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Background: The objective of our study was to analyze the postoperative direct medical expenses and hospital lengths of stay (LOS)
of elderly patients who had undergone either hemiarthroplasty (HA) or total hip arthroplasty (THA) for femoral neck fractures and to
determine the indication of THA by comparing those variables between the 2 groups by time.

Methods: In this comparative large-sample cohort study, we analyzed data from the 2011 to 2018 Korean National Health Insur-
ance Review and Assessment Service database. The included patients were defined as elderly individuals aged 60 years or older
who underwent HA or THA for a femoral neck fracture. A 1:1 risk-set matching was performed on the propensity score, using a
nearest-neighbor matching algorithm with a maximum caliper of 0.01 of the hazard components. In comparative interrupted time
series analysis, time series were constructed using the time unit of one-quarter before and after 3 years from time zero. For the
segmented regression analysis, we utilized a generalized linear model with a gamma distribution and logarithmic link function.
Results: A total of 4,246 patients who received THA were matched and included with 4,246 control patients who underwent HA.
Although there was no statistically significant difference in direct medical expense and hospital LOS for the first 6 months after
surgery, direct medical expenses and hospital LOS in THA were relatively reduced compared to the HA up to 24 months after sur-
gery (p < 0.05). In the subgroup analysis, the THA group’s hospital LOS decreased significantly compared to that of the HA group
during the 7 to 36 months postoperative period in the 65 < age < 80 age group (p < 0.05). Direct medical expenses of the THA group
significantly decreased compared to those of the HA group during the period from 7 to 24 months after surgery in the men group (p
<0.05).

Conclusions: When performing THA in elderly patients with femoral neck fractures, the possibility of survival for at least 2 years
should be considered from the perspective of medical expense and medical utilization. Additionally, in healthy and active male
femoral neck fracture patients under the age of 80 years, THA may be more recommended than HA.
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Treatment methods for the elderly with femoral neck
fractures include hip arthroplasty and internal fixation."
Among them, hemiarthroplasty (HA) or total hip arthro-
plasty (THA) is the main surgical option for fractures
with displacement.” Compared to THA, HA has a shorter
surgical time, lower blood loss, lower dislocation rate, and
lower initial cost.” However, acetabular erosion after HA is
one of the complications that reduce patient satisfaction in
long-term follow-up.” Therefore, THA can be performed
for high activity and low comorbidity elderly patients with
displaced femoral neck.” However, it seems that there are
no adequate criteria for high activity and low comorbid-
ity. Moreover, in a systematic review and meta-analysis of
randomized controlled trials comparing HA and THA for
displaced femoral neck fractures by Ekhtiari et al.,” there
was no difference in the complication rates such as revi-
sion rate, periprosthetic fracture, and dislocation between
the 2 groups and neither mortality nor functional results.
Judge et al also reported that it could not be concluded
that 1 of the 2 surgical methods was superior.” Therefore,
we believe that medical expense is an important consider-
ation when choosing a surgical method.

In several developed countries, national guidelines
have been proposed for the treatment of hip fractures,
including femoral neck fractures.”” The cost-effectiveness
of each treatment method must be demonstrated before it
can be recommended for use in patients. This is because
the socioeconomic burden of hip fractures is becoming a
significant issue, and efforts are being made to reduce the
medical expenses associated with treating osteoporotic
fractures.” Therefore, analyzing the differences in medical
expenses between different treatment methods for femo-
ral neck fractures can be an important basis for selecting
treatment methods and providing appropriate surgical
indications.

Thus, the objective of our study was to analyze the
postoperative direct medical expenses and hospital lengths
of stay (LOS) of elderly patients who received HA or THA
for femoral neck fractures and to determine the indica-
tion of THA by comparing those variables between the 2
groups by time.

METHODS

The design and protocol of this study were approved by
the Institutional Review Board of Daejeon Eulji Medical
Center (No. EMC 2021-12-011). The requirement of writ-
ten informed consent was waived owing to the retrospec-
tive nature of the study.

