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Background: When comprehensive arthroscopic management (CAM) for glenohumeral osteoarthritis fails, total shoulder arthro-
plasty (TSA) may be needed, and it remains unknown whether previous CAM adversely affects outcomes after subsequent TSA.

Purpose: To compare the outcomes of patients with glenohumeral osteoarthritis who underwent TSA as a primary procedure with
those who underwent TSA after CAM (CAM-TSA).

Study Design: Cohort study; Level of evidence, 3.

Methods: Patients younger than 70 years who underwent primary TSA or CAM-TSA and were at least 2 years postoperative were
included. A total of 21 patients who underwent CAM-TSA were matched to 42 patients who underwent primary TSA by age, sex,
and grade of osteoarthritis. Intraoperative blood loss and surgical time were assessed. Patient-reported outcome (PRO) scores
were collected preoperatively and at final follow-up including the American Shoulder and Elbow Surgeons (ASES) score, Single
Assessment Numeric Evaluation (SANE), shortened version of Disabilities of the Arm, Shoulder and Hand (QuickDASH), 12-Item
Short Form Health Survey Physical Component Summary (SF-12 PCS), visual analog scale, and patient satisfaction. Revision
arthroplasty was defined as failure.

Results: Of 63 patients, 56 of them (19 CAM-TSA and 37 primary TSA; 88.9%) were available for follow-up. There were 16 female
(28.6%) and 40 male (71.4%) patients with a mean age of 57.8 years (range, 38.8-66.7 years). There were no significant differ-
ences in intraoperative blood loss (P . .999) or surgical time (P = .127) between the groups. There were 4 patients (7.1%)
who had failure, and failure rates did not differ significantly between the CAM-TSA (5.3%; n = 1) and primary TSA (8.1%; n =
3) groups (P . .999). Additionally, 2 patients underwent revision arthroplasty because of trauma. A total of 50 patients who
did not experience failure (17 CAM-TSA and 33 primary TSA) completed PRO measures at a mean follow-up of 4.8 years (range,
2.0-11.5 years), with no significant difference between the CAM-TSA (4.4 years [range, 2.1-10.5 years]) and primary TSA (5.0
years [range, 2.0-11.5 years]) groups (P = .164). Both groups improved significantly from preoperatively to postoperatively in
all PRO scores (P \ .05). No significant differences in any median PRO scores between the CAM-TSA and primary TSA groups,
respectively, were seen at final follow-up: ASES: 89.9 (interquartile range [IQR], 74.9-96.6) versus 94.1 (IQR, 74.9-98.3) (P = .545);
SANE: 84.0 (IQR, 74.0-94.0) versus 91.5 (IQR, 75.3-99.0) (P = .246); QuickDASH: 9.0 (IQR, 3.4-27.3) versus 9.0 (IQR, 5.1-18.1) (P =
.921); SF-12 PCS: 53.8 (IQR, 50.1-57.1) versus 49.3 (IQR, 41.2-56.5) (P = .065); and patient satisfaction: 9.5 (IQR, 7.3-10.0) versus
9.0 (IQR, 5.3-10.0) (P = .308).

Conclusion: Patients with severe glenohumeral osteoarthritis who failed previous CAM benefited similarly from TSA compared
with patients who opted directly for TSA.

Keywords: shoulder; glenohumeral osteoarthritis; intraoperative blood loss; surgery time; patient-reported outcome scores; axil-
lary nerve release

Glenohumeral osteoarthritis in the young and active
patient is a challenging abnormality to treat. Total shoul-
der arthroplasty (TSA) is often referred to as the gold stan-
dard,3,15 as it has been shown to result in reproducible and
satisfactory outcomes.1,6,20,22 However, younger patients
often have higher activity levels, greater function, and
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higher expectations, which may raise concerns regarding
implant longevity.2,3,20 Comprehensive arthroscopic man-
agement (CAM) represents an option that preserves the
joint and delays TSA in young, high-demand patients.9-14

