 
MHS, which offers worldwide coverage for all ben-
eficiaries either at Department of Defense facilities 
or purchased using civilian providers, is among the 
largest known closed healthcare systems.

All active-duty US military service members are 
uniformly required to adhere to stringent and reg-
ularly evaluated physical fitness standards, which 
typically exceed those of average civilians. Routine 
physical training is required in the form of aerobic 
fitness, weight training, tactical field exercises, and 
core military tasks, such as the ability to march 
at least 2 miles while carrying heavy fighting 
loads. In addition to satisfying required height and 
weight standards, all service members are subject 
to semiannual service-specific physical fitness 
evaluations inclusive of timed push-ups, sit-ups, 
and an aerobic event. Service members may also 
be required to maintain a level of physical training 
above these baseline standards, contingent on 
their branch of service, rank, and military occupa-
tional specialty. If a service member is unable to 
maintain these standards, medical separation may 
be initiated.

Demographic and occupational data were 
extracted from the database. These data includ-
ed age, sex, military rank, and branch of service. 
Line-by-line analysis of the Armed Forces Health 
Longitudinal Technology Application (Version 22; 
3M) electronic medical record was then performed 
to confirm the underlying diagnosis, surgical 
procedure, and surgery date. Further chart review 
yielded additional patient-based factors (eg, 
laterality, hand dominance, presence and type of 
prior shoulder surgeries) and surgical factors (eg, 
surgery indication, implant design). We evaluat-
ed clinical and functional outcomes as well as 
perioperative complications, including both major 
and minor systemic and local complications as pre-
viously described27,28; preoperative and postopera-
tive range of motion (ROM) and self-reported pain 
score (SRPS, scale 1-10) as measured by physical 
therapist and surgeon at follow-up; secondary 
surgical interventions; timing of return to duty; and 
postoperative deployment history. The primary 
outcome measures were revision reoperation 
after index procedure, and military discharge for 
persistent shoulder-related disability. Clinical failure 
was defined as component failure or reoperation. 
Medical Evaluation Board (MEB) is a formal sepa-
ration from the military in which it is deemed that 

Table 1. Patient Demographicsa

Variable
   Total patients, N
   Total shoulders, N

24
26

Mean (SD) age, y
   Range

45.8 (4.5)
35-54

Sex, n (%)
   Male
   Female

25 (96.2%)
1 (3.8%)

Laterality, n (%)
   Dominant extremity
   Left
   Right 
   Bilateral

6 (23.1%)
19 (73.1%)
7 (26.9%)
2 (7.7%)

Military rank
   Junior enlisted
   Senior enlisted
   Warrant officer/officer

2 (7.7%)
14 (53.9%)
10 (38.5%)

aPercentages are of total number of shoulders.
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a service member is no longer able to fulfill his or 
her duty because of a medical condition.

Statistical Analysis

Continuous variables were compared using statisti-
cal means with 95% confidence intervals (CIs) and/
or SDs. Categorical data were reported as frequen-
cies or percentages. Univariate analysis was per-
formed to assess the correlation between possible 
risk factors and the primary outcome measures. P 
< .05 was considered statistically significant.

Results
Demographics

We identified 24 service members (26 shoulders) 
who had undergone anatomical TSA during the 
study period (Table 1). Mean (SD) age was 45.8 
(4.5) years (range, 35-54 years), and the cohort 
was predominately male (25/26 shoulders; 96.2%). 
Most cohort members were of senior enlisted rank 
(14, 58.3%), and the US Army was the predom-
inant branch of military service (13, 54.2%). The 
right side was the operative extremity in 7 cases 
(26.9%), and the dominant shoulder was involved 
in 6 cases (23.1%). Two patients (8.3%) under-
went staged bilateral TSA. Most patients (76.9%) 
underwent TSA on the nondominant extremity.

