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Objective: Cemented hemiarthroplasty is recommended for the vulnerable hip fracture popula-
tion because of beneficial long-term outcomes. However, the association between cemented 
hemiarthroplasty and short-term mortality is controversial. To increase a preparedness of poten-
tial complication after cemented hemiarthroplasty, we aimed to evaluate the trajectory of the 
effect of cemented hemiarthroplasty on short-term in-hospital outcomes.
Methods: We investigated in-hospital mortality and complications between cemented hemi-
arthroplasty and cementless hemiarthroplasty using a nationwide multicenter database from 
2010 to 2016 with a propensity-score matching analysis. We analyzed in-hospital mortality 
from 1 to 14 days after surgery. We also investigated in-hospital complications that may 
associate with mortality.
Results: After matching of 31,322 cases, we found no significant difference in 30-day in- 
hospital mortality between the cemented and cementless hemiarthroplasty groups (hazard 
ratio, HR [95% confidence interval, CI], 1.2 [0.89–1.6], p = 0.23). However, the 1- to 10-day 
postoperative mortality rates were significantly higher in the cemented group and the 
association becomes weaker as the postoperative period increased (day 1; HR [95% CI]: 
3.5 [1.6–7.68]; day 10; HR [95% CI]: 1.59 [1.07–2.37]). The incidence of stroke and 
intensive care unit (ICU) admission was also significantly higher in the cemented group.
Conclusion: Cemented hemiarthroplasty was not significantly associated with an increase in 
overall in-hospital mortality but was significantly associated with short-term mortality from 
1-day to 10-day after surgery. The incidence of stroke and ICU admission was also sig-
nificantly higher in the cemented group. Surgeons should pay more attention to the risk of 
mortality and stroke in patients undergoing cemented hemiarthroplasty, especially in the 
early days of hospitalization.
Keywords: national database, complication, geriatric fracture, stroke, intensive care unit 
admission, ICU admission

Introduction
Hip fracture accounts for one fourth of all fractures in the elderly population, in which 
osteoporosis is a common health condition.1 Across the world, the aging population is 
expected to increase the incidence of hip fractures four times by 2050.2 Most patients 
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undergo surgical treatment especially for displaced femoral 
neck fracture because the risk of osteonecrosis or nonunion is 
high owing to the scarce blood supply around the femoral 
neck.3

A recent study revealed that cemented hip hemiarthro-
plasty is more protective from implant-related complications, 
such as periprosthetic fracture or aseptic loosening than 
cementless hip hemiarthroplasty and also results in favorable 
long-term survival.4,5 On the other hand, several studies have 
reported adverse events when using cemented hemiarthro-
plasty, especially during surgery. One of the critical compli-
cations of cemented implantation is bone cement 
implantation syndrome (BCIS), which causes hypoxia and 
consequent death during surgery.6 One large registry-based 
research showed a higher mortality within a day after surgery 
in patients who underwent cemented hemiarthroplasty.7 

A recent meta-analysis also suggested a higher short-term 
mortality in cemented hemiarthroplasty.5 However, the con-
clusion on whether to use cemented or cementless hemiar-
throplasty is still controversial.5,8 In addition, although BCIS 
is a well-known risk factor of acute surgical complication 
during surgery, little has been known about the attributable 
risk or complication of the increased short-term mortality 
other than BCIS in cemented hemiarthroplasty. Therefore, 
we hypothesized that, in addition to BICS, certain types of 
complication would contribute the higher mortality in 
cemented hemiarthroplasty. The aim of this study was to 
investigate the trajectory of short-term mortality and evaluate 
the attributable complication that may cause in-hospital 
death. We used a large nationwide database to investigate 
rare complications during hospitalization and performed 
a propensity-score matching analysis to balance the hetero-
geneous patient backgrounds to obtain robust results.

