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ABSTRACT

Background: The purpose of this study was to compare the mortality rate between patients 
undergoing hemiarthroplasty (HA) and those undergoing total hip arthroplasty (THA) in 
two age groups: patients aged 65–79 years (non-octogenerian) and patients aged ≥ 80 years 
(octogenarian).
Methods: We identified elderly (aged ≥ 65 years) femoral neck fracture patients who 
underwent primary THA or HA from January 1, 2005 to December 31, 2015 in South Korea 
using the Health Insurance and Review and Assessment database; the nationwide medical 
claim system of South Korea. We separately compared the mortality rate between the HA 
group and THA group in two age groups. A generalized estimating equation model with 
Poisson distribution and logarithmic link function was used to calculate the adjusted risk 
ratio (aRR) of death according to the type of surgery.
Results: The 3,015 HA patients and 213 THA patients in younger elderly group, and 2,989 
HA patients and 96 THA patients in older elderly group were included. In the younger elderly 
group, the mortality rates were similar between the two groups. In older elderly group, the 
aRR of death in the THA group compared to the HA group was 2.16 (95% confidence interval 
[CI], 1.20–3.87; P = 0.010) within the in-hospital period, 3.57 (95% CI, 2.00–6.40; P < 0.001) 
within 30-days, and 1.96 (95% CI, 1.21–3.18; P = 0.006) within 60-days.
Conclusions: In patients older than 80 years, THA was associated with higher postoperative 
mortality compared to HA. We recommend the use of HA rather than THA in these patients.
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INTRODUCTION

Age is an important determining factor for the treatment method in femoral neck fractures.1 
In general, surgeons prefer internal fixation for patients aged 60 years or younger and 
arthroplasty for patients who are older than 65 years.2 Deciding which type of arthroplasty, total 
hip arthroplasty (THA) versus hemiarthroplasty (HA), to do in elderly femoral neck fracture 
patients has been a controversial issue.3 Even though an earlier study reported favorable results 
of HA,4 groin pain and acetabular erosion appeared as concerns after the HA.5

Comparative studies of HA and THA in the 2010s reported superior clinical results and 
similar mortalities after THA compared to HA in these patient cohorts.1,5-15 Thus, THA has 
been favored more than HA and is currently in increasing use.16 Population aged > 65 years 
has been considered to be elderly. Currently, with an increase in life expectancy, the size of 
population older than 80 years is growing.17

Because THA is associated with longer operation time and more bleeding than HA,8 THA 
might lead to higher mortality compared to HA in the older elderly (> 80 years) pateints. 
However, previous studies addressed the elderly patients as those older than 65 years, and 
there has been no study involving patients older than 80 years or comparing patients aged < 
80 years and those aged > 80 years. Furthermore, several randomized controlled trials (RCTs) 
could not exclude selection bias due to small sample sizes.14,18 In addition, there are gaps in 
guidelines on how to treat femoral neck fractures between surgeons and institutions.2,19

Therefore, the nationwide representative claims data used in this study reflected all of the 
skills and experiences of the surgeons in our country and thus, prevented selection bias. The 
purpose of this study is to compare the mortality rate, length of hospital stay and transfusion 
volume between HA and THA due to femoral neck fracture in two age groups: 1) patients 
aged 65–79 years and 2) those aged 80–99 years.

METHODS

Data source
The Korean National Health Insurance Service (KNHIS) database includes medical 
information such as demographics, diagnostic codes, and treatment procedure codes from 
all South Korean institutions.20,21 NHIS-Senior cohort (a total of 588,147 participants) was 
constructed by KNHIS through simple random sampling, 10% of the population of about 5.5 
million South Korean enrollees older than 60 years of age in 2002. The KNHIS-Senior cohort 
represent the elderly population living in South Korea. All individuals except those who 
emigrated or died were followed until 2015.

