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Background: Although the prevalence of displaced femoral neck fractures in the elderly population is increasing
worldwide, there remains controversy as to whether these injuries should be managed with hemiarthroplasty or total hip
arthroplasty. Although total hip arthroplasties result in better function, they are more expensive and may have higher
complication rates. Our objective was to compare the complication rates and health-care costs between hemiarthroplasty
and total hip arthroplasty for displaced femoral neck fractures in the elderly population.

Methods: A population-based, retrospective cohort study was performed on adults (=60 years of age) undergoing either
hemiarthroplasty or total hip arthroplasty for hip fracture between April 1, 2004, and March 31, 2014. We excluded
patients who resided in long-term care facilities prior to the injury and those who were discharged to these facilities after
the surgical procedure. Patients who underwent a hemiarthroplasty and those who underwent a total hip arthroplasty were
matched using a propensity score encompassing patient demographic characteristics, patient comorbidities, and pro-
vider factors. After matching, we compared the rates of medical and surgical complications, as well as the perioperative
and postoperative health-care costs in the year following the surgical procedure. The primary outcome was the occurrence
of a medical complication (acute myocardial infarction, deep venous thrombosis, pulmonary embolism, ileus, pneumonia,
renal failure) within 90 days or a surgical complication (dislocation, infection, revision surgical procedure) within 1 year.
Additionally, we examined the change in health-care costs in the year following the surgical procedure, including costs
associated with the index admission, relative to the year before the surgical procedure.

Results: Among 29,121 eligible patients, 2,713 (9.3%) underwent a total hip arthroplasty. After successfully matching
2,689 patients who underwent a total hip arthroplasty with those who underwent a hemiarthroplasty, the patients who
underwent a total hip arthroplasty were at an increased risk for dislocation (1.7% compared with 1.0%; p = 0.02), but
were at a decreased risk for revision (0.2% compared with 1.8%; p < 0.0001), relative to patients who underwent a
hemiarthroplasty. Furthermore, the overall increase in the annual health-care expenditure in the year following the
surgical procedure was approximately $2,700 in Canadian dollars lower in patients who underwent a total hip
arthroplasty (p < 0.001).
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Conclusions: Among elderly patients with displaced femoral neck fractures, total hip arthroplasty was associated with
lower rates of revision surgical procedures and reduced health-care costs during the index admission and in the year

following the surgical procedure, relative to hemiarthroplasty.

Level of Evidence: Therapeutic Level lll. See Instructions for Authors for a complete description of levels of evidence.

injuries in older adults, and their number continues to

increase with a more aged population in North America'.
For elderly patients (>60 years of age) with displaced femoral
neck fractures, hemiarthroplasty is the most common operation.
Although this procedure results in pain relief and a return to
mobility, recent guidelines have recommended total hip arthro-
plasty instead™. Despite these guidelines, evidence has suggested
poor compliance with this recommendation, with less than one-
third of eligible patients undergoing total hip arthroplasty’.

Elderly patients with hip fractures also have a high prev-
alence of end-stage osteoarthritis, and the more active patients in
this cohort may require a subsequent conversion of a hemiar-
throplasty to a total hip arthroplasty. Total hip arthroplasties
have been associated with improved long-term function and
pain relief relative to hemiarthroplasty®’. However, total hip
arthroplasty is a longer and more invasive procedure than
hemiarthroplasty, with the potential for greater blood loss™
and with a possibly increased risk for dislocation. Furthermore,
total hip arthroplasty is more expensive®'’, which may have
implications for delivering appropriate care for increasing num-
bers of patients". Alternatively, the improved function offered by
a total hip arthroplasty may offset the increased initial cost with
a reduced health-care utilization subsequent to discharge.

Several previous studies have compared the outcomes
and complication rates of hemiarthroplasty and total hip ar-
throplasty for displaced femoral neck fractures®™''"'. Several
retrospective cohort studies on the topic did not adjust for
confounders that were associated with treatment selection and
that also predisposed a patient to a poor outcome (e.g., in-
creased age or comorbidity)®”. Previous randomized con-
trolled trials did not examine the differences in the health-care
costs in these patients, either before or after the surgical pro-
cedure. Therefore, the objective of this current study was to
compare complications and costs among equivalent patients
with a hip fracture treated with either a total hip arthroplasty or
a hemiarthroplasty in a large, population-based, propensity
score-matched cohort.

F emoral neck fractures are among the most common

Materials and Methods

Study Design and Data Sources

We conducted a population-based cohort study utilizing
administrative data from Ontario, Canada. Ontarians are

insured under a single-payer system, which covers all medically

necessary procedures, including the acute management and

aftercare of hip fractures'. Hospital discharge abstracts were

obtained from the Canadian Institute for Health Information

Discharge Abstract Database (CIHI-DAD). The Ontario Health
Insurance Plan (OHIP) Claims History Database was used to
identify physician service claims. In addition to capturing rel-
evant demographic information on each patient (e.g., age, sex,
comorbidity) and physician (e.g., years in practice and vol-
ume), these databases also capture every interaction that a
person has ever had with our health-care system'®. Each resi-
dent of Ontario has his or her own unique identifier that allows
for the totality of the interactions to be studied.

Participants

We identified a cohort of patients who underwent an acute
hemiarthroplasty or total hip arthroplasty for a femoral neck
fracture between April 1, 2004, and March 31, 2014. We ex-
cluded patients under the age of 60 years, as hip fractures in
these patients are likely to be the result of high-energy injuries.
We excluded patients who resided in long-term care facilities
prior to their injury and those who were discharged to these
facilities after a surgical procedure, as these patients were not
likely to be candidates for total hip arthroplasty. We also ex-
cluded patients who were discharged to palliative care and
those who died during the index admission.

Primary Outcome: Surgical Complications

The primary outcomes of interest included postoperative com-
plications, including medical complications at 90 days (acute
myocardial infarction, deep venous thrombosis, pulmonary em-
bolism, ileus, renal failure, and pneumonia) and surgical com-
plications within 365 days (dislocation, infection, and revision
arthroplasty). These complications were identified using Interna-
tional Classification of Diseases, Tenth Revision (ICD-10) diag-
nostic, OHIP billing, and Canadian Classification of Health
Interventions (CCI) procedure codes (see Appendix)®.

