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Background: Anatomic total shoulder arthroplasty (aTSA) has demonstrated high levels of return to work,
although there are fears of glenoid component loosening with higher work demand.
Methods: A retrospective query was performed of all patients who received hemiarthroplasty with ream-
and-run resurfacing (Hemi RR) between 2005 and 2014. Included patients were matched to an aTSA cohort
by age, body mass index, sex, and hand dominance. Preoperative and postoperative work status, by level
of duty and occupation, was collected.
Results: Twenty-five patients receiving Hemi RR and 28 patients receiving TSA completed this ques-
tionnaire (82.8% compliance). Mean follow-up was 69.1 ± 24.8 months. In total, 100% of Hemi RR
patients returned to work, and 89.3% of TSA patients returned to work (P = .091). The Hemi RR patients
had higher rates of return to work for heavy-duty workers only (7 of 7 vs. 2 of 4, P = .038), although
only 1 patient in the TSA group reported failure to work was due to shoulder reasons. Mean duration of
return to work was 2.5 ± 4.8 months for patients receiving Hemi RR and 1.98 ± 2.6 months for those
receiving TSA (P = .653).
Conclusions: Hemi RR had a high return to heavy-duty work, likely due to fewer surgeon-imposed re-
strictions. The results of this study may help manage return to work expectations after Hemi RR according
to the level of duty and suggest Hemi RR is a viable option for heavy-duty laborers with end-stage gle-
nohumeral arthritis.
Level of evidence: Level III; Retrospective Cohort Design; Treatment Study
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Patient demand for shoulder arthroplasty at younger ages
is becoming exceedingly common. Demand in patients aged
younger than 55 years is expected to increase by 333.3% by
2030 due to the world’s aging population.33 Age of retirement
is also steadily increasing, drawing importance to the ability
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to perform work-related tasks at older ages.36 Returning to work
after shoulder arthroplasty is becoming increasingly impor-
tant to prospective patients. Establishing work-related outcomes
is essential toward performing preoperative counseling and is
relevant when determining the optimum treatment modality.

The anatomic total shoulder arthroplasty (aTSA) is the gold
standard for the management of end-stage glenohumeral ar-
thritis with an intact rotator cuff and generally has excellent
functional outcomes.40,41 The common criticism of the aTSA
is that survivorship of the glenoid implant may not be suit-
able for younger or high-demand patients.5,12,25,34,37 Survivorship
for glenoid component loosening at 10 years is reported between
70% and 96%,8,10,16,35,37,42 so there is some apprehension in per-
forming an arthroplasty if there is an expectation that it will
fail during a patient’s life time. However, return to work in the
short-term after aTSA is reported as excellent. The most recent
study reports 92.3% return to work within 2.1 months after
aTSA.25 Still, there is concern for heavy-duty laborers, because
a high duty of work will cause greater edge loading of the
implant and subsequent component loosening.7,25,34

Hemiarthroplasty may also be used for management of ar-
thritis; however, clinical outcomes are significantly inferior
to that of aTSA.9,11,20,24,46 Return to work outcomes have been
previously established between 61.5% and 69.4%.13,20 In ad-
dition, when the glenoid is not addressed, patients may
experience persistent arthritic symptoms requiring subse-
quent conversion to TSA.2,4,5 Patients with an additional
conversion to TSA have also reported inferior outcomes com-
pared with primary aTSA.2,4 Hemiarthroplasty with the
ream-and-run technique (Hemi RR) has recently been
popularized as an alternative technique for glenoid
resurfacing.6,27,28,30,31,44,45 The lack of a glenoid component allows
for fewer patient restrictions after rehabilitation, and reaming
provides a fibrocartilaginous surface that facilitates gleno-
humeral articulation.29 A growing body of evidence may
suggest that the Hemi RR may be of significant value to
younger populations with end-stage glenohumeral arthritis with
a high demand of activity.17,44

By establishing return to work outcomes for the Hemi RR
compared with aTSA, we may more appropriately set patient
expectations and expand current treatment guidelines for in-
dications of what the most appropriate treatment option is for
this patient demographic. The hypothesis of this study was
that patients receiving Hemi RR and aTSA would have equiv-
alent return to work outcomes but that those with Hemi RR
would find improved return to work in heavy-duty labor
because this procedure does not restrict activity level.

