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Factors impacting time to total shoulder arthroplasty among
patients with primary glenohumeral osteoarthritis and rotator
cuff arthropathy managed conservatively with corticosteroid
injections
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Background: The purpose of this study was to identify predictors of the time from initial presentation to total shoulder arthroplasty (TSA)
in patients with primary glenohumeral osteoarthritis (OA) and rotator cuff (RTC) arthropathy who were conservatively managed with cor-
ticosteroid injections.

Methods: We conducted a retrospective cohort study of patients who underwent TSA from 2010 to 2021. Kaplan-Meier survival analysis
was used to estimate median time to TSA for primary OA and RTC arthropathy patients. The Cox proportional hazards model was used to
identify significant predictors of time to TSA and to calculate hazard ratios (HRs) with 95% confidence intervals (Cls). Statistical signifi-
cance was set at P<0.05.

Results: The cohort included 160 patients with primary OA and 92 with RTC arthropathy. In the primary OA group, median time to TSA
was 15 months. Significant predictors of shorter time to TSA were older age at presentation (HR, 1.02; 95% CI, 1.00-1.04; P=0.03) and
presence of moderate or severe acromioclavicular joint arthritis (HR, 1.45; 95% CI, 1.05-2.01; P=0.03). In the RTC arthropathy group, me-
dian time to TSA was 14 months, and increased number of corticosteroid injections was associated with longer time to TSA (HR, 0.87; 95%
CI, 0.80-0.95; P=0.003).

Conclusions: There are distinct prognostic factors for progression to TSA between primary OA patients and RTC arthropathy patients
managed with corticosteroid injections. Multiple corticosteroid injections are associated with delayed time to TSA in RTC arthropathy pa-
tients.

Level of evidence: IIL.
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INTRODUCTION ment in pain and function is consistently reported and patient

satisfaction is high [2,3]. Due to the excellent outcomes observed,
Total shoulder arthroplasty (TSA) is the treatment for several ~ the number of TSA procedures performed rose substantially
shoulder pathologies including end-stage glenohumeral osteoar-  through the 2010s [4]. Though the benefit of TSA is evident, the
thritis (OA), inflammatory arthritis, rotator cuff (RTC) arthropa-  risk for postoperative complications including infection and need

thy, and humeral fractures [1]. Following TSA, marked improve-  for further surgery is present. Therefore, the use of non-surgical
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treatment to delay surgery is of interest to patients and surgeons
alike.

Prior to TSA, conservative management focuses on relief of
symptomatic shoulder pathology, and a mainstay of this ap-
proach is intra-articular corticosteroid injections. Following cor-
ticosteroid injections, patients with shoulder pathology have re-
ported decreased pain, increased function, and improved joint
mobility [5,6]. In addition, when the injections provide relief, pa-
tients opt to delay operative treatment for some time. However,
while the short-term benefits of corticosteroids have been
well-characterized [7,8], little research has focused on the
amount of time corticosteroid injections can “buy” before sur-
gery, specifically TSA, is required. Furthermore, whether the
time from initial presentation to TSA differs between patients
with primary glenohumeral OA and those with RTC arthropathy
is unclear. In addition, differences in prognostic factors between
these two groups have not been determined.

The purpose of this study was to compare the time from initial
presentation to primary TSA in patients who underwent conser-
vative management for primary OA or RTC arthropathy with
corticosteroid injections and to identify any independent predic-
tors of this duration of time. We hypothesized that RTC arthrop-
athy patients would have longer time to TSA than primary OA
patients and that age, severity of glenohumeral OA, and number
of injections received would be predictive factors for time to TSA
in both groups.

METHODS

We conducted this retrospective cohort study in compliance with
the principles of the Declaration of Helsinki. The study’s protocol
was reviewed and approved by the Institutional Review Board of
New York University Langone Health (No. #19-01430). Informed

consent was waived.