Data and Patient Sample

In this comparative large-sample cohort study, we utilized
data from the 2011 to 2018 Korean National Health Insur-
ance Review and Assessment Service (HIRA) database.
The HIRA collects data from claims submitted by health-
care providers for reimbursement under Korea’s universal
healthcare insurance system, with a fee-for-service model
that covers the entire South Korean population.'” Infor-
mation in the database includes all inpatient and outpa-
tient medical claims data, including treatment procedure
codes and diagnostic codes. Therefore, medical claims
data for all hip arthroplasty that occurred during the study
period were identified.

Identification of THA and HA

Considering previous studies, the inclusion criteria for
the incident femoral neck fracture were as follows:""'? (1)
First admission from 2011 to 2018 to an acute care hospi-
tal (index admission) with codes of femoral neck fractures
(International Statistical Classification of Diseases and
Related Health Problems, 10th Revision S720); (2) Patients
who underwent operations including HA or total arthro-
plasty (hip); and (3) Patients aged 60 years or older. The
time-zero (incidence date) of femoral neck fracture was
defined as the admission date to the hospital. The patients
finally included in the study were classified into the THA
group and the HA group.

Cumulative Direct Medical Expenses

Quarterly, personal-level direct medical expenses were
calculated for 3 years before and after the incidence date
of neck fracture. The patients’ quarterly direct medical ex-
penses were recorded. Total medical expense was defined
as the sum of the amount paid by the National Health
Insurance Corporation and the patient’s co-payments for
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insured medical services, excluding payments for out-of-
coverage services. According to the National Health In-
surance Act, Korean patients pay co-payment for insured
medical services and out-of-pocket fees for uninsured ser-
vices. Among them, the HIRA database only archives co-
payments for insured medical services.

The total medical expense is a summation of ex-
penses for outpatient and inpatient services, oriental medi-
cine charges, dental services, prescriptions, and drugs,
along with benefits covered by the National Health Insur-
ance Services."” Expenses for long-term care hospitals
were included, but long-term care service expenses were
not. All medical expenses were converted to Korean won
using the 2023 conversion index.'” Finally, the won was
then exchanged for U.S. dollars by applying a rate of 1,300
won per dollar (March, 31, 2023).

Medical Utilization

The medical utilization outcome variables were classified
into LOS of all admission cases and the total number of
outpatient visits that included clinic and hospital visits.
The unit of analysis was the patients’ quarterly variables.

Risk-Set Matching with Propensity Scores in Patients
with Neck Fractures

Although the HIRA database was constructed retrospec-
tively, this study was carried out prospectively."” Further-
more, to maximize the comparability of the effect of sur-
gery on direct medical expenses and medical utilization,
risk-set-matching was performed between patients with
similar comorbidity, medical utilization, and direct medi-
cal expenses before surgery. Based on propensity score,
risk-set matching was first performed to assign controls
that reflect subjects who underwent HA with the same sex,
age, and year of surgery distribution of the THA group
at time zero."*"” If patients who received THA passed
away within the follow-up period, patients whose time of
death was within 1 month were matched to increase the
comparability of medical utilization and expenses of the 2
groups. This process of risk-set matching was repeated un-
til the patients who received THA were all matched."'*"¥
Ultimately, the propensity score was matched 1:1 succes-
sively for each risk set with the use of the nearest neigh-
bor-matching algorithm and a maximum caliper width of
0.01 for probabilities. Probabilities were estimated as pro-
pensity scores from the logistic regression model and the
matching variables were age, sex, Charlson Comorbidity
Index (CCI) for 3 years immediately before surgery, medi-
cal utilization (including hospitalization and outpatient
visits), direct medical expenses for 1 year immediately

before surgery, and year of surgery."*'” Then, patients who
were matched from the risk sets were excluded to prevent
overlapping samples. The process was duplicated within
consecutive risk sets until subjects who underwent THA
were no longer reflected in the risk set.