Materials and methods

Study design

A prospectively maintained institutional registry was queried for all
patients who underwent a primary Hemi RR procedure between 2004
and 2014 for end-stage glenohumeral osteoarthritis. Exclusion cri-
teria included those receiving this surgery as a revision, those without

working outcomes, and those receiving this procedure for
alternative diagnoses. Minimum follow-up was 2 years. The result-
ing population cohort was matched 1:1 using the nearest neighbor
method on the basis of age (±5 years), sex, body mass index (BMI),
dominant extremity, and follow-up period (±6 months; Fig. 1).

Surgical technique and rehabilitation

The Hemi RR was performed similar to the technique of Matsen
et al,31 with some minor changes. Of note, the operating surgeon
switched from performing a subscapularis tenotomy to a subscapu-
laris peel in 2013. Attention was made to the glenoid surface after
sizing of the humeral component. A guide pin was centered on the
glenoid, and a reamer was used to remove articular cartilage down
to cancellous bone, achieve appropriate concavity, and correct mar-
ginal retroversion. The diameter of the humeral implant was
consistently 2 mm smaller than the diameter of concentric reaming.

The aTSA and Hemi RR cohorts were both rehabilitated on iden-
tical protocols. They wore a sling for 6 weeks and were restricted
from active internal rotation and backward extension during this in-
terval to protect the subscapularis. Passive to active range of motion
was progressed from 6 weeks to 12 months. Strengthening was begun
at 3 months. Patients undergoing aTSA were counseled that they
should expect overhead lifting restrictions of 10 pounds (4.5 kg),
whereas those undergoing Hemi RR did not have these restrictions.

Data collection

Included and matched patients were contacted via email and tele-
phone. A previously established work-related questionnaire was
administered to each patient (Appendix 1).11-15,20,25,26 Patients were in-
structed to report duty of labor per the US Department of Labor
classification according to pounds of lifting in their occupation.47 Patient
medical records were reviewed for latest BMI, sex, and comorbidities.
Complications and revision surgery were questioned during patient
contact but confirmed from review of the medical record.

Shoulder radiographs at the latest follow-up were compared with
preoperative and initial postoperative images to evaluate humeral
head decentering and medialization, respectively. Average follow-
up of the latest radiograph was 38.3 ± 39.6 months in the Hemi RR
group, and 37.4 ± 26.1 months in the aTSA group. All patients were
monitored with radiographs, as standard of care, to check for signs
of glenoid component loosening, subluxation, or dislocation. Two
fellowship-trained orthopedic surgeons, who were blinded to patient
name and outcomes, evaluated these radiographic measurements using
previously described methodology.19,39,45

Outcomes

The primary outcome of interest was patient return to work with
respect to duty of labor. Duty of labor was self-reported by the patient.
Sedentary work was classified as up to 10 pounds (4.5 kg) of lifting.
Light work involved exerting up to 20 pounds (9.1 kg) of force oc-
casionally, and 10 pounds (4.5 kg) frequently. Medium work involved
exerting 20 to 50 pounds (9.1 to 22.7 kg) occasionally, 10 to 25
pounds (9.1 to 11.3 kg) frequently, or 10 pounds (4.5 kg) con-
stantly. Heavy work involved exerting 50 to 100 pounds (22.7 to
45.4 kg) occasionally, 25 to 50 pounds (11.3 to 27.7 kg)
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frequently, or 10 to 20 pounds (4.5 to 9.1) constantly. Return to work
at lower levels of duty was also noted.

Preoperative and postoperative clinical outcomes were evalu-
ated using the American Shoulder and Elbow Surgeons (ASES) score.
A distribution-based minimal clinically important difference (MCID)
was calculated from these measures. A threshold value for substan-
tial clinical benefit (SCB) was used from previous literature.41 Previous
literature was not used for MCID because the distribution-based cal-
culation is specific to the patient population.32 The calculated value
for MCID was 11.9, which was within 1 standard deviation of pre-
viously established scores (13.6, 13.5).40,49 Established SCB was
36.5.41 The ratio of patients achieving these clinically significant out-
comes was also evaluated.

Statistical analysis

RStudio 1.0.143 software (R Studio, Boston, MA, USA) was used
for statistical computing. A Student t test was used to calculate dif-
ferences between continuous variables, and a χ2 goodness of fit test
was used to compare categoric variables. Proportions were com-
pared using a 2-sample z test. Significance was set to P < .05.

