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Abstract

Objectives: To determine if open reduction and internal fixation (ORIF) is more cost-effective than hemiarthroplasty (HA)
in the management of proximal humerus fracture.

Design: Retrospective cohort study with cost-effectiveness analysis.

Setting: Tertiary referral center in Rochester, NY.

Patients/participants: The records of 459 consecutive patients in whom a proximal humerus fracture was treated surgically
at our institution between the years 2002 and 2012 were studied retrospectively. We identified 30 consecutive patients with a
mean follow-up of 60.3 months (13.6—134.5 months) of which 15 patients underwent primary ORIF and another |5 underwent
primary HA for the management of head-splitting fracture or fracture-dislocation of the proximal humerus.

Intervention: HA or ORIF for the management of proximal humerus fracture.

Main outcome measurements: SF-36 scores were converted to utility weights, and a cost-effectiveness model was
designed to evaluated ORIF and HA.

Results: Given the baseline assumptions, ORIF was slightly more costly but also more effective (0.75 quality-adjusted life
years [QALY] vs 0.67 QALY) than HA. The incremental cost-effectiveness ratio (ICER) was $5319/QALY for ORIF compared
to HA, which is less than the cost-effectiveness standard utilized based on a willingness to pay of $50,000/QALY.
Conclusions: Compared to HA, ORIF is the more cost-effective approach for the surgical management of complex prox-
imal humerus fractures. These data are limited by patient selection which would impact the relative utility scores. These
results suggest that ORIF should be considered the preferable surgical approach given payer and patient perspectives.
Level of Evidence: This is a Level lll retrospective, cohort therapeutic study.
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and internal fixation (ORIF), others advocate for arthro-
plasty, whether hemiarthroplasty (HA) or reverse total
shoulder arthroplasty (TSA) for displaced Neer 3- and
4-part fractures.'® Debate remains whether ORIF or
HA is superior in adults with complex proximal humerus
fractures and fracture-dislocations, and few studies
examine the difference in outcomes.'”

Proximal humerus fractures account for 10% of all
fractures in the elderly and their management consumes
significant health-care resources.'® The number of prox-
imal humerus fractures is expected to triple by 2030 due
to the increase in life expectancy trends, further exacer-
bating the problem.'! Disproportionate health-care costs
are driving proposals to implement practice guidelines
that focus on comparative cost-effectiveness, and given
the current economic condition in the United States,
these considerations will likely influence treatment
choices.'*!* Previous studies comparing ORIF to HA
have failed to consider cost, but a recent study from
our institution has elucidated some of the factors
that drive cost upward in the surgical management of
proximal humerus fractures.'*'> In that study, the
most dominant cost drivers included complications and
readmission: complications and readmission increased
in-hospital cost by 2.44-fold (P=.011) and 5.68-fold
(P <.001), respectively. Perhaps more importantly,
ORIF was associated with 29% lower in-hospital cost
compared to HA (P=.011) after controlling for con-
founding variables. This study expands upon the prior,
with a goal of comparing the cost-effectiveness of the 2
operative approaches for the management of complex
proximal humerus fractures using a decision analytic
model. We hypothesize that ORIF will be the more
cost-effective surgical approach when compared to HA.

Materials and Methods

A decision analytic tree was developed to compare com-
peting operative treatment strategies for the management
of complex proximal humeral fractures. The base case
scenario was a nonemergent proximal humerus fracture
in a middle-aged, otherwise healthy individual who
otherwise did not have any other traumatic injuries or
complications in their hospital course. The 2 included
operative strategies were ORIF and HA. The decision
analytic tree was developed using proprietary software
(TreeAge Pro 2013 Software, Williamstown, MA)
(Figure 1). The tree began at operative intervention for
proximal humerus fracture. After choice of ORIF or
HA, the tree incorporated the development of periopera-
tive complications within 30 days following surgery. The
model then included whether a long-term, procedure-
related orthopedic complication occurred: complications
most likely requiring revision surgery or disability were
included in each cohort. Specific complications in the

ORIF cohort were avascular necrosis (AVN) of the hum-
eral head or hardware complications including primary
or secondary screw perforation of the humeral head,
implant breakage, prominence, or impingement.
Included complications in the HA cohort included all
tuberosity complications, including malunion, nonunion,
and resorption. The decision tree terminal node then
concluded with whether or not these complications
necessitated a revision operation.