Secondary Outcome: Direct Medical Costs

To assess medical costs incurred by treating patients with either
total hip arthroplasty or hemiarthroplasty, we utilized data
from the Ontario Ministry of Health and Long-Term Care
(MOHLIC)** to determine the public medical costs in the year
before and after admission for a hip fracture. Costs were assigned
to each patient on the basis of the year when the costs were
incurred and were then inflated to 2013 Canadian dollars using the
health-care component of the Ontario consumer price index (CPI,
https://www.statscan.gc.ca). (In 2013, $1 in U.S. currency was
equal to $0.99 in Canadian currency.) Care episodes that spanned
more than 1 fiscal year were divided pro rata. Cost differences
within 1 year between the total hip arthroplasty group and the
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hemiarthroplasty group were then estimated using a person-level,
difference-in-differences approach” to adjust for preexisting health
status and utilization between the total hip arthroplasty group and
the hemiarthroplasty group. A baseline cost for the year prior to
the injury was deducted from the costs accrued in the first year
following the surgical procedure in the total hip arthroplasty group
(first difference). The difference between these costs was then
compared with the same difference among patients who under-
went a hemiarthroplasty (second difference).

Covariates of Interest

We measured several patient and provider covariates that have
been previously shown to affect the risk of occurrence of
complications following a hip surgical procedure'**'. Patient
age and sex were obtained from the OHIP Registered Persons
Database (RPDB). Comorbidities were identified from hospital
discharge abstracts in the 5 years before the index hospital
admission and were categorized according to an adaptation of
the Deyo modification of the Charlson Comorbidity Index'*.
The Adjusted Clinical Groups (ACGs) indicator, based on the
diagnosis codes from hospitalizations and physician visits in
the 5 years preceding the index hip fracture surgical procedure,
were used to identify frail patients™*'. Diabetes mellitus, con-
gestive heart failure, and chronic obstructive pulmonary dis-
ease were identified using validated algorithms™’. The median
neighborhood household income quintile was used as a sur-
rogate for socioeconomic status and living conditions'***.
Surgeon volume was defined as either the number of total hip
replacements (primary or revision) or femoral neck fracture
surgical procedures performed in the 365 days preceding the day
on which the procedure was performed on the hip fracture'.

Statistical Analyses

Baseline cohort characteristics were described using propor-
tions and medians and were compared between groups using
Wilcoxon rank sum tests for continuous variables and chi-
square tests for categorical variables'”. A propensity score for a
patient undergoing a total hip arthroplasty was determined
using a logistic regression model""*>. The covariates that were
entered into the propensity score were sociodemographics
(age, sex, income quintile), preexisting health status (Charlson
Comorbidity Index score, frailty, hypertension, chronic
obstructive pulmonary disease, congestive heart failure, cere-
brovascular disease, chronic renal failure, diabetes, and health-
care costs in the year prior to the surgical procedure), and
provider characteristics (teaching hospital status and surgeon
volume). Patients who underwent a total hip arthroplasty were
matched to those who underwent a hemiarthroplasty, using
calipers of a width equal to 0.2 of the standard deviation of the
logit of the propensity score™ via the greedy (or nearest
neighbor without replacement) matching method™. A matching
ratio of 1:1 was used"'. We estimated the standardized differences
for all covariates before and after matching, with a standardized
difference of 210% considered indicative of imbalance®. Com-
plications were compared between the 2 groups after matching.
All analyses were performed using SAS software (version 9.3 and
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SAS Enterprise Guide 6.1; SAS Institute). The type-I error
probability was set to p < 0.05 for all analyses.

Results
Baseline Patient and Provider Characteristics

etween April 1, 2004, and March 31, 2014, there were

29,121 patients with a femoral neck fracture (Table I); of
these patients, 2,713 (9.3%) underwent a total hip arthroplasty.
Patients who underwent a total hip arthroplasty were younger
than patients who underwent a hemiarthroplasty, with a me-
dian age of 79 years compared with 83 years (p < 0.001);
patients who underwent a total hip arthroplasty also came from
areas with a higher median income, had a lower prevalence of
comorbidities, and had lower (less expensive) health-care uti-
lization in the year prior to the surgical procedure than patients
who underwent a hemiarthroplasty (Table II). Total hip
arthroplasties were more likely to be performed by surgeons
with higher annual total hip arthroplasty volumes.

Matching

In this study, 2,689 patients who underwent a total hip ar-
throplasty (99%) were successfully matched to patients who
underwent a hemiarthroplasty (Table II). After matching, ab-
solute standardized differences were <10% for all measured
confounders, indicating a successful match and balanced (or
comparable) groups.

Outcomes After Matching

After matching, there was no significant difference (p > 0.05)
between patients who underwent a total hip arthroplasty and
those who underwent a hemiarthroplasty in terms of acute
myocardial infarction, deep venous thrombosis, pulmonary
embolism, ileus, or pneumonia (Table II). Patients who un-
derwent a total hip arthroplasty had a lower prevalence of
postoperative renal failure (1.7% compared with 2.5%; p =
0.04). Total hip arthroplasties were about 10 minutes longer,
but there was no difference in the rates of blood transfusion or
length of stay. Patients who underwent a total hip arthroplasty
had a higher rate of dislocation (1.7% compared with 1.0%; p =
0.02), but were at a much lower risk for a revision arthroplasty
within the first year (0.2% compared with 1.8%; p < 0.001).