Results

After inclusion and exclusion criteria were applied, 32 con-
secutive Hemi RR patients were matched with 32 aTSA

patients, and 53 patients (25 Hemi RR and 28 aTSA) were
available for follow-up (82.8%). Demographic variables were
re-evaluated to ensure that patient cohorts were still matched
after loss to follow-up (Table I).

Patients were asked to name reasons for undergoing shoul-
der arthroplasty. For Hemi RR and aTSA, respectively, an
equivalent number of patients wanted to continue to play
sports/stay active (20% vs. 14.2%, P = .582), and return to
work (16.0% vs. 3.6%, P = .834), Significantly more pa-
tients in the aTSA cohort reported that increased range of
motion was the motivation for undergoing surgery (28.6% vs.
4.0%, P = .017).

After surgery, 17 of 25 Hemi RR and 21 of 28 aTSA
patients reported no problems (P = .575). No patients re-
ported dislocations or infections. Chronic pain was reported
by 3 of 25 Hemi RR patients and 1 of 28 aTSA patients
(P = .246). One patient in the Hemi RR cohort reported feeling
unstable. This patient did not have any dislocations or
subluxations but underwent conversion to an aTSA for per-
sistent pain. The patient was very active and reported
apprehension with regard to her surgical shoulder. Two pa-
tients in the aTSA cohort reported having weakness. There
were 5 of 25 and 6 and 28 complaints of postoperative stiff-
ness in Hemi RR and aTSA patients, respectively (P = .897).
One patient in the Hemi RR complained of nagging

Figure 1 Selection criteria used to construct matched population cohorts undergoing hemiarthroplasty ream-and-run glenoid resurfacing
and anatomic total shoulder arthroplasty.
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soreness, and another complained of acute pain. There were
no other complaints in the aTSA cohort.

Three patients in the Hemi RR and 2 in the aTSA cohort
returned to the operating room. In the Hemi RR cohort, 2 pa-
tients underwent conversion to aTSA at 123 months and 16
months postoperatively, and 1 patient received arthroscopic
débridement. This patient had a bony overgrowth on the in-
ferior aspect of the glenoid along with rotator cuff tendinitis
that benefited from an arthroscopic débridement and re-
ported dissatisfaction with the index surgery. The 2 patients
who underwent conversion report they were fairly satisfied.
In the aTSA cohort, 1 patient required a subscapularis repair
and the other required revision aTSA with (isolated) glenoid
explantation due to glenoid loosening at 86 months after the
index surgery.

Eight patients in each cohort did not respond to satisfac-
tion after surgery. In the Hemi RR and aTSA cohorts,
respectively, there was 94.4% and 100% levels of good/
excellent satisfaction of those who did respond (P = .285).
There was no statistical difference in postoperative Mental
Component (P = .401) or Physical Component (P = .500)
scores on the 12-Item Short Form Health Survey. Both cohorts
were equivalent with respect to change in ASES score
(P = .344), achievement of MCID (P = .881), and achieve-
ment of SCB (P = .077). Both cohorts demonstrated equivalent
measurements of medialization (P = .660), preoperative
decentering (P = .064), and postoperative decentering
(P = .332). Inter-rater reliability was measured as κ = 0.873,
κ = 0.715, and κ = 0.714, respectively. Average medialization
was –2.2 ± 5.0 mm in the Hemi RR and –1.5 ± 4.9 mm in the
aTSA group. Average preoperative decentering was
3.7% ± 2.0% for Hemi RR and 5.7% ± 4.6% for aTSA, and
postoperative decentering was 3.4 ± 2.5% for Hemi RR and
4.1 ± 2.9% for aTSA (Table II).

