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Background: Outcomes of shoulder surgery in workers’ compensation (WC) patients have generally
been inferior to those in non-WC patients. The purpose of this study was to compare the complication
rates and clinical outcomes after shoulder arthroplasty in WC patients and control non-WC
patients.

Methods: An institutional shoulder arthroplasty database was queried for patients with minimum 2-year
follow-up who underwent total shoulder arthroplasty, reverse total shoulder arthroplasty, or hemiarthroplasty.
WC patients were age and sex matched with non-WC patients and retrospectively evaluated for compli-
cation rates, patient-reported outcome (PRO) scores, and range of motion.

Results: We matched 45 WC and 45 non-WC patients by age and sex, with the WC group having a higher
rate of prior surgery (82% vs 38%, P < .001). Both groups experienced significant improvements in all
PROs, forward elevation, and external rotation (P < .05 for all). The WC group had inferior 2-year out-
comes for all PROs and forward elevation (P < .001 for all), as well as a higher reoperation rate (16% vs
2%, P = .030) and higher rate of persistent pain at final follow-up (33% vs 11%, P = .021). On multivari-
ate regression controlling for other variables including number of prior surgical procedures, WC status
remained associated with lower improvements in American Shoulder and Elbow Surgeons (P < .001), func-
tional (P < .001), and Simple Shoulder Test (P < .001) scores, as well as a higher reoperation rate (P = .015)
and higher rate of persistent pain (P =.027).

Conclusion: Although both WC and non-WC patients experienced significant clinical improvements after
shoulder arthroplasty, WC patients had a higher reoperation rate, inferior PROs, and a higher rate of per-
sistent pain.

Level of evidence: Level III; Retrospective Cohort Comparison; Treatment Study
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Outcomes of shoulder surgery in workers’ compensation
(WC) patients have generally been inferior to those in pa-
tients who do not have a work-related injury, although both
groups generally experience pain relief and functional im-
provement from the surgical procedure.*™'*>1%!% Potential
etiologies of inferior outcomes for WC patients include a high
level of occupational physical demand; potential secondary
gain; and various demographic differences including educa-
tional level, comorbidities, prior treatments, and patient
expectations.® Surgeons treating WC patients can expect their
patients to improve after surgery although often with a slower
recovery time course and to a lesser extent than non-WC
patients.

Shoulder arthroplasty is an increasingly common proce-
dure that provides patients with improved shoulder
function and pain relief. It has also been shown to be
cost-effective.!>*!121417 [ imited literature is available re-
garding the outcomes of WC patients undergoing shoulder
arthroplasty. Jawa et al'” found that WC total shoulder ar-
throplasty (TSA) patients had lower outcome scores in a
younger, predominantly male population compared with con-
trols, with only 4 of 13 (31%) returning to work. Morris et al'
found that WC patients improved after reverse shoulder ar-
throplasty; however, the outcomes were lower than those in
controls, with a 57% satisfaction rate and 14.2% return-to-
work rate. Therefore, the literature to date have suggested that
WC patients undergoing shoulder arthroplasty have lower
outcome scores and satisfaction than other patients, with a
low rate of return to work.

The purpose of this study was to compare the complica-
tion rates and clinical outcomes after shoulder arthroplasty
in WC patients and age- and sex-matched non-WC patients.
We hypothesized that WC patients would have inferior out-
comes and higher complication rates than matched non-
WC controls.

Materials and methods

Patient selection

Our single-institution shoulder arthroplasty database was retrospec-
tively queried for WC patients who underwent TSA, reverse total
shoulder arthroplasty (RTSA), or shoulder hemiarthroplasty (HA)
between January 2008 and March 2015. The database consists of
patient-reported outcome (PRO) data beginning at the preopera-
tive appointment and continuing to the postoperative time frame.
Among a total number of 1439 surgical procedures performed during
the study period, there were 63 WC patients (4.4%). A case-
control study design was used. Of the 63 WC patients identified,
45 (71.4%) were available for minimum 2-year follow-up. From the
database, we identified a control group of 45 age- and sex-matched

non-WC patients. Matching was performed in a 1-to-1 fashion.
Surgery was performed by 2 senior surgeons (A.A.R. and G.P.N.).
The surgical technique and rehabilitation were determined by senior
surgeon preference and varied by type of procedure.

