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Purpose: The purposes of this study were (1) to construct a theoretical Markov decision model to compare the total
remaining quality-adjusted life-years following either arthroscopic management (AM) or total shoulder arthroplasty
(TSA) for the treatment of glenohumeral osteoarthritis and (2) to determine the possible effects of age on the preferred
treatment strategy. Methods: A Markov decision model was constructed to compare AM and TSA in patients with
glenohumeral osteoarthritis. The rates of surgical complications, revision surgery, and death were derived from the
literature and analyzed. The principal outcome measure was the mean total remaining quality-adjusted life-years after
each treatment strategy. Sensitivity analyses were performed for age at the initial procedure, utilities, and transition
probabilities. Results: This theoretical decision model showed that AM was the preferred strategy for patients younger
than 47 years, TSA was the preferred strategy for patients older than 66 years, and both treatment strategies were
reasonable for patients aged between 47 and 66 years. The model was highly sensitive to age at the index surgery,
utilities of wellness states, survivorship, and the probability of failure after either AM or TSA. Conclusions: According
to this theoretical decision model, AM was the preferred treatment strategy for patients younger than 47 years,
primary TSA was the preferred treatment strategy for patients older than 66 years, and both treatment options
were reasonable for patients aged between 47 and 66 years. Level of Evidence: Level II, economic and decision
analysis.

For most patients with advanced glenohumeral
osteoarthritis (OA), primary total shoulder arthro-

plasty (TSA) provides the most predictable outcome.
Over the past decade, the role of primary TSA in young,
active patients with glenohumeral OA has been ques-
tioned because of high rates of early glenoid component
loosening that requires subsequent revision TSA.1-4 As

a result, arthroscopic and other non-arthroplasty al-
ternatives have been used as joint-preservation strate-
gies. Such approaches can serve as bridging procedures
with palliation of pain and delay the need for primary
TSA in younger patients. However, comparisons of the
potential benefits between arthroscopic management
(AM) and primary TSA have not been performed.
Therefore the purposes of this study were (1) to
construct a theoretical decision model based on pub-
lished literature to compare the total remaining quality-
adjusted life-years (QALYs) between AM and TSA
treatment strategies and (2) to determine the effects of
age on the preferred treatment strategy. We hypothe-
sized that AM would provide an increase in the total
remaining QALYs when compared with TSA for
patients younger than 50 years.

Methods

Markov Decision Process
In the context of this study, the Markov decision

process uses a mathematical model to simulate the ef-
fects of different treatment options on clinical outcomes
in terms of QALYs. To calculate QALYs, a decision tree
is constructed and literature-derived probabilities for
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each treatment outcome after the initial decision (in
this case, AM v TSA) are combined (Fig 1). In other
words, when a theoretical patient is treated using either
method, there exists a probability for each possible
outcome (e.g., revision AM, TSA, or death) for each
year (or cycle) after the index procedure. At the end of
each year (or cycle), theoretical patients are reassigned
to a particular outcome (TSA, revision TSA, and so on)
according to the calculated probability of each possible
outcome. Each patient is also reassigned a health state
(or utility) ranging from perfect health (1.0) to death
(0.0) according to the treatment outcome of the previous
year (or cycle). Treatment disutilities represent a
deduction in health state, which reflects the probability
of an adverse outcome (such as a complication or revi-
sion surgery). For each treatment strategy (AM or TSA),

the summation of utilities and disutilities from the
beginning of the model to a point when all patients have
theoretically died represents the total remaining QALYs.
Using this method, we aimed to model the effect of age
on the total remaining QALYs in 2 cohorts of theoretical
patients with glenohumeral OA who would undergo
either AM or TSA. The preferred treatment strategy was
defined as the treatment strategy (AM or TSA) that
provided the highest calculated overall remaining
QALYs.

