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Abstract

Although functional outcomes of hip joint
reconstruction may be superior to those of in-
ternal fixation, differences in mortality between
the 2 procedures are poorly defined.

We conducted a retrospective study of
patients 50 years and older with femoral neck
fracture treated with joint reconstruction/or
internal fixation, performing adjusted logistic
regressions to compare the odds of inpatient
and 30-day mortality among patients‘accord-
ing to surgery type.

Of 12,867 patients with femoral neck frac-
ture;" 9001 had'joint reconstruction'and3866
had internal fixation. After adjustment/for
patient factors alone, the odds of inpatient
mortality wereshigher with reconstruction:(OR,
1.62; 95% Cl, 1.18-2.23; P=.003); however, the
difference in the odds of 30-day mortality did
not achieve statistical significance (OR, 1.18;
95% Cl, 1.00-1.41; P=.053). Controlling for
patient and hospital factors, we found higher
odds of both inpatient mortality (OR, 1.65; 95%
Cl, 1.19-2.28; P=.003) and 30-day mortality
(OR, 1.22; 95% Cl, 1.02-1.46; P=.026) with re-
construction. Joint reconstruction is associat-
ed with a 60% increase in the odds of inpatient
mortality after femoral neck fracture.

or older adults, fractures of the hip or proximal femo-
ral represent a global public health concern. More than
320,000 of these fractures occur each year in the United
States,' and 1.7 million worldwide.? With the elderly population
growing, the annual incidence of proximal femoral fractures is
anticipated to increase to more than 500,000 in the United States®
and 6.26 million worldwide* by 2050. Fractures of the femoral
neck account for about half of all proximal femoral fractures,’®
with the majority of these demonstrating some degree of dis-
placément between the proximal and distal fracture components.
Although surgical treatment is indicated for all displaced
femoral neck fractures, it differs according to patient charac-
teristics. Whereas reduction and internal fixation of fracture
components are preferred for adults younger than age 65 years
and for physiologically young patients without preexisting
degenerative changes, hip jeintreconstruction through partial
joint replacement (hemiarthroplasty) or total hip arthroplasty
(THA) is preferred for older adults.* Amongelder adults, 1-year
functional outecomesare improved more with joint reconstruc-
tion than with fixation.””” In addition, joint reconstruction
techniques decrease the likelihood of orthopedic complica-
tions related to fracture treatment (eg, nonunion), which may
require repair through a second, more complex surgery."
These advantages have made primary joint reconstruction the
preferred treatment for displaced femoral neck fracture in most
older adults, but they are accompanied by immediate risks at-
tributable to the surgical procedure itself. Compared with internal
fixation, joint reconstruction involves more operative time and
increased blood loss." Furthermore, although internal fixation
with percutaneous pinning can be performed with local anesthe-
sia, joint replacement requires regional or general anesthesia, po-
tentially increasing the risk for anesthesia-related complications.
Better defining the relative perioperative risks conferred by
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joint replacement and internal fixation carries important im-
plications for medical decision making and clinical practice.
Although clinical trials have had conflicting results regarding
the association between joint reconstruction and increases in
postfracture mortality,”'*!¢ few studies have been adequately
powered to detect differences in mortality between patients
randomized to a given hip fracture treatment. Further, several
trials comparing joint reconstruction and fixation excluded pa-
tients with multiple comorbidities from randomization because
of concerns regarding the safety of major surgery in this popula-
tion. As a result, key gaps in knowledge remain regarding the
comparative effectiveness of joint reconstruction and internal
fixation for improving postoperative mortality in patient popu-
lations commonly encountered in clinical practice.

We conducted a study to examine the mortality differences
between joint reconstruction and internal fixation for femo-
ral neck fracture. Using a retrospective dataset of inpatient
discharge records from the Commonwealth of Pennsylvania
linked to public death records, we sought to test the hypothesis
that, among comparable patients, joint reconstruction with
hemiarthroplasty or THA would be associated with increased
inpatient mortality when compared with internal fixation.
To evaluate if mortality differences between patients having
internal fixation or hemiarthroplasty continued beyond the
hospital period, we compared the odds of mortality 30, days
after hospital admission.

