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Background: We examined trends in the treatment of femoral neck fractures over the last two decades.

Methods: We used Medicare Part A administrative data to identify patients hospitalized for closed femoral neck fracture
from 1991 to 2008. We used codes from the International Classification of Diseases, Ninth Revision, to categorize
treatment as nonoperative, internal fixation, hemiarthroplasty, and total hip arthroplasty. We examined differences in
treatment according to hospital hip fracture volume, hospital location (rural or urban), and teaching status.

Results: Our sample consisted of 1,119,423 patients with intracapsular hip fractures occurring from 1991 to 2008. We
found a generally stable trend over time in the percentage of patients managed with nonoperative treatment, internal
fixation, hemiarthroplasty, and total hip arthroplasty. We found little difference in surgical treatment across different
groups of hospitals (high volume compared with low volume, urban compared with rural, and teaching compared with
nonteaching). The percentage of acute care hospitals treating hip fractures remained fairly constant (74.8% in 1991 to
1993 and 69.0% in 2006 to 2008). The median number of hip fractures treated per hospital did not change (thirty-three
in 1991 to 1993 and thirty-three in 2006 to 2008). There was no increase in the percentage of fractures treated in
high-volume hospitals over time (57.7% in 1991 to 1993 and 57.1% in 2006 to 2008) and little reduction in the
percentage of fractures treated in low-volume hospitals (5.8% in 1991 to 1993 and 5.5% in 2006 to 2008).

Conclusions: There has been little change in the trends of operative and nonoperative treatment for proximal femoral
fractures over the last two decades, and there was little evidence of regionalization of hip fracture treatment to higher-
volume hospitals.

F
emoral neck fractures are a common injury in the elderly
population and typically require hospitalization and
surgical intervention. The decision regarding the specific

treatment of an individual patient is multifactorial and com-
plex. There are surgical and nonsurgical options depending on
the fracture characteristics, the overall health of the patient, the
patient’s pre-fracture mobility, and the discretion of the treat-
ing surgeon.

Surgical options for the treatment of a proximal femoral
fracture include internal fixation, hemiarthroplasty, and total
hip arthroplasty. Earlier literature demonstrated the superiority
of replacement rather than fixation in the treatment of dis-
placed fractures in elderly patients1-8. Although most studies have

suggested improved functional outcomes with total hip arthro-
plasty when compared with hemiarthroplasty9-19, others have
found less benefit20,21. Thus, in clinical practice, the treatment
of hip fractures continues to depend upon shared decision-
making involving discussion among the patient, the patient’s
family, and the orthopaedic surgeon. Nonsurgical man-
agement remains reserved primarily for those patients who
are deemed unfit for surgery because of excessive medical
comorbidity.

The treatment of hip fractures has increased importance
because of the very high mortality and morbidity associated
with this injury. Available data suggest that one-year mortality
rates approach 30% and that 25% of patients who survive a hip

Disclosure: One or more of the authors received payments or services, either directly or indirectly (i.e., via his or her institution), from a third party in
support of an aspect of this work. In addition, one or more of the authors, or his or her institution, has had a financial relationship, in the thirty-six months
prior to submission of this work, with an entity in the biomedical arena that could be perceived to influence or have the potential to influence what is written
in this work. No author has had any other relationships, or has engaged in any other activities, that could be perceived to influence or have the potential to
influence what is written in this work. The complete Disclosures of Potential Conflicts of Interest submitted by authors are always provided with the
online version of the article.

Disclaimer: The views expressed are those of the authors and do not necessarily represent the views of the Department of Veterans Affairs.

e132(1)

COPYRIGHT � 2013 BY THE JOURNAL OF BONE AND JOINT SURGERY, INCORPORATED

J Bone Joint Surg Am. 2013;95:e132(1-8) d http://dx.doi.org/10.2106/JBJS.L.01163



fracture will require long-term nursing home placement22-24. A
higher individual surgeon volume has been associated with a
reduction in complications, length of hospital stay, and mor-
tality25,26. A similar association between increasing hospital
volume and superior outcomes after hip fractures has not been
established, despite the intuitive appeal of such reasoning27-33.