Base case assumptions and sensitivity ranges for
uncertainty surrounding these estimates are reported in
Table 1. Parameter estimations for the base case scenario
were based on best modeling practices.'® Event probabil-
ities for 30-day perioperative complications, orthopedic-
specific complications, and revision rates following
ORIF and HA were extracted from literature
review.>¢ %1732 In-hospital cost estimates for procedure
and perioperative complications were determined using
the Medicare Claims database which was evaluated for
cases from Monroe County, New York from January 1,
2008 to September 30, 2009, as described previously.'®
Inclusion criteria were Medicare beneficiaries with a pri-
mary ICD-9-CM procedure code for ORIF or HA and
with a primary ICD-9-CM diagnosis code for proximal
humerus fracture. Cases were excluded if inpatient mor-
tality occurred or if cost and demographic data were
missing. Perioperative complications were categorized
into surgical complications and medical complications
and were included if occurring within 30-days postopera-
tively. Surgical complications included infection, bleed-
ing, or orthopedic-specific complications. Medical
complications included cardiac, respiratory, vascular,
or renal complications.

Effectiveness was defined using quality-adjusted life
years (QALY) based on a single institutional study evaluat-
ing clinical outcomes of ORIF versus HA in the manage-
ment of complex articular fracture and fracture-dislocations
of the proximal humerus.*® SF-36 survey scores obtained
from each cohort were converted to utility weights con-
sidered over a l-year time horizon. Each branch of the
decision tree was assigned a utility score, a value ranging
from 0 to 1 measured in QALYs. A value of 0 represents
death, a value of 1 is considered perfect health, and a value
between 0 and 1 represents a health state with some level of
disability over a 1-year time horizon.

The overall cost-effectiveness was analyzed using the
incremental cost-effectiveness ratio (ICER). The ICER is
estimated using the difference in cost between the 2 inter-
ventions divided by the unit difference in effect, or
QALYs in this particular case. The determination of
cost-effectiveness was based on the willingness to pay
threshold, which was set at $50 000/QALY, which is
consistent with prior US studies.***

Sensitivity analysis was then performed to incorpor-
ate the impact of uncertainty around the baseline
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Figure 1. Decision analytic tree comparing ORIF to hemiarthroplasty in complex proximal humerus fractures. ORIF, open reduction and

internal fixation.

model assumptions. This analysis varies each variable
across the specified range to test whether and at what
point the cost-effectiveness result changes. This technique
is widely used in economic evaluations to determine the
validity of study conclusions based on the assumed param-
eter estimates. Uncertainty about the parameter estimates
can create uncertainty about the estimates cost-effectiveness
ratios. Ranges were based on the variation reported in
prior studies, confidence intervals for cost estimates and
QALY estimates. Where uncertainty is considerable, sensi-
tivity ranges were made to be large.

Results
Patients

The records of 459 consecutive patients in whom a prox-
imal humerus fracture was treated surgically at our

institution between the years 2002 and 2012 were studied
retrospectively. We identified 30 consecutive patients
with mean follow-up of 60.3 months (13.6-134.5
months) of which 15 patients underwent primary ORIF
and another 15 underwent primary HA for the manage-
ment of head-splitting fracture or fracture-dislocation of
the proximal humerus. Fracture characteristics of each
group are defined in Table 2. Mean age of the patients
were 58.5 years and 73.1 years in the ORIF and HA
cohorts, respectively, which represented a statistically
significant difference.

Effectiveness

At final follow-up, several SF-36 subscores were signifi-
cantly better in the ORIF cohort including physical func-
tioning (81.7 £22.3 vs 56.3 £28.4, P=.008), bodily pain
(84.4+£20.5 vs 6564222, P=.02), and physical
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Table 1. Baseline Assumptions.