Eligibility Criteria and Cohort Selection

Patients with primary glenohumeral OA or RTC arthropathy
who underwent first-time corticosteroid shoulder injection prior
to undergoing primary TSA were included in the cohort. The
date range for injections and surgeries was from January 1, 2010,
to December 1, 2021. Primary TSA procedures included either
anatomic TSA (aTSA) or reverse TSA (rTSA). Both the index in-
jection and index procedure were performed at the study institu-
tion. Patients who received other shoulder injections, e.g., corti-
costeroid or hyaluronic acid, prior to the index corticosteroid in-
jection; who received non-corticosteroid injections in the interim

between first injection and TSA; who had any prior open or ar-
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throscopic surgery on the index shoulder; or who had any histo-
ry of rheumatic joint disease, such as rheumatoid arthritis, were

excluded.

Diagnostic Criteria and Surgical Indications
Primary glenohumeral OA was diagnosed based on a combina-
tion of clinical and radiographic features. Presenting symptoms
included shoulder pain with motion; pain at night, particularly
when sleeping on the affected shoulder; and reduced range of
motion. Radiographic features of primary OA included joint
space narrowing, subchondral sclerosis and/or cystic changes,
inferior humeral head osteophytes >3 mm in length, and poste-
rior subluxation of the humeral head with an index of sublux-
ation >55% [9]. RTC arthropathy was diagnosed using the same
clinical and radiographic criteria along with supraspinatus/infra-
spinatus atrophy and/or pseudoparalysis, superior migration of
humeral head (defined as an acromiohumeral interval <7 mm)
with or without acetabularization of the acromial undersurface,
and RTC tear with fatty infiltration and/or retraction.

aTSA was indicated for patients with symptomatic glenohu-
meral OA without associated RTC arthropathy, irreparable RTC
tear, inadequate bone stock, brachial plexus palsy, or joint infec-
tion. rTSA was indicated for patients with symptomatic glenohu-
meral OA with associated RTC arthropathy, rheumatoid arthritis,
pseudoparalysis, non-union or mal-union of the greater tuberos-
ity, B2 glenoid (if elderly), and/or three- or four-part proximal
humerus fracture (if elderly). There was no difference in surgical
indications between patients who received one versus multiple
corticosteroid injections, but all patients were required to wait at
least 3 months after their last injection before undergoing surgery

in order to minimize the risk of periprosthetic joint infection.

Data Collection
Dates of initial presentation, first corticosteroid injection, and
TSA surgery were obtained from electronic medical records. The
time in months between the initial presentation and TSA proce-
dure was used as the primary measure for this study. The number
of additional corticosteroid injections received between the ini-
tial injection and surgery was also recorded. Demographics, age,
sex, body mass index (BMI), and comorbidities, history of smok-
ing diabetes mellitus, hypertension, coronary artery disease, hy-
pothyroidism, chronic kidney disease, or cancer, at the time of
presentation were also obtained from medical records. Diagnosis
of primary glenohumeral OA or RTC arthropathy was obtained
from clinic visit notes.

Anteroposterior and lateral plain radiographs taken at the ini-

tial clinical visit were used to grade shoulder OA severity. OA of
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the glenohumeral joint was graded using the Kellgren-Lawrence
(KL) classification system while acromioclavicular joint (ACJ)
OA was graded on a 4-point scale ranging from none (0) to mild
(1), moderate (2), and severe (3). For subjects with RTC arthrop-
athy, severity of arthropathy on plain radiographs was graded us-
ing the Hamada classification system [10]. For all patients, pres-
ence of these was also noted on plain radiographs: subchondral
sclerosis, posterior/superior subluxation of the humeral head,
joint space narrowing, and inferior humeral head osteophytes.
Preoperative computed tomography (CT) scans were used for
operative planning and to identify the presence and degrees of
glenoid retroversion. Intraoperative reports were used to identify
the severity of glenohumeral pathology including: RTC tears, os-
teophytic changes, and chondral degeneration with concomitant
long head of the biceps tendon (LHBT) and labral tears.