Transition Probabilities
Transition probability was defined as the probability

that a theoretical patient would move from one health
state to another. Subsequently, the transition proba-
bilities were used to determine the utility or disutility of

Fig 1. Health state diagram (i.e.,
decision tree) through which theo-
retical patients with glenohumeral
OA were cycled. The distinct health
states in the model were as follows:
wellness after TSA or AM, revision
TSA or re-revision TSA, and death.
The health states at the end of the
decision tree represent the new
distribution of patients for the next
cycle and vary according to the
assigned transition probabilities.
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each treatment option each time the patient was cycled
through the model until theoretical death. In this study,
transition probabilities, long-term outcomes, revision
rates, and failure rates were derived from the literature,
and when necessary, estimates were made to conform
to the constraints of the model.1,5-22

Long-term outcomes after primary TSA were esti-
mated from multiple studies.3,10,11,22 In this study, TSA
with cemented glenoid components served as the
reference for our model due to its survivorship when
compared with procedures that involved non-cemented
glenoid components.12-15 The rates of failure, revision,
and re-revision after primary TSA were determined
from the literature and converted to yearly failure
rates.3,10,16-20 Yearly failure rates for primary TSA after
the first 10 years of implant survival were adjusted to
approximately 50% of baseline based on the results
presented by Cheung et al.1

Long-term outcomes after AM were estimated based
on several Level IV studies that reported 1- and 2-year
survivorship rates between 85% and 92%.5,7-9 Pub-
lished failure rates after AM have been reported to
range between 10% and 22% up to 34 months after
the index surgical procedure.7-9 These values corre-
sponded with a yearly failure rate of approximately 8%.
Therefore we conservatively estimated that the yearly
transition probability for conversion to TSA after AM
was approximately 10% at baseline.

Mortality Rates
Life expectancy and all-cause mortality rates were

obtained from published life tables from the US Na-
tional Center for Health Statistics.23 The perioperative
mortality rate after AM in a young and active popula-
tion was assumed to be zero. On the basis of available
data, we assigned the probability of perioperative death
after primary TSA, revision TSA, and re-revision TSA to
0.002, 0.004, and 0.008, respectively.18,21,22

Utilities
A treatment utility was defined as a net-positive

quantitative effect of a treatment option on the over-
all QALYs at the end of each cycle.
Treatment utility values for primary TSA were

assigned based on the data presented by Mather et al.22

In their study, utility values for TSA and revision TSA
were estimated to be 0.9 and 0.8, respectively. How-
ever, in our study we chose to reduce the estimated
utility of TSA and revision TSA to 0.85 and 0.75,
respectively, to reflect the reported inferior outcomes
and poor satisfaction associated with TSA in a younger
population.1-3,10,12,17,19,24-27 In addition, an estimated
utility value of 0.70 was assigned for re-revision TSA
based on the continued functional deterioration in
these patients when compared with patients treated
with revision TSA.27,28

The treatment utility value for AM was determined
based on a comparison of frequency-weighted mean
American Shoulder and Elbow Surgeons’ scores, degree
of pain relief, and patient satisfaction between theAM5,7,9

and TSA3,10,16,29-31 treatment strategies. As a result of this
comparison, we assigned a baseline treatment utility
value of 0.82 for AM, slightly less than that of primary
TSA.

Disutilities
A treatment disutility was defined as a 1-time net-

negative quantitative effect of a treatment strategy on
the overall QALYs at the end of each cycle as a result of
reported complication rates and the diminished quality
of life that generally occurs within the early post-
operative period.32

Treatment disutility for TSA was calculated based on a
comparison of published outcomes between TSA and
other joint replacement operations33,34 and the disutility
values presented byMather et al.22 In our study, primary
TSA was assigned a disutility of !0.1, revision TSA was
assigned a disutility of !0.2, and re-revision TSA was
assigned a disutility of !0.25.
Treatment disutility for AM was determined based on

anecdotal evidence provided by the senior author that
patients appear to recover their shoulder function more
quickly after arthroscopic rather than open procedures.
As a result, AM was assigned a disutility value of !0.05,
half of that which was assigned for primary TSA.