Root Sensitivity

Variable definition range

30-Day complication, ORIF 6.9% 01

30-Day complication, hemi 8.4% 0-1

Orthopedic complication, ORIF 30% 01

Revision rate, ORIF 58% 0-1
Orthopedic complication, hemi 34% 01

Revision rate, hemi 6.4% 0-1

Baseline cost, ORIF $8792 $7412-%$10 840
Baseline cost, Hemi $9853 $9174-$14 304
Complication cost, ORIF $6436 $1049-$17 743
Complication cost, Hemi $4313 $1259-%$16 752
Utility, ORIF 0.8l 0-1

Utility, hemi 0.70 0-1

Utility of complication, nonop, ORIF 0.69 0-1

Utility of revision, ORIF 0.60 0-1

Utility of complication, nonop, Hemi 0.64 0-1

Utility of revision, Hemi 0.47 0-1

ORIF, open reduction and internal fixation.

Table 2. Fracture Characteristics of Each Cohort.

ORIF Hemiarthroplasty
Fracture Type (n=15) (n=15)
Isolated fracture-dislocation 9 (60%) 3 (20%)
Isolated head-split 2 (13.3%) 8 (53.3%)
Fracture-dislocation with head- 4 (26.7%) 4 (26.7%)

split or articular impaction

ORIF, open reduction and internal fixation.

composite score (49.6 £10.6 vs 39.7£10.6, P=.02). No
differences between the groups were observed for the
remaining SF-36 subscores, including role physical, gen-
eral health, vitality, social functioning, role emotional,
mental health, or mental composite score. SF-36 scores
for each cohort were converted to utility weights for
uncomplicated procedure, nonoperative complications,
and complications necessitating revision surgery and
are presented in Table 1. A primary, uncomplicated
ORIF represented the most optimal health state (0.81),
while revision for complicated HA represented the least
optimal health state (0.47).

Costs

Medicare claims data over a 2-year time horizon demon-
strated baseline in-hospital cost of ORIF and HA at
$8792 (SD, $7412-$10 840) and $9853 (SD, $9174—
$14 304), respectively. Perioperative complication costs

within 30-days postoperatively for ORIF and HA were
$6436 (SD, $1049-$17 743) and $4313 (SD, $1259-
$16 752), respectively.

Cost-effectiveness

Results of the decision analytic tree are detailed in
Figure 2. Given the probabilities of 30-day perioperative
complications, orthopedic-specific complications, and
revision rates and the associated costs and utility
values, ORIF was found to be slightly more costly
than HA ($10 950 vs $10 514) but more effective (0.75
QALY vs 0.67 QALY). The ICER for ORIF versus HA,
or cost per a single additional QALY when choosing
ORIF instead of HA, was $5319/QALY. This value
falls well below the accepted standard of a willingness
to pay of $50 000/QALY, making ORIF the more cost-
effective approach.

Sensitivity Analysis

The variables that had the greatest impact on ICER esti-
mation were probability of any immediate postoperative
complication after ORIF followed by probability of any
orthopedic-specific complication after ORIF. Other vari-
ables that impacted ICER included the utility of an
orthopedic-specific complication without subsequent
revision, the baseline costs for both procedures, the util-
ity of revision after ORIF, and the probability of reo-
peration after ORIF. Remaining variables have only a
small impact on the ICER.

Discussion

There remains debate regarding whether ORIF or HA is
superior in adults with complex proximal humerus frac-
tures, and few studies examine the difference in clinical
outcomes."”” Some surgeons argue that younger
patients should undergo ORIF of displaced fractures.
However, the optimal treatment for more complex frac-
tures including Neer 3- and 4-part fractures and fracture-
dislocations in older patients with reduced bone quality
remains controversial. If anatomic reduction can be
achieved, locking plate fixation of 3- and 4-part fractures
remains a reasonable option, and evidence suggests that
medial column support is imperative.*®*” However, com-
plications are common when treating 3- and 4-part frac-
tures with locked plating including loss of fixation with
varus collapse and screw cutout, and AVN of the hum-
eral head."” Because of these complications, some
authors recommend HA in the management of 3- and
4-part proximal humerus fractures. This is especially true
in elderly patients who are low-demand, particularly
those with osteopenia, varus malalignment, and when
anatomic reduction cannot be achieved
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Figure 2. Decision analytic tree results comparing ORIF to hemiarthroplasty in complex proximal humerus fractures. Values represent
cost/utility, probability of occurrence (P). ORIF, open reduction and internal fixation.