Corticosteroid Treatment Protocol

Once shoulder OA was clinically diagnosed, the appropriately
trained orthopedic surgeon and patient discussed the viability of
corticosteroid injections as a treatment option. Injections were
either performed in-office using palpation or ultrasound guid-
ance or in an interventional radiology suite using fluoroscopic
guidance. Injection method (fluoroscopic or in-office) was ab-
stracted from patient notes. At our institution, injection cocktails
vary slightly between providers but typically consist of 1-2 mL
triamcinolone acetonide (40 mg/mL) mixed with 2-3 mL of 1%
lidocaine. Injections were administered intra-articularly using
sterile technique. Patients were permitted to take anti-inflamma-
tory medications up to 48 hours after injection for treatment of

post-injection pain (“cortisone flare”).

Statistical Analysis

All statistical analyses were performed in SAS ver. 9.4 (SAS Insti-
tute). Descriptive statistics were calculated for continuous vari-
ables (means and standard deviations) and categorical variables
(counts and percentages). Continuous variables were assessed for
normality using the Shapiro-Wilk test, and all were found to be
non-normally distributed. Inter-group comparisons of continu-
ous variables were performed using Mann-Whitney U-test. In-
ter-group comparisons of categorical variables were performed
using Fisher’s exact test. Median survival time from initial con-
sult to TSA, i.e., the time by which 50% of the cohort had under-
gone TSA, was estimated using the Kaplan-Meier method. Pre-
dictors of initial consult-to-TSA time were identified separately
for the primary OA and RTC arthropathy cohorts using the Cox
proportional hazards model.

Predictor variables entered into the model included: age at
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time of initial consult; sex; BMI at time of initial consult; history
of smoking, diabetes mellitus, hypertension, or hypothyroidism;
KL grade of glenohumeral OA (grade 4 vs. grades 1-3); grade of
ACJ OA (grades 2-3 vs. grades 0-1); Hamada classification of
RTC arthropathy (grades 4a-5 vs. grades 1-3); presence of gle-
noid retroversion, subchondral sclerosis, or posterior subluxation
of the humeral head; complete loss of the glenohumeral joint
space; presence of inferior humeral head osteophytes; number of
corticosteroid injections received; time from initial consult to
first corticosteroid injection; and use of ultrasound or fluoro-
scopic image guidance during injection. Backward selection was
applied to eliminate predictor variables that did not significantly
contribute to the model. Hazard ratios (HRs)with 95% Wald
confidence intervals (Cls) were calculated for each of the signifi-
cant predictors remaining in the model. Overall significance of
the model fit was assessed using the chi-square values for the
likelihood ratio and Wald statistic. All P-values <0.05 were con-

sidered significant.

RESULTS

Patient Flow

The initial search of the electronic medical record system yielded
524 patients who had received an initial corticosteroid injection
followed by shoulder arthroplasty between 2010 and 2021. Of
these 524 patients, 272 were excluded for having received prior
surgery on the index shoulder, for receiving a non-corticosteroid
injection during the interim period, for the presence of inflam-
matory arthritis, or for undergoing an arthroplasty procedure
besides TSA, i.e., hemiarthroplasty. After exclusions, 160 patients
with a primary diagnosis of glenohumeral OA and 92 patients

with a primary diagnosis of RTC arthropathy remained.

Demographics and Comorbidities

Demographics and comorbidities for both groups are presented
in Table 1. The primary OA group had a mean age of 66.0+9.9
years, was mostly female (63.8%), and had a mean BMI of
29.4+6.0 kg/m’. The RTC arthropathy group had a mean age of
72.3 8.4 years, was mostly female (68.5%), and had a mean BMI
of 29.0 +5.3 kg/m’. Among all patients, the most common co-
morbidities were diabetes mellitus (primary OA 16.9% and RTC
arthropathy 16.3%), hypertension (primary OA 27.5% and RTC
arthropathy 22.8%), and hypothyroidism (primary OA 10.0%
and RTC arthropathy 6.5%).