Incident femoral neck fracture cohort and all-cause mortality
The eligibility criteria were: 1) a first-time admission to acute care hospitals with the 
diagnostic code of femoral neck fracture (International Statistical Classification of Disease 
and Related Health Problems, 10th Revision; ICD-10, S720); 2) at least a 3-year hip fracture-
free period before the enrollment to exclude bilateral femoral neck fracture patients; 3) 
treatment with HA or THA, and 4) age between 65 and 99 at the time of the admission due to 
the fracture.22 Patients who had a femoral neck fracture in 2015 were excluded to ensure the 
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minimum 1-year follow-up period. The incidence date (index date or time zero) of the femoral 
neck fracture was defined as the date of admission to the acute care hospital.

In the KNHIS-Senior cohort, each subject's unique de-identified number was linked to 
mortality information provided by the Korean National Statistical Office.21

The primary outcome was the mortality rate, and the secondary outcomes were the duration 
of hospitalization and the amount of transfusion.

The elderly cohort was divided in two groups according to the age at the time of admission: 1) 
younger elderly group (65–79 years) and 2) older elderly group (80–99 years). The outcomes of 
interest after THA and those after HA were separately compared in the two age groups.

Statistical analysis
The baseline characteristics of the patients were identified at time zero. The survival time 
used in the survival analyses was defined as the days from the index date to the date of 
death or December 31, 2015, whichever came first. The denominators for calculation of the 
incidence rate were defined as the survival time in days divided by 365.25. The cumulative 
survival probabilities and survival curves were estimated and graphed by a Kaplan-Meier 
method using the product-limit formula. A generalized estimating equation model with 
Poisson distribution and logarithmic link function was used to calculate the adjusted risk 
ratios (aRRs) of death with 95% confidence intervals (CIs) according to the type of surgery.

Potential confounders, including age group, gender, the level of income, Charlson 
comorbidity score (CCS), type of anesthesia, amount of transfusion, registered disabilities, 
duration of hospital stay, number of hospital beds, the year of admission due to femoral 
neck fracture, and past medication history (antidepressants, benzodiazepine, anti-diabetic, 
anti-hypertensive, non-steroidal anti-inflammatory drugs, lipid-lowering agents, COX-2 
inhibitors, steroids, antiplatelet, anti-dementia, anti-Parkinson's, anti-epileptic drugs, anti-
mania, and anti-psychotic agents, opioids and warfarin), were adjusted using multivariate-
adjusted regression models. Each subject's number of comorbidities was assessed by 
diagnostic codes during the three years before the index date using Quan's ICD-10 coding 
algorithm of the CCS.23 The presence of disease-constituting categories in the CCS was 
defined by at least two outpatient visits or one admission for the primary or first secondary 
diagnosis. The statistical analyses were conducted using SAS software version 9.4 (SAS 
Institute, Cary, NC, USA). P values of < 0.05 were considered statistically significant.

Ethics statement
The design and protocol of this retrospective study were approved by the Institutional Review 
Board of Daejeon Eulji Medical Center (EMC-IRB No. 2019-06-018-003). Written informed 
consent was waived due to the nature of retrospective study.

RESULTS

Between January 1, 2002, and December 31, 2015, a total of 10,515 femoral neck fracture 
patients were admitted to hospitals in South Korea. Of them, 1,292 patients who had a prior 
femoral neck fracture before December 31, 2004 or did not meet the enrollment criteria of 
minimum 3-year hip fracture-free period, were excluded. Additionally, 56 patients who were 
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aged < 65 or > 99 years at the time of admission, 694 patients whose index date was within 
1-year prior to December 31, 2015, and 2,251 patients who underwent internal fixation or 
non-operative treatments, were excluded. Finally, a total of 6,222 patients: 5,913 HA patients 
(95.03%) and 309 HA patients (4.97%), were enrolled in this study (Table 1). There were 
3,228 patients: 3,015 HA patients and 213 THA patients in younger elderly group (65–79 
years old), and 2,994 patients: 2,989 HA patients and 96 THA patients in older elderly group 
(80–99 years old).