Methods
Data Source
We used the Japanese Diagnosis Procedure Combination 
inpatient database, which is a nationwide database including 
discharge abstracts and administrative claims data from 1133 
hospitals in Japan. Patient baseline characteristics, primary 
diagnoses for admission, score for activities of daily living 
(ADL), comorbidities present upon admission, complica-
tions after admission, surgical procedures, and length of 
hospital stay were recorded in the database. The medical 
diagnosis, comorbidities, and complications recorded in the 
database are described with the International Classification of 
Disease and Related Health Problems, Tenth Revision (ICD- 

10), codes9 (Appendix 1, 2). The previous validation study 
reported approximately 80% sensitivity and 90% specificity 
in these diagnostic and procedural records.10

Study Population
Our study participants were all consecutive patients hospi-
talized with a primary diagnosis of femoral neck fracture 
(ICD-10 S7200) who underwent hemiarthroplasty 
(Hemiarthroplasty, K0811; an originally developed opera-
tion code in the database), between April 1, 2010, and 
March 31, 2016. Patients >60 years of age were included 
and those who waited for surgery for >30 days were 
excluded in the investigation for acute elderly patients 
with femoral neck fractures. We have categorized cemented 
hemiarthroplasty group as patients who used bone cement 
in the surgery in addition to hemiarthroplasty procedure.

Main Exposure and Clinical Outcomes
The surgical interventions were categorized into either hemi-
arthroplasty with cement use or hemiarthroplasty without 
cement use. The primary outcome was in-hospital mortality 
and postoperative 1- to 10-day mortality. The secondary 
outcomes were in-hospital complications, anesthesia time, 
intensive care unit (ICU) admission, blood transfusion, and 
length of hospital stay. Postoperative complications were 
defined as follows on the basis of previous research:5 cor-
onary heart disease, heart failure, respiratory disorders, pul-
monary embolism, stroke, renal failure, urinary tract 
infection, sepsis, surgical site infection, and hip dislocation.

Covariates
To assess the patients’ individual characteristics, data on age, 
sex, body mass index (BMI), smoking history, comorbidities 
at admission, anticoagulant use before surgery, the ability to 
transfer from bed to a chair on admission based on the 
Barthel Index (BI), waiting time for surgery, the types of 
anesthesia, and admission through the emergency depart-
ment were evaluated. To assess hospital characteristics, 
teaching hospital status, hospital volume, and annual surgical 
volume for hip fracture surgery were evaluated. The annual 
surgical volume was defined as the annual number of patients 
who underwent hemiarthroplasty at each hospital. BMI was 
classified as <18.5, 18.5–24.9, 25.0–29.9, and >30.0 kg/m2. 
On the basis of the components of the Carlson Comorbidity 
Index (CCI), congestive heart failure; peripheral vascular 
disease; myocardial infarction; heart failure; peripheral vas-
cular disease; stroke; dementia; pulmonary disorders; peptic 
ulcer; mild, moderate, and severe diseases; diabetes with or 
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without complications; hemiplegia; renal failure; cancer; 
metastatic cancer; and human immunodeficiency virus were 
evaluated.11,12 In addition to CCI, Parkinson’s disease, stable 
angina, hypertension, and anemia were assessed. ADL was 
evaluated using the BI, which is an ordinal scale that mea-
sures ADL performance, and the ability to transfer was also 
evaluated.13

Statistical Analyses
We used a propensity-score matching analysis to identify 
our cohort of patients with similar baseline characteristics 
to consider the differences in baseline characteristics 
between the cemented and cementless hemiarthroplasty 
groups. A propensity-score is the conditional probability 
of receiving a specific intervention such as cemented or 
cementless hemiarthroplasty on a set of measured baseline 
covariates.14,15 The propensity-score was estimated using 
a multivariable logistic regression analysis, calculating the 
probability of receiving cemented hemiarthroplasty with 
adjustment for all the baseline characteristics described in 
Table 1 (Appendix 3 in detail). Then, the patients were 
matched between the cemented and cementless hemiar-
throplasty groups with a 1:1 matching protocol without 
replacements. To obtain a balanced matched cohort, we set 
the caliper width to 20% of the standard deviation of the 
logit of the propensity-score. The balance of the baseline 
characteristic between the two groups was evaluated by 
comparing standardized differences for all the baseline 
covariates before and after matching. Standardized differ-
ences <10% for a given baseline covariates were consid-
ered as relatively balanced matching.16 In the matched 
cohort, we used a Cox regression model with a robust 
variance estimator to estimate the time to death during 
hospitalization from day 1 to day 14 after surgery. The 
type I error probability was set to 0.05 for all the analyses. 
All statistical analyses were performed using Stata version 
16.1 (Stata Corp, College Station, TX, USA).