Two patients in both cohorts were covered by workers’
compensation (P = .904). One of these patients, in the aTSA

cohort, did not return to work, whereas the others were able
to. Occupations of included patients are summarized in
Table III. Some overlapping occupations were classified in
differing level of duties because patients self-reported varying
levels of lifting associated with their specific occupation. All
patients in the Hemi RR cohort returned to work, whereas
25 of 28 returned to work in the aTSA cohort (P = .091). The
average duration until return to work was 2.5 ± 4.8 months
in the Hemi RR cohort and 2.0 ± 2.6 months in the aTSA
cohort (P = .653). There was a statistically significant dif-
ference between Hemi RR and aTSA cohorts for return to
heavy-duty work (7 of 7 vs. 2 of 4, P = .038; Table IV). In
the aTSA group, 1 patient who was unable to return was 47
years old at time of surgery and employed as a firefighter.
This patient was unable to return to work because of perma-
nent restriction with overhead lifting above limited to 4.5 kg,
which the patient was also counseled on before surgery. The
other patient, 53 years old at time of surgery, was employed
as a construction worker and unable to return to work for
reasons unrelated to his shoulder. Of note, this patient un-
derwent bilateral total knee arthroplasty approximately 18 and
24 months after his shoulder surgery.

Discussion

Work-related outcomes are becoming an increasingly impor-
tant consideration in patients undergoing shoulder arthroplasty,
and physicians are thus more often being required to counsel
patients preoperatively with regard to these expectations. Fur-
thermore, patient occupation is relevant to the clinical decision-
making process of selecting which procedure to perform,
because surgeons should take into account a patient’s daily
upper extremity use when selecting the appropriate treat-
ment. A sedentary office secretary will not have identical
glenohumeral joint forces at play as a coal miner, for instance.

Table I Demographic characteristics of Hemi RR and aTSA
cohorts

Variable Hemi RR aTSA P value

(n = 25) (n = 28)

Age at surgery, yr 52.8 ± 7.7 53.3 ± 9.2 .849
Body mass index, kg/m2 28.5 ± 3.5 31.1 ± 5.7 .088
Follow-up, mo 68.6 ± 24.2 69.2 ± 26.9 .939
Previous procedures, No. 0.5 ± 0.6 0.4 ± 0.6 .862
Sex .764

Male 23 25
Female 2 3

Right-hand dominant 15 13 .407
Preoperative ASES score 49.1 ± 12.1 44.3 ± 14.3 .120

Hemi RR, hemiarthroplasty with ream-and-run glenoid resurfacing; aTSA,
anatomic total shoulder arthroplasty; ASES, American Shoulder and Elbow
Surgeons.
Continuous data are presented as mean ± standard deviation and cat-
egoric data as number of patients.

Table II Clinical outcomes after Hemi RR and aTSA

Variable Hemi RR aTSA P value

Satisfaction
Good/excellent 17/18 (94.4) 20/20 (100.0) .285

Patient-reported outcome measures
Postoperative
Short Form
(12-Item)

MCS 54.3 ± 8.4 56.2 ± 7.8 .401
PCS 48.8 ± 9.8 47.0 ± 10.0 .500

ΔASES score 35.9 ± 19.3 41.5 ± 22.7 .344
Achieved MCID 22/25 (88.0) 25/28 (89.3) .881
Achieved SCB 10/25 (40.0) 18/28 (64.3) .077

Hemi RR, hemiarthroplasty with ream-and-run glenoid resurfacing; aTSA,
anatomic total shoulder arthroplasty; MCS, Mental Component Score; PCS,
Physical Component Score; ASES, American Shoulder and Elbow Sur-
geons score; MCID, minimal clinically important difference; SCB, substantial
clinical benefit.
Categoric data are presented as number of patients/total (%) and con-
tinuous data as mean ± standard deviation.
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Within our patient cohorts, we found excellent return to
work in both Hemi RR and aTSA groups. Interestingly, heavy
duty of labor patients had significantly greater return to work
in the Hemi RR group than in the aTSA group, although this
comparison was underpowered and likely limited by selec-
tion bias in which procedure was most appropriate for the
patient. Regardless, the fact that all heavy-duty workers were
able to return to work after Hemi RR, and remain working,
is still significant because they did not have the same restric-
tions to overhead activity required by the aTSA cohort. The
major findings of this study demonstrate nearly equivalent rates
of return to work after Hemi RR and aTSA. Physicians should
consider the Hemi RR as a viable option for younger pa-
tients with glenohumeral arthritis, particularly with higher
levels of demand.

The aTSA has long been the gold standard for relief of
symptomatic glenohumeral arthritis. Recent evidence sug-
gests 75.6% of patients report feeling substantially better after

this procedure, which is comparable to the proportion found
in our cohort.41 Previous measurements of return to work have
varied considerably between 30.8% and 92.3% with respect
to aTSA among 3 studies.3,21,25 The 89.3% return to work re-
ported in this study is most similar to the 92.3% reported by
Liu et al,25 most likely due to the similarities in age between
the 2 cohorts (mean, 53.3 ± 9.2 vs. 48.4 ± 7.8 years). The
Bulhoff et al3 cohort was composed of significantly older mean
age (71 years) that may confound return to work by prox-
imity to retirement age.