In addition to previously described arthroscopic man-
agement techniques such as debridement, synovectomy,
removal of loose bodies, subacromial decompression, chon-
droplasty, and tenotomy of the long head of the biceps ten-
don,4,21 CAM adds inferior humeral osteoplasty, axillary
nerve release, microfracture, and tenodesis of the long
head of the biceps tendon.9-14 Although CAM may delay
TSA, approximately 13.1% of patients progress to TSA at
5 years.12 If CAM fails, TSA may be necessary, and it
remains unknown whether previous CAM adversely
affects the outcomes after subsequent TSA. This raises
concerns, as it has been shown that previous nonarthro-
plasty surgery is associated with inferior clinical outcomes,
infections, and higher rates of revision surgery after
TSA.5,19,23 Similarly, higher revision rates have been
shown for patients who underwent total knee arthroplasty
after previous knee arthroscopic surgery.7

Therefore, the purpose of this study was to compare the
outcomes of patients with glenohumeral osteoarthritis who
underwent TSA as a primary procedure to those who
underwent TSA after CAM (CAM-TSA). It was hypothe-
sized that patients who failed CAM and progressed to
TSA (CAM-TSA) would have similar outcomes after a min-
imum 2-year follow-up compared with patients who under-
went primary TSA for glenohumeral osteoarthritis.

METHODS

In this retrospective, single-center, single-surgeon (P.J.M.)
study, patients who had failure after CAM for severe,
symptomatic osteoarthritis and then went on to TSA
(CAM-TSA) between the years 2007 and 2018 and were
at least 2 years out from surgery were included. Exclusion
criteria were acute fractures around the shoulder, revision
shoulder arthroplasty, and a postoperative period of less
than 2 years.

A total of 21 patients who underwent CAM-TSA met the
final inclusion criteria. Every patient who underwent
CAM-TSA was matched to 2 patients who underwent

primary TSA without previous CAM by age, sex, and grade
of osteoarthritis according to the Kellgren-Lawrence classi-
fication, resulting in 42 patients in the primary TSA group.

Surgical Technique and Rehabilitation

All surgical procedures were performed by a single shoul-
der surgeon (P.J.M.) with the patient in the beach-chair
position.

Comprehensive Arthroscopic Management. CAM has
been previously described by Millett et al9,10 and Mook
et al.14 In summary, glenohumeral debridement of unsta-
ble chondral injuries and degenerative labral tears as
well as synovectomy were performed. Loose bodies were
removed. Microfracture was utilized if there were high-
grade focal chondral defects. If present, inferior humeral
osteophytes were resected utilizing an arthroscopic bur
and curved curette. The anterior, inferior, and posterior
portions of the glenohumeral joint capsule were released.
If preoperative symptoms and/or imaging or intraoperative
visualization of a large inferior humeral osteophyte were
consistent with axillary nerve compression, axillary neu-
rolysis was performed. Finally, coracoplasty and/or acro-
mioplasty was performed if needed. If instability of the
biceps anchor, luxation/subluxation, tearing, or tendinop-
athy of the long head of the biceps tendon was present,
the tendon was released at the biceps anchor, and subpec-
toral tenodesis was performed after completion of the
arthroscopic portion of the surgical procedure.16

Total Shoulder Arthroplasty. All TSA procedures were
performed using a standard deltopectoral approach. The
subscapularis tendon was removed by lesser tuberosity
osteotomy and tagged with sutures for later reconstruc-
tion.17 The long head of the biceps tendon was tenotomized
at the biceps anchor, and tenodesis was performed at the
superior aspect of the pectoralis major. The humeral
head was then resected, and the glenoid was prepared. A
cemented, pegged glenoid was used in all cases. A short-
(Univers Apex; Arthrex) or regular-stemmed (Univers II;
Arthrex) humeral component was implanted in a press-fit
technique after the placement of bone tunnels for later res-
toration of the subscapularis tendon and lesser tuberosity.
If there was concern about bone quality, the humeral com-
ponent was cemented. The lesser tuberosity was then
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repaired to its insertion using high-strength sutures (No. 5
FiberWire; Arthrex) wrapped around the stem using bone
tunnels.17 Then, 1 g of vancomycin was placed in the
wound, both deep and superficially, after copious
irrigation.