TABLE | Selection of Patients for Inclusion

No. of
Criteria Patients
All hip fractures from April 1, 2004, to 86,898
March 31, 2014
Exclusion criteria
Age <60 years 5,968
Intertrochanteric or subtrochanteric fractures 50,846
Discharge to palliative care or died during 963
index admission
Final cohort 29,121
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TABLE Il Cohort Characteristics Before and After Matching

Prior to Matching
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After Matching

stay* (day)

Total Hip Total Hip Standardized
Characteristic All Patients Arthroplasty Hemiarthroplasty P Value Arthroplasty Hemiarthroplasty Difference P Value
No. of patients 29,121 2,713 26,408 2,689 2,689
Age* (yr) 83 (77 to 88) 79 (72 to 85) 83 (78 to 88) <0.001 79 (72 to 85) 79 (73 to 85) 0.01
Female sext 21,000 (72.1%) 1,916 (70.6%) 19,084 (72.3%) 0.069 1,901 (70.7%) 1,901 (70.7%) 0
Income <0.001
quintilet¥
Lowest 6,495 (22.4%) 533 (19.7%) 5,962 (22.7%) 530 (19.7%) 538 (20.0%) 0.01
2 5,859 (20.2%) 545 (20.1%) 5,314 (20.2%) 542 (20.2%) 531 (19.7%) 0.01
3 5,460 (18.8%) 459 (17.0%) 5,001 (19.0%) 458 (17.0%) 453 (16.8%) 0
4 5,579 (19.3%) 591 (21.8%) 4,988 (19.0%) 589 (21.9%) 583 (21.7%) 0.01
Highest 5,580 (19.3%) 578 (21.4%) 5,002 (19.0%) 570 (21.2%) 584 (21.7%) 0.01
Total health-care 7,190 (2,845 4,802 (2,057 7,602 (2,944 <0.001 4,803 (2,060 4,974 (2,163 0.02
costs in the year to 29,122) to 14,604) to 30,739) to 14,606) to 16,540)
prior to surgery*§
Comorbiditiest
Coronary artery 2,108 (7.2%) 150 (5.5%) 1,958 (7.4%) <0.001 148 (5.5%) 169 (6.3%) 0.03
disease
Congestive 6,747 (23.2%) 476 (17.5%) 6,271 (23.7%) <0.001 473 (17.6%) 488 (18.1%) 0.01
heart failure
Chronic 5,425 (18.6%) 451 (16.6%) 4,974 (18.8%) 0.005 448 (16.7%) 433 (16.1%) 0.02
obstructive
pulmonary
disease
Diabetes 7,714 (26.5%) 658 (24.3%) 7,056 (26.7%) 0.006 655 (24.4%) 706 (26.3%) 0.04
Cerebrovascular 2,139 (7.3%) 152 (5.6%) 1,987 (7.5%) <0.001 149 (5.5%) 155 (5.8%) 0.01
disease
Chronic renal 3,443 (11.8%) 311 (11.5%) 3,132 (11.9%) 0.542 307 (11.4%) 313 (11.6%) 0.01
failure
Frailty 5,064 (17.4%) 317 (11.7%) 4,747 (18.0%) <0.001 316 (11.8%) 304 (11.3%) 0.01
Charlson <0.001
Comorbidity
Indext
0 18,347 (63.0%) 1,886 (69.5%) 16,461 (62.3%) 533 (19.8%) 536 (19.9%) 0
1 4,191 (14.4%) 335 (12.3%) 3,856 (14.6%) 330 (12.3%) 295 (11.0%) 0.04
2 2,667 (9.2%) 219 (8.1%) 2,448 (9.3%) 218 (8.1%) 203 (7.5%) 0.02
>3 3,916 (13.4%) 273 (10.1%) 3,643 (13.8%) 273 (10.2%) 286 (10.6%) 0.02
Admission
characteristics
Time from 33 (22 to 51) 32 (22 to 50) 33 (22 to 51) 0.576 32 (22 to 50) 30 (21 to 50) 0.06
emergency
department to
surgery* (hr)
Teaching 8,674 (29.9%) 892 (32.9%) 7,782 (29.5%) <0.001 869 (32.3%) 865 (32.2%) 0
hospital
Surgeon 16 (10 to 24) 15 (10 to 23) 17 (11 to 24) <0.001 15 (10 to 23) 16 (10 to 23) 0.03
volume
(fixation)*
Surgeon 0 (2 to 57) 53 (30 to 79) 27 (1 to 55) <0.001 53 (30 to 78) 1 (23 to 83) 0.07
volume
(arthroplasty)*
Outcomes
Duration of 103 (83 to 128) 110 (89 to 137) 102 (82 to 127) <0.001 110 (89 to 136) 101 (80 to 126) <0.001
surgery* (min)
Blood 223 (0.8%) 21 (0.8%) 202 (0.8%) 0.959 1 (0.8%) 16 (0.6%) 0.409
transfusiont
Length of 7 (5to 13) 7 (5to 13) 7 (5to 13) 0.304 7 (5to 13) 7 (5t0 12) 0.743

continued
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TABLE Il (continued)

Prior to Matching After Matching
Total Hip Total Hip Standardized
Characteristic All Patients Arthroplasty Hemiarthroplasty P Value Arthroplasty Hemiarthroplasty Difference P Value
Within 90 dayst
Acute 175 (0.6%) 10 (0.4%) 165 (0.6%) 0.101 10 (0.4%) 15 (0.6%) 0.316
myocardial
infarction
Deep 201 (1.4%) 14 (1.1%) 187 (1.4%) 0.345 14 (1.1%) 11 (0.9%) 0.553
venous
thrombosis
Pulmonary 211 (1.4%) 12 (0.9%) 199 (1.5%) 0.104 12 (0.9%) 16 (1.2%) 0.441
embolism
lleus 20 (0.1%) <5 19 (0.1%) 0.506 <5 <5 0.99
Renal failure 739 (2.5%) 46 (1.7%) 693 (2.6%) 0.003 45 (1.7%) 66 (2.5%) 0.798
Pneumonia 1,138 (3.9%) 73 (2.7%) 1,065 (4.0%) <0.001 72 (2.7%) 88 (3.3%) 0.199
Within 365
dayst
Dislocation 341 (1.2%) 45 (1.7%) 296 (1.1%) 0.013 45 (1.7%) 26 (1.0%) 0.023
Infection 821 (2.8%) 65 (2.4%) 756 (2.9%) 0.162 65 (2.4%) 77 (2.9%) 0.307
Revision 408 (1.4%) <5 405 (1.5%) <0.001 <5 49 (1.8%) <0.001
Costs*§
Hospital 14,049 (11,512 13,523 (11,381 14,142 (11,533 <0.001 13,540 (11,391 13,781 (11,670 0.01
to 24,671) to 23,329) to 24,851) to 23,345) to 24,193)
Physician 3,510 (1,754 3,864 (2,305 3,467 (1,699 <0.001 3,877 (2,307 3,566 (2,007 <0.001
to 5,567) to 5,818) to 5,540) to 5,842) to 5,624)
Rehabilitation 9,761 (1,401 6,760 (1,391 10,241 (1,405 <0.001 8,974 (2,060 12,834 (2,938 <0.001
and continuing to 22,534) to 17,388) to 23,046) to 22,921) to 29,267)
care
Change in 30,632 (17,473 27,336 (17,313 31,071 (17,507 <0.001 27,388 (17,379 30,061 (17,815 <0.001
yearly health to 52,817) to 45,661) to 53,491) to 45,754) to 51,332)
care
*The values are given as the median, with the interquartile range in parentheses. T The values are given as the number of patients, with the range in parentheses. FData were missing
for some patients in the prior to matching section, so the percentages were based on the total number of patients given for each category. §The values are given in 2013 Canadian
dollars. In 2013, $1 in U.S. currency was equal to $0.99 in Canadian currency.

