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Abstract This study was performed to determine whether5.5% sliding hip screw). Mortality rates at 30 days (14.2%
patients who sustain an intertrochanteric fracture havéntramedullary nail versus 15.8% sliding hip screw) and
better outcomes when stabilized using a sliding hip screviL year (30.7% intramedullary nail versus 32.5% sliding hip
or an intramedullary nail. A 20% sample of Part A and Bscrew) were similar. Adjusted secondary outcome mea-
entitled Medicare benebciaries 65 years or older was useslires showed signibcant increases in the intramedullary
to generate a cohort of patients who sustained intertrorail group relative to the sliding hip screw group for index
chanteric femur fractures between 1999 and 2001. Twdiospital length of stay, days of rehabilitation services in the
fracture implant groups, intramedullary nail and sliding hip brst 6 months after discharge, and total expenditures for
screw, were identiPed using Current Procedural Termidoctor and hospital services.
nology and International Classibcation of Diseases, 9tlhevel of Evidence: Level Ill, therapeutic study. See the
Revision codes. The cohort consisted of 43,659 patientssuidelines for Authors for a complete description of levels
Patients treated with an intramedullary nail had higher ratesf evidence.
of revision surgery during the prst year than those treated
with a sliding hip screw (7.2% intramedullary nail versus

Introduction

One or more of the authors (DG, AT) have received funding from

National Institutes of Health grants AG12262 and AR048094, us " the United States, the annual incidence of hip fractures is

Public Health Service. approximately 296,0009]. Approximately 50% of these
fractures are extracapsular and are referred to as intertro-
B. Aros, A. N. A. Tosteson, K. J. Koval chanteric or pertrochanteric fractures. Historically, a

Multidisciplinary Clinical Research Center in Musculoskeletal

Diseases, Lebanon, NH, USA sliding hip screw (SHS) has been the preferred implant to

stabilize these fracture$[13, 18, 21, 24, 25, 35]. How-

B. Aros, K. J. Koval ) ever, intramedullary hip screw devices have gained
Department of Orthopaedics, Dartmouth Medical School, popularity for stabilizing this fracture type2[ 4, 7, 8, 10,
1 Medical Center Drive, Lebanon, NH, USA 12, 16, 17, 29, 31, 32]

e-mail: kikmd@yahoo.com . . .
: Y Intramedullary implants have mechanical and theoreti-

A. N. A. Tosteson, D. J. Gottlieb cal clinical advantages in comparison to a Si28][ Owing
The Dartmouth Institute for Health Policy and Clinical Practice, to its more medial placement than a SHS side plate, the
Lebanon, NH, USA intramedullary nail (IMN) is closer to the mechanical axis

A. N. A. Tosteson of the lower extremity which decreases the bending
Department of Medicine, Dartmouth Medical School, Lebanon, moments on the implant. Potentially, the IMN can be
NH, USA inserted percutaneously with lower blood loss and less
A N. A Tosteson periosteal disruption than a SHS. However, Parker and
Department of Community and Family Medicine, Dartmouth Handoll evaluated studies comparing intramedullary hip
Medical School, Lebanon, NH, USA screws and SHS; they concluded that given the increased
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risk of operative and later fracture of the femur and(less than 250 cases per year), middle (250630 cases per
increased reoperation rate associated with IM hip screwsgjear), or high (more than 630 cases per year) to adjust for
SHS are superior for treating intertrochanteric fracturesrolume-outcome effects. The demographics of the two
[33]. implant groups were similar (Tabl¥). Patients in both

Many of the published studies comparing SHS and IMNcohorts were predominantly white, female, and older than
for stabilization of intertrochanteric fractures have 80 years. Chronic illness burdens before the hip fractures
involved a small number of patients and looked at a limitedwere similar for the two groups as per comparison of the
number of outcomes such as mortality and need for revinumber of comorbidities.
sion surgery 2, 4, 7, 8, 10, 12, 16, 17, 29, 31, 32]. Our We controlled for medical comorbidities using the lez-
study, using a large cohort of Medicare benebciaries, wagoni comorbidity index, an accepted approach to
performed to determine whether patients who sustain anomorbidity adjustment with administrative databast,[
intertrochanteric fracture have better outcomes when staising inpatient claims at the time of the index hospital
bilized with a SHS or an IMN. We compared 1-year admission and inpatient and outpatient claims during the
revision surgery rates, mortality, length of hospital stay,6 months before the index hospitalization. Diagnoses
number of days using rehabilitation services, and costgerived from Part B (physician services) claims were
associated with both implants. restricted to those debned as evaluation and management

or procedures. Comorbidities were summed into the fol-

lowing categories: 0, 1, 2, or 3+ for analysis.
Materials and Methods We used the denominator ble to determine mortality at