Postoperative Rehabilitation. Patients wore a sling for 4
weeks, and active range of motion of the elbow, hand, and
fingers was begun on postoperative day 1. In the first 4
weeks, passive full range of motion for flexion and abduc-
tion was recommended with an internal rotation limit to
the body and external rotation limit to 30�. Active-assisted
range of motion was begun after 4 weeks, and active range
of motion was begun when full passive range of motion was
achieved. Strengthening exercises were started after 6
weeks postoperatively.

Demographic and Intraoperative Variables

Demographic variables, such as age, sex, and injured side,
as well as intraoperative variables, including blood loss
(\50, \100, \150, �150 mL) and surgical time (minutes),
were collected and compared between the 2 groups.

Clinical Evaluation

Preoperatively and at final follow-up, patient-reported out-
come (PRO) scores that were collected included the Amer-
ican Shoulder and Elbow Surgeons (ASES) score, Single
Assessment Numeric Evaluation (SANE) score, shortened
version of Disabilities of the Arm, Shoulder and Hand
(QuickDASH) score, 12-Item Short Form Health Survey
(SF-12) Physical Component Summary (PCS) score, and
visual analog scale (VAS) for pain score (0-10; 10 = worst
pain). Additionally, patient satisfaction with surgery (1-
10; 10 = very satisfied) was evaluated. Before 2010,
SANE and QuickDASH scores were not routinely collected
preoperatively; therefore, analysis of these patients was
limited to postoperative scores in regard to the SANE
and QuickDASH only. Also, questions about return to the
patients’ preoperative fitness program were asked. Compli-
cations and further surgical interventions after TSA were
recorded. Failure was defined as revision arthroplasty.

Preoperatively and at a minimum follow-up of 2 years,
questionnaires were sent to the patients by email to evalu-
ate the aforementioned scores. If patients did not return
their questionnaires by email, they were contacted via tele-
phone and were encouraged to return their questionnaire.

Statistical Analysis

The control group consisting of patients who underwent pri-
mary TSA was drawn from a pool of 261 qualifying TSA
cases performed by the senior author (P.J.M.). Nearest
neighbor matching using a ‘‘greedy’’ algorithm (the closest
control [TSA] was matched to each experimental participant
[CAM-TSA] 1 at a time without regard to minimizing
a global distance measure that pertained to the total cohort)
was performed on the investigation group of patients who

underwent CAM-TSA. The matching procedure was com-
pleted using the statistical package R Version 3.6.2 (with
additional package MatchIt; R Core Team).8,18 The normal-
ity of data was assessed using the Shapiro-Wilk test. Nor-
mally distributed continuous data were reported as mean
(range), and skewed continuous data were reported as
median (interquartile range [IQR]). Normally distributed
continuous data were analyzed using the unpaired t test
and nonparametric data using the Mann-Whitney U test.
The Wilcoxon matched-pair test or the paired t test was
used for analysis of dependent continuous data. The Fisher
exact test and the chi-square test were used to analyze
bivariate or categorical data.

The study sample size was fixed; therefore, a priori
power analysis was not performed. Assuming a study
design with a minimum number of available samples per
group of 17 and 34, 2-tailed testing, and an alpha level of
.05, an effect size of d = 0.87 was detectable with 80% sta-
tistical power. Thus, we interpret that this study may be
underpowered to detect group differences that are more
subtle than d = 0.87. To assess for statistical significance,
2-tailed P values were calculated, and significance was
set at P \ .05. Statistical analysis was performed using
Prism software Version 8.2.1 (GraphPad).