Our primary objective was to evaluate the general trends
in surgical and nonsurgical management of femoral neck
fractures to examine how treatment might be changing over
time. We were interested both in the setting of treatment (high
or low-volume centers, rural or urban hospitals, and teaching
or nonteaching hospitals) and the proportions of the specific
treatment (total hip arthroplasty, hemiarthroplasty, internal
fixation, or no surgery) that was chosen. Our secondary objec-
tive was to determine if there has been evidence of regionaliza-
tion in hip fracture treatment to higher-volume centers over time.
We anticipated that we would find that patients managed at
teaching hospitals, urban hospitals, and high-volume hospitals
would be more likely to undergo a total hip arthroplasty, and
there would be an increasing tendency for hip fractures to be
treated at high-volume centers over time.

Materials and Methods

We used Medicare Provider Analysis and Review (MedPAR) Part A data
files to identify fee-for-service beneficiaries who had sustained a closed,

transcervical fracture of the femoral neck (International Classification of
Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] diagnosis code
820.0x) from January 1, 1991, to December 31, 2008. We did not include

fractures at the base of the femoral neck (ICD-9-CM code 820.03) as their
treatment is different from that of transcervical femoral neck fractures. We
extracted an array of information from the MedPAR files including patient
demographic characteristics (age, race, and sex), patient comorbidities, ICD-
9-CM codes for diagnoses and procedures, zip code of the patient’s residence,
each patient’s unique Medicare beneficiary number, hospital characteristics,
and the unique hospital identification number. Comorbid conditions were
identified with use of algorithms described by Elixhauser et al.

34
. We further

stratified the number of comorbidities as none, one to two, three to four, and
five or more for the purposes of analysis.

We excluded several populations from our analysis including patients
with fracture who were younger than sixty-five years, as they are not repre-
sentative of the general Medicare population, and patients with incomplete
demographic data (e.g., missing age, race, or sex).

All patients with hip fracture were stratified into one of four treatment
groups based upon ICD-9-CM procedure codes: total hip arthroplasty (81.51),
hemiarthroplasty (81.52), internal fixation (79.15, 79.35, 78.55), and none
(patients lacking a procedure code associated with their admission were con-
sidered nonoperative). Patients managed with a procedure related to the femur
other than the three specified above were excluded from the analysis (see
Appendix). Our final sample included 1,162,301 patients with a diagnosis of
a closed femoral neck fracture from 1991 to 2008.

Hospital Characteristics
We divided our eighteen-year period of investigation into six three-year blocks. In
each three-year time interval, we stratified hospitals that treated at least one hip
fracture into quartiles by the number of hip fractures treated. Our hospitals of interest
were those in the highest and lowest quartiles. The highest quartile represents high-
volume hospitals and the lowest quartile represents low-volume hospitals.

We linked the MedPAR data to the American Hospital Association
(AHA) annual survey data. The AHA provides hospital-level information such

Fig. 1

Line graph showing the national volumes of internal fixation, hemiarthroplasty, total hip arthroplasty, and no surgery in the Medicare population from

1991 to 2008.
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Fig. 2

Line graph showing the mean hospital volume for internal fixation, hemiarthroplasty, total hip arthroplasty, and no surgery in the Medicare population

from 1991 to 2008.

Fig. 3

Line graph showing the percentage of hip fractures treated with internal fixation, hemiarthroplasty, total hip arthroplasty, and no surgery in the Medicare

population from 1991 to 2008.
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as bed number, teaching status, nurse staffing level, and hospital zip code. We
also linked the MedPAR data with the Rural-Urban Commuting Area (RUCA)
classification system, which provides a means to classify patient residence and
hospital location into rural and urban areas. Specifically, we used the codes
recommended by the RUCA web site corresponding to 4.0, 5.0, 6.0, 7.0, 7.2, 7.3,
7.4, 8.0, 8.2, 8.3, 8.4, 9.0, 9.1, 9.2, 10.0, 10.2, 10.3, 10.4, and 10.5 for rural zip
codes and 1.0, 1.1, 2.0, 2.1, 2.2, 4.1, 5.1, 7.1, 8.1, and 10.1 for urban zip codes

35
.

The RUCA system has been utilized in previous investigations
23,36

.
Additionally, we classified the hospitals as major teaching, minor

teaching, or nonteaching. A major teaching hospital was considered any hos-
pital that is a member of the Council of Teaching Hospitals and Health Sys-
tems

37
. If a hospital is not a member of the Council of Teaching Hospitals and

Health Systems, but does have a residency program affiliated with it, it was
considered a minor teaching hospital. Hospitals that do not have any medical
training program affiliation were categorized as nonteaching.