Radiographic and Intraoperative Findings
Radiographic and intraoperative findings for both groups are
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Table 1. Demographics and comorbidities

. Primary OA  RTC arthropath
Variable (n :a?éo) (n= 925) Y
Demographics

Age at presentation (yr) 66.0+9.9 723+84
Sex

Male 58 (36.3) 29 (31.5)

Female 102 (63.8) 63 (68.5)
BMI at presentation (kg/m’) ~ 29.4+6.0 29.0+5.3
Laterality

Left 70 (43.8) 31(33.7)

Right 90 (56.3) 61 (66.3)

Comorbidity

Smoker

Never 65 (40.6) 44 (47.8)

Former 88 (55.0) 47 (51.1)

Current 7 (4.4) 1(1.1)
Diabetes mellitus 27 (16.9) 15 (16.3)
Hypertension 44 (27.5) 21(22.8)
Coronary artery disease 5(3.1) 7(7.6)
Hypothyroidism 16 (10.0) 6 (6.5)
Chronic kidney disease 5(3.1) 4(4.4)
History of cancer 6(3.8) 9(9.8)

Values are presented as mean + standard deviation or number (%).
OA: osteoarthritis, RTC: rotator cuff, BMI: body mass index.

presented in Table 2. End-stage glenohumeral OA (KL grade 4)
was present in 90.6% of primary OA patients and 58.7% of RTC
arthropathy patients. Severe ACJ] OA was present in 12.5% of pri-
mary OA patients and 12.0% of RTC arthropathy patients.
Among the RTC arthropathy group, most presented with Hama-
da 4a (33.7%) and 4b (40.2%) arthropathy. LHBT tearing and/or
subluxation was present in 70.6% of primary OA patients and
47.8% of RTC arthropathy patients. Labral tearing was present in
30.6% of primary OA patients and 21.7% of RTC arthropathy pa-
tients. In the primary OA group, ACJ OA grade was not signifi-
cantly associated with RTC tearing (P =0.88).

Treatment Course
Treatment course information for both groups is presented in
Table 2. In the primary OA group, mean time from initial pre-
sentation to first corticosteroid injection was 4.5+ 11.7 months
with most patients receiving an injection at their first visit
(58.8%) and mean time from presentation to surgery was
25.5+24.0 months with most patients undergoing aTSA (64.4%).
Injection counts ranged from one to ten; most primary OA pa-
tients received only one injection before undergoing surgery
(75.6%). In the RTC arthropathy group, mean time from presen-
tation to first injection was 2.7 £6.3 months with most patients

receiving an injection at their first visit (62.0%); and mean time
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from presentation to TSA was 23.7 +25.0 months with almost all
patients undergoing rTSA (98.9%). Injection counts ranged from
one to 17 with most RTC arthropathy patients receiving only one
injection before undergoing surgery (79.4%). In both groups,
most injections were performed using palpation-guided tech-
niques (primary OA 86.3% and RTC arthropathy 84.8%).

Subgroup Analyses of Time from First Injection to TSA
Time from first corticosteroid injection to TSA was compared
between patients who received palpation-guided and im-
age-guided injections. In the primary OA group, patients who
underwent image-guided injections had a longer time to TSA
following the first injection (mean, 27.1+23.3 months) com-
pared to those who received palpation-guided injections (mean,
19.9+21.3 months). This difference was statistically significant
(P=0.04). In the RTC arthropathy group, patients who under-
went image-guided injections also had a longer time to TSA fol-
lowing the first injection (mean, 22.6 +21.8 months) compared
to those who received palpation-guided injections (mean,
20.7 +22.6 months), This difference was not statistically signifi-
cant (P=0.34).