In the younger elderly group, the mortality rate was not different at any period between the THA 
patients and the HA patients (Table 2, Fig. 1). The mean hospital stay was 35.08 (± 37.72) days 
in the HA group and 27.19 (± 15.86) days in the THA group (P < 0.001). The transfusion volume 
was 860 (± 879.5) mL in the HA group and 1,019.7 (± 1,355.6) mL in the THA group (P = 0.092).

In older elderly group, the mortality rate was higher in the THA patients compared to the 
HA patients during in-hospital period and within 30- and 60-days (Table 2, Fig. 1). The mean 
hospital stay was 35.33 (± 36.98) days in the HA patients and 32.24 (± 31.29) days in the THA 
patients (P = 0.075). The transfusion volume was 978.5 (± 926.7) mL in the HA patients and 
1,131.7 (± 1,053.2) mL in the THA patients (P = 0.163).

DISCUSSION

The main finding of this study was that THA was associated with a higher mortality rate than 
HA in femoral neck fracture patients older than 80 years.

Life expectancy is increasing almost linearly and already surpassed the 85th year in most 
developed countries.17 In accordance with the increase of life expectancy, octo- and 
nonagenarian population is increasing. These older elderly people (aged > 80 years) have 
more underlying comorbidities and might have higher mortality rate compared to the younger 
elderly people (aged between 65–80 years).24 Thus, the safety and functional outcome of hip 
arthroplasties in older elderly patients should be separately evaluated from overall elderly 
patients aged more than 65 years. In the older elderly patients, postoperative mortality should 
be considered first in choosing the type because they have high comorbidities.24
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Fig. 1. Kaplan-Meier curve. Comparison of cumulative incidence of death between total hip arthroplasty group and hemiarthroplasty group in younger elderly 
group and older elderly group. P value for log-rank test was 0.746, 0.544, respectively.



In the literature, many studies compared the results of THA versus HA in elderly femoral 
neck fracture patients. Most studies used the age criteria of 65 years to define the elderly and 
did not separately assess the mortality in the older elderly patients. These studies advocated 
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Table 1. Demographics and medication histories according to type of surgery in elderly patients with femoral neck fracture
Variables Younger elderly group (65–79 years old, n = 3,228) Older elderly group (80–99 years old, n = 2,994)

Hemiarthroplasty Total hip arthroplasty P value Hemiarthroplasty Total hip arthroplasty P value
Number 3,015 (93.4) 213 (6.6) 2,898 (96.8) 96 (3.2)
Age group, yr 0.002 0.055

65–69 318 (10.5) 37 (17.4) 0 0
70–79 2,697 (89.5) 176 (82.6) 0 0
80–89 0 0 2,487 (85.8) 89 (92.7)
≥ 90 0 0 411 (14.2) 7 (7.3)

Sex 0.081 0.296
Male 824 (27.3) 70 (32.9) 597 (20.6) 24 (25.0)
Female 2,191 (72.7) 143 (67.1) 2,301 (79.4) 72 (75.0)

Income 0.020 0.554
Low 493 (16.4) 19 (8.9) 477 (16.5) 13 (13.5)
Mid-low 520 (17.2) 41 (19.2) 535 (18.5) 23 (24.0)
Mid-high 699 (23.2) 46 (21.6) 638 (22.0) 20 (20.8)
High 1,303 (43.2) 107 (50.2) 1,248 (43.1) 40 (41.7)

Charlson comorbidity score 0.157 0.608
0 557 (18.5) 43 (20.2) 757 (26.1) 22 (22.9)
1–2 1,251 (41.5) 101 (47.4) 1,335 (46.1) 50 (52.1)
3–6 946 (31.4) 52 (24.4) 698 (24.1) 22 (22.9)
≥ 6 261 (8.7) 17 (8.0) 108 (3.7) 2 (2.1)

Disability 62 (2.1) 4 (1.9) 0.859 101 (3.5) 1 (1.0) 0.194
Anesthesia < 0.001 0.007

General 727 (24.1) 90 (42.3) 691 (23.8) 36 (37.5)
Spinal 2,107 (69.9) 107 (50.2) 2,044 (70.5) 57 (59.4)
Unknown 181 (6.0) 16 (7.5) 163 (5.6) 3 (3.1)

