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Abstract

Introduction—Increasing hip fracture incidence in the United States is leading to higher
occurrences of conversion total hip arthroplasty (THA) for failed surgical treatment of the hip. In
spite of studies showing higher complication rates in conversion THA, the Centers for Medicare
and Medicaid services currently bundles conversion and primary THA under the same diagnosis-
related group. We examined the cost of treatment of conversion THA compared with primary
THA. Our hypothesis is that conversion THA will have higher cost and resource use than primary
THA.

Methods—Fifty-one consecutive conversion THA patients (Current Procedure Terminology code
27132) and 105 matched primary THA patients (Current Procedure Terminology code 27130)
were included in this study. The natural log-transformed costs for conversion and primary THA
were compared using regression analysis. Age, gender, body mass index, American Society of
Anesthesiologist, Charlson comorbidity score, and smoker status were controlled in the analysis.
Conversion THA subgroups formed based on etiology were compared using analysis of variance
analysis.

Results—Conversion and primary THAs were determined to be significantly different (£ < .05)
and greater in the following costs: hospital operating direct cost (29.2% greater), hospital
operating total cost (28.8% greater), direct hospital cost (24.7% greater), and total hospital cost
(26.4% greater).

Conclusions—Based on greater hospital operating direct cost, hospital operating total cost,
direct hospital cost, and total hospital cost, conversion THA has significantly greater cost and
resource use than primary THA. In order to prevent disincentives for treating these complex
surgical patients, reclassification of conversion THA is needed, as they do not fit together with
primary THA.
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Hip fractures are a common occurrence in the United States, and their incidence is projected
to continue growing with the aging population over the next several decades up to a
predicted 580000 cases in 2040 [1,2]. Hip fractures among elderly patients are a major
burden to the US Healthcare System[3]. Common treatments for hip fractures include
surgical fixation, hemiarthroplasty, and total hip arthroplasty (THA) [4-6]. Failed hip
fracture fixation may lead to a conversion THA procedure in order to restore ambulation and
function.

Medicare hospital reimbursement for THA is paid as a fixed amount based on diagnosis-
related groups (DRGs), which aim to classify patients and procedures into homogenous units
based on diagnosis and level of hospital resource use. Prior to 2005, all THA procedures
were reimbursed equally under DRG 209. However, several studies demonstrating
significant cost differences between primary and revision THA eventually led the Centers
for Medicare and Medicaid Services (CMS) to divide DRG 209 into DRGs 544 and 545 to
reflect differing levels of resource use for primary and revision procedures, respectively [7-
9]. Among the driving factors leading to this change were concerns that certain hospitals
including academic and tertiary care centers were bearing an “undue financial burden”
associated with relatively high proportions of undercompensated revision procedures as a
result of referrals from surrounding hospitals [10].

After implementation of Medicare-Severity DRGs (MS-DRGs) in 2007 for hospital inpatient
claims, DRG 544 was separated into MSDRGs 469 (primary THA with major complication/
comorbidity [MCC]) and 470 (primary THA without MCC) in order to capture differences
in severity of illness [11]. Similarly, MS-DRGs 466, 467, and 468 replaced DRG 545 for
revision THA with MCC, revision THA with a complication/comorbidity, and revision THA
without complication/comorbidity or MCC, respectively [11]. This classification system
enables a higher reimbursement rate for cases of greater severity based on complications and
comorbidities. However, conversion THA and primary THA of the same severity remain
bundled together under MS-DRGs 469 and 470 and still yield the same revenue regardless of
differences in complexity, or actual financial cost and resource use. Although efficient for
Medicare cost control, this system has not solved the negative externality of hospitals using
this information to possibly “cherry-pick” the less costly primary THA, while referring
conversion THAs to other care centers. This is similar to what had occurred with revision
THAs before their reclassification in 2005.

Currently, there are independent MS-DRG classifications for revision THA, but primary
THA and conversion THA remain categorized under the same MS-DRG classifications.
Aside from studies showing that conversion THAs have a higher complication rate than do
primary THAs [12-14], there has been a dearth of research to distinguish differences
between conversion and primary THA. This lack of clarity has made it difficult for the CMS
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to justify a change to the current convention of bundling conversion THA and primary THA
under the same MS-DRGs.

As cost containment moves to the forefront in the national discussion on health care
expenditures [15], proper classification of procedures becomes paramount. For conversion
THAS, there is growing concern that they may require a different mix of resources than
primary THAs. As demonstrated in previous studies of primary and revision THAS, the
continued bundling of conversion THA under the same MS-DRGs as primary THA may be
leaving hospitals and physicians undercompensated. This mismatch in treatment and
compensation creates a potential disincentive for treating the more complex conversion THA
cases, which will only worsen over time.

The expected increase in hip fractures will likely be followed by a corresponding increase in
the incidence of conversion THA. Conversion THA is a salvage treatment of failed primary
hip fracture fixations [14,16,17]. Such failures have numerous different causes including
hardware failure, osteonecrosis, infection, or posttraumatic osteoarthritis [18-23].
Furthermore, conversion THA procedures are used for many other hip pathologies that
underwent corrective surgery in the past, such as developmental dysplasia of the hip and
slipped capital femoral epiphysis (SCFE). The wide range of applications for conversion
THA also contributes to its increasing incidence.

This study seeks to determine cost differences between conversion THA and primary THA.
This may serve as a starting point for the CMS in reevaluating the classification of
conversion THA. Our hypothesis is that conversion THA will pose a significantly higher
cost and resource use to the hospital compared with primary THA. Ultimately, more
appropriate reimbursement, budgeting, and physician evaluation are likely to limit
disincentives for performing conversion THA, thereby ensuring continued access to care for
patients requiring these procedures.