Patients who underwent a total hip arthroplasty also had lower
median costs for rehabilitation following the surgical proce-
dure at $8,974 compared with patients who underwent a
hemiarthroplasty at $12,834 (p < 0.001). Patients in the total
hip arthroplasty group also had a smaller median increase
in annual health-care costs subsequent to the hip fracture
(including costs for the index admission) at $27,388 com-
pared with patients in the hemiarthroplasty group at $30,061
(p < 0.001).

Discussion

his is the first large administrative data set study, to our

knowledge, to compare total hip arthroplasty and hemi-
arthroplasty in equivalent patients after controlling for several
patient and provider factors. This is also the first study to
examine the impact of the treatment choices of total hip
arthroplasty or hemiarthroplasty on costs for hospitals, phy-
sicians, rehabilitation, and continuing care and the change in
yearly health-care costs. During the study period, only 9%
of patients who had femoral neck fractures and were eligible
for a total hip arthroplasty underwent the procedure. After
matching, patients who underwent a total hip arthroplasty

had a higher rate of dislocation, but a lower rate of revision at
1 year, and a smaller increase in yearly medical costs relative to
patients who underwent a hemiarthroplasty (median cost
savings of approximately $2,700 in Canadian dollars). Patients
who underwent a total hip arthroplasty had a lower rate of
renal failure. There was no difference in the occurrence of other
complications, rate of blood transfusion, or length of stay.

In addition to the high perioperative mortality rate, hip
fractures are associated with a considerable decline in function
and loss of independence. Total hip arthroplasty for hip frac-
tures in this demographic group has traditionally been used to
maintain function in patients who are more mobile before the
hip fracture, with benefits demonstrated in a randomized
controlled trial”’. The National Institute for Health and Care
Excellence (NICE) in the United Kingdom has recommended
managing hip fractures with total hip arthroplasty in every
elderly patient who has good cognitive and physical function
and is fit enough for a surgical procedure'. Despite these
guidelines, recent evidence has suggested that compliance with
this recommendation is poor, with less than one-third of eli-
gible patients undergoing a total hip arthroplasty’. Possible
reasons include the lack of strong evidence comparing total hip
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arthroplasty and hemiarthroplasty and the difficulty in iden-
tifying patients in whom hemiarthroplasty is less suitable.

Although total hip arthroplasties were, on average, longer
than hemiarthroplasties, there was no difference in the rates of
blood transfusions between groups. After matching, patients who
underwent a total hip arthroplasty had a higher risk for dislocation,
but a lower risk for revision, relative to patients who underwent a
hemiarthroplasty. As the only difference between the groups is the
acetabular component, it seems plausible that the increased rate of
revision in patients who underwent a hemiarthroplasty reflects the
need to convert to a total hip arthroplasty, whether this is due to
early acetabular erosion'® or preexisting symptomatic osteoarthri-
tis. Revision procedures may also have been necessary secondary to
infection, dislocation, or periprosthetic fracture**. Although the
dislocation rate for patients who underwent a total hip arthroplasty
was higher, it is plausible that these patients were primarily man-
aged with a closed reduction. Although total hip arthroplasties are
more expensive in terms of physician fees, our finding that patients
who underwent a hemiarthroplasty had increased health-care costs
in the year following the surgical procedure indicates that this
initial increased investment is offset by eventual cost-savings that
may, in turn, reflect the increased functional benefit offered by total
hip arthroplasties. It is worth pointing out that rehabilitation costs
factor in the length of stay at a rehabilitation center"™; as such,
it is possible that the lower rehabilitation costs in the total hip
arthroplasty cohort reflect a shorter length of stay, consistent
with the improved functional results identified after total hip
arthroplasty’"*.

Previous studies comparing hemiarthroplasty and total hip
arthroplasty have had limitations including the lack of adequate
risk adjustment. Patients who underwent a hemiarthroplasty were
typically older, had a higher burden of comorbidity, and were
more likely to live in, or be discharged to, long-term care facilities.
Improved outcomes after total hip arthroplasty observed in these
studies may have thus been exaggerated and reflective of patient
selection>**. However, poorer outcomes for total hip arthro-
plasty may also be attributed to the inclusion of these patients,
as they are typically at a higher risk for surgical complications,
including dislocation'". In the current study, we excluded
patients who either resided in long-term care facilities (such as
nursing homes) prior to the injury or were discharged to such a
facility after a surgical procedure. We also controlled for both
patient factors (age, sex, comorbidity, socioeconomic status) and
provider factors (surgeon volume, hospital volume, teaching
hospital status). The balance of prognosis between groups after
matching is further strengthened by the median health-care
utilization in the year prior being balanced between patients
undergoing a total hip arthroplasty ($4,803) and those under-
going a hemiarthroplasty ($4,974) (standardized difference =
0.02). As such, our findings indicate that total hip arthroplasty
reduces the prevalence of revision surgical procedures and
medical costs in patients with femoral neck fractures.

Even after large randomized trials on this topic are
completed, our study may continue to assist with treatment
decisions for femoral neck fractures’”. This is because the
requirement in these trials that total hip arthroplasties be
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conducted by hip surgeons may limit their external validity
in scenarios in which arthroplasty surgeons are not readily
available to conduct nonelective total hip arthroplasties®*’. We
did find that total hip arthroplasty was performed by higher-
volume hip surgeons even in our cohort. Regionalizing care
among hip fracture centers to improve access to higher-volume
arthroplasty surgeons®® may be one way of improving the
uptake of the procedure. In either case, the fact that only a little
over 1 in 10 patients with a femoral neck fracture in this study
underwent a total hip arthroplasty, which is similar to reports
from other jurisdictions, indicates that quality improvement
efforts are required to increase the number of total hip ar-
throplasties being performed for hip fractures.