Statistical Analyses
We used bivariate methods (t test and chi-square test) to compare the char-
acteristics of patients with hip fracture over the study period. In particular, we
compared patient demographic characteristics and comorbidities during each
of the three-year study increments to explore how patients with hip fracture
have changed over time. We then used similar methods to compare the trends
in management between the different three-year intervals. Next, we applied
these methods to investigate any changes in hip fracture volume at the hospital
level over the same time period. All statistical analyses were performed with
use of SAS Version 9.2.3 (SAS Institute, Cary, North Carolina). This study was
approved by our institutional review board.

Source of Funding
This work was funded in part by a grant (R01 HL085347) from the National
Heart, Lung, and Blood Institute (NHLBI) and a grant (R01 AG033035) from
the National Institute on Aging (NIA) at the National Institutes of Health

(NIH). One author (P.C.) was supported by the Department of Veterans Affairs
and by an award (K24 AR062133) from the National Institute of Arthritis and
Musculoskeletal and Skin Diseases (NIAMS) at the NIH. One author (B.J.M.)
was supported by a T32 training grant (CA148062-01) from the NIH. Funds
from all sources were used for salaries.

Results

Given the large sample size, there were significant differ-
ences in many patient demographic characteristics over

time (see Appendix). The most striking are the increase in the
prevalence of diabetes, heart failure, obesity, and renal failure
and the mean number of comorbidities per patient within the
time period of our investigation. The annual volume of pro-
cedures to treat hip fractures peaked in the mid-1990s before
steadily declining in subsequent years (Fig. 1). The mean
hospital volume for each of the four treatment modalities
remained relatively stable over the study period (Fig. 2), re-
flecting both the reduction in hip fractures over time and also
the gradual reduction in the number of hospitals treating hip
fractures.

Viewed from a somewhat different perspective, the per-
centage of hip fractures treated with each of the four thera-
peutic options remained relatively constant over time (Fig. 3).
The most common surgical procedure was a hemiarthroplasty,
accounting for 62.8% of all hip fracture treatment in 1991 to
1993 and 63.9% of all hip fracture treatment in 2006 to 2008
(p < 0.001). After an initial decline in utilization, the proportion
of total hip arthroplasty remained steady without indication of
a recent increase, with 7.1% of all hip fracture treatment in

Fig. 4

Line graph showing the percentage of all hip fractures treated in high and low-volume hospitals in the Medicare population from 1991 to 2008.
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1991 to 1993 and 4.8% of all hip fracture treatment in 2006
to 2008 (p < 0.001). A subgroup analysis of major teaching
hospitals, rural hospitals, and high and low-volume hospitals
further details these trends (see Appendix). Of note is the in-
crease in proportion of total hip arthroplasty at major teaching
hospitals in the last time period (2006 to 2008). This is the only
hospital-based subgroup we analyzed that showed a recent
increase in utilization. We found that the proportion of total
hip arthroplasty is also rising in patients with no recorded
comorbidities (5.8% in 2003 to 2005 to 6.4% in 2006 to 2008)
(see Appendix).

The mean and median hospital fracture volumes remained
largely unchanged over the study period (see Appendix). The
median number of fractures treated ranged from twelve to
fourteen per year, with an average of thirteen per year in the
period 1991 to 1993 and in the period 2006 to 2008. The lowest
quartile contained hospitals treating six fractures or less an-
nually, and the highest quartile contained hospitals treating
twenty-three fractures or more annually. The total number of
hospitals treating hip fractures steadily decreased over time
(4208 from 1991 to 1993 and 3540 from 2006 to 2008); this
reduction is largely a reflection of an overall reduction in
the number of acute care hospitals in the United States over
time (5720 from 1991 to 1993 and 5130 from 2006 to 2008).
A number of hospitals (5.4% in 1991 to 1993 and 4.5% in

2006 to 2008) did treat at least one hip fracture, but did not
treat any of them operatively.

The proportion of hip fractures treated at high-volume
centers remained relatively constant throughout the study pe-
riod (Fig. 4). In 1991 to 1993, 57.7% of fractures were treated in
high-volume centers, and in 2006 to 2008, 57.1% were treated
in high-volume centers (p < 0.001). In the same time period,
low-volume centers demonstrated a subtle decrease in the rela-
tive utilization of total hip arthroplasty, although the overall
trend was stable. The most important discrepancy is the per-
centage of hip fractures treated nonsurgically in low-volume
hospitals (8.7% in 1991 to 1993 and 9.2% in 2006 to 2008)
compared with high-volume hospitals (3.7% in 1991 to 1993
and 3.7% in 2006 to 2008). This gap is accounted for by a
greater percentage of hemiarthroplasty done at high-volume
centers (Fig. 5). The proportions of internal fixation and total
hip arthroplasty were similar between low and high-volume
hospitals.