The study population was drawn from all patients who underwent THA at our Medical
Center from October 2012 to March 2015. Identification was done by Current Procedure
Terminology codes: 27130 for primary THA and 27132 for conversion THA. A total of 51
consecutive conversion THAs and 105 primary THAs were identified. Inclusion criteria for
primary THA in this study were as follows: (1) age at time of surgery (=18 years), (2)
negative history of previous hip surgery in the same joint, (3) negative history of current
periarticular joint infection, and (4) no primary THA for acute fracture. These restrictions
excluded 11 patients for acute hip fracture and 1 patient for periarticular hip infection from
the initial group of 105 patients to establish a control group of 93 primary THAs. Cases
affected by fracture were identified by patient history and admission diagnosis. Cases
affected by infection were identified by Current Procedure Terminology code 27091. The
control group consisted of primary THA caused by osteoarthritis (n = 81), avascular necrosis
(AVN; n = 10), and developmental pathology (n = 2: 1 patient with hip dysplasia and 1
patient with SCFE).
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Conversion THA inclusion criteria were as follows: (1) age at time of surgery (=18 years),
(2) positive history of previous hip surgery, and (3) nonrevision THA. Fifty-one consecutive
conversion THA patients were identified, including conversion THA with a history of
periprosthetic joint infection (PJI; n = 6). A separate group of 45 conversion THAS was
designated by excluding the 6 cases of conversion THA with a history of PJI.

Conversion THA Subgroups

Conversion THAs were then divided into subgroups based on etiology of the principal hip
surgery. There were 5 conversion THA subgroups: failed femoral neck fracture fixation (n =
12), failed acetabular fracture fixation (n = 11), failed subtrochanteric/intertrochanteric/
proximal femur fracture fixation (n = 7: subtrochanteric fracture [n = 2] + intertrochanteric
fracture [n = 2] + proximal femur fracture [n = 3]), history of hip joint infection (n = 9:
history of PJI [n = 6] + history of resection arthroplasty [n = 3]), and other causes (n = 12:
SCFE [n = 6] + developmental hip dysplasia [n = 3] + AVN [n = 3]). Three cases of
conversion THA for history of resection arthroplasty were combined with 6 conversion
THAS with a history of PJI to form a larger group of 9 conversion THASs with a history of
hip joint infection.

Fracture Subgroups

Variables

Two additional subgroups were created from our study population based on fracture history
and etiology of conversion THA. First was the conversion THA for failed femur-related
fracture fixation subgroup (n = 19: femoral neck fracture [n = 12] + subtrochanteric fracture
[n = 2]+ intertrochanteric fracture [n = 2] + proximal femur fracture [n = 3]); this group
contains all conversion THAs caused by failed fracture fixation of the femur. Second was the
conversion THA for all failed fracture fixation subgroup (n = 30: acetabular fracture [n =
11], femoral neck fracture [n = 12], subtrochanteric fracture [n = 2], intertrochanteric
fracture [n = 2], proximal femur fracture [n = 3]); this group contains all conversion THAs
caused by failed fracture fixation (femur + acetabulum).

Cost variables evaluated for this study were implant direct cost, implant total cost, hospital
operating direct cost, hospital operating total cost, direct hospital cost, total hospital cost,
and cost-price cost. Implant direct cost is the cost directly associated with the THA implant
components themselves. Implant total cost is the sum of implant direct cost and any indirect
cost associated with the implant components, such as shipping or storage. Hospital operating
direct cost is the cost of the services provided by all the health care providers who
contributed to completing the THA surgery. Hospital operating total cost is the sum of the
hospital operating direct cost and indirect operating cost associated with the surgery, such as
administration cost of using the hospital's operating room. Direct hospital cost is all the costs
that are directly associated with patient care and is the sum of implant direct cost and
hospital operating direct cost. Total hospital cost is the sum of the implant total cost and
hospital operating total cost, which includes implant direct cost and hospital operating direct
cost. Cost-price cost is the hospital's cost of providing the implant and health care services to
the patient.
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Controlled Variables

Six variables were controlled for in each comparison group including: age, gender, body
mass index (BMI), American Society of Anesthesiologists (ASA) Physical Status
Classification, smoker status, and Charlson comorbidity score. Preoperative risk factors and
comorbidities were summarized by the Charlson comorbidity score [24].

Comparison Groups

Nine total comparisons were performed against the same control group of 93 primary THAs:
(1) all conversion THAs including patients with a history of PJI, (2) all conversion THAS
excluding patients with a history of PJI, (3) conversion THA for failed femoral neck fracture
fixation, (4) conversion THA for failed acetabular fracture fixation, (5) conversion THA for
failed subtrochanteric/intertrochanteric/proximal femur fracture fixation, (6) conversion
THA for other causes (history of previous surgery for AVN, SCFE, or developmental
dysplasia of the hip), (7) conversion THA for patients with a history of hip joint infection,
(8) conversion THA for failed femur-related fracture fixations, and (9) conversion THA for
all failed fracture fixations.

Statistical Analysis

Results

Nine total comparisons were performed against primary THA. The natural log of all cost
variables was taken and used in place of raw cost. Multivariable linear regression was
performed for the natural log of all cost variables. Age, gender, BMI, ASA, smoker status,
and Charlson comorbidity score were controlled in all regression analyses (Table 1). Ninety-
five percent confidence intervals were calculated for all regressions. Adjusted /2 was
calculated for linear regressions.

One-way ANOVA was performed for intersubgroup comparison between the 5 conversion
THA subgroups, and homogeneity of variance was tested with Levene statistic. Tukey and
Bonferroni post hoc tests were performed between the 5 conversion THA subgroups. Cases
with missing variables were excluded on a pairwise basis. Control was not needed for
analysis of variance because intersubgroup analysis compared conversion subgroups to one
another.