Ethics, Data-Sharing, Funding, and 
Potential Conflicts of Interest
The study was approved by the Tokyo Medical and Dental 
University Ethical Committee and written informed con-
sent was waived by the Ethics Committee (IRB: M2000- 
788). This study was conducted in accordance with the 
Declaration of Helsinki. Data cannot be shared due to the 
protection of private information. All authors declare no 
conflicts of interest for this research. All authors have read 

and agreed to the published version of the manuscript. 
This research did not receive grants from any funding 
agency in the public, commercial or not-for-profit sectors.

Results
Study Population
A total of 113,678 patients (mean [SD] age, 82.07 [7.38] 
years) were included in the study, of whom 113,678 (88%) 
underwent cementless hemiarthroplasty and 15,690 (12%) 
underwent cemented hemiarthroplasty (Figure 1, Table 1). 
More aged women (cemented, 83 years vs cementless, 82 
years; 80.9% vs 78.3%) with lower BMI (<18.5; 28.8% vs 
26.2%), less smoking (9.5% vs 10.6%), and better ability 
to transfer (light assist; 9.4% vs 7.8%) underwent cemen-
ted hemiarthroplasty. The waiting time for surgery was 
longer in the cemented hemiarthroplasty group (>72 
hours; 60.3% vs 56.7%). Hospitals with higher number 
of beds (>500; 7.0% vs 4.3%) and lower annual surgical 
volumes (<100, 98.5% vs 97%) were likely to perform 
cemented hemiarthroplasty. We found no significant dif-
ference in comorbidity between the two groups.

Outcomes After Matching
A total of 31,332 patients, including 15,666 pairs of 
patients who underwent cemented and cementless hemiar-
throplasties, were obtained after the propensity-score 
matching. The standardized difference between the two 
groups was <10% for all the baseline characteristics 
including waiting time for surgery; thus, balanced match-
ing was achieved (Table 1).

Table 2 shows the primary and secondary outcomes 
after matching. After matching, the in-hospital mortality 
was 0.6% (n = 181), and no significant association was 
observed between in-hospital mortality and cemented 
hemiarthroplasty (hazard ratio [95% confidence interval, 
CI], 1.2 [0.89–1.6], p = 0.23). Figure 2 shows the asso-
ciation between cemented hemiarthroplasty and mortality 
during early days after surgery. Within the 1 and 10 
postoperative days, mortality was significantly higher in 
the cemented group than in the cementless group, espe-
cially in the earlier stage of hospitalization, but the 
difference in the incidence of death between the two 
groups narrowed as time passed and after 11 postopera-
tive days, the significant difference diminished (day 1; 
HR [95% CI]: 3.5 [1.6–7.68]; day 10; HR [95% CI]: 
1.59 [1.07–2.37]).
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Among all complications, the patients who underwent 
cemented hemiarthroplasty had a significantly higher inci-
dence of stroke (odds ratio, OR [95% CI], 1.55 [1.22–1.97], 
p < 0.001), ICU admission (OR [95% CI], 1.42 [1.25–1.61], 
p < 0.001), hip dislocation (1.79 [1.12–2.84], p = 0.014), and 
blood transfusion (OR [95% CI], 1.24 [1.18–1.31], p < 0.001). 
In cemented hemiarthroplasty, anesthesia time was signifi-
cantly longer (mean difference [95% CI], 18.6 min 
[17.3–19.9], p < 0.001). On the other hand, the length of 
hospital stay was significantly shorter in cemented hemiarthro-
plasty (mean difference [95% CI], −0.8 days [−1.3– −0.3], 
p = 0.003). We found no significant difference in other com-
plications between the cemented and cementless hemiarthro-
plasty groups.