The strengths of this study include our use of validated
population-wide administrative databases that allowed us to
track patients and complications if they occurred, even if
the patients were lost to follow-up from their original surgeon.
We were also able to control for a wide variety of patient and
provider factors that strongly influence outcomes after a sur-
gical procedure. Our definitions for complications were based
on diagnostic and physician billing codes. As Ontario’s health-
care system is solely single-payer, physicians are only paid for
procedures that they perform if they bill the government. As
such, we are confident that the definitions for our outcomes,
particularly those requiring a further surgical procedure, are
fully sensitive and specific® . Finally, we used a validated
technique to quantify and compare medical costs between the
groups. Using this technique, we were able to account for
>92% of all health-care costs for medically necessary care,
including aftercare provided following each patient’s discharge
to the hospital up to 1 year postoperatively**.

The limitations of this study primarily related to data that
could not be assessed or measured in the province’s adminis-
trative databases. These included radiographs and thus whether
the femoral neck fractures considered in this study were dis-
placed or not. We mitigated this by focusing on fractures that
were managed with either a total hip arthroplasty or a hemi-
arthroplasty and excluding those managed with internal fixa-
tion. Other outcomes that we could not assess but may be
clinically important in this population and that potentially
relate to the choice of surgical procedure were patient-reported
outcomes and costs incurred by patients, physicians, and
society. Finally, although we were able to measure and control
for several potential confounders (e.g., comorbidity, income
quintile, and prior health-care usage), there were several
unmeasured factors that may have influenced the observed
association between hemiarthroplasty and increased costs and
complications®. Most importantly, we did not have any mea-
sures of preoperative function; we attempted to mitigate this by
including preoperative health-care expenditure in our pro-
pensity score match, as decreased function is associated with
increased expenditure. However, it is possible that the in-
creased rehabilitation costs in the hemiarthroplasty group after
matching resulted from worse preoperative function in this
group. For assessing costs, the difference-in-differences approach
at the individual patient level reduced residual confounding even
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before matching, because any preexisting difference in health-
care utilization for each patient was eliminated®.

Conclusions

Despite higher rates of dislocation, femoral neck fractures that
are treated with total hip arthroplasty have lower revision rates
and subsequent health-care costs than those treated with
hemiarthroplasty.

Appendix

@ Information showing ICD-10 and physician billing codes
used to identify patients, covariates, and outcomes and a

table showing the sensitivity and specificity of various codes for

comorbidities are available with the online version of this article as

a data supplement at jbjs.org (http://links.Iww.com/JBJS/F133). ®

Bheeshma Ravi, MD, PhD!»2
Daniel Pincus, MD!»3

COMPLICATIONS AND COSTS OF TOTAL HiP ARTHROPLASTY AND
HEMIARTHROPLASTY FOR FRACTURES

Hayat Khan, MBChB, MSc!
David Wasserstein, MD, MSc!-2
Richard Jenkinson, MD, MSc!2:3
Hans J. Kreder, MD, MPH!23

Division of Orthopaedic Surgery, Department of Surgery (B.R., D.P,
H.XK., D.W, RJ., and H.J.K.), and Institute of Health Policy, Management
and Evaluation (D.P. and H.J.K.), University of Toronto, Toronto, Ontario,
Canada

2Division of Orthopaedic Surgery, Sunnybrook Health Sciences Centre,
Toronto, Ontario, Canada

3Institute for Clinical Evaluative Sciences, Toronto, Ontario, Canada
E-mail address for B. Ravi: bheeshma.ravi@sunnybrook.ca

ORCID iD for B. Ravi: 0000-0003-1829-6885
ORCID iD for D. Pincus: 0000-0003-3783-8205
ORCID iD for H. Khan: 0000-0001-9707-1806
ORCID iD for D. Wasserstein: 0000-0003-0347-0481
ORCID iD for R. Jenkinson: 0000-0002-1589-9632
ORCID iD for H.J. Kreder: 0000-0001-9406-5232

References

1. Baidwan NK, Naranje SM. Epidemiology and recent trends of geriatric fractures
presenting to the emergency department for United States population from year
2004-2014. Public Health. 2017 Jan;142:64-9.

2. Kanis JA, Odén A, McCloskey EV, Johansson H, Wahl DA, Cooper C; IOF Working
Group on Epidemiology and Quality of Life. A systematic review of hip fracture inci-
dence and probability of fracture worldwide. Osteoporos Int. 2012 Sep;23(9):
2239-56.

3. American Academy of Orthopaedic Surgeons. AAOS clinical practice guidelines.
https://www.aaos.org/cpg/?ssopc=1. Accessed 2018 Dec 4.

4. National Institute for Health and Care Excellence. Hip fracture: management.
2011. https://www.nice.org.uk/guidance/cg124. Accessed 2018 Nov 26.

5. Perry DC, Metcalfe D, Griffin XL, Costa ML. Inequalities in use of total hip
arthroplasty for hip fracture: population based study. BMJ. 2016 Apr 27;353:i12021.
6. Hopley C, Stengel D, Ekkernkamp A, Wich M. Primary total hip arthroplasty versus
hemiarthroplasty for displaced intracapsular hip fractures in older patients: sys-
tematic review. BMJ. 2010 Jun 11;340:c2332.

7. Mariconda M, Costa G, Misasi M, Recano P, Balato G, Rizzo M. Ambulatory ability
and personal independence after hemiarthroplasty and total arthroplasty for intra-
capsular hip fracture: a prospective comparative study. J Arthroplasty. 2017 Feb;
32(2):447-52. Epub 2016 Jul 21.

8. Sharma V, Awasthi B, Kumar K, Kohli N, Katoch P. Outcome analysis of hemi-
arthroplasty vs. total hip replacement in displaced femoral neck fractures in the
elderly. J Clin Diagn Res. 2016 May;10(5):RC11-3.