Sensitivity Analyses
The assigned parameters of our Markov decision

model (transition probabilities, mortality rates, and
utilities and disutilities) underwent both 1- and 2-way
sensitivity analyses. The purpose of these analyses was
to determine the effects of small changes in these
assigned parameters on the overall remaining QALYs
and thus the preferred treatment strategy. Although
1-way sensitivity analyses are capable of varying a
single parameter (e.g., the assigned probability of revi-
sion TSA after primary TSA), 2-way sensitivity analyses
are capable of varying 2 parameters simultaneously
(e.g., patient age and the assigned probability of TSA
after AM) to determine their overall effect on the
remaining QALYs. By use of this analytical approach,
the effect of age on the overall remaining QALYs was
determined according to the initial treatment approach
(AM or TSA).

Results

Clinical Outcomes
The baseline treatment utilities for the AM and TSA

strategies were 0.82 QALYs per cycle and 0.85 QALYs
per cycle, respectively. Baseline analysis showed that
AM was the preferred strategy for patients aged up to
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66 years. According to the model, theoretical patients
who underwent AM spent 8.8 years in the well state
before requiring TSA and another 20 years in the well
state before requiring revision TSA. Overall, TSA was
the preferred treatment strategy for patients older than
66 years (Fig 2).

Sensitivity Analyses
Our decision model was very sensitive to age at initial

surgery, the probability of treatment failure for both the
AM and TSA strategies, and the treatment utilities after
AM, TSA, and revision TSA3,5,7-12,16,18,19,21-25,27-29,31,34-40

(Table 1). In other words, small changes in the values
assigned for these parameters would result in a large
change in the overall remaining QALYs and, potentially,
the preferred treatment strategy. For example, if the
treatment utility for AMhad been assigned a value of 0.81
QALYs rather than 0.82 QALYs, then age threshold at
which AM would no longer be the preferred strategy
would have dropped from 66 to 47 years. On the basis of
this finding and the results of baseline analysis, the model
suggested that AM was the preferred treatment strategy
for patients younger than 47 years, TSAwas the preferred
treatment for patients older than 66 years, and both
treatment options were reasonable for patients aged be-
tween these 2 age groups. Similarly, if the treatment utility
for TSA had been greater than 0.874 QALYs (baseline was
0.85), then TSAwould have been the preferred treatment
strategy for all ages (Fig 3). AMwas the preferred strategy
when the failure rate within the first 10 years after TSA

was greater than 1.5% (baseline was 4.6%) (Fig 4). In a
47-year-old patient, the probability of conversion to TSA
after initial AM was calculated to be 45% whereas the
probability of revision TSA after initial TSAwas calculated
to be 78%.
Two-way sensitivity analyses were also performed to

measure the effect of age and the rate of TSA per year

Fig 2. The total expected QALYs for TSA and AM were
calculated at 1-year intervals between the ages of 35 and
90 years. The differences between these 2 values (TSAeAM)
were then plotted according to age. The resulting line transi-
tioned from negative to positive values (i.e., crossed the
x-axis) when the theoretical patient reached 66 years, sug-
gesting that TSA performed in patients older than 66 years
may have a net-positive effect on the total expected QALYs
whereas TSA performed in patients younger than 66 years
may have a net-negative effect on the total expected QALYs.

Table 1. Summary of Literature-derived Parameters Used for
Markov Decision Model

Markov Model
Parameters Baseline Sensitivity

Published
Sources

Utilities*
OA 0.6 0.4 to 0.8 22, 35-37
AM 0.82 0.7 to 1.0 5, 7-9, 40
TSA 0.85 0.7 to 1.0 3, 10, 16, 29,

31, 34, 38
Revision TSA 0.75 0.64 to 0.95 1, 2, 12, 19,

24, 25, 27
Re-revision TSA 0.7 0.5 to 0.9 27, 28, 39

Disutilities*
AM !0.05 0 to 0.1 5, 7, 9, 40
TSA !0.1 !0.2 to 0 22, 27
Revision TSA !0.2 !0.4 to 0 12, 27
Re-revision TSA !0.25 0.3 27, 39