intraoperatively.**® While studies evaluating HA have
consistently demonstrated predictable pain relief, they
have unfortunately also demonstrated inconsistent func-
tional outcomes.>**2%28:323940 The variable clinical
results of HA are likely multifactorial, relating to
surgeon experience, the degree of postoperative rehab,
anatomic positioning of the stem, and anatomic healing
of the tuberosities. Without definitive evidence favoring
one treatment over another for these complex fractures,
societal cost implications may compel hospitals, sur-
geons, and patients to choose the most cost-effective
treatment. Clearly, as health-care decisions increasingly
require economic consideration, data regarding com-
parative cost-effectiveness are becoming imperative.
Utilizing the Medicare claims database in New York
State over a 2-year time period, we were able to identify
in-hospital costs of both ORIF and HA for the manage-
ment of proximal humerus fractures. Cost data were com-
bined with clinical, health-related quality of life data from
a cohort of 30 patients undergoing primary ORIF or HA
for a head-split fracture, or fracture-dislocation of the
proximal humerus in order to determine the comparative
cost-effectiveness of each procedure. Utilizing baseline
assumptions obtained from literature review for compli-
cation rates and revision rates, we determined that ORIF

is the more cost-effective approach for the management
of complex proximal humerus fractures and fracture-
dislocations. With an ICER of $5319/QALY, ORIF rep-
resents a significant cost-effective approach considering
the standard willingness to pay in the United States is
given a threshold of $50 000/QALY. Put in other terms,
when choosing ORIF over HA, an incremental cost of
$5319 would be required to provide 1 patient an add-
itional life-year in an optimal health state.

We hypothesized that given prior data suggesting that
ORIF is the overall less costly procedure compared to
HA., ' that if clinical outcomes for ORIF were superior,
then the treatment would be more cost-
effective. However, given the various fracture patterns
and rates of complications that often correlate with
severity of fracture, we determined that the optimal strat-
egy for defining clinical efficacy would be to evaluate the
most complicated fractures, namely head-split fractures
and fracture-dislocations. These fracture patterns have a
notoriously high rate of AVN and hardware complica-
tions”?*! and often present a treatment dilemma for sur-
geons, especially in young patients where preservation of
native anatomy and avoidance of arthroplasty is prefer-
able. By determining that ORIF is the more cost-effective
approach for the management of these complex injuries,
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these data can be extrapolated to less severe proximal
humerus fractures including simple 3- and 4-part frac-
tures without head-split or dislocation components.
These simpler fracture patterns have lower rates of
AVN and hardware complications and thus should
have lower revision rates and, in theory, cost.

Proximal humerus fractures are a significant burden on
our health-care system, with in-hospital costs of $14 967
and $20 508 for ORIF and HA, respectively.'> We previ-
ously identified factors associated with increased cost of
surgical management of proximal humerus fractures
including readmission, nonroutine discharge, comorbid-
ities, and complications, with readmission having the
most significant impact on direct cost.'> Hospital readmis-
sions account for a large proportion of health-care expend-
iture and have high personal costs for patients.**** As the
elderly population continues to expand, and the incidence
of proximal humerus fractures increases,'' a significant
financial burden will be placed on health-care systems.
The ability to identify older patients at risk for readmission
is essential to decrease cost, and a number of clinical risk
scores exist for readmission.*> * Utilization of such scores
may be beneficial in fragility fracture situations in order to
predict patients at risk for readmission, thus helping to
consume limited health-care resources most efficiently.

Ensuring routine discharge for elderly patients with
fragility fractures can be optimized by utilizing interdis-
ciplinary, protocoled clinical models for reducing length
of stay and improving quality of care. Geriatric fracture
programs exist whose goal is to reduce length of stay and
optimize patient outcomes. These programs prioritize
patient-centered care using standardized protocols with
co-management of patients between orthopedic surgeons
and medical physicians.”® > Multiple studies exist that
have demonstrated that an organized geriatric fracture
management protocol improves quality of patient care
and lowers overall costs.>*>* If such programs were to be
implemented for the management of osteoporotic prox-
imal humerus fractures, patient outcomes and costs
would likely improve.