Surgical Variables

TSA was indicated for post-instability arthropathy 
in 13 cases (50.0%), posttraumatic osteoarthritis 
in 7 cases (26.9%), and unspecified glenohumeral 
arthritis, which includes primary glenohumeral 
osteoarthritis, in 5 cases (19.2%) (Table 2). One 
case was attributed to iatrogenically induced 
chondrolysis secondary to intra-articular lidocaine 
pump. Twelve patients (46.2%) had at least 1 

previous surgery. Of the shoulders with instability, 
10 (76.9%) had undergone a total of 14 surgical 
stabilization procedures—10 anterior labral repairs, 
2 posterior labral repairs, and 2 capsular plications. 
The other shoulders had undergone a total of 18 
procedures, which included 4 rotator cuff repairs 
and 3 cartilage restoration procedures.

Clinical Outcomes

Mean (SD) follow-up was 41.0 (21.3) months (range, 
11.6-97.6 months). All but 1 shoulder (96.2%) had 
follow-up of 12 months or more (the only patient 
with shorter follow-up was because of MEB), and 
76.9% of patients had follow-up of 24 months or 
more (4 of the 6 patients with follow-up under 24 
months were medically separated) (Table 3).  
In all cases, mean ROM improved with respect to 

Table 2. Surgical Variablesa

Variable

Etiology, n (%)
   Instability arthropathy
   Posttraumatic osteoarthritis
   Primary glenohumeral  
      osteoarthritis

13 (50.0%)
7 (26.9%)
5 (19.2%)

Previous surgeries, n (%)
   Mean, 1.7 per patient
   >1
   >2
   >3

12 (46.2%)
6 (23.1%)
2 (7.7%)

aPercentages are of total number of shoulders.

Table 3. Clinical Outcomes

Variable

Mean (SD) follow-up, mo
      Range

41.0 (21.3)
11.6-97.6

Overall satisfaction, n (%)a 24 (92.3%)

Return to duty, n (%)b

   1 year after surgery
   2 years after surgery

18 (72.0%)
10 (45.5%)

Medical discharge, n (%)c   9 (37.5%)

Postoperative deployment, n (%)d 5 (20.8%)

Range of motion, degrees
   Before surgery
   3 months
   6 months
   12 months
   Final

FF
119
123
142
130
138

ABD
111
113
130
117
125

ER
30
39
45
41
48

ABD/ER 
47
72
—
80
80

Self-reported pain score
   Before surgery
   3 months
   6 months
   12 months
   Final

5.2
2.4
1.3
1.8
1.4

Abbreviations: ABD, abduction; ABD/ER, external rotation at 90° of abduction; ER, external rotation at 0° 
of abduction; FF, forward flexion.
aPercentage is of total number of shoulders.
b�Percentages of shoulders at least 1 year (n = 25) or 2 years (n = 22) after surgery. One patient was 
active at follow-up of <1 year, and 3 were active but had not yet reached 2-year follow-up.

c�Of these 9 patients, 2 were active in completing Medical Evaluation Board process, and 7 had completed 
it by latest follow-up.

dPercentage is of total number of patients.
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flexion, abduction, and external rotation. At final 
follow-up, mean (SD) ROM was 138° (36°) forward 
flexion (range, 60°-180°), 125° (39°) abduction 
(range, 45°-180°), 48° (19°) external rotation at 0° 
abduction (range, 20°-90°), and 80° (9.4°) external 
rotation at 90° abduction (range, 70°-90°). Preop-
erative flexion, abduction, and external rotation 
at 0° and 90° abduction were all improved at final 
follow-up. The most improvement in ROM occurred 
within 6 months after surgery.

Overall patient satisfaction with surgery was 
92.3% (n = 24). Ultimately, 18 (72.0%) of 25 
shoulders with follow-up of 1 year or more were 
able to return to active duty within 1 year after 
surgery, though only 10 (45.5%) of 22 with follow-
up of 2 years or more remained active 2 years after 

surgery. Furthermore, 5 patients (20.8%) were 
deployed after surgery, and all were still on active 
duty at final follow-up. By final follow-up, 9 (37.5%) 
of 24 service members were unable to return to 
military function; 7 had been medically discharged 
from the military for persistent shoulder disabili-
ty, and 2 were in the process of being medically 
discharged.