Statistical Analysis
In this comparative interrupted time series analysis, time
series were constructed using the time unit of one-quarter
before and after 3 years from time zero. The time series
were divided into 7 divisions before time zero and every
half year after time zero. Changes in baseline trends and
intercepts were considered before time zero, but only in-
tercept changes were considered in divisions after time
zero. In other words, the difference between before and
after surgery of the THA and HA groups was compared.
We performed segmented regression analysis by adjusting
all independent variables including seasonality and CCI.
We used a generalized linear model with a gamma
distribution and logarithmic link function for the seg-
mented regression analysis. We used a generalized estimat-
ing equation using a robust standard error to avoid overes-
timation of the standard errors of the parameter estimates.
All calculated p-values were two-sided, and p-values < 0.05
were considered significant. All analyses were performed
using SAS Enterprise Guide version 7.1 software (SAS In-
stitute). Baseline characteristics, including age, sex, calen-
dar year of surgery, CCI, medical history, medication his-
tory, and seasonality, were investigated as covariates. The
CCI was calculated by weighting and scoring comorbid
conditions using Quan’s method, with additional points
given to comorbidities that affect the health outcomes of
patients.”” Prescriptions of more than 90 days for antihy-
pertensive, antidiabetic, and lipid-lowering agents were
considered for patients who had taken the corresponding
medications. Medical history included admission within
1 year before surgery and the number of outpatient visits.
Furthermore, stratified analysis was performed to investi-
gate the effect of surgery type on medical utilization and
expense in patients according to the age group (= 60 & <
65 years, > 65 & < 80 years, > 80 years) and sex (male or
female).

RESULTS

Baseline Characteristics of Matched Cohort

There were 8,869 patients who underwent THA in the
HIRA database from 2011 to 2018. Among them, 821 pa-
tients who underwent THA surgery in 2011 were excluded
because it was difficult to predict the patient’s condition at



220

Kim et al. Medical Expense and Length of Stay in Femoral Neck Fracture

Clinics in Orthopedic Surgery * Vol. 16, No. 2, 2024 « www.ecios.org

the time of surgery due to a lack of medical expense and
utilization records for the year immediately before surgery.
In the course of the risk-set-matching process, 2,027 sub-
jects undergone THA were not completely matched with
the HA cohort in terms of sex, age, and year of surgery. Fi-
nally, in propensity score matching using a nearest neigh-

bor-matching algorithm, 1,775 patients who did not meet
the maximum caliper width of 0.01 for probabilities were
excluded. As a result, 4,246 patients who received THA
and 4,246 matched control patients who received HA were
included (Table 1). The mean age was 71.1 years for both
groups, and 67.2% were women.

Table 1. Baseline Characteristics of Study Participants

Variable Total arthroplasty Hemiarthroplasty Standardized difference*
Number (total = 8,492) 4,246 (50.0) 4,246 (50.0)
Sex 0.002
Male 1,394 (32.8) 1,394 (32.8)
Female 2,852 (67.2) 2,852 (67.2)
Age (yr) 71.1+99 71.1+99 0.002
Age group 0.008
>60 & <65 yr 1,073 (25.3) 1,063 (25.0)
>65&<80yr 2,301 (54.2) 2,318 (54.6)
>80 872 (20.5) 865 (20.4)
Charlson Comorbidity Index 0.038
0 1,229 (28.9) 1,273 (30.0)
1 1,084 (25.5) 1,096 (25.8)
2 776 (18.3) 718(16.9)
>3 1,157 (27.2) 1,159 (27.3)
Medical history
Number of outpatient visits within 1 year before surgery 0.096
208&<21 494 (11.6) 600 (14.1)
>21 &< 47 1,075(25.3) 1,153 (27.2)
> 47 & <85 1,266 (29.8) 1,174 (27 .6)
> 85 1,411(33.2) 1,319(31.1)
Number of admission within 1 year before surgery 0.032
0 2,558 (60.2) 2,488 (58.6)
> 1 1,690 (39.8) 1,758 (41.4)
Antihypertensive agents 0.016
No 1,530(36.0) 1,563 (36.8)
Yes 2,716 (64.0) 2,683 (63.2)
Antidiabetic agents 0.012
No 3,182 (74.9) 3,160 (74.4)
Yes 1,084 (25.5) 1,086 (25.6)
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Table 1. Continued

Variable
Lipid-lowering agents
No
Yes
Month at the time of surgery
Jan—-Mar
Apr—Jun
Jul-Sep
Oct—Dec
Year of surgery
2012
2013
2014
2015
2016
2017
Anesthesia
General

Spinal

Total arthroplasty

Hemiarthroplasty Standardized difference*

0.064
2,554 (60.2) 2,687 (63.3)
1,692 (39.8) 1,559 (36.7)
0.197
1,219 (28.7) 1,067 (25.1)
1,098 (25.9) 991 (23.3)
1,055 (24.8) 955 (22.5)
874 (20.6) 1,233 (29.0)
0.000
533 (12.6) 533 (12.6)
592 (13.9) 592 (13.9)
701 (16.5) 701 (16.5)
742 (17.5) 742(17.5)
881 (20.7) 881 (20.7)
797 (18.8) 797 (18.8)
0.347
1,833(43.2) 1,140 (26.8)
2,413 (56.8) 3,106 (73.2)

Values are presented as number (%) or mean + standard deviation.