Materials and Methods

Data Sources

We obtained inpatient discharge abstracts from the Pennsylyania
Health Careé Cost Containment Council (PHC4), which collects
information on all admissions to acute-care hospitals within the
Commonwealth of Pennsylvania. The available dataset consisted
of discharge abstracts for all inpatients admitted to an acute-care
hospital in Pennsylvania with a principal or secondary diagnosis of
femoral neck fracture (International Classification of Diseases, Ninth Revision,
Clinical Modification [ICD-9-CM] diagnosis codes 820.00-09, 820.10-9,
820.8, 820.9) for the period from October 1, 2005 to September 30,
2007. For each patient, we defined the first admission for a femoral
neck fracture within this period as the index admission. Each index
admission file was linked, using a patient-specific identifier, to all
other admissions to acute-care hospitals in Pennsylvania in the
preceding 180 days. PHC4 linked index record files to vital statis-
tics data maintained by the Pennsylvania Department of Health to
indicate mortality in the 30 days after hospital admission on the
basis of social security number, birth date, and sex. Variables were
provided by PHC4 regarding the sequence and number of calendar
days between hospitalizations for a given patient, and between the
index hospitalization and date of death. The study was approved
by the institutional review board of Perelman School of Medicine
at the University of Pennsylvania.

Definition of Study Groups
Our initial sample included 15,406 admissions for femoral neck
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fracture. For patients with multiple admissions for hip fracture,
we considered the admission occurring earliest as the index
admission. We classified patients with a principal or secondary
ICD-9-CM procedure code of 78.55, 79.15, or 79.35 as undergoing
internal fixation with closed or open reduction. We classified
patients with a principal or secondary ICD-9-CM procedure code
of 81.52 (hemiarthroplasty) or 81.51 (THA) as undergoing joint
reconstruction. Patients with records indicating both fixation
and joint reconstruction within a single hospitalization were as-
signed to the fixation group on the basis of the clinical reasoning
that joint reconstruction in these patients may have been a sec-
ondary procedure required to treat complications of a primary
fixation procedure. We excluded patients younger than 50 years
(685 patients), patients whose discharge record did not indicate
joint reconstruction or fixation (1457 patients), and patients with
concomitant femoral shaft fractures (ICD-9-CM codes 821.01
and 821.11; 14 patients) or acetabular fractures (ICD-9-CM code
808.01; 31 patients). We excluded patients whose permanent
residence was outside Pennsylvania (352 patients) because of the
inability to observe postdischarge outcomes among this group.

Control Variables

Patiént age, sex, and hospital data were obtained from the
discharge abstracts for study admissions. Comorbidities were
obtained from discharge diagnosis fields using algorithms pub-
lished by Quan and colleagues' based on definitions advanced
by Elixhauser and colleagues.”® We included all principal and
secondary diagnoses in hospital admissions occurring in the
180rdays precedingithe indexadmissionyrastwell as secondary
diagnosis codes for the index admission.

Statistical Analyses

As the clinical indications for arthroplasty and fixation for
femoral neck fractures differ according to patient age, we per-
formed all analyses on the full study sample (patients older than
18 years) and on the subset of patients 70 years and older. To as-
sess for differences in key independent and dependent variables
between study groups, we used the Student t-test for continuous
variables and the Pearson ’ test for categorical variables.

To assess the relative odds of inpatient and 30-day mortal-
ity among patients who had joint replacement or fixation, we
developed adjusted logistic regression models. We evaluated
31 Elixhauser comorbidities for inclusion in the model and
selected those found in unadjusted analyses to be associated
with inpatient mortality at P<.1; age and sex were included
in the regression model based on clinical relevance. Model
discrimination was assessed using the C statistic. Based on this
model, we developed conditional logistic regressions, clus-
tering on hospital, to evaluate mortality differences between
surgical treatment groups while controlling for hospital effects.

To evaluate the extent to which our results may have been
explained by differential use of joint reconstruction versus
internal fixation in older versus younger patients, we repeated
these models in a sample restricted to adults aged 70 years and
older. Finally, to assess the sensitivity of our results to our selec-
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Table I. Baseline Characteristics and Outcomes in Patients With Femoral Neck Fracture Treated With
Joint Reconstruction or Internal Fixation, Pennsylvania, 2005-2007

Patients aged 50 years and older

Reconstruction Internal Fixation p
n=8896 n=3971
Age (SD) 81.5(8.9) 79.0 (10.9) <0.0001
Ma|e(%) .............................................................................. 281276 ...................... 0609 .......
Congest,\,eheartfa”ure(%)211 187 ...................... 0002 .......
Chronic obstructive pumonary disease (4 20 238 0337
Chronic renal insufficiency %4 123 we 0276
é;).“.c.l tumor (%) ....................................................................... 13 ................................ 20 ....................... 0001 .......