In all cases, SRPS improved from before surgery 
(5.2 out of 10) to final follow-up (1.4). At final 
follow-up, 22 patients (88.0%) reported mild pain 
(0-3), and no one had pain above 6.

Complications

Nine patients had a total of 12 postoperative com-
plications (46.2%): 6 component failures (23.1%), 
2 neurologic injuries (7.7%; 1 permanent axillary 
nerve injury, 1 transient brachial plexus neuritis), 2 
cases of adhesive capsulitis (7.7%), and 2 episodes 
of venous thrombosis (7.7%; 1 superficial, 1 deep) 
(Table 4). There were no documented infections. 
Six reoperations (23.1%) were performed for the 
6 component failures (2 traumatic dislocations of 
prosthesis resulting in acute glenoid component 
failure, 3 cases of atraumatic glenoid loosening, 1 
case of humeral stem loosening after periprosthet-
ic fracture). Atraumatic glenoid component loos-
ening occurred a mean (SD) of 40.6 (14.2) months 
after surgery (range, 20.8-54.2 months).

Surgical Failures

Eight service members underwent MEB. Six 
patients experienced component failure. Factors 
contributing to both clinical failure and separation 
from active duty by means of MEB were evaluated 
with univariate analysis (Table 5). No statistically 
significant risk factors, including surgical revision 
and presence of perioperative complications, were 
identified.

Discussion
We confirmed that our cohort of young service 
members (mean age, 45.8 years), who had under-
gone TSA for glenohumeral arthritis, had a relative-
ly higher rate of component failure (23.1%) and a 
higher reoperation rate (23.1%) with low rates of 
return to military duty at short-term to midterm 
follow-up. Our results parallel those of a limited 
series with a younger cohort (Table 6).7,16,19,21,23,24 
The high demand and increased life expectancy of 
the younger patients with glenohumeral arthritis 
potentiates the risk of complications, component 
loosening, and ultimate failure.29 To our knowledge, 

Table 4. Complication and Reoperation Ratesa

Complication

Rate

Complication Reoperation

n % n %

Infection 0 0.0 — —

Component failure
   Traumatic, glenoid failure
   Atraumatic, glenoid loosening
   Traumatic, humeral loosening

6
2
3
1

23.1
7.7
11.5
3.8

6b

—
—
—

23.1
—
—
—

Neurologic injury
   Brachial plexus
   Axillary nerve

2
1
1

7.7
3.8
3.8

—
—
—

—
—
—

Adhesive capsulitis 2 7.7 — —

Venous thrombosis 2 7.7 — —

Total (9 patients) 12 46.2 6b 50.0

aAll out of total number of shoulders.
bOne patient required 2 operations.

Table 5. Univariate Analysis of Factors Associated With Clinical 
Failure and Medical Separation

Predictor Coefficient P

Factors associated with clinical failure
   Postinstability arthropathy
   Posttraumatic osteoarthritis
   Osteoarthritis, not otherwise specified

–.203
.465
–.144

.6852
.374
.8126

Factors associated with medical separation
   Postinstability arthropathy
   Posttraumatic osteoarthritis
   Osteoarthritis, not otherwise specified

.212

.347

.607

.5997

.4418
.750
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Table 6. Other Series That Assessed Outcomes of Total Shoulder Arthroplasty in Young Patientsa

Series

No. Patients in 
Sports or Other 
High-Demand 
Activities

Mean Age, 
y (Range)

Mean  
Follow-Up 
(Range) Indications Study Findings Complications

Schumann  
et al21  
(2010)b

55 TSA  
(100 total)
85.7%  
recreational  
athletes 

63
(26-88)

2.8 y 
(1.3-4.6 y)