Transition probabilities
Treatment failurey

AM 10.0% 7% to 13% 5, 7-9, 40
TSA

1 to 11 yr 1.8% 1% to 4% 3, 10, 16
>11 yr 0.9% 1% to 2% 3

Revision TSA
1 to 11 yr 4.6% 3% to 7% 19, 20
>11 yr 2.3% 1% to 4% 11, 22

Mortality
AMy 0% 0% to 0.05% 5, 7-9, 40
TSAy 0.2% 0% to 0.5% 18, 21
Revision TSAy 0.5% 0% to 0.5% 21
Re-revision TSAy 1.0% 0% to 2.0% 22
Agez

40 yr 0.003 d 23
50 yr 0.006 d 23
60 yr 0.013 d 23
70 yr 0.032 d 23
80 yr 0.087 d 23
90 yr 0.226 d 23
100 yr 1.000 d 23

NOTE. Each parameter (utilities, disutilities, and transition proba-
bilities) was assigned a baseline value at the beginning of each cycle.
Sensitivity values for each associated variable were also calculated: A
smaller range indicated that even minor changes in the associated
variable would produce large changes in the resulting QALYs (high
sensitivity), whereas the opposite would be true for variables with a
wider range of sensitivity values. Utilities and disutilities were defined
as net-positive and net-negative effects of each treatment strategy,
respectively, on the overall QALYs at the end of each cycle. Transition
probabilities represent the probability that a theoretical patient would
move between health states (e.g., the probability of treatment failure
and subsequent TSA after AM was approximately 10.0% in this
model). Published sources are displayed as a Reference number.
*Data are presented in QALYs.
yData are presented as annual rates.
zData are presented as annual mortality rates according to age.
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after AM (Fig 5). As the failure rate of AM increased, the
threshold age for the AM strategy decreased. The results
of the 2-way sensitivity analysis using the utility values
for AM and TSA are presented graphically in Figure 6.

Discussion
This studywas designed to provide a theoretical basis on

which future studies could be developed to investigate the
potential role of arthroscopy in the treatment of young
patients with glenohumeral OA. According to our deci-
sion model, AM was the preferred treatment strategy for
patients younger than 47 years, primary TSA was the
preferred treatment strategy for patients older than

Fig 3. Sensitivity analyses for treatment utilities of AM, TSA,
and revision TSA. (A) TSA was the preferred strategy when
the calculated utility for AM was less than 0.796 QALYs. (B)
TSA was the preferred strategy when the calculated utility for
TSA was greater than 0.874 QALYs. (C) TSA was the preferred
strategy when the calculated utility of revision TSA was
greater than 0.82.

Fig 4. Sensitivity analysis for annual failure rate after TSA for
period of up to 10 years postoperatively. If the annual revision
ratewas greater than 1.5%, thenAMwas the preferred strategy.

Fig 5. A 2-way sensitivity analysis was performed varying the
age at surgery and the failure rate of AM. The shaded area
indicates the strategy with the greatest expected QALYs for
the given parameters.
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66 years, and both treatment options were reasonable for
patients aged between 47 and 66 years.
AM of glenohumeral OA in young patients is a

palliative treatment approach that has historically been
successful in delaying the need for arthroplasty. In most
studies the goals of treatment were to provide symp-
tomatic relief by stabilizing chondral defects, elimi-
nating mechanical crepitation, and releasing capsular
contractures. Weinstein et al.40 reported good results in
a series of 25 patients with a mean age of 46 years
(range, 27 to 72 years) who underwent glenohumeral
debridement, lavage, and subacromial bursectomy.
However, results were less satisfactory in patients with
more advanced joint degeneration. Richards and Bur-
khart41 performed arthroscopic debridement with the
addition of capsular releases in 8 young patients with
glenohumeral OA (mean age, 56 " 12 years). In their
study, an improvement in range of motion was shown
with a mean symptom-free period of approximately
9 months. Van Thiel et al.9 showed significant pain
relief after glenohumeral debridement in 55 of 71 pa-
tients (77.5%) after a mean follow-up period of
approximately 27 months. In a study by Millett et al.,5