Time from first corticosteroid injection to TSA was also com-
pared between patients with glenohumeral OA of KL grade 4
(end-stage) and those with KL grades 1-3. In the primary OA
group, there was no significant difference (P=0.65) in time to
TSA between patients with grade 4 glenohumeral OA (mean,
21.5+22.3 months) and those without (mean, 15.7 + 14.0 months).
In the RTC arthropathy group, patients with grade 4 glenohumeral
OA (mean, 22.8+23.9 months) had significantly longer time to
TSA (P=0.02) than those without (mean, 18.5+27.1 months).

Survival Analysis and Predictive Factors for Time to TSA
Survival curves for time to TSA for the primary OA and RTC ar-
thropathy groups are shown in Fig. 1. For the primary OA group,
median survival time was estimated at 15 months (95% CI, 13-
18 months). For the RTC arthropathy group, median survival
time was estimated at 14 months (95% CI, 11-16 months).

Predictive factors for time to TSA are listed in Table 3. For the
primary OA group, significant factors for shorter time to TSA
were older age at presentation (HR, 1.02; P=0.03) and presence
of moderate or severe ACJ arthritis (HR, 1.45; P=0.03); signifi-
cant factors for longer time to TSA were presence of hyperten-
sion (HR, 0.53; P<0.001) and longer time from presentation to
first corticosteroid injection (HR, 0.97; P <0.001). Overall model
fit was significant based on the likelihood ratio (chi-square, 33.9;
P <0.001) and Wald statistic (chi-square, 28.9; P<0.001).

For the RTC arthropathy group, the only significant factor for
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Table 2. Radiographic findings, intraoperative findings, and treatment course

Variable Primary OA (n = 160) RTC arthropathy (n=92)
Radiographic finding
KL grade of glenohumeral OA
1 2(1.3) 7(7.6)
2 4(25) 14 (15.2)
3 9 (5.6) 17 (18.5)
4 145 (90.6) 54 (58.7)
Grade of AC] OA
None 25 (15.6) 7(7.6)
Mild 74 (46.3) 44 (47.8)
Moderate 41 (25.6) 30 (32.6)
Severe 20 (12.5) 11 (12.0)
Hamada classification of RTC arthropathy
1 - 2(2.2)
2 - 8(8.7)
3 - 8(8.7)
4a - 31(337)
4b - 37 (40.2)
5 - 6 (6.5)
Presence of glenoid retroversion 107 (66.9) 53(57.6)
Degrees of retroversion (°) 11.5+7.0 10.0+8.2
Subchondral sclerosis 129 (80.6) 58 (63.0)
Complete loss of joint space 115 (71.9) 45 (48.9)
Inferior humeral head osteophytes 144 (90.0) 65 (70.7)
Humeral head posterior subluxation 44 (27.5) 14 (15.2)
Intraoperative finding
Rotator cuff tear 31(194) 92 (100.0)
LHBT tear or subluxation 113 (70.6) 44 (47.8)
Labral tear 49 (30.6) 20 (21.7)
Treatment course
Time from presentation to first corticosteroid injection (mo) 45+11.7 27+63
Received injection at first visit 94 (58.8) 57 (62.0)
Number of injections given 1.6+1.5 20£3.0
Received only one injection 121 (75.6) 73 (79.4)
Injection method
Palpation 138 (86.3) 78 (84.8)
Ultrasound 20 (12.5) 12 (13.0)
Fluoroscopy 2(1.3) 2(2.2)
Time from presentation to TSA (mo) 25.5+24.0 23.7+25.0
Time from first corticosteroid injection to TSA (mo) 209+21.7 21.0%£252
TSA type
Anatomic 103 (64.4) 1(1.1)
Reverse 57 (35.6) 91 (98.9)

Values are presented as number (%) or mean * standard deviation.