*Standardized difference of less than 0.1 (10%) is generally considered negligible.

Differences in Direct Medical Expenses
Table 2 shows differences in differential changes in direct
medical expenses of the THA and HA groups before and
after time zero. Although direct medical expenses were rel-
atively increased in the THA group by 6.9% in comparison
to the HA group for 6 months after time zero, there was
no statistically significant difference. However, thereafter,
direct medical expenses in the THA group were relatively
reduced compared to those in the HA group. The relative-
ly significant reductions in direct medical expenses in the
THA group persisted up to 24 months after surgery. Dif-
ference-in-difference [DID] estimate ratio for 12 months
was 0.822 (95% confidence interval [CI], 0.734-0.944; p
= 0.004); 0.855 for 18 months (95% CI, 0.750-0.999 ; p =
0.049); and 0.835 for 24 months (95% CI, 0.707-0.987; p =
0.034).

Fig. 1 shows direct medical expenses per quarter in
both groups. The direct medical expenses per quarter of
the 2 groups were similar before time zero. However, in

the first quarter, the medical expense of the THA group
was higher than that of the HA group, and after that, the
expense of the HA group was higher than that of the THA
group. The total medical expenses of the 2 groups, as well
as the mean changes in medical expenses before and after
time zero, can be found in Table 3.

Differences in Medical Utilization

Table 2 shows the differences in differential changes in
medical utilizations of the THA and HA groups before
and after time zero. There was no statistically significant
difference in hospital LOS for 6 months after time zero
between the 2 groups. However, thereafter, hospital LOS
in the THA group was relatively reduced compared to that
in the HA group. The relatively significant reductions in
hospital LOS in the THA group persisted up to 24 months
after surgery. DID estimate ratio for 7-12 months was
0.799 (95% CI, 0.651-0.981; p = 0.032); 0.761 for 13-18
months (95% CI, 0.603-0.960; p = 0.021); and 0.750 for
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Table 2. Differences in Differential Changes in Direct Medical Expenses and Medical Utilizations between the THA (Case Group) and Matched

HA Cohorts (Control Group) before and after Time Zero

Direct medical expenses of the episode Ratio 95% ClI p-value
Indication of predicted graph® Baseline medical expense mean difference (USD)' 201.543  155.393-261.400 <0.001
Ratio of baseline direct medical expense difference 0.975 0.833-1.142 0.757
Ratio of direct medical expense increase per quarter 1.014 1.006-1.022 0.001
Ratio of difference in the slope of direct medical expense increase* 1.001 0.990-1.012 0.855
Difference in difference estimate’  1-6 mo 1.069 0.969-1.179 0.184
7-12 mo 0.822 0.734-0.944 0.004
13-18 mo 0.855 0.750-0.999 0.049
19-24 mo 0.835 0.707-0.987 0.034
25-30 mo 0.863 0.716-1.041 0.124
31-36 mo 0.894 0.724-1.105 0.300
Hospital LOS
Indication of predicted graph* Baseline LOS mean difference (day)" 0.143 0.096-0.214 <0.001
Ratio of baseline LOS difference 0.756 0.568-1.007 0.056
Ratio of LOS increase per month 0.986 0.973-1.000 0.045
Ratio of difference in the slope of the LOS increase’ 1.012 0.993-1.030 0.224
Difference in difference estimate’  1-6 mo 0.969 0.811-1.157 0.728
7-12 mo 0.799 0.651-0.981 0.032
13-18 mo 0.761 0.603-0.960 0.021
19-24 mo 0.750 0.574-0.977 0.034
25-30 mo 0.762 0.563-1.032 0.079
31-36 mo 0.781 0.558-1.094 0.150
Number of outpatient visits
Indication of predicted graph*® Baseline number of outpatient visits mean difference (number)' 14.323 12.451-16.477  <0.001
Ratio of baseline number of outpatient visits difference 1.039 0.961-1.124 0.334
Ratio of number of outpatient visits increase per month 1.003 0.999-1.007 0.164
Ratio of difference in the slope of the number of outpatient visits 0.998 0.993-1.004 0.538

increase’
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Table 2. Continued