Discussion
We performed a propensity-score matching analysis using 
data from a nationwide multicenter database, including 
31,332 patients who underwent hemiarthroplasty. Our study 
shows no significant difference in 30-day in-hospital mortal-
ity between the cemented and cementless hemiarthroplasty 
groups, although 1- to 10-day postoperative mortality rates 
were significantly higher in the cemented hemiarthroplasty 
group than in the cementless hemiarthroplasty group. In 
addition, this association was highest immediately after sur-
gery, and it reduced as the postoperative period increased. We 
found that the risk of stroke was significantly higher in 
cemented hemiarthroplasty group compared to cementless 
group, which was a potential complication that may increase 
short-term mortality in cemented hemiarthroplasty.

Mortality
No significant difference in mortality was found between 
the cemented and cementless hemiarthroplasty groups. 
Previous research showed controversial results regarding 
cemented hip arthroplasty and mortality. Recent RCTs 
showed no significant difference between cemented and 
cementless hemiarthroplasties in in-hospital and 30-day 
mortality rates, which is similar to the result we obtained 
during our observation period.17,18 However, a recent 
meta-analysis showed a significantly higher mortality at 
2 days after operation in the cemented group than in the 
cementless group.5 Our result also showed a significantly 
higher incidence of death, especially in the early day of 
postoperative observational period and this association 
lasted for 10 days after surgery, although this association 
reduced with the passage of days after surgery.

Complications
The incidence of stroke and ICU admission were signifi-
cantly higher in the cemented hemiarthroplasty group than 
in the cementless hemiarthroplasty group. Among the sys-
temic complications, only stroke showed a significant 
increase in the cemented hemiarthroplasty group as com-
pared with the cementless hemiarthroplasty group. One 
plausible explanation is that hypotension during surgery 
was caused by the cemented implantation. Cementing into 
bone marrow may cause steep blood pressure reduction, 
and this phenomenon is known as BCIS.6 Thus, decreased 
blood pressure could cause perioperative stroke in patients 
who underwent cemented hemiarthroplasty. Previous 

Figure 1 Flow chart of patient selection.
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Table 1 Patient Characteristics

Cemented Cementless SMD Cemented Cementless SMD

N=15,690 N=113,678 N=15,666 N=15,666

Age, year mean (SD) 83.09 (7.31) 82.07 (7.38) 13.9% 83.09 (7.31) 83.17 (7.24) 1.2%

Sex, n (%) 12,695 (80.9) 89,056 (78.3) 6.4% 12,675 (80.9) 12,776 (81.6) 1.7%

BMI, n (%) 6.9% 2.1%

<18.5 4514 (28.8) 29,818 (26.2) 4503 (28.7) 4591 (29.3)

18.5–25 8432 (53.7) 64,171 (56.4) 8420 (53.7) 8433 (53.8)

25–30 1237 (7.9) 9604 (8.4) 1237 (7.9) 1213 (7.7)

≥30 162 (1.0) 1167 (1.0) 162 (1.0) 146 (0.9)

Missing 1345 (8.6) 8918 (7.8) 1344 (8.6) 1283 (8.2)

Smoking, n (%) 3.8% 1.6%

Never-smoking 12,890 (82.2) 92,071 (81.0) 12,866 (82.1) 12,961 (82.7)

Smoking 1483 (9.5) 12,044 (10.6) 1483 (9.5) 1419 (9.1)

Missing 1317 (8.4) 9563 (8.4) 1317 (8.4) 1286 (8.2)