RESULTS

Of the 63 patients who were eligible, 7 were lost to follow-
up (2 CAM-TSA and 5 primary TSA; these patients could
not be reached via telephone or email or did not return
their questionnaires despite multiple reminders), leaving
a total of 56 (88.9%) patients for inclusion in this study.
The mean age of the total cohort was 57.8 years (range,
38.8-66.7 years) in 40 men (71.4%) and 16 women
(28.6%). Excluding the CAM procedures in the CAM-TSA
group, 31 patients (55.4%) of the total cohort underwent
previous surgery on the affected shoulder. No significant
differences were observed when comparing previous proce-
dures between the CAM-TSA (57.9%) and primary TSA
(54.1%) groups (P . .999). The most common previous pro-
cedure performed was arthroscopic debridement in both
groups (CAM-TSA: 23.5%; primary TSA: 29.0%). At the
time of TSA, patients in the CAM-TSA group were
a mean of 3.4 years (range, 0.9-8.0 years) out from their
previous CAM procedure. All patients had either an osteo-
arthritis grade 3 (n = 19; 33.9%) or 4 (n = 37; 66.1%) accord-
ing to the Kellgren-Lawrence classification. All patients
had intraoperative blood loss of \150 mL. The median
blood loss in the CAM-TSA group was \50 mL (IQR,
\50-\100 mL), and the median blood loss in the primary
TSA group was \50 mL (IQR, \50-\150 mL), with no sig-
nificant differences between the groups (P . .999). The
median surgical time was 106.0 minutes (IQR, 91.0-127.0
minutes) for the CAM-TSA group and 99.0 minutes (IQR,
78.5-116.0 minutes) for the primary TSA group (P =
.127). Demographic and surgery-related variables of the
total cohort and a comparison between the CAM-TSA and
primary TSA groups are shown in Table 1.
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There were 2 patients, 1 in each group, who fell on their
respective shoulder and therefore underwent revision TSA
(1 periprosthetic fracture [primary TSA] and 1 irreparable
subscapularis tear [CAM-TSA]). When these were excluded,
there were a total of 4 true failures (7.1%), with 1 failure in
the CAM-TSA group (5.3%) and 3 failures in the primary
TSA group (8.1%), with no significant differences between
the groups (P . .999). Of note, another 4 revision surgical
procedures (7.1%) were performed that did not necessitate
revision arthroplasty, with 1 in the CAM-TSA group
(5.3%; repair of small subscapularis tear) and 3 in the pri-
mary TSA group (8.1%; 2 patients with lysis of adhesions
and mobilization under anesthesia for adhesive capsulitis
and 1 patient with distal clavicle resection for symptom-
atic acromioclavicular joint arthritis) (P . .999). There
were no infections among the complications and revisions.
Patient characteristics and modes of failure are presented
in Table 2.

After the exclusion of 6 patients with failures, a total of
50 patients (17 CAM-TSA and 33 primary TSA) were

available for further analysis, all of whom completed
PRO measures at a mean follow-up of 4.8 years (range,
2.0-11.5 years). The CAM-TSA group had a median postop-
erative ASES score of 89.9 (IQR, 74.9-96.6), a median
SANE score of 84.0 (IQR, 74.0-94.0), a median QuickDASH
score of 9.0 (IQR, 3.4-27.3), and a median SF-12 PCS score
of 53.8 (IQR, 50.1-57.1), all of which improved significantly
over preoperative scores (P\ .05). Median patient satisfac-
tion in the CAM-TSA group was 9.5 (IQR, 7.3-10.0). More-
over, 16 of 17 patients (94.1%) had participated in
a preoperative fitness program. At final follow-up, 11 of
16 patients (68.8%) in the CAM-TSA group stated that
they resumed their preoperative fitness program, 4
patients (25.0%) stated that they somewhat resumed their
fitness program, and only 1 patient (6.3%) was not able to
resume her preoperative fitness program. Detailed preop-
erative and postoperative PRO scores for the CAM-TSA
group are shown in Table 3.