Patient evaluation and outcomes

Patients underwent a standard preoperative evaluation including ra-
diographs, range of motion (ROM) measured by a goniometer, and
preoperative PRO scores. Demographic information was recorded
including age, sex, body mass index (BMI), and prior surgery. The
scores used were as follows: functional, visual analog scale (VAS)
pain, Simple Shoulder Test (SST), and American Shoulder and Elbow
Surgeons (ASES) scores. Postoperatively, patients underwent eval-
uation at minimum 2-year follow-up for complications, reoperations,
postoperative ROM measured by a goniometer, and PRO scores (func-
tional, VAS, SST, and ASES scores). Persistent pain was defined
as patient-reported shoulder pain at final follow-up.

Statistical analysis

The data were assessed for normality and found to be normally dis-
tributed via Kolmogorov-Smirnov testing, and therefore parametric
statistics were used. Paired and unpaired ¢ tests were used as ap-
propriate for continuous data. Analysis of variance was used to
compare continuous data across the 2 groups. We used % and Fisher
exact tests for categorical data based on expected values above 5
and below 5, respectively. Associations between preoperative vari-
ables and PROs were performed using multivariate, stepwise linear
regression with bidirectional elimination. Variables included in the
initial model were age, BMI, procedure, insurance, laterality, sex,
race, prior surgery, previous glenohumeral injections, smoking status,
and number of comorbidities. SPSS software (version 22.0; IBM,
Armonk, NY, USA) was used for statistical analysis. P < .05 was
set as the threshold for statistical significance.

Results

The WC and non-WC groups each contained 45 patients and
were well matched with respect to age and sex (Table I). The
overall average follow-up period was 40.9 = 15.8 months
(range, 24.0-91.0 months), which did not significantly differ
between the WC and non-WC groups (P = .858). In addi-
tion, no differences between the WC and non-WC groups were
found with respect to BMI (P =.090) and type of surgery
(P =.219). No difference was noted in the age of patients un-
dergoing HA (55.4 + 4.3 years), TSA (53.2 £ 6.1 years), or
RTSA (56.9 £4.5 years) (P =.871). The WC group had sig-
nificantly more patients with prior surgery (82% vs 38%,
P <.001) and with multiple prior surgical procedures (40.0%
vs 8.9%, P < .001). The average number of surgical proce-
dures before arthroplasty was 2.0 = 1.4 in WC patients and
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Table I  Demographic characteristics in WC and non-WC groups
WC (n = 45) Non-WC (n = 45) Overall (N = 90) P value

Age, mean = SD, yr 55.2 £ 5.4 55.4 £ 5.6 55.3 £ 5.5 .864
Male sex, n (%) 31 (69) 31 (69) 62 (69) >.99
BMI, mean = SD 33.1+8.8 30.3£6.3 31.7£7.7 .090
Follow-up, mean + SD, mo 41.2 £ 18.5 40.6 = 12.6 40.9 + 15.8 .858
Prior surgery, n (%) 37 (82) 17 (38) 54 (60) <.001
Prior surgery, mean £ SD (range) 2.0 £ 1.4 (0-4) 0.8+ 1.2 (0-4) 1.4 £ 1.4 (0-4) <.001
Prior surgery type, n (%) .133

RCR 35 (78) 2 (4) 37 (41)

DCE 4 (9) 0 (0) 4 (4)

Glenohumeral débridement 14 (31) 6 (13) 20 (22)

Labral repair 7 (16) 5 (11) 12 (13)

BT 8 (18) 1(2) 9 (10)

SAD 14 (31) 6 (13) 20 (22)

ORIF 2 (4) 1(2) 3 (3)

Other* 3(7) 6 (13) 9 (10)
Surgery type, n (%) .219

TSA 19 (42) 25 (56) 44 (49)

RTSA 21 (47) 13 (29) 34 (38)

HA 5 (11) 7 (15) 12 (13)
Diagnosis, n (%) .979

Osteoarthritis 21 (47) 29 (73) 50 (56)

RCT or RCA 21 (47) 13 (29) 44 (38)

AVN 3(7) 0 (0) 3 (3)

RA 0 (0) 2 (4) 2 (2)

Instability 0 (0) 1(2) 1(1)

PHFx 0 (0) 1(2) 1(1)
Implant, n (%) >.99

Univers II (Arthrex, Naples, FL, USA) 10 (22) 21 (47) 31 (34)

Univers Reverse (Arthrex) 13 (29) 9 (20) 22 (24)

Univers Stem (Arthrex) 3(7) 6 (13) 9 (10)

Simpliciti (Wright Medical Group, Memphis, TN, USA) 9 (20) 4(9) 13 (14)

Aequalis Ascend (Wright Medical Group) 8 (18) 4 (9) 12 (13)

Aequalis Fx (Wright Medical Group) 2 (4) 1(2) 3(3)

WC, workers” compensation; BMI, body mass index; SD, standard deviation; TSA, total shoulder arthroplasty; RTSA, reverse total shoulder arthroplasty;
HA, hemiarthroplasty; RCT, rotator cuff tear; RCA, rotator cuff arthropathy; AVN, avascular necrosis; RA, rheumatoid arthritis; PHFx, proximal humeral
fracture; RCR, rotator cuff repair; DCE, distal clavicle excision; BT, biceps tenodesis; SAD, subacromial decompression; ORIF, open reduction internal fixation.