31 OA
21 PTOA
3 RA 

89% return to sport
69.4% did not have to change/give 
up chosen sport because  
of shoulder
30.6% gave up a sport  
because of shoulder 
Active > nonactive strength, ROM, 
and satisfaction

36.7% sport restrictions 
because of shoulder
4.1% restrictions because of 
shoulder and other problems
40.8% no restrictions 
0% clinical loosening

McCarty  
et al19  
(2008)b

61 TSA 
(75 total)

65.5 
(24-88)

3.7 y  
(2-9.4 y)

68 OA
4 AVN
5 PTOA
2 RA
4 proximal  
humerus  
nonunion or  
malunion

81% return to sport
92% fishing (best)
86% swimming
20% softball (worst)
19% no return
71% improved ability  
to play
50% increased frequency  
of participation after surgery
3.6 months return  
to desired sport
5.8 months to full activity

4 (5%) reoperations
   3 arthroscopic débridements
   �1 glenoid explant for  

loosening 

Sperling  
et al16  
(2004)

N/A 
29 TSA

41 
(22-50)

18.6 y 
(N/A)
1: <5 y
3: 10-15 y
13: 15-20 y
8: 20-25 y
4: >25 y

25 RA
7 PTOA
2 OA
1 AVN
1 previous  
fusion

52% satisfaction rate
Pain decreased 4.7 to 2.1 
ROM
   ABD 65 to 112
   ER 17 to 43
Survivorship
   97% at 5 and 10 y
   84% at 15 and 20 y

1 (3.4%) postoperative  
hematoma
5 (14%) reoperations
   2 explants for infection
   �1 explant for aseptic  

loosening
   �2 converted to  

hemiarthroplasty for  
humeral/glenoid loosening

76% (n = 19 of 25) glenoid 
periprosthetic lucency
60% humeral head  
periprosthetic lucency 
48% glenoid loosening  
at 15 y
60% glenohumeral  
subluxation

Bartelt  
et al24  
(2011)

N/A 
46 TSA

49 
(21-55)

6 y 
(N/A)
24: <5 y
12: 5-10 y
8: 10-15 y
2: >15 y

N/A 87% satisfaction rate
Pain decreased 4.4 to 2.0
7 patients (15.2%) had moderate to 
severe pain
ROM
   FF/ABD 105 to 151
   ER 23 to 48

5 (10.9%) perioperative  
complications
   3 brachial plexopathies
   �1 minimally displaced  

glenoid fracture
   �1 lower extremity deep 

venous thrombosis
3 (6.5%) reoperations
   2 late infections
   �1 glenoid component  

loosening
29.4% glenoid loosening  
at 7 y

Table continued on page E278
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the present article is the first to report clinical and 
functional outcomes and perioperative risk profiles 
in a homogenously young, active military cohort 
after TSA.

The mean age of our study population (46 
years) is one of the lowest in the literature. TSA 
in younger patients (age, <50-55 years) and older, 
active patients (>55 years) has received increased 
attention as a result of the expanding indications 
and growing popularity of TSA in these groups. 
Other studies have upheld the efficacy of TSA in 
achieving predictable pain relief and functional im-
provement in a diverse and predominantly elderly 
population.15,30-34 Alternative treatments, including 
humeral head resurfacing15,30,35 and soft-tissue 

interposition,15,36-40 have also shown inferior short- 
and long-term results in terms of longevity and 
degree of clinical or functional improvement.31-34,41 
In addition, the ream-and-run technique has had 
promising early results by improving glenohumeral 
kinematics, pain relief, and shoulder function.13,42,43 
However, although implantation of a glenoid 
component is avoided in young, active people 
because of reduced longevity and higher rates of 
component failure, the trade-offs are inadequately 
treated glenoid disease, suboptimal pain relief, and 
progression of glenoid arthritis eventually requiring 
revision. Furthermore, midterm and long-term sur-
vivorship of TSA in general is unknown, and there 
remain few good options for treating end-stage 

Raiss  
et al23 
(2008)