All statistical analyses were executed with SPSS Statistics 23 software (IBM, Armonk, NY)

Conversion THA vs Primary THA

After the 7 cost variables were compared between conversion THA (excluding conversion
THA for patients with a history of PJI) and primary THA, 4 of 7 cost variables were found

to be significantly different and greater than primary THA (P < .05), including hospital
operating direct cost (P=.005, 29.2% greater)), hospital operating total cost (P=.007,
28.8% greater), direct hospital cost (P=.009, 24.7% greater), and total hospital cost (P=.
005, 26.4% greater; Tables 3 and 4). The same 4 cost variables were even more significantly
different when conversion THA procedures in patients with a history of PJI were included (P
<.001; Tables 3 and 4).
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Conversion THA Subgroups vs Primary THA

Conversion THA subgroup analysis for the 7 cost variables showed significant difference
between conversion THA subgroups and primary THA. Implant direct cost was significantly
different and greater when conversion THA for failed femoral neck fracture fixation was
compared with primary THA (P=.047, 20.7% greater; Table 2). Implant total cost was
significantly different and greater when conversion THA in patients with a history of hip
joint infection was compared with primary THA (P=.036, 73.0% greater; Table 2). Hospital
operating direct cost was significantly different and greater in conversion THA for failed
acetabular fracture fixation (P=.002, 60.9% greater) and conversion THA for patients with
a history of hip joint infection (£ =.002, 44.6% greater; Table 3). Hospital operating total
cost was also significantly different and greater in conversion THA for failed acetabular
fracture fixation (P =.003, 60.6% greater) and conversion THA for patients with a history of
hip joint infection (P=.002, 44.1% greater; Table 3). Direct hospital cost was significantly
different and greater in conversion THA for failed femoral neck fracture fixation (P=.013,
22.1% greater), conversion THA for failed acetabular fracture fixation (P=.007, 43.4%
greater), and conversion THA in patients with a history of hip joint infection (P < .001,
54.0% greater; Table 4). Total hospital cost was also significantly different and greater in
conversion THA for failed femoral neck fracture fixation (P=.020, 21.7% greater),
conversion THA for failed acetabular fracture fixation (P=.006, 46.8% greater), and
conversion THA in patients with a history of hip joint infection (P < .001, 58.1% greater;
Table 4).

Both the conversion THA for failed subtrochanteric/intertrochanteric/proximal femur
fracture fixation subgroup and the conversion THA for other causes subgroup did not have
statistically significant difference when compared with primary THA in any of the 7 cost
variables that were tested in this study.

Conversion THA for Failed Fracture Fixation Subgroups vs Primary THA

Analysis of the subgroups for conversion THA for failed fracture fixation for the 7 cost
variables showed significant difference between fracture THA subgroups and primary THA.
The conversion THA for all failed fracture fixation subgroups was significantly different and
greater in hospital operating direct cost (P=.021, 37.0% greater) and hospital operating total
cost (P=.028, 36.7% greater; Table 4). Direct hospital cost was significantly different and
greater in the conversion THA for failed femur-related fracture fixation subgroup (2= .040,
19.2% greater) and the conversion THA for all failed fracture fixation subgroups (P =.016,
28.1% greater; Table 4). Total hospital cost was also significantly different and greater when
the conversion THA for failed femur-related fracture fixation subgroup (P = .035, 20.5%
greater) and the conversion THA for all failed fracture fixation subgroups (P=.013, 30.1%
greater) were compared with primary THA (Table 4).

Cost-price cost was not statistically significantly different among any of the different
comparison groups (Table 4).
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Discussion

The purpose of this study was to determine whether costs of surgery for primary THA and
conversion THA were different enough to warrant a separate classification for conversion
THA procedures. Conversion THA is currently bundled under the same MS-DRG
classifications as primary THA, which has important implications in institutional
reimbursements for the hospital.

Our results show that conversion THAs have greater total financial cost than primary THAs,
suggesting that the 2 groups should be classified separately for more accurate
reimbursement. Further sub-classification may be possible based on the differences in cost
variables that were observed when primary THAs were compared with conversion THA
subgroups.

In spite of the current focus on the cost of health care in the United States, there are still
many unanswered questions about hip arthroplasty in current health care models. Lower
extremity arthroplasty has traditionally been the focus for cost analysis in orthopedics;
however, there has yet to be a study evaluating the cost-effectiveness of conversion THA. As
the incidence of hip fractures rises with the aging US population, conversion THA numbers
will inevitably rise as well. Therefore, it is important to study the cost burden created by
conversion THA and to understand how they contrast with primary THA and revision THA.

This study is the first to evaluate the cost of conversion THA, although other studies have
found an increased complication rate among conversion THAs compared with primary
THAS [12-14,25]. Combined with the results of previous studies, the cost differences that
we have identified in this study raise the question that conversion THA may be
fundamentally different from primary THA. At the minimum, our findings indicate that
further investigation into the differences between the 2 types of THA procedures may be
warranted to understand the extent of the dissimilarity.

Just as revision THAs were bundled under the same DRG as primary THASs until they were
proven to be different, conversion THA may need to be studied in a similar manner to prove
that reclassification is needed. Revision THAs were studied by multiple research groups who
analyzed their preoperative characteristics, postoperative outcomes, and costs in a concerted
effort to achieve reclassification. Barrack [26] attempted to quantify the difference between
primary THA and revision THA and found higher hospital length of stay (LOS), operative
time, blood loss, and incidence of complication in revision THA. lorio et al [7] compared
resource use, costs, and reimbursements and found longer LOS, operative time, and higher
cost associated with revision THA than primary THA. Crowe et al [8] used cost-charge
analysis and found that revision THA had significantly higher cost than did primary THA.
Lavernia et al [27] analyzed billing records and found higher LOS, operative time, and total
cost in revision THA when compared with primary THA. These differences resulted in
higher consumption of hospital resources and actually caused hospitals to suffer from
significant losses from treating revision THA [28,29]. Before the reclassification of revision
THA, there was a real financial disincentive that drove hospitals to consider limiting the
number of referrals for revision THA, which would have ultimately limited access to care
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for patients in need of such services [30]. Even after reclassification, a study has shown that
Medicare still fails to reimburse the extra operating time and effort needed to treat revision
THA [31].

Efforts must be taken to avoid similar disincentives for conversion THA. Before the
reclassification of revision THA, many studies comparing them to primary THA
independently identified significant statistical differences in the same key variables
including LOS, operative time, total cost, and complication rate [32]. Between the higher
costs found in our study and previous studies showing higher complication rates in
conversion THA, 2 of 4 of the most common differences between revision and primary THA
have already been identified in conversion THA. If the blueprint used by revision THA to
gain reclassification is to be followed, future studies should focus first on hospital LOS and
operative time differences between conversion THA and primary THA. Given the discovery
of further evidence, we suggest that the CMS strongly considers reclassification of
conversion THA based on the precedent established by revision THA.