At final follow-up, the primary TSA group had a median
ASES score of 94.1 (IQR, 74.9-98.3), a median SANE score

TABLE 1
Characteristics and Intraoperative Variablesa

Total Cohort (N = 56) CAM-TSA (n = 19) Primary TSA (n = 37) P Value

Age, mean (range), y 57.8 (38.8-66.7) 57.8 (38.8-66.7) 57.8 (48.0-66.7) .604b

Previous shoulder surgery 31 (55.4) 11 (57.9) 20 (54.1) ..999c

Time from CAM to TSA, mean (range), y N/A 3.4 (0.9-8.0) N/A N/A
Follow-up time, mean (range), y 4.8 (2.0-11.5) 4.4 (2.1-10.5) 5.0 (2.0-11.5) .164b

Sex
Female 16 (28.6) 6 (31.6) 10 (27.0) .527c

Male 40 (71.4) 13 (68.4) 27 (73.0)
Dominant side affected 36 (64.3) 10 (52.6) 26 (70.3) .244c

Kellgren-Lawrence classification
Grade 3 19 (33.9) 6 (31.6) 13 (35.1) ..999c

Grade 4 37 (66.1) 13 (68.4) 24 (64.9)
Blood loss, median (IQR), mL \50 (\50-\150) \50 (\50-\100) \50 (\50-\150) ..999b

Surgical time, median (IQR), min 101.0 (80.0-123.0) 106.0 (91.0-127.0) 99.0 (78.5-116.0) .127b

aData are reported as n (%) unless otherwise indicated. CAM, comprehensive arthroscopic management; IQR, interquartile range; N/A,
not applicable; TSA, total shoulder arthroplasty.

bMann-Whitney test.
cFisher exact test.

TABLE 2
Demographics, Causes of Failure, Time to Revision, and Revision Procedures Performed for Patients Who Failed TSAa

Patient Group Age, y Sex
Injured

Side Cause of Failure
Time After
TSA, mo

Revision
Procedure

1 CAM-TSA 52 Male Left Aseptic humeral stem loosening from
mountain biking

52 Revision TSA

2 CAM-TSA 63 Female Right A fall postoperatively and irreparable subscapularis
tear at presentation

9 Revision RSA

3 Primary TSA 57 Male Right Capsular release for stiffness, repair of small
supraspinatus tear, and rotator cuff failure

22 Revision RSA

4 Primary TSA 58 Male Right Aseptic glenoid component loosening 63 Revision TSA
5 Primary TSA 60 Female Left Pain and reduced range of motion 36 Revision RSA
6 Primary TSA 61 Female Right Periprosthetic fracture from a fall 30 Revision RSA

aCAM, comprehensive arthroscopic management; RSA, reverse shoulder arthroplasty; TSA, total shoulder arthroplasty.
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of 91.5 (IQR, 75.3-99.0), a median QuickDASH score of 9.0
(IQR, 5.1-18.1), and a median SF-12 PCS score of 49.3
(IQR, 41.2-56.5), all of which improved significantly over
preoperative scores (P \ .05). Median patient satisfaction
in the primary TSA group was 9.0 (IQR, 5.3-10.0). Further-
more, 29 of 33 patients (87.9%) had participated in a preop-
erative fitness program. At final follow-up, 12 of 29
patients (41.4%) in the primary TSA group stated that
they were able to resume their preoperative fitness pro-
gram, 15 patients (51.7%) stated that they somewhat
resumed their fitness program, and 2 patients (6.9%)
were not able to resume their preoperative fitness pro-
gram. Detailed preoperative and postoperative PRO scores
for the primary TSA group are shown in Table 4. Figure 1
illustrates the postoperative PRO scores for both groups.

With the numbers available, no significant differences
were seen for any preoperative PRO scores when comparing
the CAM-TSA group with the primary TSA group (P . .05),
and more importantly, no significant differences were seen
when comparing postoperative PRO scores between the 2
groups (P . .05) (Table 5). No significant differences were
seen for returning to preoperative fitness programs between
the groups (P = .196).

DISCUSSION

The most important finding of this study was that at a min-
imum follow-up of 2 years, there were no significant differ-
ences in intraoperative variables, such as blood loss and
surgical time, or failure rates between the CAM-TSA and
primary TSA groups. Furthermore, no significant differen-
ces were seen in postoperative PRO scores when compar-
ing the 2 groups.