30 days and 1 year after hip fracture. MEDPAR records
We used a 20% sample of Medicare claims (Part A andvere used to determine the length of hospital stay for the
Part B) submitted by hospitals and physicians betweeimitial hospitalization and the 6-month period starting with
1999 and 2001 to identify a cohort of patients who hadthe index admission. CPT codes (27090, 27236, 27130,
sustained intertrochanteric femur fractures. This 20% ran20680, 27132) were used to identify patients who required
dom sample was provided by the Center for Medicare andevision hip surgery secondary to a complication with
Medicaid Services (CMS) and was used in a previous studfracture bxation within 1 year of the index procedure.
[23]. We identiPed 43,659 intertrochanteric femur frac- MEDPAR skilled nursing facility claims, Part B, and
tures. The International Classibcation of Diseases, 9thlome Health bles were used to determine the total number
Revision (ICD-9) code 820.2 listed as the primary diag-of days using rehabilitation services for the prst 6 months
nosis and the Current Procedural Terminology (CPT) codeafter hospital discharge. These included days spent in a
27244 and 27245 were used to identify two fracture groupskilled nursing facility, days with claims for home health or
debned by the implant chosen for fracture stabilization, aphysical therapy, and comprehensive outpatient rehabili-
IMN or a SHS. Patients were excluded if they were antation facility visits. Days in which patients had more than
HMO participant, sustained a fracture secondary to cancesne type of therapy claim were not double-counted.
or major trauma (based on diagnosis codes found on the Total expenditures were calculated using standardized
MEDPAR and relevant Part B claims at the time of indexcosts to allow comparisons free of payment differences
hospitalization), or had sustained a hip fracture during theesulting from region or teaching status of the hospitals;
previous calendar year. If a patient had more than one hithese costs included diagnosis-related group (DRG)
fracture during the study period, the brst fracture was usedeights for acute hospital admissions and total relative
in the analysis. Patients with conficting ICD-9 diagnosesralue units (RVU) for all Part B (physician supplier) bills.
not specibc for the intertrochanteric region (eg, subtroWe evaluated the period from index admission to 1 year
chanteric, femoral neck fracture) also were excluded. Arafter injury (including the cost of the index hospitalization
SHS was used to stabilize 40,828 (94%) fractures and aand procedure). Values were expressed in US dollars for
IMN was used in 2831 (6%) fractures. 2000.

Demographic characteristics that were recorded inclu- We used summary statistics (means, proportions) to
ded patient age (divided into bve categories: 65D69, 70D 7describe the demographic probles for the patients stabilized
75D79, 80D84, 85 years or older), gender, race (black, nosing either an IMN or SHS debned by ICD-9 and CPT
black), Medicaid status at the time of fracture (yes/no),codes. Logistic regression was used to predict the odds of
disability as reason for Medicare status (yes/no), and hosinary outcomes (eg, death, revision surgery) and analysis
pital location (characterized in three groups based on ruralef variance for continuous outcomes (costs, length of
urban commuting coded §]: urban, large town/suburban, hospital stay, use of rehabilitation services). All models
small town/isolated). Hospital hip fracture volume waswere adjusted (adjusted odds ration or AOR) for patient
stratiped on three levels that approximated terciles: lovage, gender, race, RUCA categories, hospital fracture
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Table 1. General characteristics of the cohort