N/A 
21 TSA

55 
(37-60)

7 y 
(N/A)

Mixed  
primary/ 
secondary  
OA 

95% satisfaction rate
52% able to participate  
in sports at least 2 times/wk
Constant score 24.1 to 64.5

1 (4.8%) postoperative  
transient brachial plexus palsy
0% reoperations
48% radiographic glenoid 
loosening

Denard  
et al7  

(2013)

N/A 
52 TSA

50.5 
(35-55)

115.5 mo 
(N/A)

Primary OA 68% satisfaction rate
Pain decreased 3.9 to 10.1 of 15 
ROM
   FF 97 to 128
   ER 12 to 33
Constant score 37% to 73.4%
70% rated shoulder normal
Survivorship
   98% at 5 y
   62.5% at 10 y 

17 (34%) perioperative  
complications
   12 (24%) glenoid loosening
   2 subscapularis ruptures
   1 oversized humeral head
   1 postoperative stiffness
   �1 humeral component  

loosening
21 (40.4%) reoperations
43.8% radiographic glenoid 
loosening

Present 
study

26 TSA 45.8 
(35-54)

41.0 mo 
(11.6-97.6 
mo)

13 secondary 
OA (instability)
7 PTOA
5 OA, NOS
1 iatrogenic

72.0% RTD at 1 year
45.5% RTD at 2 years
37.5% medical discharge  
for shoulder
92.3% satisfaction rate
Pain decreased 5.2 to 1.4 
   88.0% SRPS 0-3 out of 10
ROM
   FF 119 to 138 (16%)
   ABD 111 to 125 (13%)
   �ER 30 to 48, 47 to 80  

(61%, 70%) at 0/90 ABD 

12 (46.2%) perioperative 
complications
6 (23.1%) component failures
2 (7.7%) neurologic injury
   1 axillary (permanent)
   1 brachial plexopathy
2 (7.7%) adhesive capsulitis
2 (7.7%) venous thromboses
0% infection
6 (23.1%) reoperations

Abbreviations: ABD, abduction; AVN, avascular necrosis; ER, external rotation at 0° of abduction; FF, forward flexion; N/A, not applicable; NOS, not otherwise specified; OA, osteoar-
thritis; PTOA, posttraumatic osteoarthritis; RA, rheumatoid arthritis; ROM, range of motion; RTD, return to duty; SRPS, self-reported pain score; TSA, total shoulder arthroplasty.
aBased on isolated TSA or TSA subgroup analyses. 
bMixed TSA and hemiarthroplasty cohort.

Table 6. Other Series That Assessed Outcomes of Total Shoulder Arthroplasty in Young Patientsa (continued)

Series

No. Patients in 
Sports or Other 
High-Demand 
Activities

Mean Age, 
y (Range)

Mean  
Follow-Up 
(Range) Indications Study Findings Complications
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arthritis in young, active patients.
Our cohort had high rates of complications 

(46.2%) and revisions (23.1%). Two in 5 patients 
had postoperative complications, most commonly 
component failure resulting in reoperation. In the 
literature, complication rates among young pa-
tients who underwent TSA are much lower (4.8%-
10.9%).16,23,24 Our cohort’s most common compli-
cation was component failure (23.1%), which was 
most often attributed to atraumatic, aseptic glenoid 
component loosening and required reoperation. 
Previously reported revision rates in a young pop-
ulation that underwent TSA (0%-11%)16,23,24 were 
also significantly lower than those in the present 
analysis (23.1%), underscoring the impact of oper-
ative indications, postoperative activity levels, and 
occupational demands on ultimate failure rates. 
Interestingly, all revisions in our study were for 
component failure, whereas previous reports have 
described a higher rate for infection.22 However, 
the same studies also found glenoid lucency rates 
as high as 76% at 10-year follow-up.16 Furthermore, 
in a review of 136 TSAs with unsatisfactory out-
comes, glenoid loosening was the most common 
reason for presenting to clinic after surgery.44