Although THA is one of the most cost-effective interventions in health care, its large volume
due to the aging US population makes it a prime candidate for cost cutting by the CMS
[33,34]. This is worrisome for physicians and hospitals that treat a greater number of
conversion THAs because Medicare reimbursements for primary THA have been
decreasing, whereas their cost of treatment has been increasing [35]. Based on the findings
of our study that conversion THAS have a greater cost than primary THAs, the shortfall will
be even worse for conversion THAs because current MS-DRG coding has them reimbursed
at the same level as the relatively less complicated primary THAs. Therefore, the higher
costs associated with conversion THAs may have already created a financial disincentive to
treat them.

It should be noted that the 2015 Medicare Physician Fee Schedule reimburses physicians at a
higher rate for conversion THA than primary THA. Specifically, physicians are reimbursed
4.97 relative value units (RVU) more for conversion THA compared with primary THA

[36]. Facility/nonfacility RvU and Malpractice RVU are also higher for conversion THA.
This suggests that the CMS has some understanding of the greater resource use of
conversion THA; however, under the same MS-DRGs, conversion THA reimbursements
remain pegged to the less costly primary THA. This would likely lead to continued
institutional undercompensation for conversion THA. Furthermore, separate MS-DRGs for
conversion THA provide benefits beyond financial reimbursement including better
understanding of the failure mechanisms of different types of THA and more accurate data
for the American Joint Replacement Registry Project. The many utilities of separate MS-
DRGs for conversion THA would ultimately promote quality improvement and lead to better
patient care and outcomes.

Because MS-DRG coding is also used to evaluate physician quality of care, an additional
disincentive may also arise from the bundling of primary THA and conversion THA in the
form of physician quality of care ratings. As our study has demonstrated that conversion
THA has higher costs than primary THA, an evaluation of physicians who treat more
conversion THAs may conclude that they are using more resources and having a higher rate
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of complications than other surgeons treating mainly primary THAs. In a climate of health
care reform that is increasingly focusing on evaluating physicians, the risk of a lower rating
may result in physicians refusing conversion THA cases in order to protect their ratings.

Although there have not been many studies investigating conversion THAS, results that have
been published are reminiscent of the evidence that ultimately led to a separate classification
for revision THA apart from primary THA [5,12,14,18-22,37]. We hope that the results of
this study will provide the impetus for the medical community and the CMS to collaborate
in removing any barriers preventing patients in need of a conversion THA from getting the
care that they need.

This study had several limitations stemming from the reporting of surgery costs and the
small sample size of several of the conversion THA subgroups. Although cost data were
obtained for 7 data points, many products and services were lumped under a single
summarizing cost number. A more detailed breakdown of the cost of surgery would allow
for a more granular examination of the variation in cost between conversion THA and
primary THA. The aggregate number of conversion THASs included in this study was
comparable to the number used in other studies; however, when separated into subgroups
based on etiology, some of the conversion THA subgroups were left with relatively small
sample sizes. Larger subgroup sample sizes would be more representative of the population
and curtail the influence of outliers. In spite of these limitations, the study had many
strengths including a complete set of cost data, a single provider, and a single institution for
all procedures and perioperative care.

Conclusions

This study demonstrates that conversion THAs are more costly than primary THAs. Hospital
operating direct cost, hospital operating total cost, direct hospital cost, and total hospital cost
are all greater in conversion THA than in primary THA. However, conversion THAs and
primary THAs are currently classified under the same MS-DRGs, which means that they are
reimbursed at the same level. We recommend development of a separate classification for
conversion THA.

Acknowledgments

This work was partially supported by Grant UL1 TR000153 from the National Center for Advancing Translational
Sciences, National Institutes of Health, through the Biostatistics, Epidemiology, and Research Design Unit.

References

1. Kim SH, Meehan JP, Blumenfeld T, et al. Hip fractures in the United States: 2008 nationwide
emergency department sample. Arthritis Care Res (Hoboken). 2012; 64(5):751. [PubMed:
22190474]

2. Stevens, JA., Rudd, RA. The impact of decreasing U.S. hip fracture rates on future hip fracture
estimates. Osteoporos Int. 2013. http://dx.doi.org/10.1007/s00198-013-2375-9

3. Johnell O, Kanis JA. An estimate of the worldwide prevalence, mortality and disability associated
with hip fracture. Osteoporos Int. 2004; 15(11):897. [PubMed: 15490120]

J Arthroplasty. Author manuscript; available in PMC 2018 March 22.


http://dx.doi.org/10.1007/s00198-013-2375-9

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chinetal. Page 10

4. Butler, M., Forte, M., Kane, RL., et al. Evidence Reports/Technology Assessments, No. 184.
Rockville (MD): Agency for Healthcare Research and Quality (US); 2009. Treatment of common
hip fractures.

5. Krause PC, Braud JL, Whatley JM. Total hip arthroplasty after previous fracture surgery. Orthop
Clin North Am. 2015; 46(2):193. [PubMed: 25771315]

6. Shang ZG. Treatment of femoral shaft fractures by closed reduction and interlocking intramedullary
nailing. Chinese Orthop Sci. 2014; 27(10):819.

7. lorio R, Healy W, Richards J. Comparison of the hospital cost of primary and revision total hip
arthroplasty after cost containment. Orthopedics. 1999; 22:185. [PubMed: 10037332]

8. Crowe JF, Sculco TP, Kahn B. Revision total hip arthroplasty: hospital cost and reimbursement
analysis. Clin Orthop Relat Res. 2003:175.

9. Bozic K, et al. Hospital resource utilization for primary and revision total hip arthroplasty. J Bone
Joint Surg. 2005; 87:570. [PubMed: 15741624]

10. Department of Health and Human Services. Medicare program: changes to the hospital inpatient
prospective payment systems and fiscal year 2006 rates. Fed Regist. 2005; 70(155):47303. https://
www.cms.gov/Regulations-and-Guidance/Regulations-and-Policies/QuarterlyProviderUpdates/
downloads/cms1500f.pdf.