Direct medical expenses of the episode Ratio 95% CI p-value

Difference in difference estimate®  1-6 mo 1.024 0.972-1.078 0.380
7-12 mo 1.035 0.976-1.097 0.249

13-18 mo 1.049 0.981-1.122 0.161

19-24 mo 1.013 0.936-1.096 0.745

25-30 mo 1.009 0.923-1.103 0.840

31-36 mo 1.001 0.904-1.107 0.979

THA: total hip arthroplasty, HA: hemiarthroplasty, Cl: confidence interval, USD: U.S. dollar, LOS: length of stay.

*Indication of the predicted graph: indicators of the predicted graph for direct medical expenses considering the increase in direct medical expenses of
both groups before matching. 'Baseline medical expense difference: difference in direct medical expense, length of stay, and number of outpatient visits
between THA and HA group at 3 years before time zero. *Slope difference: difference in the slope of the increase in direct medical expenses, length of
stay, and number of outpatient visits in the patients with THA and HA. *Difference in difference estimate: the ratios of direct medical expenses, length of
stay, and number of outpatient visits at each time point, considering the difference in direct medical expenses, length of stay, and number of outpatient
visits before and after time zero in the THA group and the difference in direct medical expenses, length of stay, and number of outpatient visits before
and after time zero in the HA group.

Direct medical expenses
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Table 3. The Incurred Medical Expenses in the THA Group and the HA Group, as well as the Mean Differences in the Incurred Medical

Expenses at 6-Month Intervals before and after the Femoral Neck Fractures

Period THA (case group, USD)  HA (control group, USD) Mean difference (95% CI, USD)* p-value

Direct medical expenses before time zero

30-36 mo 1,472 + 2,695 1,560 + 4,768 —88 (—220.5 to 44) 0.189
24-30 mo 1,461 +2,534 1,633 + 4,606 —172(-293.7 to -50) 0.010
18-24 mo 1,632 + 3,407 1,658 + 4,417 —25(-149.3 t0 98) 0.687
12-18 mo 1,683 + 3,057 1,740 + 4,319 -58(~171.5 t0 56) 0.322
6-12 mo 1,766 + 3,771 1,850 + 4,488 -84 (~208.6 to 41) 0.187

Time zero—6 mo 2,063 + 3,397 2,062 + 4,482 1(=118.11t0 121) 0.981
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Table 3. Continued

Period THA (case group, USD)

Direct medical expenses after time zero

Time zero—6 mo 10,746 £ 5,914
6-12 mo 2,536 + 2,627
12-18 mo 2,460 + 4,257
18-24 mo 2,295 + 3,963
24-30 mo 2,428 + 4,376
30-36 mo 2,365 + 4,106

HA (control group, USD) Mean difference (95% CI, USD)*  p-value
9,905 + 10,048 840 (649.9 to 1,031) <0.001
2,894 3,011 —358 (—506.4 to —210) <0.001
2,791 + 5,097 —270 (-416.6 to —124) <0.001
2,655 + 4,647 -360 (-502 to —218) <0.001
2,640 + 4,596 -212 (=371 to —54) 0.009
2,570 + 4,421 —205 (~367.5 to —43) 0.013

Values are presented as mean + standard deviation unless otherwise indicated.
THA: total arthroplasty, HA: hemiarthroplasty, USD: U.S. dollar, Cl: confidence interval.
*Mean difference: the difference in direct medical expenses between the patients who underwent THA and the matched patients who underwent HA.

Hospital LOS
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19-24 months (95% CI, 0.574-0.977; p = 0.034). Although
a marginal statistically significant difference was observed
in hospital LOS, the DID estimate ratio was 0.762 at 25-30
months (95% CI, 0.563-1.032; p = 0.079). Fig. 2 shows
hospital LOS per quarter in both groups. During the entire
observation period, the hospital LOS of the HA group was
longer than the LOS of the THA group. There was no sta-
tistically significant difference in the number of outpatient
visits between the 2 groups during the whole observation
period.