.M etastatlccance r (%) ................................................................ 1 4 ................................ 1 9 ....................... 0052 .......

We|ght . |OSS (%) ....................................................................... 3 5 ................................ 3 8 ....................... 0353 .......

.M Orta“ty(%) |nhOSp|ta| ............................................................. 23 ................................ 13 ..................... <Oooo1 ......

.M orta“ty(%) 3Oday ................................................................. 65 ................................ 50 ..................... <Oooo1 ......
Patients aged 70 years and older

Reconstruction Internal Fixation
n=7994 n=3235

Age (SD) 83.7 (6:2) 83.2 (6.4) <0.0001
Ma|e(%) .............................................................................. 269277 ...................... 0111 ........
Congesnveheart f a”ure(%) ......................................................... 221 .............................. 209 ...................... 0169 .......
Chronic obstructive pumonary disease ) 223 28 0093
Chronic renal insufficiency %9 127 123 0637
é(.).”.d tumor (%) ....................................................................... 11 ................................ 20 ..................... <Oooo1 ......

.M etasta“ccancer ( %) ................................................................ 13 ................................ 1 8 ....................... o 048 .......

We,g ht . |OSS (%) ....................................................................... 36 ................................ 41 ....................... O 156 .......

.M Orta“ty(%) |nh03p|ta| ............................................................. 26 ................................ 14 ..................... <Oooo1 ......

.'\./I Orta“ty(%) 3Oday ................................................................. 71 ................................ 5 9 ....................... 001 4 .......

Abbreviation: SD, standard deviation.

tion of joint reconstruction procedures for study, we replicated
all analyses in a sample excluding THA patients.

Results
After exclusions, we obtained a study sample of 12,867 patients
admitted with femoral neck fracture. Of these patients, 8896
(69.1%) had a joint reconstruction procedure, 3866 (30.0%)
had internal fixation, and 105 (0.8%) had both reconstruc-
tion and fixation. For analysis purposes, the patients who had
both procedures were combined with the patients who had
fixation only. Of the 9001 patients who had reconstruction,
8184 (90.9%) had hemiarthroplasty, and 817 (9.1%) had THA.
Table I presents unadjusted comparisons of the study groups.
In the overall sample, joint replacement patients were older, had
more congestive heart failure (CHF), and had fewer solid malig-
nancies. The magnitude of these differences reflected the pref-
erential use of joint replacement in older patient groups; among
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patients aged 70 years and older, those who had joint reconstruc-
tion were slightly older than those who had internal fixation, but
there was no significant difference in CHF incidence.

Our logistic regression model for inpatient mortality in-
cluded controls for age, sex, and 13 Elixhauser comorbidities
associated with inpatient mortality at P<0.1 in unadjusted
comparisons. Comorbidities included CHF, cardiac valvular
disorders, prior arrhythmia, uncomplicated hypertension,
complicated hypertension, chronic obstructive pulmonary
disease, pulmonary vascular disease, renal insufficiency, elec-
trolyte abnormalities, coagulopathy, hypothyroidism, weight
loss, and depression. The C statistic for the full model was 0.81.

Adjusted logistic regression (Table IT) showed that among the
full patient sample, the odds of inpatient mortality were higher
for patients who had joint reconstruction than for patients who
had internal fixation (odds ratio [OR], 1.62; 95% confidence
interval [CI], 1.18-2.23; P = .003). However, the difference in
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Table Il. Adjusted Logistic Regression Output for Mortality in Patients With Femoral Neck Fracture
Treated With Joint Reconstruction or Internal Fixation

Patients aged 50 years and over

Adjusted OR* 95% CI P
Mortality: in-hospital 1.62 118, 2.23 0.003
.’\./I orta“ty 3Oday .................................................... 118 ................................ 1 OO 1 41 ......................... 0053 ............
Patients aged 70 years and over
Adjusted OR* 95% Cl P
Mortality: in-hospital 1.69 1.22, 2.35 0.002
.'\./I Orta“ty SOday .................................................... 117 ................................ O 98 1 39 ........................ 0080 ............

Abbreviations: Cl, confidence interval; OR, odds ratio.

*The full logistic regression model included an indicator variable for joint reconstruction versus internal fixation as well as controls for age, sex, weight loss, valvular disorders, prior
arrhythmia, congestive heart failure, coagulopathy, chronic obstructive pulmonary disease, depression, electrolyte abnormality, hypertension (uncomplicated), hypertension (complicated),

hypothyroidism, pulmonary vascular disease, and renal insufficiency. C-statistic = 0.81.