11. Department of Health and Human Services. Medicare program: changes to the hospital inpatient
prospective payment systems and fiscal year 2009 rates. Fed Regist. 2008; 73(161):48498. http://
edocket.access.gpo.gov/2008/pdf/E8-17914.pdf.

12. Tabsh I, Waddell JP, Morton J. Total hip arthroplasty for complications of proximal femoral
fractures. J Orthop Trauma. 1997; 11(3):166. [PubMed: 9181498]

13. McKinley JC, Robinson CM. Treatment of displaced intracapsular hip fractures with total hip
arthroplasty: comparison of primary arthroplasty with early salvage arthroplasty after failed
internal fixation. J Bone Joint Surg Am. 2002; 84-A(11):2010. [PubMed: 12429763]

14. Schwarzkopf R, Manzano G, Woolwine S, et al. Salvage treatment of hip fractures after failure of
surgical fixation: a systematic review. Orthop Knowl Online J. 2015; 13(3)

15. Stinner DJ, Mir HR, Obremskey WT, et al. How can we improve the value proposition: medical
journals and researchers can play a role. AAOS Now. 2013; 7(5) [http://www.aa0s.org/news/
aaosnow/aprl3/advocacy3.asp].

16. Mohanty SS, Agashe MV, Sheth BA, et al. Outcome of total hip arthroplasty as a salvage
procedure for failed infected internal fixation of hip fractures. Indian J Orthop. 2013; 47(1):87.
[PubMed: 23533069]

17. Mariani EM, Rand JA. Nonunion of intertrochanteric fractures of the femur following open
reduction and internal fixation. Results of second attempts to gain union. Clin Orthop Relat Res.
1987; 218:81.

18. Archibeck MJ, Carothers JT, Tripuraneni KR, et al. Total hip arthroplasty after failed internal
fixation of proximal femoral fractures. J Arthroplasty. 2013; 28(1):168.

19. D'Arrigo C, Perugia D, Carcangiu A, et al. Hip arthroplasty for failed treatment of proximal
femoral fractures. Int Orthop. 2010; 34(7):939. [PubMed: 19572131]

20. Srivastav S, Mittal V, Agarwal S. Total hip arthroplasty following failed fixation of proximal hip
fractures. Indian J Orthop. 2008; 42(3):279. [PubMed: 19753153]

21. Winemaker M, Gamble P, Petruccelli D, et al. Short-term outcomes of total hip arthroplasty after
complications of open reduction internal fixation for hip fracture. J Arthroplasty. 2006; 21(5):682.
[PubMed: 16877153]

22. Zhang B, Chiu KY, Wang M. Hip arthroplasty for failed internal fixation of intertrochanteric
fractures. J Arthroplasty. 2004; 19(3):329. [PubMed: 15067646]

23. Min BW, Kim SJ. Avascular necrosis of the femoral head after osteosynthesis of femoral neck
fracture. Orthopedics. 2011; 34(5):349. [PubMed: 21598895]

24. Charlson ME, Pompei P, Ales KL, et al. A new method of classifying prognostic comorbidity in
longitudinal studies: development and validation. J Chronic Dis. 1987; 40(5):373. [PubMed:
3558716]

J Arthroplasty. Author manuscript; available in PMC 2018 March 22.


https://www.cms.gov/Regulations-and-Guidance/Regulations-and-Policies/QuarterlyProviderUpdates/downloads/cms1500f.pdf
https://www.cms.gov/Regulations-and-Guidance/Regulations-and-Policies/QuarterlyProviderUpdates/downloads/cms1500f.pdf
https://www.cms.gov/Regulations-and-Guidance/Regulations-and-Policies/QuarterlyProviderUpdates/downloads/cms1500f.pdf
http://edocket.access.gpo.gov/2008/pdf/E8-17914.pdf
http://edocket.access.gpo.gov/2008/pdf/E8-17914.pdf
http://www.aaos.org/news/aaosnow/apr13/advocacy3.asp
http://www.aaos.org/news/aaosnow/apr13/advocacy3.asp

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Chin et al.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Page 11

Schnaser E, Scarcella NR, Vallier HA. Acetabular fractures converted to total hip arthroplasties in
the elderly: how does function compare to primary total hip arthroplasty? J Orthop Trauma. 2014;
28(12):77. [PubMed: 23981901]

Barrack R. Economics of revision total hip arthroplasty. Clin Orthop. 1995; 319:2009.

Lavernia C, Drakeford M, Tsao A, et al. Revision and primary hip and knee arthroplasty. A cost
analysis. Clin Orthop. 1995; 311:136.

Barrack R. The evolving spectrum of revision hip arthroplasty. Orthopedics. 1999; 22:865.
[PubMed: 10507347]

Healy, W. The economics of total hip arthroplasty. Callaghan, J.Rosenberg, A., Rubash, H., editors.
The adult hip Philadelphia: Lippincott-Raven Publishers; 1998. p. 845

Sculco T. The economic impact of infected total joint arthroplasty. Instr Course Lect. 1993; 42:349.
[PubMed: 8463684]

Tokarski AT, Deirmengian CA, Lichstein PM, et al. Medicare fails to compensate additional
surgical time and effort associated with revision arthroplasty. J Arthroplasty. 2015; 30(4):535.
http://dx.doi.org/10.1016/j.arth.2014.11.003 [Epub 2014 Nov 10]. [PubMed: 25468783]

Bozic KJ, Durbhakula S, Berry DJ, et al. Differences in patient and procedure characteristics and
hospital resource use in primary and revision total joint arthroplasty: a multicenter study. J
Arthroplasty. 2005; 20(7 Suppl 3):17. [PubMed: 16213998]

Burns AW, Bourne RB. Economics of revision total hip arthroplasty. Clin Orthop Relat Res. 2006;
446:29. [PubMed: 16672868]