* Suprascapular nerve decompression, Putti-Platt procedure, or latissimus transfer for rotator cuff in WC group; iliac crest bone block for shoulder in-
stability, closed reduction, suprascapular nerve decompression, RTSA, irrigation and débridement, hemiarthroplasty, or trabecular metal RTSA in non-WC

group.

0.8 £ 1.2 in non-WC patients (P <.001). No significant dif-
ference in the distribution of prior surgery types was found
between patients insured by WC and those not (P =.133).
Moreover, no significant difference between groups was noted
with respect to surgery performed, diagnosis, and implant used
(P=.219, P=.979, and P >.99, respectively) (Table I).
Reoperations occurred more commonly in WC patients than
non-WC patients (7 WC patients [16%] vs 1 non-WC patient
[2%], P = .030) (Table II). Most reoperations involved treat-
ment of infection, conversion to RTSA, or arthroscopic
capsular release and subacromial decompression for postop-
erative pain and stiffness (Table III). Subscapularis
insufficiency was identified in 2 WC patients and 1 non-
WC patient (4% vs 2%, P =.999). Infections occurred in 2
WC patients and 0 non-WC patients (4% vs 0%, P = .494).

WC patients had a higher rate of reporting persistent pain at
final follow-up than non-WC patients (15 WC patients [33%]
vs 5 non-WC patients [11%], P =.021) (Table II).

At minimum 2-year follow-up after shoulder arthro-
plasty, significant improvements from preoperatively to
postoperatively were found in all functional scores, VAS
scores, SST scores, ASES scores, forward elevation, and
external rotation for both the WC and non-WC groups
(P <.001 for all) (Table IV). Preoperatively, no differences
in PRO scores and ROM were noted between WC and
non-WC patients (P > .05 in all cases). Postoperatively, WC
patients had lower values for all PRO scores as well as
lower forward elevation (P < .05 in all cases). No signifi-
cant difference in postoperative external rotation was found
between the 2 groups (P = .526).
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Table I Postoperative complications, reoperations, and persistent pain
wc Non-WC Overall P value
Reoperation, n (%) 7 (16) 1(2) 7 (8) .030
Infection, n (%) 2 (4) 0 (0) 2 (2) 494
Subscapularis insufficiency, n (%) 2 (4) 1(2) 3(3) .999
Persistent pain at final follow-up, n (%) 15 (33) 5 (11) 20 (22) .021

WC, workers” compensation.

Table III  Details of reoperations

Patient Primary Reoperation and indication Postoperative timing

group surgery of reoperation

wc TSA (1) TSA explantation and antibiotic spacer implantation for infection and (1) 5.5 yrand (2) 6 yr
(2) second-stage RTSA

WwC HA RTSA for pain and rotator cuff deficiency 3yr

wc TSA Irrigation and débridement for infection 4 weeks

wc RTSA Closed reduction for dislocation 2 weeks

WC HA RTSA for anterosuperior escape 1.75 yr

wC TSA RTSA for glenoid loosening and rotator cuff failure 2.33 yr

WwC HA Arthroscopy, débridement, SAD, acromioplasty, and capsular release for 1yr
postoperative pain and stiffness

Non-WC HA Arthroscopy, débridement, SAD, acromioplasty, and capsular release for 1.08 yr

postoperative pain and stiffness

WC, workers” compensation; TSA, total shoulder arthroplasty; RTSA, reverse total shoulder arthroplasty; HA, hemiarthroplasty; SAD, subacromial decompression.