Regarding proximal humerus fractures, evidence sug-
gests that greater surgeon volume for HA and TSA is
associated with significant cost savings which amounts to
approximately 15% of the cost of an ORIF and 13% of
the cost of a HA.>® Such data are compelling, as min-
imum surgeon volume requirements for orthopedic pro-
cedures could potentially result in significant cost savings
for both hospitals and patients.

This study had several limitations as is the case with
all cost-effectiveness studies. Regarding the cost data, the
Medicare claims database does not provide sufficient
information regarding fracture classification or complex-
ity of injury, both of which could influence complications
after surgical management of proximal humerus frac-
tures. Further, cost was modeled from all patients who

had a primary procedure ICD9-CM code for ORIF or
HA and a primary diagnosis ICD9-CM code for prox-
imal humerus fracture. Thus, all proximal humerus frac-
tures including simpler patterns were included in the cost
model by necessity. Thus, true cost may not be reflected
in these data for more complex injuries including head-
splits and fracture-dislocations, as this subset of cost
data was not available. Further, the cohorts represent a
limited sample size and the costs are a regional estimate
which may vary by health-care system.

Using a decision analysis model, the model is only as
good as the quality of its assumptions. Assumptions for
rates of complications were obtained from literature
review, most of which were lower level of evidence, retro-
spective case series. The true rate of AVN and hardware
complications following ORIF of complex proximal
humerus fractures is unknown, but this study used a con-
servative estimate of 30% based on literature review,
which was similar to the rate observed in our cohort of
26.7%.% Rates of tuberosity complications in the litera-
ture are variable, but again a conservative estimate of 34%
was utilized, which was smaller than that observed in our
cohort at 53%.** Given the paucity of health-related qual-
ity of life scores in the literature regarding surgical man-
agement of proximal humerus fractures, SF-36 scores were
obtained from a small cohort of 30 patients from our
institution who were evaluated with a mean 5-year
follow-up. Utility scores obtained from these SF-36
scores must be interpreted with caution, as there was a
significant difference in age between the patients who
underwent ORIF and HA. Thus, while ORIF demon-
strated consistently better utility scores, the patients were
significantly younger in age, which may be reflected in the
better utility scores. Further, this is a small sample size at a
single institution with fractures treated by a variety of
subspecialized and general orthopedic surgeons, and so
the utility scores may not be representative of those
obtained in an institution with subspecialty trained sur-
geons who deal with a high volume of shoulder trauma.

On sensitivity analysis, our conclusion was robust
with regard to parameter estimation variation, even
though probabilities were varied over a broad range.
Sensitivity analysis suggests the main determinants of
the cost-effectiveness difference were probability of sus-
taining a complication following ORIF, whether this be
a perioperative or orthopedic-specific complication. As
such, if the likelihood of AVN and hardware complica-
tions is significantly higher than the assumptions made in
this study, ORIF will cease to be cost-effective.

Conclusion

Overall, in the management of complex articular frac-
tures and fracture-dislocations of the proximal humerus,
ORIF is more cost-effective than HA. Given the
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conservative baseline assumptions and complex nature
of these injuries, these data can be extrapolated to con-
clude that ORIF is more cost-effective than HA in simple
3- and 4-part fractures. This study should not disregard
individual patient characteristics or surgeon and patient
preferences, which should be the primary variables that
guide treatment decision. It is recommended that an
interdisciplinary, protocoled approach should be utilized
in the management of these patients to ensure a routine
discharge and decrease the risk of readmission. Surgeons
and hospitals should be aware of these cost implications
to help provide an optimal utilization of resources for
managing patients with proximal humerus fractures.

Authors’ Note

This manuscript is an original work that has never been pub-
lished previously. It has been reviewed by all of the above
authors. IRB Approval documentation is included with this
submission.