Lavernia CJ, Alcerro JC. Quality of life and cost-effectiveness 1 year after total hip arthroplasty. J
Arthroplasty. 2011; 26(5):705. http://dx.doi.org/10.1016/j.arth.2010.07.026 [Epub 2010 Sep 25].
[PubMed: 20870386]

Rana AJ, lorio R, Healy WL. Hospital economics of primary THA decreasing reimbursement and
increasing cost, 1990 to 2008. Clin Orthop Relat Res. 2011; 469(2):355. http://dx.doi.org/10.1007/
$11999-010-1526-y. [PubMed: 20809168]

[cited 2015 Aug 12] Physician Fee Schedule Look-up Tool. [updated 2015] Available from: https://
www.cms.gov/apps/physician-fee-schedule/search/search-criteria.aspx

Baghoolizadeh, M., Schwarzkopf, R. Conversion total hip arthroplasty: is it a primary or revision
hip arthroplasty. J Arthroplasty. 2015. http://dx.doi.org/10.1016/j.arth.2015.06.024 [pii:
S0883-5403(15)00536-7. Epub ahead of print]

J Arthroplasty. Author manuscript; available in PMC 2018 March 22.


http://dx.doi.org/10.1016/j.arth.2014.11.003
http://dx.doi.org/10.1016/j.arth.2010.07.026
http://dx.doi.org/10.1007/s11999-010-1526-y
http://dx.doi.org/10.1007/s11999-010-1526-y
https://www.cms.gov/apps/physician-fee-schedule/search/search-criteria.aspx
https://www.cms.gov/apps/physician-fee-schedule/search/search-criteria.aspx
http://dx.doi.org/10.1016/j.arth.2015.06.024

Page 12

Chin et al.

*(€ = u) aunoeuy INway [ewixoud pue ‘(z = u) ainjoely OLIBJUBYI0ILIBIUI ‘(Z = U) ainjoeiy dLI8IURY201IgNS ‘(ZT = U) ainjoely ¥98u [esowdy ‘(TT = u) ainjoel) E_:n_ﬁwodwN

‘(€ = u) aunyoeuy nway ewixold pue ‘(g = u) a1njoe4y ILBIUBYI0IMSIUI ‘(Z = U) 84Nnjdel) d1I8IURY20GNS (2T = U) 8injoely Xoau _SoEmu_m

(€ = u) uonoasal Jo Aloisiy pue (9 = u) |rd 40 A10is1y yum syusied HL co_em>:ooh

(€ = u) NAV pue ‘(g = u) eisejdsAp diy feyuswdojanap ‘(9 = u) 3405,

'(g = u) a1moely INwWiay fewixoud pue ‘(g = u) 8i1njoely DLIBIUBYI0ILIBIUI ‘(Z = U) dinjoely o:&cmcuobgsmn

(9 = u) 1rd 40 Auoisty yum sjusiied wHL UoISIBAUOD,

(€2 (Goyte (2291 (9) 692 (61) TT (¥1) 89 4#(0€ = ) suonexy aimaeyy pajrey |[e Joj YH L UOISIaAU0D

@My ©o1e GDLT (89 T9z (O (e 5(6T = U) uonexy 3Imdel} Pale[aI-INWL) Pa|Ie} 0} VH L UOISIAUOD

Ws (€o)T1e (98671 (9) 192 ®s (8) 5 ES = U ‘Uu0119asa1 o Alosiy + 1fd) uonoayui uiol diy Jo A10isiy yum syusied 10y \H 1 UOISISBAUOD

@1 (o) 8z (8050 (9) T'2e ©v (€T) 9% 5(2T = u 3408 Jo ‘eise|dsAp diy [eyuswidolansp ‘NAY) S3Sned JaUI0 104 YH L UOISIBAUOD

glL=

@z ote (€ENET (v'6) ¥'82 e (TT) €2 u) uonexij ainjoely Inway [ewixoid pue ‘o1I8luBY20414a3ul ‘OLIBIUBYI0AIGNS Pajle) 0} WH.L UOISIBAU0D

®¢ (oe @aer (r'v) €82 (X (1) 09 (TT = u) uonexy ainjoely Je|nqelade pajie) 10} YH L UOISISAUOD

(omz (co)te (€d¢ (L) 8ve (om ¢ (tnzL (21 = u) uonexiy aINjoe.Y 08U [EIOWSY PB]IRY 10} WYH L UOISIBAUOD

@er (Goe (€D (€9) 82 (te) 0z (91) 19 p(1G = U Ird Jo Aiowsty i siuaned Buipnjout) SyH L uoIsIanuod 1y

ot Goe GAvT (r9) g8z (82) 11 (119 (gt = U ’Ird J0 Aiosiy ynm sjusited BuIpn|oxa) SYH L UOISIBAUOI |

(98)2 (s0)8z (TT)S0 (e 62 (89) ¢ 1) 19 (€6 = U {Jo3u02) WHL Arewiid
(JeowsuoN ‘Byows) mewwéq (gs)ebelony  abe MM_\WN (Grewed s N) abe m%\,m@
snieis PYows  ‘vsv ‘uos|reyd ‘Ing BpWO ‘aby

‘so1ydesBbowa uonendod 1uaned

T alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

PMC 2018 March 22.

in

available

)

J Arthroplasty. Author manuscript



Page 13

Chin et al.