After we accounted for other variables via multivariate re-
gression, undergoing HA with glenoid reaming (P =.041) and
being a nonsmoker (P =.027) were associated with greater
improvement in the ASES score, whereas right-sided surgery
(P <.001) and WC status (P < .001) were associated with less
improvement in the ASES score. WC status was indepen-
dently associated with less improvement in functional
(P <.001) and SST (P < .001) scores. Undergoing RTSA and
undergoing TSA were associated with achieving greater im-
provements in the VAS score (P =.004 and P = .005,
respectively), whereas right-sided surgery was associated with
less improvement (P < .001) (Table V). Undergoing RTSA
(odds ratio [OR], 0.044; 95% confidence interval [CI], 0.003-
0.622; P =.021) and undergoing TSA (OR, 0.025; 95% CI,
0.002-0.372; P =.007) were associated with a reduced like-
lihood of reoperation. However, WC status (OR, 108.392; 95%
CL, 2.473-4751.392; P =.015) and having greater comorbidities
(OR, 1.675; 95% CI, 1.135-2.473; P =.009) were associ-
ated with an increased likelihood of reoperation. WC status
was also associated with an increased likelihood of persis-
tent pain at final follow-up (OR, 5.345; 95% CI, 1.208-
23.657; P =.027), as was receiving surgery on the right
shoulder (OR, 5.006; 95% CI, 1.057-23.713; P =.042)
(Table VI).

Among the WC patients, 41 of 45 (91%) were able to return
to work at an average of 202.7 = 161.5 days (range, 8-811
days). Most patients had permanent work restrictions, with
restrictions for 38 of the 41 patients (92.7%) who returned
to work. The 3 patients without permanent restrictions

comprised 2 TSA patients and 1 HA patient, with all RTSA
patients having permanent restrictions. The specified
weight for permanent restrictions was 7.1 = 4.9 kg (range,
2.3-22.7 kg). The timing of return to work did not differ among
surgery types (HA, 198.8 £ 228.0 days; TSA, 237.4 £ 182.4
days; and RTSA, 172.7 + 121.4 days; P = .498). No signif-
icant correlation was found between patient age and timing
of return to work (R =-0.051, P =.753).

Discussion

This study showed that patients undergoing shoulder arthro-
plasty are expected to have improvement in function and ROM
regardless of whether they are WC or non-WC patients.
Despite no difference in PRO scores and ROM preopera-
tively, WC patients at minimum 2-year follow-up after shoulder
arthroplasty had significantly lower postoperative scores for
all PROs. WC patients also had higher reoperation rates and
higher rates of persistent shoulder pain at final follow-up than
non-WC patients. These results remained significant on mul-
tivariate regression to control for differences in the number
of prior surgical procedures between the WC and non-WC
groups.

WC status is known to impact outcomes of shoulder
surgery, including a longer time frame for recovery and in-
ferior outcomes.*®"!'® Limited literature to date have suggested
that WC patients undergoing shoulder arthroplasty have in-
ferior outcomes compared with control patients.'™' Prior
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Table IV  Patient-reported outcomes and range of motion in WC and non-WC patients
WC Non-WC P value for WC
vs non-WC
Mean SD Mean SD
Functional score
Pre 8.08 6.02 9.93 5.41 .129
Post 13.68 7.52 24.42 6.8 <.001
P value for improvement <.001 <.001
VAS score
Pre 5.28 2.49 5.86 2.58 .281
Post 3.27 2.76 1.23 1.92 <.001
P value for improvement .001 <.001
SST score
Pre 3.17 2.57 4.24 2.69 .057
Post 5.1/5 3.67 9.66 2.65 <.001
P value for improvement <.001 <.001
ASES score
Pre 36.7 16.84 41.54 19.08 .209
Post 57.05 23.36 83.5 18.59 <.001
P value for improvement <.001 <.001
Forward elevation
Pre, ° 98.1 43.7 97.7 32.4 .961
Post, ° 126.4 34.9 144.1 33.4 .015
P value for improvement <.001 <.001
External rotation
Pre, ° 34.6 22.4 28.2 22.3 .255
Post, °© 51.9 15.4 54.4 21.4 .526
P value for improvement <.001 <.001

WC, workers” compensation; SD, standard deviation; Pre, preoperative; Post, postoperative.

studies evaluating shoulder arthroplasty in WC patients may
have been more limited because of multiple factors. First,
work-related injuries that require a shoulder arthroplasty might
be less common in this younger working population. In ad-
dition, surgeons may be reluctant to perform arthroplasty in
this patient population because of concerns of long-term
implant survival. Finally, there may be difficulty establish-
ing causality between a work incident and a shoulder diagnosis
for which the treatment is shoulder arthroplasty.