Hospital beds < 0.001 < 0.001
< 200 663 (22.0) 78 (36.6) 583 (20.1) 30 (31.3)
200–499 517 (17.1) 64 (30.0) 488 (16.8) 33 (34.4)
500–799 1,065 (35.3) 41 (19.2) 1,124 (38.8) 15 (15.6)
≥ 800 770 (25.5) 30 (14.1) 703 (24.3) 18 (18.8)

Calendar year 0.056 0.732
2006–2007 572 (19.0) 27 (12.7) 392 (13.5) 10 (10.4)
2008–2009 595 (19.7) 48 (22.5) 480 (16.6) 15 (15.6)
2010–2011 670 (22.2) 61 (28.6) 606 (20.9) 23 (24.0)
2012–2013 623 (20.7) 39 (18.3) 688 (23.7) 20 (20.8)
2014–2015 555 (18.4) 38 (17.8) 732 (25.3) 28 (29.2)

Past medication history
Antidepressant 1,262 (41.9) 81 (38.0) 0.273 928 (32.0) 38 (39.6) 0.119
Benzodiazepine 2,276 (75.5) 145 (68.1) 0.016 1,912 (66.0) 61 (63.5) 0.621

Anti-diabetic agent 974 (32.3) 68 (31.9) 0.013 578 (19.9) 21 (21.9) 0.642
Anti-hypertensive agent 2,254 (74.8) 143 (67.1) 0.014 2,099 (72.4) 79 (82.3) 0.033
Lipid lowering agent 937 (31.1) 64 (30.0) 0.753 599 (20.7) 27 (28.1) 0.077

NSAID 2,663 (88.3) 189 (88.7) 0.858 2,446 (84.4) 85 (88.5) 0.270
COX-2 inhibitor 572 (19.0) 41 (19.2) 0.921 495 (17.1) 19 (19.8) 0.488
Steroid 2,171 (72.0) 165 (77.5) 0.085 1,867 (64.4) 63 (65.6) 0.809
Antiplatelet agent 1,580 (52.4) 99 (46.5) 0.094 1,403 (48.4) 51 (53.1) 0.363
Anti-dementia agent 423 (14.0) 20 (9.4) 0.057 536 (18.5) 19 (19.8) 0.748
Anti-parkinson agent 325 (10.8) 11 (5.2) 0.010 189 (6.5) 7 (7.3) 0.764
Anti-epilepsy agent 491 (16.3) 28 (13.1) 0.228 317 (10.9) 13 (13.5) 0.423
Anti-psychosis agenta 449 (14.9) 22 (10.3) 0.068 402 (13.9) 11 (11.5) 0.500
Opioid 2,648 (87.8) 193 (90.6) 0.227 2,451 (84.6) 79 (82.3) 0.543
Warfarin 90 (3.0) 6 (2.8) 0.020 60 (2.1) 1 (1.0) 0.483

Values are presented as number of patients (%). Bold-faced P values indicate statistically significance.
NSAIDs = non-steroidal anti-inflammatory drugs.
aTotal number of lithium users was only 6. So, they were included in antipsychotics.



THA because it was superior to HA in terms of functional outcome and risk of reoperation, 
and no difference was found between THA and HA in the rates of mortality and infection. 
Maceroli et al.25 compared mortality rates at 30-day and 1-year postoperatively following THA 
and HA for displaced femoral neck fractures in 45,749 patients older than 60 years using 
New York's Statewide Planning and Research Cooperative System. In their study, 30-day 
mortality after HA was higher (8.4% vs. 5.7%; P < 0.001) as was 1-year mortality (25.9% vs. 
17.8%; P < 0.001). The authors interpreted that these high mortality rates in the HA group 
were due to a selection bias that THAs were not performed in unhealthy patients. Bhandari 
et al.4 conducted a randomized controlled trial on 1,495 femoral neck fracture patients, 
who were 50 years of age or older and underwent either THA or HA at 80 institutions of 10 
countries. The incidence of secondary procedures, functional score, quality of life, and 2-year 
mortality did not differ between the two treatment groups. In meta-analysis of 17 studies 
including 1364 patients with femoral neck fractures over 50 years of age (660 THAs and 704 
HAs), Lewis et al.14 found no significant differences in the overall all-cause mortality, 30-day 
mortality, and 1-year mortality between the two groups. In addition, there were no differences 
in 30-day and 1-year mortalities in both of the < 80 and ≥ 80 age groups. It should be noted 
that the RCTs, which were included in their analysis, had a risk of selection bias due to small 
sample sizes.25-27