Specifically, our population had a high rate of gle-
nohumeral arthritis secondary to instability (50.0%) 
and posttraumatic osteoarthritis (26.9%). For 
many reasons, outcomes were worse in younger 
patients with a history of glenohumeral instability33 
than in older patients without a high incidence of 
instability.45 This young cohort with higher de-
mands may have had accelerated polyethylene 
wear patterns caused by repetitive overhead 
activity, which may have arisen because of a higher 
functional profile after surgery and greater patient 
expectations after arthroplasty. In addition, patients 
with a history of instability may have altered 
glenohumeral anatomy, especially with previous 
arthroscopic or open stabilization procedures. 
Anatomical changes include excessive posterior 
glenoid wear, internal rotation contracture, patu-
lous capsular tissue, static or dynamic posterior 
humeral subluxation, and possible overconstraint 
after prior stabilization procedures. Almost half of 
our population had a previous surgery; our patients 
averaged 1.7 previous surgeries each.

Although estimates of component survivorship 
at a high-volume civilian tertiary-referral center 
were as high as 97% at 10 years and 84% at 20 
years,7,16 10-year survivorship in patients with a his-
tory of instability was only 61%.3 TSA survivorship 
in our young, active cohort is already foreseeably 

dramatically reduced, given the 23.1% revision 
rate at 28.5-month follow-up. This consideration 
must be addressed during preoperative counseling 
with the young patient with glenohumeral arthritis 
and a history of shoulder instability.

Despite the high rates of complications and 
revisions in our study, 92.3% of patients were 
satisfied with surgery, 88.0% experienced minimal 
persistence of pain (mean 3.8-point decrease on 
SRPS), and 100% maintained improved ROM at 
final follow-up. Satisfaction in the young popula-
tion has varied significantly, from 52% to 95%, 
generally on the basis of physical activity.16,22-24 The 
reasonable rate of postoperative satisfaction in 
the present analysis is comparable to what has 
been reported in patients of a similar age (Table 
6).7,16,22 However, despite high satisfaction and pain 
relief, patients were inconsistently able to return 
to the upper limits of physical activity required of 
active-duty military service. In addition, we cannot 
exclude secondary gain motivations for pursuing 
medical retirement, similar to that seen in patients 
receiving worker’s compensation.

Other authors have conversely found more 
favorable functional outcomes and survivorship 
rates.23,24 In a retrospective review of 46 TSAs in 
patients 55 years or younger, Bartelt and col-
leagues24 found sustained improvements in pain, 
ROM, and satisfaction at 7-year follow-up.24 Raiss 
and colleagues23 conducted a prospective study of 
TSA outcomes in 21 patients with a mean age of 
55 years and a mean follow-up of 7 years and re-
ported no revisions and only 1 minor complication, 
a transient brachial plexus palsy.23 The discrepan-
cy between these studies may reflect different 
activity levels and underlying pathology between 
cohorts. The present population is unique in that it 
represents a particularly difficult confluence of fac-
tors for shoulder arthroplasty surgeons. The high 
activity, significant overhead and lifting occupation-
al demands, and discordant patient expectations 
of this military cohort place a significant functional 
burden on the implants, the glenoid component 
in particular. Furthermore, this patient group has a 
higher incidence of more complex glenohumeral 
pathology resulting in instability, posttraumatic, 
or capsulorrhaphy arthropathy, and multiple prior 
arthroscopic and open stabilization procedures.