OA: osteoarthritis, RTC: rotator cuff, KL: Kellgren-Lawrence, ACJ: acromioclavicular joint, LHBT: long head of the biceps tendon, TSA: total shoul-

der arthroplasty.

shorter time to TSA was older age at presentation (HR, 1.06;
P <0.001) while significant factors for longer time to TSA includ-
ed being a current or former smoker (HR, 0.52; P=0.004), hav-
ing hypothyroidism (HR, 0.38; P=0.04), and having had a higher
number of injections (HR, 0.87; P=0.003). Overall model fit was
significant based on the likelihood ratio (chi-square, 38.8; P <0.001)
and Wald statistic (chi-square, 29.1; P<0.001).
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DISCUSSION

The first aim of this study was to quantify and compare the time
from initial presentation to TSA between glenohumeral OA and
RTC arthropathy patients. The present study estimated that 50%
of primary OA patients would undergo TSA by 15 months
post-injection and 50% of RTC arthropathy patients would un-
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Survival probability

0.0

20 40 60 80 100
Time from presentation to surgery (mo)

Shoulder pathology ——Primary GHOA ----- RTC arthropathy
Fig. 1. Kaplan-Meier survival curve of time from initial presentation

to total shoulder arthroplasty among patients with primary glenohu-
meral osteoarthritis (GHOA) and rotator cuff (RTC) arthropathy.

Table 3. Predictors of time from initial presentation to total shoulder
arthroplasty

Hazard 95%

Predictor ratio  ‘Wald CI P-value

Primary glenohumeral OA
Age at presentation 1.02  1.00-1.04  0.03*
Hypertension 053  0.37-0.77 <0.001*
Moderate or severe AC arthritis 145 1.05-2.01  0.03*
Time from presentation to first 097  0.96-0.99 <0.001*

corticosteroid injection

RTC arthropathy
Age at presentation 1.06  1.03-1.10 <0.001*
Current or former smoker 0.52  0.33-0.81  0.004*
Hypothyroidism 0.38  0.15-0.97  0.04%
Number of injections 0.87  0.80-0.95  0.003*

CI: confidence interval, OA: osteoarthritis, AC: acromioclavicular,
RTC: rotator cuff.
*P<0.05.

dergo TSA by 14 months post-injection. The second aim of this
study was to identify independent predictors of time to TSA in
both groups. In both groups, older age at presentation was pre-
dictive of shorter time to TSA. In the primary OA group, high-
er-grade ACJ OA was predictive of shorter time to TSA while
presence of hypertension and longer time to first corticosteroid
injection were associated with longer time to TSA. In the RTC
arthropathy group, positive smoking history, presence of hypo-
thyroidism, and higher number of injections were all predictive
of longer time to TSA.

Corticosteroid injections have become a common, and contro-
versial, treatment for shoulder OA. These injections are often ad-

ministered with the intention of delaying eventual arthroplasty

https://doi.org/10.5397/cise.2022.01130

by reducing pain to within the patient’s acceptable parameters
[11,12]. Among our cohort, the delay between the first cortico-
steroid injection and TSA procedure ranged considerably from
just 1 month to 8 years. However, there is limited research quan-
tifying the length of time these injections can control OA symp-
toms before pain and function deteriorate to the point that pa-
tients opt to undergo arthroplasty. Tang et al. [13] in a retrospec-
tive cohort study compared the time from initial presentation to
the clinic until total hip arthroplasty or total knee arthroplasty in
patients receiving or not receiving corticosteroid injections.
There was a statistically prolonged time in those receiving injec-
tion, with an observed 12.4 months versus 7.3 months for total
hip arthroplasty (P <0.001) and 20.0 months versus 11.6 months
for total knee arthroplasty (P <0.001).