*(€ = u) a1moely Inwiay jewixold pue ‘(z = u) 8injoely JLBURYI0ILBIUI (Z = U) 84njdel) DLBIURYI0IGNS ‘(2T = U) 8InjoeIy 498U [elowsy ‘(TT = U) ainjoely B_Bﬂmo,qm

*(€ = u) aJmoely Jnwiay fewixold pue ‘(z = u) ainjoely dLBIURYI0ILBIUI ‘(Z = U) 8Injdely dLBIURY20.IGNS ‘(2T = U) 81njoeiy 4I8U [elowa

P
"(¢ = u) uonoasal Jo A0Sty pue (9 = u) Ird 40 Aloisiy yum syuaied wHL co_w$>co0m

(€ = U) NAV pue ‘(g = u) ersejdsAp diy reyuswdojansp '(9 = u) 308,
‘(g = u) a1noely InWiay [ewixoid pue ‘(z = u) a1Ndel) DLIBUBYI0ILBIUI ‘(Z = U) ainjoely o__ﬁcm:uozgsmu

(9 =) 1rd 40 Aiossty yum siusied YHL :o_ewéooq

‘06007 » [(WH.L Arewnd Jo abesane)/(wHL Arewiid jo abesane — dnoiBgns WH_L UOISISAUOD JO abelane)] :UOIRINOJRD BoUBIBHIP Ememn_m

uUr %C'€T (8Lv6) 996.T 62T %S0T (9089) 029¢T £(0€ = U) SUONEXY BINIJRY Pa]IE} |[E 10} VH L UOISIaAUOD
6.0° %0°8T (€822) ¥0ZLT  9TT"  %8'ST (G2.29) S60€T 4 (6T = U) uonexiy ainjoelj pare|al-Inwa) pajie} 10} YHL UOISIaAUOD
9g0’ %0'S. (0T927) €T252  ¥S0° %129 (2.88) ¥Ze8T 2(6 = U tuondasai Jo Aloisiy + 1fd) uonoagur ol diy Jo Aioisiy yum sjuained 1oy WH L UOISIBAUOD
197" %E'ST (€e€/) 8089T TI9° WG'El (0.85) 8,821 uﬁmﬂ = U {3408 Jo ‘eise|dsAp diy jeluswdojansp ‘NAVY) S8sned Jay1o 10) \YH.L UOISIBAU0D
gt %9'ET (1569) ¥SG9T  £99° %SL (eSLv) 1ST2T 5(£ = u) uonexiy 8iMoely INWaY [ewixold pue ‘DLIBIBYI0ILIBIUI ‘OLIBIUBYI0AANS P3]Ie) 10} WYH L UOISISAU0D
gey’ %ETE (58T2T) €826T GBY  %S'8C (9e58) 92G7T (TT = u) UoIjeXIy BINOELY JeINGEIZIE P3|1e) JOJ WH L UOISISAUOD
150° %902 (€098) €8G.T  1¥0°  %L'0C (zev9) zvoet (2T = u) uonexiy aINjoe.Y 08U [EIOWSY PB]IRY 10} WYH L UOISIBAUOD
05T’ %T°0S (9066) 22681 2T %Z'9C (zetL) SLevt g(15 = uird Jo Aioisiy Lm syuanted Butpnjour) SYH L UISIaAUOD 1Y
Glg %6'€C (zv96) T9OST 2/t %0'TC (£102) 229¢T (St = utIed 4o Aioysty ynm syusized Buipnjoxa) SYH L UOISISAUOD |1
- - (ss6€) 82GVT - - (9z0€) L0€TT (€6 = u :Jou02) YHL Arewiid
d ePWBRUA%  (gg)eberry's d EPWRRHIA % (gs)ebesony s

150D [e10] 1ue|dw|

1500 109.41@ e (dw |

Author Manuscript

Author Manuscript

'$1500) Juejdw|

¢ dlqeL

Author Manuscript Author Manuscript

PMC 2018 March 22.

in

available

)

J Arthroplasty. Author manuscript



Page 14

Chin et al.

*(€ = u) a1moely Inwiay jewixold pue ‘(z = u) 8injoely JLBURYI0ILBIUI (Z = U) 84njdel) DLBIURYI0IGNS ‘(2T = U) 8InjoeIy 498U [elowsy ‘(TT = U) ainjoely B_Bﬂmo,qm

*(€ = u) aJmoely Jnwiay fewixold pue ‘(z = u) ainjoely dLBIURYI0ILBIUI ‘(Z = U) 8Injdely dLBIURY20.IGNS ‘(2T = U) 81njoeiy 4I8U [elowa

P
"(¢ = u) uonoasal Jo A0Sty pue (9 = u) Ird 40 Aloisiy yum syuaied wHL co_w$>co0m

(€ = U) NAV pue ‘(g = u) ersejdsAp diy reyuswdojansp '(9 = u) 308,
‘(g = u) a1noely InWiay [ewixoid pue ‘(z = u) a1Ndel) DLIBUBYI0ILBIUI ‘(Z = U) ainjoely o__ﬁcm:uozgsmu

(9 =) 1rd 40 Aiossty yum siusied YHL :o_ewéooq

‘06007 » [(WH.L Arewnd Jo abesane)/(wHL Arewiid jo abesane — dnoiBgns WH_L UOISISAUOD JO abelane)] :UOIRINOJRD BoUBIBHIP Ememn_m

820°  %L'9E (0TL2T) 290TZ 120"  %0°LE (s28L) OVTET £(0€ = U) UoNEX|Y 31Nel) P3]1e} [E 40} YH L UOISIBAU0D
T %6'2e (668L) 2€68T 82T %Z'€C (€98v) €T8TT 4 (6T = U) uonexiy ainjoelj pare|al-Inwa) pajie} 10} YHL UOISIaAUOD
2000 %Tvh (68.5) 86T2Z 2000 %9t (0£9¢) 7985T 2(6 = U ‘uondasai Jo Aloisiy + 10d) uonoagul ol diy Jo Aioisiy yum sjusined 1oy WH L UOISIBAUOD
612 %8 (8€T2) 00/9T 822" %G8 (6TET) £0VOT uﬁmﬂ = U {3408 Jo ‘eise|dsAp diy jeluswdojansp ‘NAVY) S8sned Jay1o 10) \YH.L UOISIBAU0D
7be %0'eZ (2050) £S68T  1€8° %Z'ZZ (v6v1) T2LTT 5(£ = u) uonexiy 8iMoely INWaY [ewixold pue ‘DLIBIBYI0ILIBIUI ‘OLIBIUBYI0AANS P3]Ie) 10} WYH L UOISISAU0D
€00" %909 (6€28T) 2vive 200"  %6°09 (6T2TT) €EVST (TT = u) UoIjeXIy BINOELY JeINGEIZIE P3|1e) JOJ WH L UOISISAUOD
vET  %8'Ze (05¥8) 0268T 660" %L'€C (T92s) 99811 (2T = u) uonexiy aINjoe.Y 08U [EIOWSY PB]IRY 10} WYH L UOISIBAUOD
7000 %ETE (9020T) 98202 T00'  %L'TE (5629) ¥292T g(15 = uird Jo Aioisiy Lm syuanted Butpnjour) SYH L UISIaAUOD 1Y
100" %882 (0950T) TY86T  S00°  %Z'6C (z159) 58¢2T (St = utIed 4o Aioysty ynm syusized Buipnjoxa) SYH L UOISISAUOD |1
- - (8¥vv) 60YST - - (5892) 6856 (€6 = U {Jou02) WHL Arewid
d ePWBRUA%  (gg)eberry's d ePWRRHIA %  (gs)ebesony ‘s