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of
interest with respect to the research, authorship, and/or publi-
cation of this article: Ilya Voloshin is a paid consultant for
“Zimmer,” “Arthrex,” and “Smith & Nephew.” This author
receives speaking fees from “Zimmer,” “Arthrex,” and “Smith
& Nephew.” No other financial payments or benefits from any
other commercial entity related to the subject of this article.
The rest of the authors have no disclosures.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

References

1. Neer CS II. Displaced proximal humeral fractures. II.
Treatment of three-part and four-part displacement.
J Bone Joint Surg Am 1970;52(6): 1090-1103.

2. Besch L, Daniels-Wredenhagen M, Mueller M, et al.
Hemiarthroplasty of the shoulder after four-part fracture
of the humeral head: a long-term analysis of 34 cases.
J Trauma 2009;66(1): 211-214.

3. Goldman RT, Koval KJ, Cuomo F, et al. Functional out-
come after humeral head replacement for acute three- and
four-part proximal humeral fractures. J Shoulder Elbow
Surg 1995:4(2): 81-86.

4. Jakob RP, Miniaci A, Anson PS, et al. Four-part valgus
impacted fractures of the proximal humerus. J Bone Joint
Surg Br 1991;73(2): 295-298.

5. Naranja RJ Jr, lannotti JP. Displaced three- and four-part
proximal humerus fractures: evaluation and management.
J Am Acad Orthop Surg 2000;8(6): 373-382.

6. Solberg BD, Moon CN, Franco DP, et al. Locked plating of
3- and 4-part proximal humerus fractures in older patients:
the effect of initial fracture pattern on outcome. J Orthop
Trauma 2009;23(2): 113-119.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Solberg BD, Moon CN, Franco DP, et al. Surgical treat-

ment of three and four-part proximal humeral fractures.
J Bone Joint Surg Am 2009;91(7): 1689-1697.

. Stidkamp N, Bayer J, Hepp P, et al. Open reduction and

internal fixation of proximal humeral fractures with use of
the locking proximal humerus plate. Results of a prospect-
ive, multicenter, observational study. J Bone Joint Surg Am
2009;91(6): 1320-1328.

. Spross C, Platz A, Erschbamer M, et al. Surgical treatment

of Neer Group VI proximal humeral fractures: retrospect-
ive comparison of PHILOS® and hemiarthroplasty.
Clin Orthop Relat Res 2012;470(7): 2035-2042.

Baron JA, Karagas M, Barrett J, et al. Basic epidemiology
of fractures of the upper and lower limb among Americans
over 65 years of age. Epidemiology 1996;7(6): 612-618.
Court-Brown CM, Garg A, McQueen MM. The epidemi-
ology of proximal humeral fractures. Acta Orthop Scand
2001;72(4): 365-371.

Orszag PR, Emanuel EJ. Health care reform and cost con-
trol. N Engl J Med 2010;363(7): 601-603.

Weinstein MC, Skinner JA. Comparative effectiveness and
health care spending—implications for reform. N Engl J
Med 2010;362(5): 460-465.

Jain NB, Kuye I, Higgins LD, et al. Surgeon volume is
associated with cost and variation in surgical treatment
of proximal humeral fractures. Clin Orthop Relat Res
2013;471(2): 655-664.

Thorsness RJ, Iannuzzi JC, Zhang L, Noyes K, Voloshin I.
Cost drivers in surgical management of proximal humerus
fractures. In: American Academy of Orthopaedic Surgeons
Annual Meeting; March 15, 2014; New Orleans, LA.
Briggs AH, Weinstein MC, Fenwick EA, et al. Model par-
ameter estimation and uncertainty analysis: a report of the
ISPOR-SMDM Modeling Good Research Practices Task
Force Working Group-6. Med Decis Making 2012;32(5):
722-732.

Antuna SA, Sperling JW, Cofield RH. Shoulder hemiar-
throplasty for acute fractures of the proximal humerus: a
minimum five-year follow-up. J Shoulder Elbow Surg
2008;17(2): 202-209.