Table Ill. Conditional Logistic Regression Output for Mortality in Patients With Femoral Neck Fracture
Treated With Joint Reconstruction or Internal Fixation, Controlling for Patient and Hospital Effects

Patients aged 50 years and over

Adjusted OR* 95% ClI P
Mortality: in-hospital 1.65 119, 2.28 0.003
.'\./I Orta“ty SOday .................................................... 1 22 ............................... 1 02 . 1 46 ........................ 0026 ............
Patients aged 70 years and over
Adjusted OR* 95% ClI P
Mortality: in-hospital 1.71 1.22, 2.39 0.002
.’\./I Ortahty SOday .................................................... 1 20 ............................... 1 00 . 1 43 ........................ 0048 ............

Abbreviations: Cl, confidence interval; OR, odds ratio.

*The conditional logistic regression model included an indicator variable for joint reconstruction versus internal fixation as well as controls for age, sex, weight loss, valvular disorders, prior
arrhythmia, congestive heart failure, coagulopathy, chronic obstructive pulmonary disease, depression, electrolyte abnormality, hypertension (uncomplicated), hypertension (complicated),
hypothyroidism, pulmonary vascular disease, and renal insufficiency; the regression was clustered according to 98 hospital identifiers.

the odds of 30-day mortality was not statistically significant
(OR, 1.18; 95% CI, 1.00-1.41; P = .053). We found a similar
pattern in samples limited to patients aged 70 years and older.

On the basis of the original regression model, we devel-
oped conditional logistic regressions, clustering on hospi-
tal, to evaluate mortality differences according to treatment
type while controlling for both patient and hospital effects
(Table III). After controlling for hospital, we found higher
odds of mortality after joint reconstruction than after internal
fixation among the full study sample both during hospitaliza-
tion (OR, 1.65; 95% CI, 1.19-2.28; P = .003) and at 30 days
(OR, 1.20; 95% CI, 1.02-1.46; P = .026) (Table IV). Again, re-
gressions restricted to patients aged 70 years and older yielded
similar results (Table V).

Lastly, to evaluate the possibility that the mortality dif-
ferences between joint reconstruction and internal fixation
could be caused by the inclusion of THA patients in the joint
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reconstruction group, we replicated all analyses in a sample
excluding the 817 THA patients in our original sample. These
results (Tables IV and V) did not differ systematically from
our main study results but did show a significant association
between hemiarthroplasty and increased mortality at 30 days
among all patients aged 50 years and older (OR, 1.21; 95% CI,
1.02-1.44; P = .033).

Discussion

Our study of 12,867 patients with femoral neck fracture finds
more than a 60% increase in the odds of death during hospi-
talization among patients who had joint reconstruction than
among patients who had internal fixation of fracture com-
ponents. These findings persist after controlling for age, sex,
comorbidities, and hospital effects. Although regressions con-
trolling for patient factors alone demonstrated no differences
in 30-day mortality according to surgical procedure, we found
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Table Iv. Adjusted Logistic Regression Output for Mortality in Patients With Femoral Neck Fracture
Treated With Hemiarthroplasty or Internal Fixation

Patients aged 50 years and over

Adjusted OR* 95% CI P
Mortality: in-hospital 1.68 1.22, 2.31 0.001
.’\./I Orta“ty SOday ..................................................... 1 21 ................................ 1. 02 . 1 44 ........................ 0033 ...........
Patients aged 70 years and over
Adjusted OR* 95% CI P
Mortality: in-hospital 1.75 1.26, 2.43 0.001
.'\./I Orta“ty 3Oday ..................................................... 1 19 ................................ 1 OO . 1 42 ........................ 0053 ...........

Abbreviations: Cl, confidence interval; OR, odds ratio.
*The full logistic regression model included an indicator variable for hemiarthroplasty versus internal fixation as well as controls for age, sex, weight loss, valvular disorders, prior arrhythmia,
congestive heart failure, coagulopathy, chronic obstructive pulmonary disease, depression, electrolyte abnormality, hypertension (uncomplicated), hypertension (complicated), hypothyroid-

ism, pulmonary vascular disease, and renal insufficiency. C-statistic = 0.81.