Charlson Comobidity Index, n (%) 1.1% 3.6%

0 7555 (48.2) 54,668 (48.1) 7544 (48.2) 7822 (49.9)

1 4794 (30.6) 35,084 (30.9) 4788 (30.6) 4635 (29.6)

2 2254 (14.4) 16,333 (14.4) 2249 (14.4) 2162 (13.8)

≥3 1087 (6.9) 7593 (6.7) 1085 (6.9) 1047 (6.7)

Anemia, n (%) 531 (3.4) 3456 (3.0) 2.0% 529 (3.4) 480 (3.1) 1.8%

Hip Osteoarthritis, n (%) 24 (0.2) 145 (0.1) 0.7% 24 (0.2) 24 (0.2) 0.1%

Anticoagulant before surgery, n (%) 5885 (37.5) 40,038 (35.2) 4.8% 5865 (37.4) 5778 (36.9) 1.1%

Ability to transfer, n (%) 6.1% 3.4%

Unable 11,023 (70.3) 82,296 (72.4) 11,010 (70.3) 11,216 (71.6)

Heavy assist 1400 (8.9) 10,094 (8.9) 1395 (8.9) 1300 (8.3)

Light assist 1425 (9.1) 8828 (7.8) 1421 (9.1) 1421 (9.1)

Independent 1164 (7.4) 8275 (7.3) 1162 (7.4) 1079 (6.9)

Missing 678 (4.3) 4185 (3.7) 678 (4.3) 650 (4.1)

Waiting time (Hr), n (%) 7.4% 0.3%

Less than 72 6226 (39.7) 49,272 (43.3) 4.9% 6223 (39.7) 6244 (39.9)

More than 72 9464 (60.3) 64,406 (56.7) 9443 (60.3) 9422 (60.1)

Anesthesia, n (%) 4.9% 3.2%

General Anesthesia 8624 (55.0) 64,694 (56.9) 8622 (55.0) 8726 (55.7)

Spinal Anesthesia 6270 (40.0) 43,267 (38.1) 6249 (39.9) 6249 (39.9)

General and Epidural 770 (4.9) 5385 (4.7) 769 (4.9) 669 (4.3)

Spinal and Epidural 26 (0.2) 332 (0.3) 26 (0.2) 22 (0.1)

Admission through ER, n (%) 13,327 (84.9) 101,213 (89.0) 12.2% 13,323 (85.0) 13,351 (85.2) 0.5%

Teaching hospital, n (%) 640 (4.1) 3048 (2.7) 7.7% 640 (4.1) 620 (4.0) 0.6%

Hospital volume, n (%) 18.4% 1.6%

Less than 20 249 (1.6) 387 (0.3) 225 (1.4) 221 (1.4)

20 to 100 3204 (20.4) 27,091 (23.8) 3204 (20.5) 3154 (20.1)

100 to 500 11,145 (71.0) 81,279 (71.5) 11,145 (71.1) 11,249 (71.8)

More than 500 1092 (7.0) 4921 (4.3) 1092 (7.0) 1042 (6.7)

Annual surgical volume, n (%) 10.2% 1.4%

Less than 100 15,450 (98.5) 110,212 (97.0) 15,426 (98.5) 15,453 (98.6)

More than 100 240 (1.5) 3466 (3.0) 240 (1.5) 213 (1.4)

Admission on weekend, n (%) 3129 (19.9) 23,426 (20.6) 1.7% 3125 (19.9) 3033 (19.4) 1.5%

Abbreviation: SMD, standardized mean difference.
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research in heart surgery reported that >40% decrease in 
blood pressure during surgery caused approximately 20% 
higher risk of poor neurological outcome.19 Although our 
database did not include the day on which the complica-
tion occurred, this sudden plunge of blood pressure during 
surgery may cause the risk of stroke, suggesting higher 
mortality especially in the early days of hospitalization. 
The symptoms of stroke are less obvious, especially in 
elderly population, and the outcomes worsen with an 
increase in the patients’ age.20 When compared with 
patients whose age ranged in their 60s, the prevalence of 
asymptomatic stroke was twice in patients whose age 
ranged in their 80s.21 Thus, it is important to closely 
monitor subtle changes in patient cognition. Along with 
a higher incidence of stroke, the ICU admission rate was 
also significantly higher in the cemented hemiarthroplasty 
group than in the cementless hemiarthroplasty group.