Boileau P, Krishnan SG, Tinsi L, et al. Tuberosity malpo-
sition and migration: reasons for poor outcomes after
hemiarthroplasty for displaced fractures of the proximal
humerus. J Shoulder Elbow Surg 2002;11(5): 401-412.
Brunner F, Sommer C, Bahrs C, et al. Open reduction and
internal fixation of proximal humerus fractures using a
proximal humeral locked plate: a prospective multicenter
analysis. J Orthop Trauma 2009;23(3): 163-172.

lavert P, Adam P, Bevort A, et al. Pitfalls and complica-
tions with locking plate for proximal humerus fracture.
J Shoulder Elbow Surg 2010;19(4): 489—494.

Demirhan M, Kilicoglu O, Altinel L, et al. Prognostic fac-
tors in prosthetic replacement for acute proximal humerus
fractures. J Orthop Trauma 2003;17(3): 181-188; discussion
188-189.

Gronhagen CM, Abbaszadegan H, Révay SA, et al
Medium-term results after primary hemiarthroplasty for
comminute proximal humerus fractures: a study of 46
patients followed up for an average of 4.4 years.
J Shoulder Elbow Surg 2007;16(6): 766-773.



Journal of Shoulder and Elbow Arthroplasty

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Kontakis G, Koutras C, Tosounidis T, et al. Early man-
agement of proximal humeral fractures with hemiarthro-
plasty: a systematic review. J Bone Joint Surg Br
2008:90(11): 1407-1413.

Kralinger F, Schwaiger R, Wambacher M, et al. Outcome
after primary hemiarthroplasty for fracture of the head of
the humerus. A retrospective multicentre study of 167
patients. J Bone Joint Surg Br 2004;86(2): 217-219.
Krause FG, Huebschle L, Hertel R. Reattachment of the
tuberosities with cable wires and bone graft in hemiarthro-
plasties done for proximal humeral fractures with cable
wire and bone graft: 58 patients with a 22-month minimum
follow-up. J Orthop Trauma 2007;21(10): 682—686.
Mighell MA, Kolm GP, Collinge CA, et al. Outcomes of
hemiarthroplasty for fractures of the proximal humerus.
J Shoulder Elbow Surg 2003;12(6): 569-577.

Owsley KC, Gorczyca JT. Fracture displacement and
screw cutout after open reduction and locked plate fixation
of proximal humeral fractures [corrected]. J Bone Joint
Surg Am 2008;90(2): 233-240.

Robinson CM, Page RS, Hill RM, Sanders DL, Court-
Brown CM, Wakefield AE. Primary hemiarthroplasty for
treatment of proximal humeral fractures. J Bone Joint Surg
Am 2003;85-A(7): 1215-1223.

Roderer G, Erhardt J, Kuster M, et al. Second generation
locked plating of proximal humerus fractures—a prospect-
ive multicentre observational study. Int Orthop 2011;35(3):
425-432.

Thorsness R, Tannuzzi J, Noyes K, et al. Open reduction
and internal fixation versus hemiarthroplasty in the man-
agement of proximal humerus fractures. Geriatr Orthop
Surg Rehabil 2014;5(2): 56-62.

Yang H, Li Z, Zhou F, et al. A prospective clinical study of
proximal humerus fractures treated with a locking prox-
imal humerus plate. J Orthop Trauma 2011;25(1): 11-17.
Zyto K, Wallace WA, Frostick SP, et al. Outcome after
hemiarthroplasty for three- and four-part fractures of the
proximal humerus. J Shoulder Elbow Surg 1998;7(2):
85-89.

Thorsness R, Shields E, Owens K, Voloshin I. Open reduc-
tion and internal fixation versus hemiarthroplasty in the
management of complex articular fractures and fracture-
dislocations of the proximal humerus. Poster session pre-
sented at: American Shoulder and Elbow Surgeons Annual
Closed Meeting; October 9-12, 2013; Las Vegas, NV.
Grosse SD. Assessing cost-effectiveness in healthcare: his-
tory of the $50,000 per QALY threshold. Expert Rev
Pharmacoecon Outcomes Res 2008;8(2): 165-178.

lannuzzi JC, Rickles AS, Kelly KN, et al. Defining high
risk: cost-effectiveness of extended-duration thrombopro-
phylaxis following major oncologic abdominal surgery.
J Gastrointest Surg 2014;18(1): 60—68.