Discussion

In an investigation of treatment of femoral neck fractures
in the Medicare population from 1991 to 2008, we found

surprisingly little change in surgical treatment over time.
Specifically, we found little change in the proportion of patients
with hip fracture managed with four different modalities:

Fig. 5

Line graph showing the percentage of hip fracture admissions treated with internal fixation, hemiarthroplasty, total hip arthroplasty, and no surgery in

high and low-volume hospitals in the Medicare population from 1991 to 2008.
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internal fixation, hemiarthroplasty, total hip arthroplasty, and
no surgery. We also found little difference in hip fracture
treatment in high and low-volume hospitals, in rural and urban
hospitals, and in teaching and nonteaching hospitals. Finally, we
found little evidence for the regionalization of hip fracture sur-
gery to higher-volume centers. In aggregate, our findings were
somewhat unexpected given the advances in orthopaedic
knowledge during this period of time.

Our finding of little change in the proportion of patients
with fracture managed with internal fixation, hemiarthroplasty,
total hip arthroplasty, and no surgery over time is important and
extends prior research. A previous study by Jain et al. examined
trends in the surgical treatment of hip fractures from 1990 to
200138. Surprisingly, the investigators found a decrease in total
hip arthroplasty utilization during their study period, but hy-
pothesized that the trend of declining total hip arthroplasty
utilization could reverse, and that utilization of total hip
arthroplasty would increase in future years as more comparative
studies showing the benefits of total hip arthroplasty over
hemiarthroplasty were completed. We extended their work
to include more contemporary data, but again found no
evidence of increased use of total hip arthroplasty for hip
fracture treatment. This result is particularly interesting given a
number of recent studies that have suggested that total hip
arthroplasty may produce better hip fracture outcomes com-
pared with hemiarthroplasty9-16,19. One potential explanation is
that surgeons are not choosing total hip arthroplasty for hip
fracture because they remain skeptical of the generalizability of
the published studies to their patients. For instance, the finding
that the proportion of total hip arthroplasty is increasing only
in patients without recorded comorbidities may reflect a gen-
eral acceptance that total hip replacement may be a superior
procedure for only the healthiest patients. Alternatively, it is
possible that surgeons are choosing to forego total hip arthro-
plasty because the surgery is typically more complicated and has
greater risks of complications than hemiarthroplasty. Yet an-
other potential explanation is that patients and their families are
less interested in a more complex surgery with increased
risks despite the potential benefits that total hip arthroplasty
may afford. Finally, as we were limited to patients over sixty-five
years of age, it is possible that an increase in total hip arthroplasty
is present in younger patients not represented in this cohort.
Each of these possibilities warrants further exploration.

Our finding of little difference in hip fracture treatment
in high and low-volume centers is also interesting. We expected
that higher-volume centers would be better prepared for the
complexities of surgery and postoperative complications and
thus would manage a higher proportion of their patients with
hip fracture with total hip arthroplasty, but we did not find this.
We did find some evidence that a higher proportion of patients
were managed nonoperatively in lower-volume centers. We can
envision a number of potential explanations for this finding.
First, low-volume centers may be less likely to have the multi-
disciplinary teams of surgeons, anesthesiologists, geriatricians,
and other subspecialists necessary to manage patients with high-
risk fracture and thus might be reluctant to operate. Second, it

is likely that many patients with fracture in low-volume hospitals
who are good surgical candidates would be transferred to higher-
volume centers for surgery; thus, the subsample of patients with
hip fracture who gain admission to low-volume hospitals are
likely to represent an extremely high-risk pool as many better
operative candidates are likely to be transferred to a higher-
volume referral center directly from the emergency department
prior to admission. Our analysis focused on patients with hip
fracture admitted to an acute care hospital and did not allow us
to examine pre-hospital triage decisions.

We also examined whether there might be differences in
hip fracture treatments when hospitals were stratified according
to teaching status or geographic location. We thought that
rural hospitals might have greater difficulty in obtaining or-
thopaedic surgeon coverage and would likely lack experienced
orthopaedic trauma surgeons and that this might, in turn, in-
fluence surgical treatment. Concerns with limitations to access
and quality of specialty care in rural settings have been raised
in other medical conditions39-42. In actuality, the differences in
treatment in urban and rural hospitals that we observed were
minimal. We also hypothesized that major teaching hospitals,
with their intellectual environment, multidisciplinary teams, and
training programs, might be more likely to treat hip fractures in
accordance with the most recent literature and guidelines. Al-
though we observed slightly greater use of total hip arthroplasty
in major teaching hospitals during the last three years of our
study, the differences in hip fracture treatment across teaching
and nonteaching hospitals were small.