TSA is considered the gold standard in patients with
severe glenohumeral osteoarthritis who have failed nonop-
erative treatment, as it results in good reproducible out-
comes.1,3,6,15,20,22 However, shoulder joint replacement

may not be the optimal management strategy for younger
patients with higher demands and longer life expectancy,
and younger patient age has been reported as a risk factor
for revision surgery after TSA.2,3,20 Brewley et al2 demon-
strated that patients younger than 65 years had a 3.4-fold
increased risk for revision surgery after TSA.

To delay the necessity for TSA in young and active
patients with glenohumeral osteoarthritis, surgeons have
applied arthroscopic treatment strategies,4,9-14,21 which
have been shown to improve range of motion and PRO

TABLE 3
Preoperative and Postoperative Patient-Reported

Outcome Scores for the CAM-TSA Groupa

Preoperative Postoperative P Value

ASES 48.3 (42.9-61.2) 89.9 (74.9-96.6) .002
SANE 59.0 (49.0-69.0) 84.0 (74.0-94.0) .021
QuickDASH 35.2 (25.0-39.7) 9.0 (3.4-27.3) \.001
SF-12 PCS 41.1 (35.2-45.3) 53.8 (50.1-57.1) \.001
VAS

Pain today 4.0 (3.0-5.5) 0.0 (0.0-2.0) \.001
Worst pain 8.0 (6.5-9.0) 3.0 (2.0-6.5) \.001

Patient satisfaction N/A 9.5 (7.3-10.0) N/A

aData are reported as median (interquartile range). Signifi-
cance was assessed using the Wilcoxon test. ASES, American
Shoulder and Elbow Surgeons; CAM, comprehensive arthroscopic
management; N/A, not applicable; QuickDASH, shortened version
of Disabilities of the Arm, Shoulder and Hand; SANE, Single
Assessment Numeric Evaluation; SF-12 PCS, 12-Item Short
Form Health Survey Physical Component Summary; TSA, total
shoulder arthroplasty; VAS, visual analog scale.

TABLE 4
Preoperative and Postoperative Patient-Reported

Outcome Scores for the Primary TSA Groupa

Preoperative Postoperative P Value

ASES 49.9 (35.0-59.9) 94.1 (74.9-98.3) \.001
SANE 49.0 (27.8-61.5) 91.5 (75.3-99.0) \.001
QuickDASH 40.9 (32.9-51.1) 9.0 (5.1-18.1) \.001
SF-12 PCS 38.2 (32.8-46.9) 49.3 (41.2-56.5) .001
VAS

Pain today 4.0 (3.0-7.0) 0.0 (0.0-2.0) \.001
Worst pain 8.5 (8.0-9.3) 3.0 (0.0-5.5) \.001

Patient satisfaction N/A 9.0 (5.3-10.0) N/A

aData are reported as median (interquartile range). Significance
was assessed using the Wilcoxon test. ASES, American Shoulder
and Elbow Surgeons; N/A, not applicable; QuickDASH, shortened
version of Disabilities of the Arm, Shoulder and Hand; SANE, Sin-
gle Assessment Numeric Evaluation; SF-12 PCS, 12-Item Short
Form Health Survey Physical Component Summary; TSA, total
shoulder arthroplasty; VAS, visual analog scale.

Figure 1. Postoperative patient-reported outcome scores
for the CAM-TSA and primary TSA groups. Error bars repre-
sent 95% CIs. Values represent medians. ASES, American
Shoulder and Elbow Surgeons; CAM, comprehensive arthro-
scopic management; ns, no significance; QuickDASH, short-
ened version of Disabilities of the Arm, Shoulder and Hand;
SANE, Single Assessment Numeric Evaluation; SF-12 PCS,
12-Item Short Form Health Survey Physical Component
Summary; TSA, total shoulder arthroplasty.
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scores.24 The most notable difference between standard
arthroscopic management techniques for glenohumeral
osteoarthritis is the addition of inferior humeral osteo-
plasty, axillary nerve release, and microfracture.14