30 shoulders with advanced glenohumeral OA (mean
age, 52 years) underwent a comprehensive arthro-
scopic management procedure that included extensive
debridement, capsular releases, humeral osteoplasty,
axillary neurolysis, and open subpectoral biceps
tenodesis as a means of delaying the need for arthro-
plasty. Of the 30 shoulders, 6 (20.0%) required
arthroplasty after a mean of 1.9 years after the index
surgery. After a mean follow-up period of 2.6 years,
patients who did not progress to arthroplasty showed
significant improvements in American Shoulder and
Elbow Surgeons’ scores (P < .001) and pain levels
(P < .05), with a median patient satisfaction rating of

9 of 10. In addition, survivorship was calculated to be
92% at 12 months and 85% at 24 months.
On the other hand, primary TSA in patients younger

than 60 years is commonly associated with inferior
clinical outcomes. Lo et al.30 randomized 42 patients to
receive either hemiarthroplasty or TSA for advanced
glenohumeral OA and compared their clinical out-
comes at regular intervals until final follow-up at
24 months postoperatively. With specific regard to the
TSA group, the mean age was 70.4 " 9.0 years at the
time of surgery. At final 24-month follow-up, the mean
Constant score was 68.9 " 18.4 in the TSA group. In a
younger population, Raiss et al.31 evaluated the clinical
outcomes of 21 patients with a mean age of 55 years
(range, 37 to 60 years) who underwent primary TSA
for advanced glenohumeral OA. After a mean follow-
up period of 7 years (range, 5 to 9 years), the mean
Constant score was 64.5 without evidence of glenoid
component loosening. Denard et al.10 studied the clin-
ical outcomes in 50 young patients (aged <55 years)
with glenohumeral OA who were treated with primary
TSA. In their study 5- and 10-year construct survivor-
ship data were calculated to be 98% and 62.5%,
respectively, in patients younger than 55 years. On the
basis of these data, it appears that construct failure is
more likely to occur between 5 and 10 years post-
operatively when primary TSA is performed in younger
patients. In addition, lower patient satisfaction ratings
in younger patients after primary TSA have also been
reported.10,16

The question remains as to when arthroplasty should
be considered in young patients with glenohumeral
OA. Of course, there are other factors to be considered
in the decision-making process. These include etiology,
individual anatomy, patient symptoms, and patient
expectations, in addition to considerations involving
implant durability, future options, and the possible
need for joint salvage procedures. Despite the necessary
differences in individual treatment options, this study
provides a basis for future research on the topic.

Limitations
Givenour studydesign, thereare several limitations that

warrant discussion to help prevent misinterpretation of
our results. First, we were only able to consider the
chronologic age of the theoretical patient cohort. How-
ever, individual life expectancy and the desired level of
activity are parameters that should be considered when
making treatment decisions. Second, although most
studies that reported the outcomes after AM did not use
identical techniques, the results were combined and re-
ported as frequency-weighted means. For example,
Weinstein et al.40 performed glenohumeral debridement
and bursectomy; van Thiel et al.9 performed debridement
with the addition of capsular releases; and Millett et al.5

performed debridement with the addition of capsular

Fig 6. A 2-way sensitivity analysis was performed varying the
utilities of AM and TSA. The shaded area indicates the strategy
with the greatest expected QALYs for the given parameters.
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releases, osteophyte removal, and axillary neurolysis.
Third, the estimationofutilityvalues forTSAwasbasedon
Level IV studies, including those that evaluated quality of
life after total hip arthroplasty. Fourth, we did not make
adjustments according to the differences in reported
outcomes based on surgeon experience or volume.

Conclusions
According to our theoretical decision model, AM was

the preferred treatment strategy for patients younger
than 47 years, primary TSA was the preferred treat-
ment strategy for patients older than 66 years, and both
treatment options were reasonable for patients aged
between 47 and 66 years.

References
1. Cheung EV, Sperling JW, Cofield RH. Revision shoulder

arthroplasty for glenoid component loosening. J Shoulder
Elbow Surg 2008;17:371-375.

2. Deutsch A, Abboud JA, Kelly J, et al. Clinical results of
revision shoulder arthroplasty for glenoid component
loosening. J Shoulder Elbow Surg 2007;16:706-716.