Gardner MJ, Boraiah S, Helfet DL, et al. Indirect medial
reduction and strut support of proximal humerus fractures

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

using an endosteal implant. J Orthop Trauma 2008;22(3):
195-200.

Gardner MJ, Weil Y, Barker JU, et al. The importance of
medial support in locked plating of proximal humerus frac-
tures. J Orthop Trauma 2007;21(3): 185-191.

Cadet ER, Ahmad CS. Hemiarthroplasty for three- and
four-part proximal humerus fractures. J Am Acad Orthop
Surg 2012;20(1): 17-27.

Mehlhorn AT, Schmal H, Sudkamp NP. Clinical evalu-
ation of a new custom offset shoulder prosthesis for treat-
ment of complex fractures of the proximal humerus. Acta
Orthop Belg 2006;72(4): 387-94.

Pavlopoulos DA, Badras LS, Georgiou CS, et al.
Hemiarthroplasty for three- and four- part displaced frac-
tures of the proximal humerus in patients over 65 years of
age. Acta Orthop Belg 2007;73(3): 306-314.

Hente R, Kampshoff J, Kinner B, et al. [Treatment of
dislocated 3- and 4-part fractures of the proximal humerus
with anangle-stabilizing fixation plate]. Unfallchirurg
2004;107(9): 769-782.

Goldfield N. Strategies to decrease the rate of pre-
ventable readmission to hospital. CMAJ 2010;182(6):
538-539.

Jencks SF, Williams MV, Coleman EA. Rehospitalizations
among patients in the Medicare fee-for-service program.
N Engl J Med 2009;360(14): 1418-1428.

Wallace E, Hinchey T, Dimitrov BD, et al. A systematic
review of the probability of repeated admission score in
community-dwelling adults. J Am Geriatr Soc 2013;61(3):
357-364.

Billings J, Dixon J, Mijanovich T, et al. Case finding for
patients at risk of readmission to hospital: development of
algorithm to identify high risk patients. BMJ
2006;333(7563): 327.

Boult C, Dowd B, McCaffrey D, Boult L, Hernandez R,
Krulewitch H. Screening elders for risk of hospital admis-
sion. J Am Geriatr Soc 1993;41(8): 811-817.

Donnan PT, Dorward DW, Mutch B, et al
Development and validation of a model for predicting
emergency admissions over the next year (PEONY):
a UK Thistorical cohort study. Arch Intern Med
2008;168(13): 1416-1422.

Tannuzzi JC, Chandra A, Kelly KN, et al. Risk score for
unplanned vascular readmissions. J Vasc Surg 2014;59(5):
1340-1347.el.

Lyon D, Lancaster GA, Taylor S, et al. Predicting the like-
lihood of emergency admission to hospital of older people:
development and validation of the Emergency Admission
Risk Likelihood Index (EARLI). Fam Pract 2007;24(2):
158-167.

Friedman SM, Mendelson DA, Bingham KW, Kates SL.
Impact of a comanaged Geriatric Fracture Center on
short-term hip fracture outcomes. Arch Intern Med
2009;169(18): 1712-1717.



Thorsness et al.

S1.

52.

Friedman SM, Mendelson DA, Kates SL, McCann RM.
Geriatric co-management of proximal femur fractures:
total quality management and protocol-driven care result
in better outcomes for a frail patient population. J Am
Geriatr Soc 2008;56(7): 1349-1356.

Kates SL, Mendelson DA, Friedman SM. Co-managed
care for fragility hip fractures (Rochester model).
Osteoporos Int 2010;21(Suppl 4): S621-S625.

53.

54.

Kates SL, Blake D, Bingham KW, et al. Comparison of an
organized geriatric fracture program to United States gov-
ernment data. Geriatr Orthop Surg Rehabil 2010;1(1):
15-21.

Kates SL, Mendelson DA, Friedman SM. The value of an
organized fracture program for the elderly: early results. J
Orthop Trauma 2011;25(4): 233-237.