9. Liodakis E, Antoniou J, Zukor DJ, Huk OL, Epure LM, Bergeron SG. Major com-
plications and transfusion rates after hemiarthroplasty and total hip arthroplasty for
femoral neck fractures. J Arthroplasty. 2016 Sep;31(9):2008-12. Epub 2016 Feb
17.

10. OssendorfC, Scheyerer MJ, Wanner GA, Simmen HP, Werner CML. Treatment of
femoral neck fractures in elderly patients over 60 years of age - which is the ideal
modality of primary joint replacement? Patient Saf Surg. 2010;4:16.

11. Tol MC, van den Bekerom MP, Sierevelt IN, Hilverdink EF, Raaymakers EL,
Goslings JC. Hemiarthroplasty or total hip arthroplasty for the treatment of a dis-
placed intracapsular fracture in active elderly patients: 12-year follow-up of rando-
mised trial. Bone Joint J. 2017 Feb;99-B(2):250-4.

12. Hansson S, Nemes S, Karrholm J, Rogmark C. Reduced risk of reoperation after
treatment of femoral neck fractures with total hip arthroplasty. Acta Orthop. 2017
Oct;88(5):500-4. Epub 2017 Jul 10.

13. Hedbeck CJ, Enocson A, Lapidus G, Blomfeldt R, Térnkvist H, Ponzer S, Tider-
mark J. Comparison of bipolar hemiarthroplasty with total hip arthroplasty for dis-
placed femoral neck fractures: a concise four-year follow-up of a randomized trial. J
Bone Joint Surg Am. 2011 Mar 2;93(5):445-50.

14. Jameson SS, Lees D, James P, Johnson A, Nachtsheim C, McVie JL, Rangan A,
Muller SD, Reed MR. Cemented hemiarthroplasty or hip replacement for intracap-
sular neck of femur fracture? A comparison of 7732 matched patients using national
data. Injury. 2013 Dec;44(12):1940-4. Epub 2013 Apr 22.

15. Jonas SC, Shah R, Al-Hadithy N, Norton MR, Sexton SA, Middleton RG. Dis-
placed intracapsular neck of femur fractures in the elderly: bipolar hemiarthroplasty
may be the treatment of choice; a case control study. Injury. 2015 Oct;46(10):
1988-91. Epub 2015 Jul 13.

16. Avery PP, Baker RP, Walton MJ, Rooker JC, Squires B, Gargan MF, Bannister GC.
Total hip replacement and hemiarthroplasty in mobile, independent patients with a
displaced intracapsular fracture of the femoral neck: a seven- to ten-year follow-up
report of a prospective randomised controlled trial. J Bone Joint Surg Br. 2011 Aug;
93(8):1045-8.

17. Wang Z, Bhattacharyya T. Outcomes of hemiarthroplasty and total hip arthro-
plasty for femoral neck fracture: a Medicare cohort study. J Orthop Trauma. 2017
May;31(5):260-3.

148. Ravi B, Pincus D, Wasserstein D, Govindarajan A, Huang A, Austin PC, Jenkin-
son R, Henry PDG, Paterson JM, Kreder HJ. Association of overlapping surgery with
increased risk for complications following hip surgery: a population-based, matched
cohort study. JAMA Intern Med. 2018 Jan 1;178(1):75-83.

19. Ravi B, Jenkinson R, Austin PC, Croxford R, Wasserstein D, Escott B, Paterson
JM, Kreder H, Hawker GA. Relation between surgeon volume and risk of complica-
tions after total hip arthroplasty: propensity score matched cohort study. BMJ. 2014
May 23;348:¢3284.

20. Wodchis WP, Bushmeneva K, Nikitovic M, McKillop I. Guidelines on person-level
costing using administrative databases in Ontario. 2013 May. http://www.hsprn.
ca/uploads/files/Guidelines_on_PersonLevel_Costing_May_2013.pdf. Accessed
2018 Nov 26.

21. Chen A, Bushmeneva K, Zagorski B, Colantonio A, Parsons D, Wodchis WP.
Direct cost associated with acquired brain injury in Ontario. BMC Neurol. 2012 Aug
17;12:76.

22. Nikitovic M, Wodchis WP, Krahn MD, Cadarette SM. Direct health-care costs
attributed to hip fractures among seniors: a matched cohort study. Osteoporos Int.
2013 Feb;24(2):659-69. Epub 2012 Jun 27.

23. Munce SEP, Wodchis WP, Guilcher SJT, Couris CM, Verrier M, Fung K, Craven
BC, Jaglal SB. Direct costs of adult traumatic spinal cord injury in Ontario. Spinal
Cord. 2013 Jan;51(1):64-9. Epub 2012 Jul 17.

24. Rosella LC, Fitzpatrick T, Wodchis WP, Calzavara A, Manson H, Goel V. High-cost
health care users in Ontario, Canada: demographic, socio-economic, and health
status characteristics. BMC Health Serv Res. 2014 Oct 31;14:532.

25. Tanuseputro P, Wodchis WP, Fowler R, Walker P, Bai YQ, Bronskill SE, Manuel
D. The health care cost of dying: a population-based retrospective cohort study of the
last year of life in Ontario, Canada. PLoS One. 2015 Mar 26;10(3):e0121759.
26. Rosella LC, Lebenbaum M, Fitzpatrick T, O’Reilly D, Wang J, Booth GL, Stukel
TA, Wodchis WP. Impact of diabetes on healthcare costs in a population-based
cohort: a cost analysis. Diabet Med. 2016 Mar;33(3):395-403. Epub 2015 Aug 19.
27. Bai YQ, Santos G, Wodchis W. Cost of public health services for Ontario resi-
dents. Applied health research question series. 2016. http://hsprn.ca/uploads/
files/[AHRQ]%20C0st%200f%20Public%20Health%20Services%20for%s200ntario%


http://jbjs.org
http://links.lww.com/JBJS/F133
mailto:bheeshma.ravi@sunnybrook.ca
http://orcid.org/0000-0003-1829-6885
http://orcid.org/0000-0003-3783-8205
http://orcid.org/0000-0001-9707-1806
http://orcid.org/0000-0003-0347-0481
http://orcid.org/0000-0002-1589-9632
http://orcid.org/0000-0001-9406-5232
https://www.aaos.org/cpg/?ssopc=1
https://www.aaos.org/cpg/?ssopc=1
https://www.nice.org.uk/guidance/cg124
http://www.hsprn.ca/uploads/files/Guidelines_on_PersonLevel_Costing_May_2013.pdf
http://www.hsprn.ca/uploads/files/Guidelines_on_PersonLevel_Costing_May_2013.pdf
http://hsprn.ca/uploads/files/[AHRQ]%20Cost%20of%20Public%20Health%20Services%20for%20Ontario%20Residents%20Injured%20as%20a%20Result%20of%20a%20Motor%20Vehicle%20Accident.pdf
http://hsprn.ca/uploads/files/[AHRQ]%20Cost%20of%20Public%20Health%20Services%20for%20Ontario%20Residents%20Injured%20as%20a%20Result%20of%20a%20Motor%20Vehicle%20Accident.pdf