Differences by Sex and Age

Table 4 shows differences in differential changes in direct
medical expenses and hospital LOS of the THA and HA
groups according to age group. In the subgroup analysis,
hospital LOS of the THA group decreased significantly
in comparison to that of the HA group during the period
from 7 months to 36 months after surgery in the 65 < age

DDRE LD 0D 000N DD

Fig. 2. Trends of hospital length of stay
(LOS) during the study period. TA: total
arthroplasty, HA: hemiarthroplasty.

< 80 group (p < 0.05).

Table 5 shows differences in differential changes
in direct medical expenses and hospital LOS of the THA
and HA groups according to sex. In the subgroup analysis,
direct medical expenses in the THA group significantly
decreased compared to those in the HA group during
the period from 7 to 24 months after surgery in the men
group (p < 0.05).

DISCUSSION

The main findings of this study are as follows: Firstly, al-
though direct medical expenses were relatively increased
in the THA group by 6.9% in relation to the HA group
for 6 months after time zero, there was no statistically sig-
nificant difference. However, from 7 to 24 months after
surgery, reductions in medical expenses and hospital LOS
were observed. Secondly, in the subgroup analysis, when
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Table 5. Differences in Differential Changes in Medical Expense and Hospital LOS between the THA (Case Group) and Matched HA Cohorts

(Control Group) before and after Time Zero According to Sex

Male Female
Ratio (95% Cl) p-value Ratio (95% CI) p-value
Direct medical expenses of the episode™
Indication of ~ Baseline medical expense mean 251.840 (164.649-385.203) < 0.001 196.146 (133.362—240.116) < 0.001
predicted difference (USD)"
graph*
Ratio of baseline medical expense 0.961(0.702-1.316) 0.806 0.975(0.870-1.243) 0.786
difference
Ratio of medical expense increase 1.007 (0.992-1.023) 0.373 1.018(1.015-1.032) 0.000
per quarter
Ratio of difference in the slope of 1.005 (0.984-1.027) 0.653 1.000 (0.983—-1.007) 0.930
the medical expense increase’
Difference in 1-6 mo 0.960 (0.800-1.152) 0.661 1.131(1.007-1.270) 0.037
difference
estimate’ 7-12mo 0.728 (0.572-0.928) 0.010 0.882 (0.762—1.022) 0.094
13-18 mo 0.753 (0.568-0.998) 0.049 0.915(0.775-1.079) 0.292
19-24 mo 0.718(0.522-0.987) 0.041 0.891(0.735-1.081) 0.243
25-30 mo 0.774 (0.543 —1.104) 0.157 0.901(0.724-1.120) 0.347
31-36 mo 0.726 (0.477-1.107) 0.137 0.978(0.769-1.243) 0.854
Hospital LOS*
Indication of  Baseline LOS mean difference (day)' 0.384 (0.194-0.758) 0.006 0.088 (0.054-0.145) <0.001
predicted
graph* Ratio of baseline LOS difference 0.741 (0.460-1.195) 0.219 0.752 (0.527-1.072) 0.115
Ratio of LOS increase per month 0.965 (0.944-0.987) 0.002 0.996 (0.980-1.013) 0.661
Ratio of difference i in the slope of 1.017 (0.984-1.050) 0.320 1.010 (0.988-1.033) 0.384
the LOS increase’
Difference in 1-6 mo 0.874(0.634-1.205) 0.41 1.013(0.819-1.254) 0.906
difference
estimate® 7-12mo 0.771(0.534-1.114) 0.166 0.813(0.635-1.039) 0.098
13-18 mo 0.702 (0.460-1.070) 0.100 0.786 (0.595-1.037) 0.089
19-24 mo 0.680(0.419-1.103) 0.118 0.777 (0.566-1.071) 0.124
25-30 mo 0.700 (0.404-1.213) 0.203 0.788 (0.548-1.133) 0.198
31-36 mo 0.647 (0.350-1.196) 0.165 0.835 (0.558-1.250) 0.381

LOS: length of stay, THA: total hip arthroplasty, HA: hemiarthroplasty, Cl: confidence interval, USD: U.S. dollar.