1500 [e10] buireedo fendsoH

1500 198110 Buire edQ fendsoH

Author Manuscript

Author Manuscript

'$150D) Bunesado |e11dsoH

€ 9lqeL

Author Manuscript Author Manuscript

PMC 2018 March 22.

in

available

)

J Arthroplasty. Author manuscript



Page 15

Chin et al.

*(€ = u) a1moely Inwiay jewixold pue ‘(z = u) 8injoely JLBURYI0ILBIUI (Z = U) 8injdely JLBIURYI0IGNS ‘(2T = U) 84njoeIy XI8U [elowsy ‘(TT = U) ainjoely B_Bﬂmo,qm

‘(€ = u) aanjoely Inwisy [ewixold pue ‘(g = u) aINioeIy JLIBIUBYI0IMBIUI (Z = U) 84N3dkIy ILBIUBYI0IGNS “(ZT = U) 8INJoeI) XI8U _EoEmu_x

"(¢ = u) uonoasal Jo A0Sty pue (9 = u) Ird 40 Aloisiy yum syuaied wHL co_w$>co0m

(€ = U) NAV pue ‘(g = u) ersejdsAp diy reyuswdojansp '(9 = u) 308,
‘(g = u) a1noely InwWiay [ewixoid pue ‘(z = u) 81Ndel) DLIBUBYI0ILBIUI ‘(Z = U) ainjoely o__ﬁcm:uozgsmu

(9 =) 1rd 40 Aiossty yum siusied YHL :o_ewéooq

'0600T » [(WHL Arewnid Jo abetane)/(wvH.L Arewnd Jo abesane — dnoibgns wHL UOISISAUOD Jo abeiane)] :uo1e nNded adualayip Ememn_m
208" %T'Z (086T) €4¥8T  €T0° %T0E (8706T) 8206€ 910" %T'82 (1zez1) 0929z £(0€ = U) suonex1) aimoely pajie) ||V 10} VHL UOISIBAUOD
J61=
1€ %T'C (z66T) 88Y8T  SEO° %502 (66TET) 9ET9E  OVO° %261 (9088) 8062  U) UONEXI) 8INJOEIY P3JEIaI-INWaY P3|Ie) J0J \VH L UOISIBAUOD
5(6 = U ‘uonaasal Jo Aioisy + 1fd) uonosyul
20¢ %T'E (zv6T) 6998T 100> %T'8S (ev9TT) 2TPLY  TOO™> %0'7S (L022) 88T2E qurof diy Jo Aiois1y yum sjusived 1oy WH L UOISISAUOD
.QANH = U ‘3428 Jo ‘eise|dsAp
€9’ %52 (T66T) 9¥S8T  OFT %L'TT (6v2L) 8osee 02T %¥'TT (256S) T82€Z  diy [euawdolansp ‘NAY) S8SNed JaL0 10§ YH L UOISIBAUOD
.up
= U) UOIeX1§ 8Injoely Inway [ewixold pue ‘oLislueyd0I18IuL
6eh %T'S (#99T) 8T06T  ¥92 %¥'8T (ovezT) 90858 Y€ %E VT (8521) 6/8€2 ‘0113)UBYO011GNS PB3|1e} 40} WYH L UOISIBAUOD
(11
GL9 %6'T (£502) 9v¥8T 900 %8'9Y (v0€92) S2ovy 2007 %b'Ey (8T89T) 8G66C = U) UOIEX1} 3INJOBIY JeNQEIdoe Pajle) 10} YH L UOISISAUOD
(zT=
068" %Y°0 (89T2) 6218T  020° %L1 (00zvT) €059 €TO° %22 (¥¥96) 80GGZ  U) UOIEXI) BINJORIY YI3U [BIOWISS P3|Ie) 40} YH L UOISISAUOD
g(1s=u
9,2 %b'e (8€6T) G2G8T 100> %8'0€ (9T291) 6026 TOO' %L°82 (S590T) 66892 :Icd Jo Aioisiy yum sjusiied Buipnjour) SHL UOISIBAUOD |1
(s7=u'ird
16€’ %T'C (696T) €/¥8T SO0 %92 (£999T) 206LE  600° %LV (9260T) 29092 40 Aiois1y yum sjuaired Buipn|oxs) SYHL UOISIBAUOD ||
- - (0€T2) 6608T - - (2129) 18662 - - (85T¥) 96802 (86 = U $1013U02) WYH L Arewilid
d ePRRUIAd % (gs)sberny s d ePRRUIAd %  (gs)sbernv ‘s d ePRRUIA%  (gs)sberny ‘s
1500 8011d-180D 1500 [e}dsoH [el0L 100 [eMdsoH 109.1a

150D 9211d-1S0D) pue 150D [endsoH 2101 ‘1s0D [endsoH 10a11q

¥ alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

PMC 2018 March 22.

in

available

)

J Arthroplasty. Author manuscript



	Abstract
	Methods
	Conversion THA Subgroups
	Fracture Subgroups
	Variables
	Controlled Variables
	Comparison Groups
	Statistical Analysis

	Results
	Conversion THA vs Primary THA
	Conversion THA Subgroups vs Primary THA
	Conversion THA for Failed Fracture Fixation Subgroups vs Primary THA

	Discussion
	Conclusions
	References
	Table 1
	Table 2
	Table 3
	Table 4