Jawa et al'” analyzed 13 WC TSA patients compared with
63 controls, finding lower outcome scores in the WC popu-
lation than in controls. Only 4 of 13 WC patients (31%) were
able to return to work. Morris et al'® found that 14 WC pa-
tients improved after reverse shoulder arthroplasty but with
inferior outcomes compared with matched controls, with a
57% satisfaction rate and 14.2% return-to-work rate. Chen
et al’ reported a lower satisfaction rate after shoulder arthro-
plasty in 5 WC patients compared with 65 non-WC patients,
although other outcomes were not analyzed. Villacis et al'’
analyzed a statewide California database at 1-year follow-
up, finding that WC patients had a complication rate 3 and
5.6 times the complication rates for TSA and RTSA, respec-
tively, with infection being the most common complication,
occurring in 2.9% and 4.7% of TSA and RTSA patients, re-
spectively. Hsu et al® reported lower SST scores in a pooled

group of patients with Medicaid or WC compared with other
patients.

Our study is, to date, the largest reported series of clini-
cal outcomes of WC patients undergoing shoulder arthroplasty,
analyzing 45 patients and 45 age- and sex-matched con-
trols. Similarly to prior studies, we found that WC patients
had significant improvements in PROs but that these im-
provements were inferior to those of matched controls. Unlike
prior studies, our study also showed an increased rate of
reoperation in WC patients compared with controls, as well
as a higher rate of persistent pain at final follow-up. More-
over, it is important to note that WC patients had a significantly
higher number of prior surgical procedures, with 40% of pa-
tients having undergone multiple prior surgical procedures,
which can significantly increase the risk of complications, in
particular infection.”’ Furthermore, PROs are superior in pa-
tients without prior surgery."® To control for the effect of prior
surgical procedures, we conducted a multivariate regression
that showed that WC status was associated with failing to
achieve improvement in ASES, functional, and SST scores,
as well as having higher rates of reoperation and persistent
pain at 2 years’ follow-up.

Limitations of this study include the heterogeneous set of
procedures including RTSA, TSA, and HA performed by 2
surgeons, although the rates of these procedures and each
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Table V. Stepwise multivariate linear regression for associa-
tion of preoperative patient variables and patient-reported
outcome measures after exclusion of nonpredictive variables

Variable P value
American Shoulder and Elbow Surgeons score
Hemiarthroplasty with glenoid reaming .041*
Reverse total shoulder arthroplasty .067
Total shoulder arthroplasty 112
Workers” compensation <.001*
Right-sided surgery <.001*
Male sex .155
Nonsmoker .027*
Prior surgery .375
Functional score
Age .116
Workers” compensation <.001*
Nonsmoker .043*
Comorbidities .135
Prior surgery .378
Visual analog scale score
Hemiarthroplasty with glenoid reaming .087
Reverse total shoulder arthroplasty .007*
Total shoulder arthroplasty .007*
Workers” compensation .151
Right-sided surgery <.001*
Prior surgery .673
Simple Shoulder Test score
Workers” compensation <.001*
Right-sided surgery .072
Comorbidities .033*
Prior surgery .656

* Statistically significant.

Table VI  Stepwise multivariate logistic regression for predic-
tive association of preoperative patient variables with risk of
reoperation and persistent pain

Variable Pvalue OR 95% (I

Reoperation
Reverse total shoulder .021* 0.044 0.003-0.622
arthroplasty
Total shoulder .007* 0.025 0.002-0.372
arthroplasty
Workers” compensation .015*  108.392 2.473-4751.392
No. of comorbidities .009* 1.675 1.135-2.473

Prior surgery .262 4.419 0.329-59.373
Persistent pain
Age 191 0.929 0.831-1.038

Workers” compensation .027* 5.345 1.208-23.657
Right-sided surgery .042* 5.006 1.057-23.713

White ethnicity .748 0.597 0.026-13.915
Prior injection .851 0.765 0.047-12.544
Prior surgery 249 2.701 0.498-14.644

OR, odds ratio; (I, confidence interval.
* Statistically significant.

diagnosis did not differ significantly between the WC and non-
WC groups. Furthermore, despite matching by patient age and
sex in our retrospective case-control design, other differ-
ences between the WC and non-WC patient groups are
potential sources of confounding. For instance, the WC pa-
tients had a higher rate of prior surgery, which is known to
be associated with inferior outcomes after shoulder
arthroplasty."® We performed multivariate regression to account
for this difference, as well as the procedure performed. Other
patient factors that may differ between WC and non-WC pa-
tients including depression, anxiety, and resilience are also
potential confounding variables for the observed inferior out-
comes in the WC population.'®* In addition, this study did
not analyze radiographic outcomes or long-term outcomes in-
cluding the potential for earlier implant loosening in patients
returning to higher-demand physical occupations after shoul-
der arthroplasty.

Conclusion

Although both WC and non-WC patients experienced sig-
nificant clinical improvements after shoulder arthroplasty,
WC patients had a higher complication rate, higher
reoperation rate, and inferior PROs.
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