Meanwhile, the series by Jawa et al21 consisted of only
workers’ compensation patients involved in heavier duties of
labor, of which, 7 of 13 reported not returning to work due
to shoulder conditions. Previous reports have demonstrated
consistently inferior results within the workers’ compensa-
tion population,1,18,22,48 which Jawa et al21 corroborated when
clinical outcomes were compared with the nonworkers’ com-
pensation population. Our series was not powered for this
subanalysis because only 1 workers’ compensation patient
was unable to return to work.

Most importantly, Liu et al25 found statistically lower return
to work and longer time to return to work in heavy-duty labor
populations. The present study further corroborates this finding,
at least compared with Hemi RR. There likely exists some
physician apprehension in recommending return to heavy-
duty labor over fears of glenoid loosening and progressive
wear, which is the most likely explanation for this finding.
An electronic survey of ASES members demonstrated that
physicians would restrict 25% of patients from any sport and
49% of patients from contact sports. This finding represents
an analogous level of apprehension in shoulder surgeons re-
stricting activity. Yet, Liu et al25 and the present study both
suggest some degree of durability of at least most of the aTSA
in managing shoulder symptoms of patients involved in heavy-
duty labor at 5 years of follow-up without work-related
complications. The senior author (A.A.R.) shares this appre-
hension of glenoid loosening and consistently places overhead
lifting restrictions of 10 pounds (4.5 kg) on patients receiv-
ing aTSA to prevent further need for revision. The Hemi RR
provides an alternative solution in the heavy-duty laborer with
glenohumeral arthritis because physicians would be less in-
clined to limit overhead lifting.

Table III Summary of preoperative occupations in Hemi RR and aTSA

Duty level No. Hemi RR No. aTSA

Sedentary 7 Computer engineer ×2, financial executive
×3, quality assurance analyst, scientist

10 Accountant, attorney, manager, chemical engineer,
computer engineer, financial trader ×2, logistic
coordinator, physician, security professional

Light duty 7 Dentist, financial executive ×2, insurance
agent, manager, police officer, salesman

5 Desk job (unspecified), elevator maintenance, engineer,
professor, supermarket manager

Moderate duty 4 Deliveryman, electrician, police officer,
waste plant operator

9 Electrician, engineer, manager ×4, retail, oil company
maintenance

Heavy duty 7 Farming ×2, firefighter, funeral director,
mason, physician, teacher/coach

4 Construction labor, firefighter, physical education
teacher, truck driver

Hemi RR, Hemiarthroplasty with ream-and-run glenoid resurfacing ; aTSA, anatomic total shoulder arthroplasty.

Table IV Rate of return to work and mean duration of return
to work stratified by level of duty

Variable Hemi RR aTSA P value

(n = 25) (n = 28)

Return to work
Sedentary duty 7/7 9/10 .390
Light duty 7/7 5/5 >.99
Moderate duty 4/4 9/9 >.99
Heavy duty 7/7 2/4 .038

Overall 25/25 25/28 .091
Time to work, mo

Sedentary duty 0.9 ± 1.1 2.1 ± 3.8 .433
Light duty 1.0 ± 1.7 1.3 ± 1.2 .743
Moderate duty 6.8 ± 11.5 2.1 ± 2.0 .236
Heavy duty 3.1 ± 2.3 3.0 ± 2.8 .950