At final follow-up, only 33% of our patients were 
still on activity duty, 37.5% had completed or were 
completing medical separation from the military 
after surgery for persistent shoulder disability, and 
37.5% were retired from the military. Five patients 
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(20.8%) deployed after surgery. This young, active 
cohort of service members who had TSA for gleno-
humeral arthritis faced a unique set of tremendous 
physical demands. A retrospective case series inves-
tigated return to sport in 100 consecutive patients 
(mean age, 68.9 years) who were participating in 
recreational and competitive athletics and under-
went unilateral TSA.21 The patients were engaged 
most commonly in swimming (20.4%), golf (16.3%), 
cycling (16.3%), and fitness training (16.3%). The 
authors found that, at a mean follow-up of 2.8 years, 
49 patients (89%) were able to continue in sports, 
though 36.7% thought their sport activity was 
restricted after TSA. In another retrospective case 
series (61 TSAs), McCarty and colleagues19 found 
that 48 patients (71%) were improved in their sports 
participation, and 50% increased their frequency of 
participation after surgery.

There are no specific recommendations on 
returning to military service or high-level sport 
after surgery. Recommendations on returning 
to sport after TSA have been based largely on 
small case series involving specific sports46,47 
and surveys of expert opinion.17,18 In a survey on 
postoperative physical activity in young patients 
after TSA conducted by Healy and colleagues,17 35 
American Shoulder and Elbow Surgeons members 
recommended avoiding contact and impact sports 
while permitting return to nonimpact sports, such 
as swimming, which may still impart significant 
stress to the glenohumeral joint. In an internation-
al survey of 101 shoulder and elbow surgeons, 
Magnussen and colleagues18 also found that most 
recommended avoiding a return to impact sports 
that require intensive upper extremity demands 
and permitting full return to sports at preoperative 
levels. This likely is a result of the perception that 
most of these patients having TSA are older and 
have less rigorous involvement in sports at the 
outset and a lower propensity for adverse patient 
outcomes. However, these recommendations 
may place a younger, more high-demand patient 
at significantly greater risk. The active-duty cohort 
engages in daily physical training, including push-
ups and frequent overhead lifting, which could 
account for the high failure rates and low incidence 
of postoperative deployment. Although TSA seems 
to demonstrate good initial results in terms of 
return to high-demand activities, the return-to-duty 
profile in our study highlights the potential pitfalls 
of TSA in active individuals attempting to return to 
high-demand preoperative function.

Our analysis was limited by the fact that we used 

a small patient cohort, contributing to underpow-
ered analysis of the potential risk factors predictive 
of reoperation and medical discharge. Although 
our minimum follow-up was 12 months, with the 
exception of 1 patient who was medically separat-
ed at 11.6 months because of shoulder disability, 
we captured 5 patients (19.2%) who underwent 
medical separation but who would otherwise be 
excluded. Therefore, this limitation is not major in 
that, with a longer minimum follow-up, we would 
be excluding a significant number of patients with 
such persistent disability after TSA that they would 
not be able to return to duty at anywhere near their 
previous level. In this retrospective study, we were 
additionally limited to analysis of the data in the 
medical records and could not control for variables 
such as surgeon technique, implant choice, and 
experience. Complete radiographic images were 
not available, limiting analysis of radiographic 
outcomes. Given the lack of a standardized pre-
operative imaging protocol, we could not evaluate 
glenoid version on axial imaging. It is possible that 
some patients with early aseptic glenoid loosening 
had posterior subluxation or a Walch B2 glenoid, 
which has a higher failure rate.48

The strengths of this study include its unique 
analysis of a homogeneous young, active, high-risk 
patient cohort within a closed healthcare system. 
In the military, these patients are subject to in-
tense daily physical and occupational demands. In 
addition, the clinical and functional outcomes we 
studied are patient-centered and therefore relevant 
during preoperative counseling. Further investiga-
tions might focus on validated outcome measures 
and on midterm to long-term TSA outcomes in an 
active military population vis-à-vis other alternatives 
for clinical management. 

Conclusion
By a mean follow-up of 3.5 years, only a third 
of the service members had returned to active 
duty, roughly a third had retired, and more than a 
third had been medically discharged because of 
persistent disability attributable to the shoulder. 
Despite initial improvements in ROM and pain, 
midterm outcomes were poor. The short-term 
complication rate (46.2%) and the rate of reop-
eration for component failure (23.1%) should be 
emphasized during preoperative counseling.
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