*Indication of the predicted graph: Indicators of the predicted graph for direct medical expenses and LOS, considering the increase in direct medical
expenses and LOS of both groups before surgery. ‘Baseline medical expense difference: difference in direct medical expense and LOS between THA and
HA groups at 3 years before time zero. *Slope difference: difference in the slope of the increase in direct medical expenses and LOS in the patients with
THA and HA. *Difference in difference estimate: the ratios of direct medical expenses and LOS at each time point, considering the difference in direct
medical expenses and LOS before and after time zero in THA group and the difference in direct medical expenses and LOS before and after time zero in
HA group.

THA was performed on femoral neck fracture patients in ~ from 7 months to 2 years after surgery compared to when
the 65 < age < 80 group, hospital LOS was reduced from 7  HA was performed.

months to 3 years after surgery compared to when HA was Ravi et al.”” conducted a study between April 2004
performed. Additionally, in male patients who underwent ~ and March 2014 to analyze healthcare expenses for 1 year
THA, a reduction in direct medical expenses was observed  in elderly femoral neck fracture patients aged 60 years or
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older who underwent either HA or THA. They utilized
propensity score matching to select a sample of 2,689 pa-
tients in each group. They reported that while there was
no statistically significant difference in hospital expenses
between the 2 groups, rehabilitation expenses and yearly
total healthcare expenses were significantly lower in the
THA group in comparison to the HA group. Axelrod et
al.”” analyzed the cost-effectiveness of HA or THA in
femoral neck fracture patients by utilizing data on health-
care resource utilization and health-related quality of life.
They analyzed that performing THA on all femoral neck
fracture patients compared to HA was not cost-effective.
Larranaga et al.”” also conducted a cost-utility analysis on
5,867 patients who underwent HA or THA from 2010 to
2016, and they also reported that THA had a higher ex-
pense and higher utility. Reporting differing results from
these studies may be due to differences in the expenses as-
sociated with each surgical procedure in the medical sys-
tem in which the patients were included and demographic
factors of the patient population. However, all of the stud-
ies analyzed medical expenses on an annual basis and did
not analyze the effects of surgery at different time intervals
after surgery. In addition, the cost analysis did not reflect
the variation in pre-fracture medical expenses that may
differ depending on the severity of the disease, even if the
CCI is the same. However, in our study, we segmented the
data into 6-month intervals after surgery and analyzed the
expenses incurred at each time interval up to 3 years after
surgery in detail. We also addressed the shortcomings of
previous studies by analyzing the variation in pre-fracture
medical expenses using comparative interrupted time se-
ries analysis. Our findings were similar to those of Ravi et
al.”” in that there was no difference in medical expenses
between the 2 groups for the initial 6 months after surgery.
However, in our study, the reduction in medical expenses
in the THA group was observed from 7 to 24 months after
surgery. This is thought to be influenced by 2 factors. First,
the hospital LOS in the THA group was shorter than that
in the HA group. Ravi et al.”” addressed no difference in
the complication rate between the groups; however, the
dislocation rate within 1 year after surgery was higher
in the THA group (1.7%) than in the HA group (1.0%).
However, the risk of revision arthroplasty within 1 year
was lower in the THA group in relation to the HA group.
In our analysis, we also observed that hospital LOS was
shorter for the THA group than the HA group. Secondly; it
is suggested that THA had a favorable effect on functional
outcomes compared to the HA group, particularly in ac-
tive elderly patients, which could have an impact on their
health status. Zelle et al.”” claimed that THA could result

in more favorable functional outcomes in active elderly
patients, and increased activity in femoral neck fracture
patients could be effective in preventing complications
such as pneumonia, psoas abscess, and thromboembolic
events. This is also one of the reasons why the hospital
LOS for THA patients may be shorter than that for HA pa-
tients. Therefore, when performing THA on femoral neck
fracture patients, we believe that the possibility of survival
for more than 2 years should be considered from the per-
spective of medical expense and medical utilization. How-
ever, additional research seems necessary to develop a tool
that can predict a patient’s survival period.