Overall 2.5 ± 4.8 2.0 ± 2.6 .653

Hemi RR, Hemiarthroplasty with ream-and-run glenoid resurfacing; aTSA,
Anatomic total shoulder arthroplasty.
Categoric data are shown as the proportion and continuous data as mean
± standard deviation.
The bold P value is statistically significant (P < .05).
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Work-related outcomes have only been established for
hemiarthroplasty without glenoid resurfacing. Garcia et al13

reported a 69.4% return, although there were no patients per-
forming heavy-duty labor and only 4 patients involved in
moderate-duty labor. Of note, the primary diagnosis for surgery
was osteoarthritis in 50.6% of patients. In their cohort, 4 pa-
tients were converted to aTSA or reverse TSA.13 Findings of
the present study are substantially better; however, direct com-
parisons cannot be made because the present study only
discussed the Hemi RR for glenohumeral arthritis in younger
patients, whereas the cohort in the Garcia et al13 study was
an average age of 69 years with multiple included diagno-
ses. An additional cohort established by Hurwit et al,20 analyzed
return to work in patients after hemiarthroplasty for end-
stage arthritis or cuff deficiency with glenoids that were not
amenable to implant. Overall return to work was 70.7%, which
is still considerably inferior to that of the present study. This
difference suggests that the addition of concentric glenoid
reaming significantly improves both patient satisfaction and
functional outcomes.

Survivorship models for arthroplasty are relevant to work
force populations to determine whether implants may last the
entirety of a patient’s life expectancy. Cumulative 10-year sur-
vivorship of aTSA have been reported between 70% and 96%,
and most often failing due to glenoid component wear or
loosening.8,10,16,35,37,42 Comparatively, need for revision in
hemiarthroplasty is reported to range from 7.5% to 25% over
10 years,23,35,43 and persistent glenoid wear is most often cited
as the reason for revision in 35% of cases.35 Additional long-
term survivorship data suggest that in patients aged younger
than 55, cumulative implant survival rates for hemiarthroplasty
and aTSA are 75% and 87%, respectively.35 From this anal-
ysis, the need for conversion of hemiarthroplasty to aTSA is
roughly double the rate at which aTSAs are revised for glenoid
loosening. This may suggest that the hemiarthroplasty may
not be as effective in younger populations as previously
thought. In addition, long-term follow-up of hemiarthroplasties
converted to aTSA have demonstrated inferior clinical out-
comes, which may likely be due to continued progression of
arthritic glenoid wear.4,38

Initial long-term series on the Hemi RR procedure suggest
that 16% of patients required a subsequent procedure, of which
only one-third required prosthetic revision.44 Early clinical
outcomes have demonstrated positive results with evidence
of minimal medialization (2.3 ± 3.2 mm).45 Similar findings
were corroborated from the present study (−2.2 ± 5.0 mm).
Furthermore, reaming invariably requires removal of bone
stock, which may become an issue if future conversion is nec-
essary. Medialization of the humeral component has also not
been evidenced in previous studies nor in the present study
with midterm follow-up.45 Furthermore, clinical outcomes on
patients with conversion to aTSA after reaming has not fully
been evaluated, and additional long-term evaluation of this
cohort may be valuable. In the present study, neither patient
that required conversion to TSA reported any long-term issues,
and both were able to return to work as a salesman and quality

assurance analyst. Overall, the findings of this study add that
patients can return to all levels of work. The Hemi RR is an
important consideration in the young patient that desires high
work load.

This study has some limitations. The primary limitation
is the retrospective study design. As a consequence, the oc-
cupations between the cohorts were not identically matched.
In addition, the sample size was limited by the infrequency
of patients who were indicated for the Hemi RR.

Using a survey at long-term follow-up allows collection
of specific and uniform information from all patients. However,
patients may be subject to recall bias. This may particularly
affect the time in months taken to return to work by the patient.
To minimize this bias, patient medical records were cross-
referenced to ensure accuracy of available information.

There were slight differences in patient selection for each
procedure that limit the comparison between cohorts. Pa-
tients who received aTSA were counseled that they would have
permanent overhead lifting restrictions, whereas those who
underwent Hemi RR would not receive these restrictions.
Therefore, there is significant selection bias in comparison
between cohorts for heavy-duty workers. Still, the finding that
heavy-duty workers had 100% return to work after Hemi RR
is significant regardless of comparison to the return experi-
enced by aTSA.

Lastly, no terminal radiographic analysis was performed,
so medialization might have been present that was not dis-
cernible at the latest radiograph date.

Conclusion

Hemiarthroplasty with concentric glenoid reaming and
aTSA both provided excellent rates of return to work. Hemi
RR had a slightly higher return to heavy-duty work than
aTSA, although the numbers were small, possibly due to
fewer surgeon-imposed restrictions. The results of this study
help manage return to work expectations after Hemi RR
according to level of duty and suggest it as a viable option
for heavy-duty laborers with end-stage glenohumeral
arthritis.
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