Characteristic Intramedullary nail Sliding hip screw Overall
(n = 2831) (n = 40,828) (n = 43,659)
Gender
Male (number/%) 657 (23.2%) 8930 (21.9%) 9587
Female 2174 (76.8%) 31,898 (78.1%) 34,072
Age
65D69 years 130 (4.6%) 1485 (3.6%) 1615
70D74 years 248 (8.8%) 3369 (8.3%) 3617
75D79 years 425 (15.0%) 6388 (15.7%) 6813
80Db84 years 9566 (23.4%) 663 (23.4%) 10,229
85D89 years 717 (25.3%) 10,792 (26.4%) 11,509
> 90 years 648 (22.9%) 9228 (22.6%) 9876
Mean (years) 83.6 83.8
Race
White 2651 (93.6%) 38,468 (94.2%) 41,119
Nonwhite 180 (6.4%) 2360 (5.8%) 2540
Nature of region
Urban* 1826 (64.9%) 23,414 (58.1%) 25,240
Large town* 566 (20.1%) 9594 (23.8%) 10,160
Small town/isolated* 420 (18.1%) 7313 (14.9%) 7733
Hospital hip fracture volume
< 250 cases* 628 (22.2%) 9759 (23.9%) 10,387
250D630 cases* 1446 (50.0%) 21,018 (51.5%) 22,464
> 630 cases* 757 (26.8%) 10,051 (24.6%) 43,659
Reason for medicare eligibility
Medicaid 552 (19.5%) 7686 (18.8%) 8238
Disabled (reason for Medicare eligibility) 188 (6.6%) 2628 (6.4%) 2816
Number of lezzoni comorbidities
0 1343 (47.4%) 19,270 (47.2%) 20,613
1 868 (30.7%) 12,740 (31.2%) 13,608
2 402 (14.2%) 5779 (14.2%) 6181
3+ 218 (7.7%) 3039 (7.4%) 3257

* Statistical tests for univariate difference based on Mantel-Hanzel chi square wittDp. Grouped variables (eg, age) were evaluated across all

strata at once to test for any difference between IMN and SHS populations.

volume, Medicaid status, disability status, and number ofl..16D01.57, p= .0001) in the IMN group compared with
the SHS group (7.2% and 5.5%, respectively) (Tedle

comorbidities.

Results

(0.17; 95%

The mean number of inpatient days for the index hos-
pitalization was higher

.012D0.32;

p = .035) for the IMN group than the SHS group (6.5 and
6.3 days, respectively) (Tab®. The mean numbers of

Similar 30-day and 1-year mortality rates were founddays spent as an inpatient during the brst 6 months after
between patients treated with both implants (TaBleThe injury for the IMN and SHS groups were 9.6 days and

30-day mortality rates for the IMN and SHS groups were9.3 days, respectively, which was not statistically signib-

14.2% and 15.8%, respectively (AOR, 0.99; 95% conb-<ant (0.17; 95% CI—-0.16D0.49).

dence interval [CI], 0.89D1.11). One-year mortality rates The total mean numbers of days using rehabilitation

for the IMN and SHS groups were 30.7% and 32.5%services for the IMN and SHS groups were 10.2 and

respectively (AOR, 1.00; 95% CI, 0.90b1.07). The 1-yeaB.5 days, producing a signibcant adjusted increase in the
revision surgery rate was higher (AOR, 1.35; 95% CI,IMN group of 0.56 days (95% CI, 0.0790.93=0.015)
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Table 2. Primary and secondary outcome measures by treatment

Outcomes Intramedullary Sliding hip Odds ratio* (95% ClI)
nail screw
Primary
Crude revision surgery rate 7.2% 5.5% 1.35 (1.16D1.57)
Crude 30-day mortality 14.2% 15.8% 0.99 (0.89P1.11)
Crude 1 year mortality 30.7% 32.5% 1.0 (0.9b1.07)
Secondary Adjusted difference
IMN — SHS
Index length of stay 6.5 days 6.3 days 0.17 ( 0.012P0.32)
Inpatient days during Prst 6 months 9.6 days 9.3 days 0-Dr16D0.49)
Days with usage of rehabilitation services 10.2 days 9.5 days 0.56 (0.07D0.93)
during Prst 6 months
Utilization costs during brst year $16,854 $15,710 $947 (581D1313)

* Adjusted odds ratio for outcome with IMN relative to SHS.