There are several available options for the surgi-
cal treatment of femoral neck fractures, including inter-
nal fixation, HA, and THA.” There appears to be some
consensus that internal fixation should be performed in
young patients or for nondisplaced fractures, while HA is
preferred for elderly patients with limited physical activ-
ity. However, it is still unclear whether to choose HA or
THA for patients over the age of 60 years. Guyen® argues
that in self-sufficient, physically active patients, THA has
better functional outcomes and a lower risk of revision
surgery compared to HA. Zelle et al.”” also argue that in
selected elderly patients who are active, THA may attain
favorable early functional outcomes than HA. Studies ana-
lyzing cost-effectiveness have also reported similar results.
Axelrod et al.”” reported that compared to HA, THA in all
femoral neck fracture patients was not cost-effective, but
THA in the subgroup analysis for patients under the age
of 73 years was more cost-effective than HA. Larranaga
et al”” conducted a cost-utility analysis on 5,867 patients
who underwent HA or THA from 2010 to 2016. They
performed subgroup analyses based on the American
Society of Anesthesiologists physical status (ASA) class
and age and reported that THA was not cost-effective for
80 years and older patients with ASA class III-IV, while
it was more cost-effective compared to HA for younger
patients. Our subgroup analysis yielded similar results,
showing that hospital LOS was significantly shorter in the
THA group compared to the HA group for patients aged
65 to 80 years. We believe that THA in younger femoral
neck fracture patients may prevent complications such
as pneumonia, psoas, and thromboembolic events and
reduce hospital LOS, but THA did not show a significant
effect in patients under 65 years of age due to the charac-
teristics of interrupted time series analysis. The medical
expenses during the quarter when surgical treatment was
performed increased suddenly compared to the medical
expenses before the occurrence of the fracture, and this
could potentially impact the analysis of later medical ex-
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penses. Generally, male hip fracture patients have higher
morbidity and mortality rates than females.” Mizrahi
et al.” reported that functional scores were higher in fe-
males than in males, while Kempen et al.”® claimed that
pre-injury level was the determining factor for functional
recovery, and gender differences did not influence short-
term functional results. They also argued that male pa-
tients showed better recovery than females after 1 year, as
females had more disabling conditions and diseases such
as arthritis and migraine headaches, and fall-related in-
juries may induce depressive symptoms that could affect
functional recovery. Our subgroup analysis showed that
THA in male patients reduced direct medical expenses for
7-24 months after surgery compared to the HA group, but
there was no expense reduction observed in females. We
believe that THA may help in functional recovery for male
femoral neck fracture patients, as Kempen et al.”® suggest-
ed, leading to a decrease in medical expenses. Therefore,
we believe that THA may be recommended over HA for
active and healthy patients under 80 years old, especially
male patients with femoral neck fractures.

There are several limitations in our study. First,
diagnostic codes may not accurately reflect the patient’s
disease status, since it is a fundamental limitation of the
insurance database. Nevertheless, we can assume that the
incidence of femoral neck fractures is relatively accurate
since almost all hospitals implement the fee-for-service
system and all surgical or other treatment procedures are
claimed. Despite these limitations, the HIRA database pro-
vides a large sample size with a relatively high follow-up
rate due to the nature of the national administration data.
Furthermore, the HIRA database represents all popula-
tion in South Korea. Thus, it reflects all the elderly femoral
neck fracture patients in South Korea. Second, since this
study is solely based on the South Korean database and
each country has a different medical system, it is possible
to have potential regional biases. Thirdly, we could not
analyze the functional outcomes in cases of femoral neck
fracture. Lastly, our study did not account for the differ-
ences in the indications for THA and HA performed on
femoral neck fracture patients. For instance, if femoral

neck fracture patients have concomitant advanced hip
osteoarthritis, THA is more likely to be performed instead
of HA. However, we cannot determine the presence or
severity of hip osteoarthritis in our study. Nevertheless,
we made efforts to overcome this limitation by adjust-
ing for important factors in the surgical decision-making
process, such as age, comorbidities, medication use, and
past healthcare utilization. Consideration of this aspect is
necessary when interpreting the study results.

In conclusion, when performing THA in elderly
patients with femoral neck fractures, the possibility of
survival for at least 2 years should be considered from the
perspective of medical expense and medical utilization.
Additionally, in healthy and active male femoral neck frac-
ture patients under the age of 80 years, THA may be more
recommended than HA.
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