Our result showed a significantly higher risk of hip 
dislocation in the cemented hemiarthroplasty group. This 
result is consistent with a previous report. Jameson et al 
reported 1.85 times higher risk of dislocation in cemented 

hemiarthroplasty than in cementless hemiarthroplasty.22 

On the other hand, the authors reported the risk of revision 
surgery was approximately three times higher in cement-
less hemiarthroplasty over an 18-month observation per-
iod; thus, the higher dislocation risk in the cemented group 
was not reflected in the higher incidence of revision sur-
gery from a long-term perspective.

Anesthesia time and the incidence of blood transfusion 
were significantly greater in the cemented hemiarthroplasty 
group than in the cementless hemiarthroplasty group. The 
time for anesthesia was 18 minutes longer on average, and 
the risk of blood transfusion was 24% higher in cemented 
hemiarthroplasty in our research. These results were consis-
tent with those of previous RCTs. Three RCTs showed 12 to 
18 minutes longer operation time in patients who underwent 
cemented hemiarthroplasty.7,18,23 This longer operation 
times could also cause higher blood transfusion rates. Two 
of three RCTs also reported higher amounts of blood loss in 
the cemented group (75–90 mL).7,18

Although incidence of stroke, ICU admission, and hip 
dislocation was significantly higher in cemented 

Table 2 Postoperative Complications Between the Propensity Score Matched Groups

Cemented Cementless HR (95% CI) p-value

N=15,666 N=15,666

In-hospital mortality, n (%) 193 (1.2) 180 (1.1) 1.2 (0.89–1.6) 0.23

Post surgical first two day mortality, n (%) 28 (0.2) 8 (0.1) 3.5 (1.6–7.68) 0.002
Post surgical first seven day mortality, n (%) 50 (0.3) 28 (0.2) 1.79 (1.12–2.84) 0.014

Cemented Cementless OR (95% C.I.) p-value

Coronary Heart Disease, n (%) 294 (1.9) 282 (1.8) 1.05 (0.89–1.24) 0.58

Heart Failure, n (%) 230 (1.5) 216 (1.4) 1.07 (0.88–1.29) 0.50
Respiratory Disorders, n (%) 429 (2.7) 410 (2.6) 1.05 (0.92–1.2) 0.48

Pulmonary Embolism, n (%) 75 (0.5) 85 (0.5) 0.89 (0.65–1.22) 0.47

Stroke, n (%) 173 (1.1) 112 (0.7) 1.55 (1.22–1.97) <0.001
Renal Failure, n (%) 69 (0.4) 75 (0.5) 0.92 (0.66–1.28) 0.62

Urinary Tract Infection, n (%) 428 (2.7) 377 (2.4) 1.14 (0.99–1.31) 0.06

Sepsis, n (%) 65 (0.4) 72 (0.5) 0.9 (0.64–1.26) 0.55
ICU admission, n (%) 619 (4.0) 442 (2.8) 1.42 (1.25–1.61) <0.001

Blood Transfusion, n (%) 3413 (21.8) 2869 (18.3) 1.24 (1.18–1.31) <0.001

Surgical site infection, n (%) 163 (1.0) 133 (0.8) 1.23 (0.98–1.55) 0.08
Hip dislocation, n (%) 132 (0.8) 95 (0.6) 1.79 (1.12–2.84) 0.014

Cemented Cementless MD (95% C.I.) p-value

Anesthesia time, min mean (SD) 126.3 (40.8) 107.7 (70.3) 18.6 (17.3–19.9) <0.001
Length of hospital stay, day mean (SD) 35.1 (23.7) 35.9 (23.8) −0.8 (−1.3 - −0.3) 0.003