(Table?2). Total costs (all physician and hospital costs)of the associated comorbidities, lifestyle factors, body
during the brst year after injury were higher ($947; 95%composition of the patient, or radiographic information
Cl, $581D%$1313; g .001) for patients in the IMN group such as fracture comminution or displacement. Two studies
($16,854) than the SHS group ($15,710). had high failure of pxation for reverse obliquity intertro-
chanteric fractures managed with a SHS and recommended
use of bxed angled devices or IMN for this fracture con-
Discussion bguration L5 22]. Because the incidence of reverse
obliquity fractures is not known for our cohort, the higher
This study was performed using a large cohort of Medicareeoperation rate in the IMN group could have been inf3u-
benebciaries to determine whether patients sustaining aanced by inclusion of patients with greater fracture
intertrochanteric fracture have better outcomes when stanstability.
bilized with a SHS or an IMN. We compared 1-year The study period was from 1999 to 2001. This period
revision surgery rates, mortality, length of hospital stay,was relatively early during acceptance of the IMN for
number of days using rehabilitation services, and coststabilization of intertrochanteric fractures as evidenced by
associated with both implants. the fact that 94% of our cohort was treated using a SHS.
The studyOs limitations include the fact this is a retroAlthough the demographic characteristics of the two
spective database study with all the problems inherent witlgroups were not signibcantly different, there may have
this methodology. Although the patient groups appearedbeen a learning curve for use of IMN for intertrochanteric
similar, patients were not randomly assigned to one of thdracture stabilization. This learning curve may have inf3u-
implant groups; thus, unmeasured confounders may exignced the higher complication rate associated with use of
that were not adjusted for in this analysis and could havehe IMN. The results may have been different using a more
biased the results. However, using a national database oécent cohort as clinicians became more familiar with use
Medicare claims should provide a true indication of theof IM implants for stabilization of proximal femur
actual care that is being received across the breadth dfactures.
institutions in the United States, whereas trials often are Therefore, we do not have all information necessary to
performed in select institutions using restrictive entranceully evaluate the appropriateness of specibc interventions
criteria. Similar to most database projects, users cannair to control for all relevant patient and surgeon factors that
independently verify the accuracy of the data. Howevermay have affected the complication rates after hip frac-
Baron et al. performed internal validation of Medicare datatures. In addition, billing codes may not always completely
for patients sustaining a hip fracture or undergoing prosfefRect the details of the clinical care. There is no way to
tatectomy, comparing hospital and physician claie [ determine whether the implants used were short or long
they found excellent agreement between the two claimiMN; the complication rates between these two types of
sources with percentage of agreement generally betwediMN might be different. Furthermore, the problem of lat-
89% to 99%. erality (ie, the fact that ICD-9-CM codes do not reliably
Furthermore, the Medicare database does not includdistinguish between left and right sides) prevented us from
detailed clinical information such as medications, severitjknowing with certainty whether adverse events after hip
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fracture treatment were related to the extremity treatedephalomedullary nail with a SHS for stabilization of
surgically at the index stay. However, this limitation would extracapsular hip fractures, reported the short IMN was
apply to patients treated with either implant. associated with a signibcantly greater revision surgery rate
Trochanteric antegrade IM nailing of intertrochantericthan a SHS (relative risk, 1.56; 95% ClI, 1.12D2.138].[
fractures using a large screw placed up the neck to proximally The crude and adjusted 30-day and 1-year mortality
interlock a short IMN gained popularity in the 1980s andrates for the two groups were not signibcantly different and
1990s. Early reports suggested some advantages to this bxhae values reported in our analysis are consistent with
tion technique, including a minimally invasive surgical published rates14, 16, 27, 28, 33, 34]. In a prospective,
technique, shortened operating times, lower blood lossandomized series of 100 intertrochanteric fractures stabi-
improved biomechanics, greater fracture stability, earliedized with either a cephalomedullary nail or SHS, Hardy
mobilization, and shorter lengths of stag; B, 11, 16, 26]. et al. reported a 1-year mortality rate of 30% using either