Several studies have also tried to quantify the duration of
symptom relief provided by corticosteroid injections among
shoulder arthritis patients. Metzger et al. [14] conducted a pro-
spective study that found that glenohumeral OA symptoms were
significantly alleviated by ultrasound-guided steroid injections
with improvements in shoulder function and pain lasting up to 4
months post-injection. By contrast, Merolla et al. [15] found in a
retrospective comparative cohort study that corticosteroids only
reduced glenohumeral OA pain for up to 1-month post-injec-
tion. However, viscosupplementation with hyaluronic acid pro-
vided up to 6 months of relief. Interestingly, our study demon-
strated that those patients who underwent image-guided cortico-
steroid injections experienced a significantly longer time from
initial visit to TSA when controlling for both KL and Hamada
grade. Also notable is that symptom relief is not the sole factor
impacting the delay of arthroplasty following corticosteroid in-
jection; several studies have raised concerns over the increased
risk of infection following shoulder procedures due to the immu-
nosuppressive effect of steroids [16,17]. Rashid et al. [18] cri-
tiqued some of these concerns in a 2015 retrospective cohort
study that found no difference in postoperative joint infection
rates between patients who received corticosteroid injections and
those who did not prior to TSA. Nonetheless, the concern re-
mains pervasive among orthopedic surgeons, and patients are of-
ten recommended to wait a minimum of 3 months before under-
going arthroplasty [19].

The mixed evidence surrounding the use of steroid injections
for shoulder arthritis stems in part from the wide range of etiolo-
gies for this condition. Indeed, few studies have directly com-
pared the use of corticosteroid injections to delay TSA between
two of the most common etiologies of shoulder arthritis, primary
glenohumeral OA and RTC arthropathy. Both disease processes

involve chronic inflammation of the glenohumeral joint leading
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to symptoms of pain and decreased range of motion; and, in both
pathologies, the therapeutic mechanism of action of corticoste-
roids is to reduce the inflammatory response by downregulating
the cellular expression of pro-inflammatory enzymes and factors
[5,6]. However, the distinction between these two conditions is
important given that patients with RTC arthropathy tend to have
lower-grade glenohumeral joint disease on initial presentation
and are often managed non-surgically for longer periods [20,21].
In addition, primary glenohumeral OA is more commonly man-
aged by aTSA whereas surgical intervention for RTC arthropathy
typically involves rTSA due to the compromised function of the
RTC [20,22].

Our study cohort exhibited many of the known clinical differ-
ences between primary OA and RTC arthropathy. Primary OA
patients were more likely to have end-stage glenohumeral OA
and radiographic features of glenohumeral joint disease, e.g.,
complete loss of joint space and inferior humeral head osteo-
phytes, compared to RTC arthropathy patients. Despite the dif-
ferences in clinical and radiographic characteristics between both
pathologies, we found that these patients had a similar time
course from initial presentation to TSA. Furthermore, rate of
progression of shoulder OA symptoms was also similar between
the two groups as evidenced by comparable survival curves and
median survival times. We theorize that while the underlying
disease mechanisms may differ between these two etiologies, pa-
tients with either condition present for their initial visit with sim-
ilar levels of shoulder pain and functional deficits. Following the
initial injection, symptoms progress at the same rate for both pri-
mary OA and RTC arthropathy patients; therefore, both types of
patients exceed their acceptable symptom threshold and undergo
arthroplasty around the same time.

Our analysis found older age to be a significant risk factor for
shorter time to TSA among both primary OA and RTC arthrop-
athy patients. Advanced age is a well-established risk factor for
progression of both conditions, which typically present in adults
60 years and older and progress in severity over time due to
“wear and tear” of the various structures of the shoulder joint
[23,24]. In the primary OA group alone, more severe AC] OA
was associated with shorter time to TSA. ACJ OA is more preva-
lent than glenohumeral OA in the elderly population [25] and
can contribute to shoulder pain independently of glenohumeral
joint disease. One of mechanisms by which ACJ pathology can
cause shoulder pain and dysfunction is through RTC impinge-
ment [26], though we note that there was no significant associa-
tion between ACJ OA grade and RTC tears in our primary OA
cohort. Also notable was that patients in our cohort received cor-

ticosteroid injections into the glenohumeral joint and not the
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ACJ; therefore, unalleviated ACJ-related pain could have contrib-
uted to the faster progression of symptoms among primary OA
patients.