Table V. Conditional Logistic Regression Output for Mortality in Patients With Femoral Neck Fracture
Treated With Hemiarthroplasty or Internal Fixation, Controlling for Patient and Hospital Effects

Patients aged 50 years and over

Adjusted OR* 95% Cl P
Mortality: in-hospital 1.74 1.25, 2.42 0.001
.'\./I Orta“ty SOday ..................................................... 1 25 ................................ 1 04 . 1 49 ........................ 0015 ............
Patients aged 70 years and over
Adjusted OR* 95%(Cl P
Mortality: in-hospital 1.76 1.25,2.47 0.001
.'\./l Ortahty SOd ay ..................................................... 1 21 ................................ 1 01 1 46 ......................... 0035 ............

Abbreviations: Cl, confidence interval; OR, odds ratio.

*The conditional logistic regression model included an indicator variable for hemiarthroplasty versus internal fixation as well as controls for age, sex, weight loss, valvular disorders, prior
arrhythmia, congestive heart failure, coagulopathy, chronic obstructive pulmonary disease, depression, electrolyte abnormality, hypertension (uncomplicated), hypertension (complicated),
hypothyroidism, pulmonary vascular disease, and renal insufficiency; the regression was clustered according to 98 hospital identifiers.

a significant relationship between surgery type and mortality
at 30 days from hospital admission.

These findings provide important insights regarding the com-
parative effectiveness of current treatments for femoral neck
fracture among older adults. Clinical trials have shown that
hemiarthroplasty and THA after displaced femoral neck fracture
improve functional outcomes and lower the rates of orthopedic
complications.*"*** However, these trials have produced conflict-
ing results regarding the magnitude of immediate risk posed by
the more extensive surgical and anesthetic requirements of joint
reconstruction approaches compared with internal fixation. Our
findings argue that the potential benefits of joint reconstruction,
as it is currently used, may come at the cost of higher odds of
inpatient mortality. As our results were conflicting with regard
to the association of surgery type and 30-day mortality in re-
gressions with and without controls for hospital, they cannot
support definitive conclusions regarding an association between
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repair type and mortality after hospitalization.

Our findings have important implications for medical deci-
sion making in the context of current orthopedic practice. Ac-
cording to results from 3 meta-analyses of randomized clinical
trials and results from later well-designed trials, hemiarthro-
plasty is the predominant approach to managing femoral neck
fractures in older adults,'**** with an emerging trend toward
increased use of total joint replacement procedures in this
population.”® Our study results do not invalidate the potential
benefits of partial or total joint replacement for patients capable
of surviving the procedure; however, our results do suggest
that in subsets of vulnerable patients, the short-term risks of
joint reconstruction approaches to femoral neck fracture may
not be trivial. Such risks raise the possibility that there may be
patient subgroups for whom a desire to minimize the odds of
short-term mortality could make internal fixation preferable
to joint reconstruction.
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Our findings must be interpreted in the context of several
key limitations. As with all observational studies of retrospective
data, our results may reflect the effect of unobservable differ-
ences between the treatment groups in key dimensions such
as disease severity or prefracture functional status. We have
sought to minimize this concern by controlling for a range of
potential confounders. Furthermore, although patients who
had hemiarthroplasty appeared in the full patient sample to be
older, with a higher burden of comorbidities, our analysis of the
subgroup of patients older than age 70 years suggests that this
finding is an artifact of the preferential use of hemiarthroplasty
among older patients. Notably, among patients older than 70
years, the association between joint replacement and inpatient
mortality persisted despite a few observable differences between
study groups.

Even though hospital discharge records allowed us to distin-
guish femoral neck fractures from other hip fracture types, our
dataset did not include information on fracture displacement
or reducibility. Therefore, we are unable to comment on the
extent to which fracture displacement differences potentially
explain our outcome differences. Moreover, we did not exam-
ine outcomes associated with specific fixation techniques, and
thus are unable to comment in more detail as to whether one
specific hip fracture fixation method may be associated with
lower mortality odds. Given the nature of hospital discharge
data, we were unable to examine functional gutcomes,after
either operative treatment.

Despite these limitations, our findings have important
implications for health-care policy and practice. Although
notarguing categorically for or against either treatment for
femoral neck fracture, our results suggest that the potential
functional benefits of joint reconstruction procedures may
need to befbalanced against higher relative odds)of inpatient
mortality compared with internal fixation procedures. These
findings highlight potential opportunities to improve both the
patient-centeredness and effectiveness of hip fracture surgery
through further research on the risks of competing treatments
for subsets of vulnerable patients. Our findings also offer op-
portunities for work aimed at better defining patient prefer-
ences related to the short- and long-term risks associated with
alternative therapies for femoral neck fracture.
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