Besides the mortality rate, the operation time, transfusion rate and the length of hospital stay 
should be considered in the selection of the arthroplasty type in elderly patients. In a study 
by Woon et al.,28 the mean hospital stay was longer in the THA group was longer (7.7 days vs. 
6.7 days) and the blood transfusion rate was higher (30.4% vs. 25.7%) in the THA group than 
in the HA group. Bhandari et al.29 and Schneppendahl et al.30 also noted that the HA was 
advantageous in terms of bleeding compared to THA. In our study, the mean hospital stay 
of HA group was longer than that of THA group in younger elderly group, while it was not 
different in older elderly group. The transfusion volume was not different in both age groups.
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Table 2. Effect of surgical type on all-cause mortality of different time frame according to age group
Age group Patients aged 65–79 years (n = 3,228) Patients aged 80–99 years (n = 2,994)

No. of 
deaths

No. of 
subjects

Mortality 
rate (%)

aRR 95% CI P value No. of 
deaths

No. of 
subjects

Mortality 
rate (%)

aRR 95% CI P value

30-days mortality 0.514 < 0.001
HA 48 3,015 1.59 1 95 2,989 3.28 1
THA 3 213 1.41 0.66 0.19–2.29 11 96 11.46 3.57 2.00–6.40

In-hospital mortality 0.133 0.010
HA 93 3,015 3.08 1 153 2,989 5.28 1
THA 4 213 1.88 0.46 0.16–1.27 11 96 11.46 2.16 1.20–3.87

60-days mortality 0.641 0.006
HA 105 3,015 3.48 1 221 2,989 7.63 1
THA 7 213 3.29 0.83 0.37–1.83 14 96 14.58 1.96 1.21–3.18

90-days mortality 0.965 0.078
HA 155 3,015 5.14 1 311 2,989 10.73 1
THA 12 213 5.63 1.01 0.56–1.83 15 96 15.63 1.52 0.95–2.42

180-days mortality 0.701 0.674
HA 268 3,015 8.89 1 440 2,989 15.18 1
THA 19 213 8.92 0.91 0.57–1.46 16 96 16.67 1.10 0.70–1.74

1-year mortality 0.678 0.641
HA 394 3,015 13.07 1 643 2,989 22.19 1
THA 26 213 12.21 0.92 0.63–1.36 23 96 23.96 1.09 0.76–1.57

Bold-faced P values indicate statistically significance.
aRR = adjusted risk ratio, CI = confidence interval, HA = hemiarthroplasty, THA = total hip arthroplasty.



There were limitations to this study. First, it was a retrospective review using health care 
claim data. Second, inherently, there might be erroneous disease coding, we could not 
identify specific cause of death, and functional results were not evaluated. Nevertheless, the 
KNHIS-Senior cohort represents the entire South Korean population over 60 years of age 
and had a quite low rate of follow-up loss. Femoral neck fracture patients in this study could 
represent all South Korean hip fracture patients older than 65 years of age. Third, among 
patients over 80 years of age, the number of patients who underwent THA is small compared 
to those who underwent HA. Thus, the difference in results depending on the presence or 
absence of underlying diseases is very large in people over 80 years of age. However, there was 
no difference in CCS in younger elderly group and older elderly group, respectively. Also, we 
tried to adjust for underlying disease through past medication history in statistical analysis.

In conclusion, in older elderly patients (aged 80–99 years) with femoral neck fractures, THA 
was associated with higher risk of in-hospital, and 30-day and 60-day mortality compared to 
HA. We recommend HA in these patient cohort.
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