579

THE JOURNAL OF BONE & JOINT SURGERY - JBJS.ORG
VOLUME 101-A - NUMBER 7 - APRIL 3, 2019

20Residents%20Injured%20as%20a%20Result%200f%20a%20Motor%20Vehicle
%20Accident.pdf. Accessed 2018 Nov 26.

28. Ravi B, Croxford R, Hollands S, Paterson JM, Bogoch E, Kreder H, Hawker GA.
Increased risk of complications following total joint arthroplasty in patients with
rheumatoid arthritis. Arthritis Rheumatol. 2014 Feb;66(2):254-63.

29. Do LND, Kruke TM, Foss OA, Basso T. Reoperations and mortality in 383
patients operated with parallel screws for Garden -l femoral neck fractures with up
to ten years follow-up. Injury. 2016 Dec;47(12):2739-42. Epub 2016 Oct 28.

30. Dodd AC, Bulka C, Jahangir A, Mir HR, Obremskey WT, Sethi MK. Predictors of
30-day mortality following hip/pelvis fractures. Orthop Traumatol Surg Res. 2016
Oct;102(6):707-10. Epub 2016 Aug 3.

31. Berggren M, Stenvall M, Englund U, Olofsson B, Gustafson Y. Co-morbidities,
complications and causes of death among people with femoral neck fracture - a
three-year follow-up study. BMC Geriatr. 2016 Jun 3;16(120):120.

32. Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity index for use with
ICD-9-CM administrative databases. J Clin Epidemiol. 1992 Jun;45(6):613-9.

33. Weiner JP, Abrams C. The Johns Hopkins ACG® System version 10.0 technical
reference guide. 2013. https://www.hopkinsacg.org/document/acg-system-
version-10-O-technical-reference-guide/. Accessed 2018 Nov 26.

34. Mclsaac DI, Bryson GL, van Walraven C. Association of frailty and 1-year post-
operative mortality following major elective noncardiac surgery: a population-based
cohort study. JAMA Surg. 2016 Jun 1;151(6):538-45.

35. Stukel TA, Fisher ES, Alter DA, Guttmann A, Ko DT, Fung K, Wodchis WP, Baxter
NN, Earle CC, Lee DS. Association of hospital spending intensity with mortality and
readmission rates in Ontario hospitals. JAMA. 2012 Mar 14;307(10):1037-45.
36. Gershon AS, Wang C, Guan J, Vasilevska-Ristovska J, Cicutto L, To T. Identifying
individuals with physician diagnosed COPD in health administrative databases.
COPD. 2009 Oct;6(5):388-94.

37. Shah BR, Lipscombe LL. Clinical diabetes research using data mining: a
Canadian perspective. Can J Diabetes. 2015 Jun;39(3):235-8.

38. Agabiti N, Picciotto S, Cesaroni G, Bisanti L, Forastiere F, Onorati R, Pacelli B,
Pandolfi P, Russo A, Spadea T, Perucci CA; Italian Study Group on Inequalities in
Health Care. The influence of socioeconomic status on utilization and outcomes of
elective total hip replacement: a multicity population-based longitudinal study. Int J
Qual Health Care. 2007 Feb;19(1):37-44. Epub 2006 Dec 11.

39. Santaguida PL, Hawker GA, Hudak PL, Glazier R, Mahomed NN, Kreder HJ,
Coyte PC, Wright JG. Patient characteristics affecting the prognosis of total hip and
knee joint arthroplasty: a systematic review. Can J Surg. 2008 Dec;51(6):428-36.
40. Kralj B. Measuring “rurality” for purposes of health-care planning: an empirical
measure for Ontario. Ont Med Rev. 2000;67:33-52.

44. Austin PC. An introduction to propensity score methods for reducing the effects
of confounding in observational studies. Multivariate Behav Res. 2011 May;46(3):
399-424. Epub 2011 Jun 8.

42. Austin PC. A tutorial and case study in propensity score analysis: an application
to estimating the effect of in-hospital smoking cessation counseling on mortality.
Multivariate Behav Res. 2011;46(1):119-51.

43. Austin PC. Optimal caliper widths for propensity-score matching when esti-
mating differences in means and differences in proportions in observational studies.
Pharm Stat. 2011 Mar-Apr;10(2):150-61.

44. Austin PC. Comparing paired vs non-paired statistical methods of analyses
when making inferences about absolute risk reductions in propensity-score matched
samples. Stat Med. 2011 May 20;30(11):1292-301. Epub 2011 Feb 21.

45. Austin PC. Balance diagnostics for comparing the distribution of baseline co-
variates between treatment groups in propensity-score matched samples. Stat Med.
2009 Nov 10;28(25):3083-107.

46. del Toro MD, Nieto |, Guerrero F, Corzo J, del Arco A, Palomino J, Nuno E, Lomas
JM, Natera C, Fajardo JM, Delgado J, Torres-Tortosa M, Romero A, Martin-Rico P,
Muniain MA, Rodriguez-Bafio J; PJIG-SAEI/REIPI Group. Are hip hemiarthroplasty and
total hip arthroplasty infections different entities? The importance of hip fractures.
Eur J Clin Microbiol Infect Dis. 2014 Aug;33(8):1439-48. Epub 2014 Mar 27.