Over the past two decades, substantial evidence has ac-
cumulated for improved patient outcomes and standardization
of care in hospitals with higher volumes for an array of con-
ditions and procedures including cardiovascular disease43-45,
cancer43,46,47, and total joint replacement48-52. There is evidence
that elective joint replacement has increasingly regionalized
in recent years, potentially in response to a perception of in-
creased quality at high-volume centers53. However, data for hip
fractures have not conclusively demonstrated improved out-
comes for high-volume hospitals27-29,31,33. Interestingly, high
individual surgeon volume of hip fractures appears to benefit
independently from hospital volume25-28,54. In fact, Birkmeyer
et al. suggested that surgeon volume, rather than hospital vol-
ume, is of primary importance in optimizing mortality in
a number of surgical procedures55.

The potential reasons for this lack of regionalization of
hip fracture treatment are likely complex. It is possible that
patients with hip fractures (and their families) prefer to be
managed locally, thus hindering any efforts to concentrate care
in high-volume centers. Alternatively, surgeons and emergency
room physicians may view hip fractures as a general ortho-
paedic condition in the elderly that does not benefit from
treatment at large, tertiary-care, referral hospitals. Finally, it is
possible that our finding of a lack of regionalization to high-
volume hospitals overlooks concentration of hip fracture treat-
ment among high-volume surgeons; our lack of individual
physician-level data precluded us from examining this issue.
Regardless, the absence of regionalization of hip fractures can
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be partially explained and can be justified by the lack of solid
evidence demonstrating a clear benefit to treatment in a high-
volume center.

We had numerous additional findings that are interesting
and warrant brief mention. First, the trend of increasing patient
comorbidity over time has been noted in prior longitudinal
studies22,56-59. Both Medicare reimbursement policy and in-
creased attention to risk-adjusted outcomes provided strong
incentive to exhaustively code all medical comorbidities and
likely played a partial role in the increased comorbidity that we
observed. However, there is strong evidence that the actual
prevalence of diabetes and obesity is increasing and thus not
all of the increased prevalence of comorbidities is merely an
artifact of coding60-62. Next, we found a decreasing incidence
in the total number of hip fractures, which is consistent with
previous studies22,63. These reports suggest that this observation
is multifactorial and may be due to increasing use of bisphos-
phonates, lifestyle changes, and public health awareness re-
sulting in fewer fractures22. We also determined that the number
of hospitals steadily decreased over our study period. The ex-
planation for this result is likely complex, but is due in part to a
high number of hospital mergers and consolidations64.

Our study had several limitations. First, our sample was
limited to Medicare beneficiaries, and generalization to the
non-Medicare population should be done with care. However,
hip fractures are a common orthopaedic injury in the elderly,
making the Medicare population an appropriate place for
studying this injury. Second, our study relied upon adminis-
trative data and we lacked detailed clinical data on patient
comorbidity and fracture pathology that may have influenced
management decisions. For example, we were not able to dis-
tinguish between displaced and nondisplaced femoral neck
fractures. Likewise, our reliance upon administrative data
precluded us from studying patient and provider decision-
making and the factors that led to a particular management

decision in a given patient; this is clearly an area for future
research. Third, our study did not include enrollees in Medi-
care managed care plans. Lastly, our study focused on patients
hospitalized with hip fractures and we did not evaluate the pre-
hospitalization triage or emergency department triage.

In summary, the treatment of femoral neck fractures
changed very little during the eighteen-year period of this study
and that treatment was largely similar across different groups
of hospitals. We also found little evidence of regionalization of
hip fracture surgery to higher-volume hospitals. In aggregate,
our study highlights the need for continued efforts to compare
the medical and functional outcome of hemiarthroplasty and
total hip arthroplasty for the treatment of hip fracture.

Appendix
Tables showing the characteristics of Medicare benefi-
ciaries with hip fracture from 1991 to 2008; hip fracture

treatment in teaching hospitals, rural hospitals, and high and
low-volume hospitals; hip fractures treated with total hip ar-
throplasty in the Medicare population from 1991 to 2008; and
characteristics of U.S. acute care hospitals managing patients
with hip fracture from 1991 to 2008; and a figure showing a
flowchart of the study cohort generation are available with the
online version of this article as a data supplement at jbjs.org. n
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