3. Sperling JW, Cofield RH, Rowland CM. Minimum fifteen-
year follow-up of Neer hemiarthroplasty and total
shoulder arthroplasty in patients aged fifty years or
younger. J Shoulder Elbow Surg 2004;13:604-613.

4. Papadonikolakis A, Neradilek MB, Matsen FA III. Failure
of the glenoid component in anatomic total shoulder
arthroplasty: A systematic review of the English-language
literature between 2006 and 2012. J Bone Joint Surg Am
2013;95:2205-2212.

5. Millett PJ, Horan MP, Pennock AT, Rios D. Comprehen-
sive arthroscopic management (CAM) procedure: Clinical
results of a joint-preserving arthroscopic treatment for
young, active patients with advanced shoulder osteoar-
thritis. Arthroscopy 2013;29:440-448.

6. Cheung EV, Sperling JW, Cofield RH. Reimplantation of a
glenoid component following component removal and
allogenic bone-grafting. J Bone Joint Surg Am 2007;89:
1777-1783.

7. Kerr BJ, McCarty EC. Outcome of arthroscopic debride-
ment is worse for patients with glenohumeral arthritis of
both sides of the joint. Clin Orthop Relat Res 2008;466:
634-638.

8. Cameron BD, Galatz LM, Ramsey ML, Williams GR,
Iannotti JP. Non-prosthetic management of grade IV
osteochondral lesions of the glenohumeral joint.
J Shoulder Elbow Surg 2002;11:25-32.

9. Van Thiel GS, Sheehan S, Frank RM, et al. Retrospective
analysis of arthroscopic management of glenohumeral
degenerative disease. Arthroscopy 2010;26:1451-1455.

10. Denard PJ, Raiss P, Sowa B, Walch G. Mid- to long-term
follow-up of total shoulder arthroplasty using a keeled
glenoid in young adults with primary glenohumeral
arthritis. J Shoulder Elbow Surg 2013;22:894-900.

11. Deshmukh AV, Koris M, Zurakowski D, Thornhill TS.
Total shoulder arthroplasty: Long-term survivorship,
functional outcome, and quality of life. J Shoulder Elbow
Surg 2005;14:471-479.

12. Boileau P, Avidor C, Krishnan SG, Walch G, Kempf JF,
Mole D. Cemented polyethylene versus uncemented
metal-backed glenoid components in total shoulder
arthroplasty: A prospective, double-blind, randomized
study. J Shoulder Elbow Surg 2002;11:351-359.

13. Tammachote N, Sperling JW, Vathana T, Cofield RH,
Harmsen WS, Schleck CD. Long-term results of cemented
metal-backed glenoid components for osteoarthritis of the
shoulder. J Bone Joint Surg Am 2009;91:160-166.

14. Taunton MJ, McIntosh AL, Sperling JW, Cofield RH. Total
shoulder arthroplasty with a metal-backed, bone-ingrowth
glenoid component. Medium to long-term results. J Bone
Joint Surg Am 2008;90:2180-2188.

15. Verborgt O, El-Abiad R, Gazielly DF. Long-term results of
uncemented humeral components in shoulder arthro-
plasty. J Shoulder Elbow Surg 2007;16:S13-S18.

16. Bartelt R, Sperling JW, Schleck CD, Cofield RH. Shoulder
arthroplasty in patients aged fifty-five years or younger
with osteoarthritis. J Shoulder Elbow Surg 2011;20:123-130.

17. Dillon MT, Inacio MC, Burke MF, Navarro RA, Yian EH.
Shoulder arthroplasty in patients 59 years of age and
younger. J Shoulder Elbow Surg 2013;22:1338-1344.

18. Gonzalez JF, Alami GB, Baque F, Walch G, Boileau P.
Complications of unconstrained shoulder prostheses.
J Shoulder Elbow Surg 2011;20:666-682.

19. Ortmaier R, Resch H, Matis N, et al. Reverse shoulder
arthroplasty in revision of failed shoulder arthroplasty-
outcome and follow-up. Int Orthop 2013;37:67-75.