Mitchell et al12 demonstrated that CAM results in signifi-
cant improvements in ASES, SANE, QuickDASH, and
SF-12 scores compared with preoperative values at
a mean follow-up of 5.7 years, with a survivorship rate of
76.9% at a minimum of 5 years’ follow-up. Although these
are excellent results when considering that the included
patients met the criteria for TSA preoperatively but opted
for a joint-preserving option, there still is a significant
number of patients who experience failure and progress
to shoulder arthroplasty. Inferior clinical outcomes and
higher revision rates after TSA have been demonstrated
in patients who have undergone previous nonarthroplasty
surgery.19 This has raised concerns of whether patients
may benefit from CAM when they will ultimately need
TSA.19 In this study, we did not find significant differences
in failure or complication rates between the 2 groups (P .

.999). In contrast, Schiffman et al19 compared the revision
rate of patients undergoing TSA with patients undergoing
TSA with a history of nonarthroplasty surgery. The authors
found a significantly higher revision rate for those undergo-
ing TSA after a previous nonarthroplasty procedure (8%)
compared with those without previous surgery (1%). Wer-
thel et al23 demonstrated a significantly increased risk for
deep postoperative infections after primary shoulder arthro-
plasty in patients who had undergone previous nonarthro-
plasty surgery (2.46% vs 1.49%, respectively). In the
present study, however, no infections occurred. In general,
our reported failure rate is within the previously docu-
mented margins for primary TSA. The lack of increased
infections, although not proven in the literature, may be
because of our use of vancomycin powder. Brewley et al2

demonstrated a revision rate of 6.9% in patients younger
than 65 years. In a retrospective study of 202 patients

aged �60 years with a mean follow-up of 9 years, Neyton
et al15 demonstrated a revision arthroplasty rate of 16.1%.

Both groups showed significant improvements in PRO
scores from preoperatively to postoperatively (all P \
.05), and at a mean follow-up of 4.8 years, no significant
differences in postoperative PRO scores were found
between the groups. At final follow-up, we observed
a median ASES score of 89.9 (IQR, 74.9-96.6) for the
CAM-TSA group and 94.1 (IQR, 74.9-98.3) for the primary
TSA group (P = .545). Frank et al5 compared the PRO
scores of patients who underwent shoulder arthroplasty
with previous nonarthroplasty surgery with those who
did not undergo previous nonarthroplasty surgery. They
found that both groups showed significant improvements
in PRO scores (ASES, Simple Shoulder Test, and VAS)
compared with preoperatively; however, at a minimum fol-
low-up of 2 years, the group of patients with previous sur-
gery had significantly inferior PRO scores (mean ASES,
73.2 6 21.7) compared with those without previous surgery
(mean ASES, 84.9 6 16.9). Schiffman et al19 found signifi-
cantly inferior SANE scores for patients undergoing TSA
who had undergone previous nonarthroplasty surgery
(mean, 74 [range, 20-100]) compared with those undergo-
ing TSA without previous surgery (mean, 86 [range, 25-
100]). This is in contrast to our findings, as we did not
find significant differences in postoperative median
SANE scores between the CAM-TSA and primary TSA
groups: 84.0 (IQR, 74.0-94.0) versus 91.5 (IQR, 75.3-99.0),
respectively (P = .246). Although it is unknown why our
results did not show inferior outcomes after arthroscopic
treatment, as seen in some of the previously discussed
studies, we postulate that one reason may be the improve-
ment in arthroplasty technology and knowledge of the
importance and treatment of glenoid deformities. Further,
extensive capsular release, humeral head osteoplasty, and
axillary neurolysis are unique to CAM and may provide
greater range of motion and function before a later TSA

TABLE 5
Comparison of Preoperative and Postoperative Patient-Reported Outcome Scores Between the Groupsa

Preoperative Postoperative

CAM-TSA Primary TSA P Value CAM-TSA Primary TSA P Value

ASES 48.3 (42.9-61.2) 49.9 (35.0-59.9) .684b 89.9 (74.9-96.6) 94.1 (74.9-98.3) .545c

SANE 59.0 (49.0-69.0) 49.0 (27.8-61.5) .062b 84.0 (74.0-94.0) 91.5 (75.3-99.0) .246c