However, authors soon reported numerous technical conmmplant [16]. Parker and Handoll, comparing use of a
plications, including fracture of the femur below the nail andcephalomedullary nail with a SHS for stabilization of
need for revision surgery[8, 11, 26]. The initial nails, made extracapsular hip fractures, reported no difference in
by several manufacturers, were redesigned with a smaller naihortality with use of either implant33].
and locking bolt diameter and lower angle proximal bend. The difference in adjusted length of stay between the IMN
Despite the initial problems associated with initial tro- and SHS groups for the index hospitalization and during the
chanteric nails for treatment of intertrochanteric fracturesjprst 6 months after injury was 0.17 days. This difference was
there has been increased use of these implants. Usirggatistically signibcant only for the index hospitalization as a
American Board of Orthopaedic Surgery (ABOS) Part llresult of the greater variability in days of hospitalization
data, Anglen and Weinstein reported that use of IM bxatiorduring the 6-month period, but was not of much clinical
increased from 3% in 1999 to 67% of cases in 208p [ importance. These results are interesting considering the
Numerous studies have been published comparing slidingigher revision surgery rate for fractures stabilized using an
compression hip screw and side plate with IM bxati@n [ IMN; because of this higher revision rate, one would expect a
12, 16, 17, 29, 31, 32]. However, results have been con- greater number of hospital days for patients treated with the
tradictory in terms of outcome®[12, 16, 17, 29, 31, 32]  IMN. The IMN group had an additional 0.5 day using
with the only consistent differences reported between theehabilitation services during the brst 6 months after injury.
two bxation techniques being increased complicationghis difference represents an increase of only approximately
(particularly intraoperative and postoperative fracturesp%. As a result of the subjective nature of treatment plans,
and a higher reoperation rate with IMM,[10, 16, 29]. this small difference could easily be caused by differences
After adjusting for relevant covariates, we found con-unrelated to the type of surgical treatment used.
siderably worse results for the IMN procedure based on the Total standard costs were higher for the IMN group in
rates of revision surgery, length of stay during the indexunadjusted and adjusted analyses. Patients managed with
hospitalization, number of days using rehabilitation serdMN had $332 and $617 higher adjusted costs for hospital
vices, and total costs accumulated during the year aftereimbursements and Part B claims during the Pbrst year,
fracture inclusive of the index hospitalization. We found norespectively. Overall adjusted cost estimates, combining
differences in the adjusted 30-day or 1-year mortality ratehe two (DRGs+ RVUs) were $947 higher for the IMN
or number of days spent hospitalized during the Prsgroup than for the SHS group. This represents an increase
6 months after fracture. of approximately 6%. The higher costs for the IMN group
The risk for revision surgery during the brst postoper-can be explained partly by the higher rate of revision sur-
ative year was 35% greater for the IMN group comparedjery, longer length of stay, and higher physician RVUs
with the SHS group (7.2% and 5.5%, respectively). Thisassociated with using an IMN compared with a SHS (20.31
result is consistent with published revision surgery rates foand 15.94 RVUs, where 1 RVY $36.61). The average
intertrochanteric femur fractures managed with IMN andincreased spending of $950 per patient during the brst year
SHS. In a prospective, randomized trial of 400 intertro-after fracture becomes bPnancially important in light of the
chanteric fractures randomized to either a Gamma naithe current 296,000 annual hospital admissions for patients
(Stryker Medical, Mahwah, NJ) or SHS, Adams et al.with hip fractures and the anticipated increase in the
reported 1-year revision surgery rates of 6% for the IMNnumber of future hip fracture9].
and 4% for the SHS]]. In a retrospective review of 921 Our study conbrms the bndings of others regarding a
pertrochanteric fractures treated in Oslo, Norway, Osnehkigher revision surgery rate for intertrochanteric femur
et al. reported revision surgery rates of 11.7% for fracturegractures stabilized with an IMN compared with a SHS. In
stabilized using a Gamma nail and 8.1% for those treatetight of the higher revision surgery rate and total expen-
with a SHS BQ]. Parker and Handoll, comparing use of a ditures for the IMN group, this analysis does not support
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routine use of an IMN for management of all intertro-
chanteric femur fractures.
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