20. Melis B, Bonnevialle N, Neyton L, et al. Glenoid loosening
and failure in anatomical total shoulder arthroplasty: Is
revision with a reverse shoulder arthroplasty a reliable
option? J Shoulder Elbow Surg 2012;21:342-349.

21. White CB, Sperling JW, Cofield RH, Rowland CM. Ninety-
day mortality after shoulder arthroplasty. J Arthroplasty
2003;18:886-888.

22. Mather RC III, Watters TS, Orlando LA, Bolognesi MP,
Moorman CT III. Cost effectiveness analysis of hemi-
arthroplasty and total shoulder arthroplasty. J Shoulder
Elbow Surg 2010;19:325-334.

23. Arias E. United States life tables, 2008. National vital statistics
reports. Hyattsville, MD, National Center for Health Sta-
tistics, 2012.

24. Antuna SA, Sperling JW, Cofield RH, Rowland CM. Gle-
noid revision surgery after total shoulder arthroplasty.
J Shoulder Elbow Surg 2001;10:217-224.

25. Hattrup SJ. Revision total shoulder arthroplasty for
painful humeral head replacement with glenoid arthrosis.
J Shoulder Elbow Surg 2009;18:220-224.

26. Hozack WJ, Rothman RH, Albert TJ, Balderston RA,
Eng K. Relationship of total hip arthroplasty outcomes to
other orthopaedic procedures. Clin Orthop Relat Res
1997;344:88-93.

27. Dines JS, Fealy S, Strauss EJ, et al. Outcomes analysis of
revision total shoulder replacement. J Bone Joint Surg Am
2006;88:1494-1500.

28. Walker M, Willis MP, Brooks JP, Pupello D, Mulieri PJ,
Frankle MA. The use of the reverse shoulder arthroplasty
for treatment of failed total shoulder arthroplasty.
J Shoulder Elbow Surg 2012;21:514-522.

29. Gartsman GM, Roddey TS, Hammerman SM. Shoulder
arthroplasty with or without resurfacing of the glenoid in

1398 U. J. SPIEGL ET AL.

Downloaded from ClinicalKey.com at University Of Minnesota - Twin Cities Campus August 08, 2016.
For personal use only. No other uses without permission. Copyright ©2016. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S0749-8063(14)00532-5/sref1
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref1
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref1
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref2
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref2
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref2
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref3
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref3
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref3
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref3
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref4
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref4
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref4
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref4
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref4
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref5
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref5
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref5
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref5
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref5
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref6
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref6
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref6
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref6
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref7
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref7
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref7
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref7
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref8
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref8
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref8
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref8
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref9
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref9
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref9
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref10
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref10
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref10
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref10
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref11
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref11
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref11
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref11
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref12
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref12
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref12
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref12
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref12
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref13
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref13
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref13
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref13
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref14
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref14
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref14
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref14
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref15
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref15
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref15
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref16
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref16
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref16
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref17
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref17
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref17
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref18
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref18
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref18
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref19
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref19
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref19
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref20
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref20
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref20
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref20
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref21
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref21
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref21
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref22
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref22
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref22
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref22
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref23
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref23
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref23
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref24
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref24
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref24
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref25
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref25
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref25
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref26
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref26
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref26
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref26
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref27
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref27
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref27
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref28
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref28
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref28
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref28
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref29
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref29


patients who have osteoarthritis. J Bone Joint Surg Am
2000;82:26-34.

30. Lo IK, Litchfield RB, Griffin S, Faber K, Patterson SD,
Kirkley A. Quality-of-life outcome following hemi-
arthroplasty or total shoulder arthroplasty in patients with
osteoarthritis. A prospective, randomized trial. J Bone Joint
Surg Am 2005;87:2178-2185.