47. Sprague S, Schemitsch EH, Swiontkowski M, Della Rocca GJ, Jeray KJ, Liew S,
Slobogean GP, Bzovsky S, Heels-Ansdell D, Zhou Q, Bhandari M; FAITH Investigators.
Factors associated with revision surgery after internal fixation of hip fractures. J
Orthop Trauma. 2018 May;32(5):223-30.

COMPLICATIONS AND COSTS OF TOTAL HiP ARTHROPLASTY AND
HEMIARTHROPLASTY FOR FRACTURES

48. Song JSA, Dillman D, Wilson D, Dunbar M, Richardson G. Higher periprosthetic
fracture rate associated with use of modern uncemented stems compared to ce-
mented stems in femoral neck fractures. Hip Int. 2018 Apr 1:1120700018772291.
[Epub ahead of print].

49. Sutherland J, Walker J, Ontario Joint Policy and Planning Committee. Develop-
ment of the rehabilitation patient group (RPG) case mix classification methodology
and weighting system for adult inpatient rehabilitation. Toronto: Ontario Joint Policy
and Planning Committee: 2006.

50. Sutherland JM, Walker J. Challenges of rehabilitation case mix measure-
ment in Ontario hospitals. Health Policy. 2008 Mar;85(3):336-48. Epub 2007
Oct 18.

51. Liao L, Zhao Jm, Su W, Ding Xf, Chen Lj, Luo Sx. A meta-analysis of total hip
arthroplasty and hemiarthroplasty outcomes for displaced femoral neck fractures.
Arch Orthop Trauma Surg. 2012 Jul;132(7):1021-9. Epub 2012 Mar 25.

52. ZhaoY, FuD, Chen K, Li G, Cai Z, ShiY, Yin X. Outcome of hemiarthroplasty and
total hip replacement for active elderly patients with displaced femoral neck frac-
tures: a meta-analysis of 8 randomized clinical trials. PLoS One. 2014 May 22;9(5):
€98071.

53. Salas M, Hofman A, Stricker BH. Confounding by indication: an example of
variation in the use of epidemiologic terminology. Am J Epidemiol. 1999 Jun 1;
149(11):981-3.

54. Miller CP, Buerba RA, Leslie MP. Preoperative factors and early complications
associated with hemiarthroplasty and total hip arthroplasty for displaced femoral
neck fractures. Geriatr Orthop Surg Rehabil. 2014 Jun;5(2):73-81.

55. Voskuijl T, Neuhaus V, Kinaci A, Vrahas M, Ring D. In-hospital outcomes after
hemiarthroplasty versus total hip arthroplasty for isolated femoral neck fractures.
Arch Bone Jt Surg. 2014 Sep;2(3):151-6. Epub 2014 Sep 15.

56. Skoldenberg O, Chammout G, Mukka S, Muren O, Nasell H, Hedbeck CJ,
Salemyr M. HOPE-Trial: hemiarthroplasty compared to total hip arthroplasty for dis-
placed femoral neck fractures in the elderly-elderly, a randomized controlled trial.
BMC Musculoskelet Disord. 2015 Oct 19;16(1):307.

57. Bhandari M, Devereaux PJ, Einhorn TA, Thabane L, Schemitsch EH, Koval KJ,
Frihagen F, Poolman RW, Tetsworth K, Guerra-Farfan E, Madden K, Sprague S, Guyatt
G; HEALTH Investigators. Hip fracture evaluation with alternatives of total hip
arthroplasty versus hemiarthroplasty (HEALTH): protocol for a multicentre rando-
mised trial. BMJ Open. 2015 Feb 13;5(2):e006263.

58. Hentschker C, Mennicken R. The volume-outcome relationship and minimum
volume standards—empirical evidence for Germany. Health Econ. 2015 Jun;24(6):
644-58. Epub 2014 Apr 3.

59. Pincus D, Morrison S, Gargan MF, Camp MW. Informal regionalization of pedi-
atric fracture care in the Greater Toronto area: a retrospective cross-sectional study.
CMAJ Open. 2017 Jun 14;5(2):E468-75.

60. HuxJE, Ivis F, Flintoft V, Bica A. Diabetes in Ontario: determination of prevalence
and incidence using a validated administrative data algorithm. Diabetes Care. 2002
Mar;25(3):512-6.

61. Tu K, Campbell NR, Chen ZL, Cauch-Dudek KJ, McAlister FA. Accuracy of
administrative databases in identifying patients with hypertension. Open Med. 2007
Apr 14;1(1):e18-26.

62. Ko DT, Mamdani M, Alter DA. Lipid-lowering therapy with statins in high-risk
elderly patients: the treatment-risk paradox. JAMA. 2004 Apr 21;291(15):1864-70.
63. Austin PC, Daly PA, Tu JV. A multicenter study of the coding accuracy of hospital
discharge administrative data for patients admitted to cardiac care units in Ontario.
Am Heart J. 2002 Aug;144(2):290-6.

64. Jaakkimainen RL, Bronskill SE, Tierney MC, Herrmann N, Green D, Young J,
Ivers N, Butt D, Widdifield J, Tu K. Identification of physician-diagnosed Alzheimer’'s
disease and related dementias in population-based administrative data: a validation
study using family physicians’ electronic medical records. J Alzheimers Dis. 2016
Aug 10;54(1):337-49.

65. Smith EG. The ACCE method: an approach for obtaining quantitative or quali-
tative estimates of residual confounding that includes unmeasured confounding.
F1000Res. 2014 Aug 11;3:187.

66. Wing C, Simon K, Bello-Gomez RA. Designing difference in difference studies:
best practices for public health policy research. Annu Rev Public Health. 2018 Apr 1;
39:453-69. Epub 2018 Jan 12.


http://hsprn.ca/uploads/files/[AHRQ]%20Cost%20of%20Public%20Health%20Services%20for%20Ontario%20Residents%20Injured%20as%20a%20Result%20of%20a%20Motor%20Vehicle%20Accident.pdf
http://hsprn.ca/uploads/files/[AHRQ]%20Cost%20of%20Public%20Health%20Services%20for%20Ontario%20Residents%20Injured%20as%20a%20Result%20of%20a%20Motor%20Vehicle%20Accident.pdf
https://www.hopkinsacg.org/document/acg-system-version-10-0-technical-reference-guide/
https://www.hopkinsacg.org/document/acg-system-version-10-0-technical-reference-guide/