QuickDASH 35.2 (25.0-39.7) 40.9 (32.9-51.1) .093b 9.0 (3.4-27.3) 9.0 (5.1-18.1) .921c

SF-12 PCS 41.1 (35.2-45.3) 38.2 (32.8-46.9) .424b 53.8 (50.1-57.1) 49.3 (41.2-56.5) .065c

VAS
Pain today 4.0 (3.0-5.5) 4.0 (3.0-7.0) .590b 0.0 (0.0-2.0) 0.0 (0.0-2.0) .481c

Worst pain 8.0 (6.5-9.0) 8.5 (8.0-9.3) .213c 3.0 (2.0-6.5) 3.0 (0.0-5.5) .238c

Patient satisfaction N/A N/A N/A 9.5 (7.3-10.0) 9.0 (5.3-10.0) .308c

aData are reported as median (interquartile range). ASES, American Shoulder and Elbow Surgeons; CAM, comprehensive arthroscopic
management; N/A, not applicable; QuickDASH, shortened version of Disabilities of the Arm, Shoulder and Hand; SANE, Single Assessment
Numeric Evaluation; SF-12 PCS, 12-Item Short Form Health Survey Physical Component Summary; TSA, total shoulder arthroplasty; VAS,
visual analog scale.

bUnpaired t test.
cMann-Whitney test.
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procedure compared with other arthroscopic procedures,
possibly resulting in better outcomes after TSA. However,
our PRO scores are in line with previously published scores
for primary TSA in younger patients. Brewley et al2 dem-
onstrated a mean postoperative ASES score of 77 (range,
73-81) for patients younger than 65 years at a mean fol-
low-up of 50 months. Also, Garcia et al6 showed an ASES
score of 88.4 at a mean follow-up of 60 months, which is
similar to our reported ASES scores for both the CAM-
TSA group (median, 89.9) and the primary TSA group
(median, 94.1).

Finally, we investigated intraoperative variables. The 2
groups did not show a significant difference in intraopera-
tive blood loss or surgical time (P . .05). This suggests that
TSA was not complicated by a previous CAM procedure,
which could be the case if excessive postoperative scarring
is encountered. At our institution, patients who undergo
CAM meet the clinical and radiographic criteria for TSA
but opt for a joint-preserving treatment option. The mean
time from CAM to TSA in the CAM-TSA group was 3.4
years (range, 1.9-8.0 years). Considering a delay to TSA
of over 3 years, similar complication and revision rates,
similar PRO scores at final follow-up, and no differences
in intraoperative blood loss or surgical time, our results
suggest that CAM is a viable treatment strategy and
does not negatively affect outcomes even in cases in which
patients progress to TSA. To our knowledge, this is the
first study that has investigated this question, and our
results suggest that CAM may be a viable treatment option
in younger patients with glenohumeral osteoarthritis that
does not compromise outcomes or failure rates of subse-
quent TSA.

Limitations

This study was not without limitations. First, this was
a single-surgeon, single-center study. Given the complexity
of the CAM procedure, the results of this study may not be
transferable to all surgeons. Second, this was a retrospec-
tive study, which rendered it prone to loss of data; how-
ever, we were able to obtain a follow-up rate of over 85%.
Third, we did not perform radiographic or in-person clini-
cal follow-up, and despite good PRO scores and no signifi-
cant differences between the groups for the assessed
parameters, we cannot make assumptions on potential
implant loosening that may have occurred. However,
patients were functioning well, and therefore, we believe
that radiographic outcomes would not have an effect on
these results. Fourth, the sample size is relatively small;
thus, differences between the groups may have been
missed. Additionally, because of a minimum follow-up of
2 years, we cannot make assumptions on long-term survi-
vorship. Finally, although we matched the CAM-TSA
group to the primary TSA group by age, sex, and grade
of osteoarthritis, there may be other variables that we
did not account for.

CONCLUSION

Patients with severe glenohumeral osteoarthritis who
failed previous CAM benefited similarly from TSA com-
pared with patients who opted directly for TSA.
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