31. Raiss P, Aldinger PR, Kasten P, Rickert M, Loew M. Total
shoulder replacement in young and middle-aged patients
with glenohumeral osteoarthritis. J Bone Joint Surg Br
2008;90:764-769.

32. NaglieG,KrahnMD,NaimarkD,RedelmeierDA,DetskyAS.
Primer on medical decision analysis: Part 3dEstimating
probabilities andutilities.MedDecisMaking1997;17:136-141.

33. Farmer KW, Hammond JW, Queale WS, Keyurapan E,
McFarland EG. Shoulder arthroplasty versus hip and knee
arthroplasties: A comparison of outcomes. Clin Orthop
Relat Res 2007;455:183-189.

34. Bryant D, Litchfield R, Sandow M, Gartsman GM,
Guyatt G, Kirkley A. A comparison of pain, strength, range
of motion, and functional outcomes after hemiarthroplasty
and total shoulder arthroplasty in patients with osteoar-
thritis of the shoulder. A systematic review and meta-
analysis. J Bone Joint Surg Am 2005;87:1947-1956.

35. Angst F, Pap G, Mannion AF, et al. Comprehensive
assessment of clinical outcome and quality of life after

total shoulder arthroplasty: Usefulness and validity of
subjective outcome measures. Arthritis Rheum 2004;51:
819-828.

36. Boorman RS, Kopjar B, Fehringer E, Churchill RS,
Smith K, Matsen FA III. The effect of total shoulder
arthroplasty on self-assessed health status is compa-
rable to that of total hip arthroplasty and coronary
artery bypass grafting. J Shoulder Elbow Surg 2003;12:
158-163.

37. Brazier J, Roberts J, Deverill M. The estimation of a
preference-based measure of health from the SF-36.
J Health Econ 2002;21:271-292.

38. Radnay CS, Setter KJ, Chambers L, Levine WN,
Bigliani LU, Ahmad CS. Total shoulder replacement
compared with humeral head replacement for the treat-
ment of primary glenohumeral osteoarthritis: A system-
atic review. J Shoulder Elbow Surg 2007;16:396-402.

39. Muh SJ, Streit JJ, Lenarz CJ, et al. Resection arthroplasty
for failed shoulder arthroplasty. J Shoulder Elbow Surg
2013;22:247-252.

40. Weinstein DM, Bucchieri JS, Pollock RG, Flatow EL,
Bigliani LU. Arthroscopic debridement of the shoulder for
osteoarthritis. Arthroscopy 2000;16:471-476.

41. Richards DP, Burkhart SS. Arthroscopic debridement and
capsular release for glenohumeral osteoarthritis. Arthros-
copy 2007;23:1019-1022.

ROLE OF ARTHROSCOPY IN GLENOHUMERAL OA 1399

Downloaded from ClinicalKey.com at University Of Minnesota - Twin Cities Campus August 08, 2016.
For personal use only. No other uses without permission. Copyright ©2016. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S0749-8063(14)00532-5/sref29
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref29
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref30
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref30
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref30
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref30
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref30
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref31
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref31
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref31
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref31
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref32
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref32
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref32
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref32
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref33
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref33
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref33
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref33
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref34
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref34
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref34
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref34
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref34
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref34
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref35
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref35
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref35
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref35
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref35
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref36
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref36
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref36
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref36
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref36
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref36
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref37
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref37
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref37
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref38
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref38
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref38
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref38
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref38
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref39
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref39
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref39
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref40
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref40
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref40
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref41
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref41
http://refhub.elsevier.com/S0749-8063(14)00532-5/sref41

	The Role of Arthroscopy in the Management of Glenohumeral Osteoarthritis: A Markov Decision Model
	Methods
	Markov Decision Process
	Transition Probabilities
	Mortality Rates
	Utilities
	Disutilities
	Sensitivity Analyses

	Results
	Clinical Outcomes
	Sensitivity Analyses

	Discussion
	Limitations

	Conclusions
	References