Several factors were found to be associated with longer time to
TSA. In the primary OA cohort, these factors were presence of
hypertension and longer time to first corticosteroid injection. In
the RTC arthropathy cohort, these factors were positive smoking
history, presence of hypothyroidism, and increased number of
corticosteroid injections. The association between comorbidities
and longer time to surgery is likely due to patients with these
conditions being more likely to be poor surgical candidates. This
results in a requirement for a longer period of nonoperative man-
agement before receiving medical clearance to undergo surgery.
Likewise, the association between longer time to first corticoste-
roid injection and longer time to surgery is self-evident given
that patients who managed their symptoms for longer without
the need for steroid injections were probably less symptomatic at
their initial visit than those who needed an injection at their ini-
tial visit.

In the RTC arthropathy cohort, each steroid injection in the
period between initial presentation and TSA was associated with
a 13% decrease in the likelihood of undergoing TSA at any given
time. However, as discussed previously, this effect may be due to
both the symptom relief provided by each injection thereby de-
laying the need for surgery and the minimum waiting time re-
quired after each injection before undergoing surgery in order to
reduce the risk of postoperative infection. There is wide variation
in corticosteroid dosing protocols for shoulder OA, and there is
little agreement as to whether an increased number of injections
has an impact on shoulder OA progression and symptom relief.
Research on the use of corticosteroid injections for RTC tears
further casts doubt on the utility of multiple doses. Gialanella
and Prometti [27] found that administration of two doses of a
corticosteroid (triamcinolone 40 mg) at a 21-day interval did not
prolong the pain relief effect compared to a single dose among
patients with RTC tears. Even more concerning, Desai et al. [28]
reported that an increased number of corticosteroid injections
prior to RTC repair surgery significantly increased the risk of
subsequent revision surgery. While known deleterious effects of
intra-articular corticosteroids such as chondrotoxicity may be of
less concern for patients undergoing total arthroplasty, the mar-
ginal benefit of each additional injection prior to surgery must be
carefully weighed against the risks of delaying surgery.

We note several limitations of our study design. First, the ret-
rospective nature of the study introduces the possibility of selec-
tion bias. Second, all patients in the cohort were obtained from a

single institution. While this is a strength in its elimination of
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considerable inter-observer variations in the use of corticosteroid
injections for shoulder OA, the limitation is that the frequency of
these injections may not be representative of their frequency at
other institutions and nationally. Third, the date of initial presen-
tation to the clinic may not correspond to the actual date of onset
of shoulder symptoms. Nonetheless, the time from presentation
to TSA reflected the entire length of care and could be reliably
determined for each patient in the cohort. Fourth, the timing of
multiple corticosteroid injections was not accounted for in the
Cox proportional hazards model. The reported HR for injection
number should be interpreted with caution and may not be a re-
liable measure of risk reduction. Fifth, there may be a significant
difference in the efficacy of intra-articular injections performed
under ultrasound or fluoroscopic guidance compared to palpa-
tion-based methods as demonstrated by our subgroup analysis.
We adjusted for the potential confounding effect of injection
technique through its inclusion as a predictor variable in the Cox
proportional hazards model. Sixth, corticosteroid injection for-
mulations were not standardized across all providers, and differ-
ent formulations may be associated with different periods of
symptom relief. Unfortunately, injection formulations were not
reported consistently across medical records; thus, we were un-
able to include this variable in our Cox proportional hazards
model.

There are distinct prognostic factors for progression to TSA
between primary OA patients and RTC arthropathy patients
managed with corticosteroid injections. Multiple corticosteroid
injections are associated with delayed time to TSA in RTC ar-

thropathy patients.
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