Medical cost, per $10 mean (SD) 2222.5 (943.4) 2285.7 (908.9) −63.6 (−84.1 - −43.1) <0.001

Note: In-hospital mortality was estimated using a cox regression model, and other outcomes were estimated using logistic regression model. 
Abbreviations: HR, hazard ratio; OR, odds ratio; MD, mean difference; CI, confidence interval.
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hemiarthroplasty group, the length of hospital stay was 0.8 
days shorter in cemented group (p = 0.003). The possible 
explanations of this paradoxical result were higher mortality 
and possible faster recovery in mobile function to be dis-
charged from hospital in patient who underwent cemented 
hemiarthroplasty compared to cementless hemiarthroplasty. 
Since the short-time mortality was higher in the cemented 
group compared to cementless group, this earlier death could 
reduce the length of hospital stay. In addition, even the inci-
dence of stroke, ICU admission, and hip dislocation was higher 
in cemented group compared to cementless group, the absolute 
number of complication was small, and thus overall effect of 
cemented hemiarthroplasty on faster recovery in mobile func-
tion led to earlier discharge from hospital. Patients who under-
went cemented hemiarthroplasty were reported to experienced 
reduced pain and this may contribute to faster recovery in 
physical function of cemented hemiarthroplasty group 
although long-term functional recovery is inconclusive.24,25 

In this study, the risk differences of stroke, ICU admission, 
and hip dislocation between cemented and cementless 

hemiarthroplasty groups were as relatively low as 0.4%, 
1.2%, 0.2%, respectively. Therefore, even the risk of these 
complications was higher in cemented hemiarthroplasty 
group compared to cementless group, the benefit of early 
functional recovery canceled out these negative effects, result-
ing in overall shorter length of hospital stays in cemented 
hemiarthroplasty group.

Strength and Limitations
To investigate short-term mortality and complications, 
we used propensity-score matching analysis using 
31,322 cases after matching from 113,678 patients 
that enabled us to obtain robust estimation. In addi-
tion, we evaluated the short-term mortality without 
selecting arbitrary day to define the short-term mortal-
ity to capture the trend of mortality within the obser-
vation period. The present study also has some 
limitations. First, time to complication was not 
recorded in the database. Therefore, the higher inci-
dence of stroke in cemented hemiarthroplasty group 
does not surely explain the cause of death. However, 
stroke still is one of the major morbidities after hip 
fracture and our result is relevant.26 Second, surgical 
approaches were not recorded in our database. Some 
research reported higher dislocation risk with posterior 
approach hemiarthroplasty and the difference in these 
surgical approaches could be potential confounders.27 

Third, our database does not include information about 
each surgeon’s skills, experience, and the preference in 
hip fracture management such as VTE prophylaxis 
protocol. Considering the risk of complications after 
surgery, surgeries performed by skilled surgeons would 
confer a lower risk of complications. Instead, we 
included information about annual surgical volume to 
take into account the surgeon’s skills. Fourth, our 
database does not include the severity of complica-
tions. To consider this problem, we also included 
ICU admission as a secondary outcome to estimate 
the severity of complications. Fifth, the criteria of 
hospital discharge differ over each institution and 
attending surgeon. Therefore, the interpretation of 
shorter length of hospital stay in cemented hemiarthro-
plasty group should be careful. To mitigate the bias of 
different institution, we adjusted institutional charac-
teristics including teaching status, hospital volume, 
and annual surgical volume.

Figure 2 Association between cemented hemiarthroplasty and short-term 
mortality.
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Conclusions
Although there was no significant difference in 30-day in- 
hospital mortality between cemented and cementless hemiar-
throplasty, the mortality rates from day 1 to day 10 after 
surgery were significantly higher in cemented hemiarthro-
plasty as well as the incidence of stroke. The risk of stroke 
should be considered especially in cemented hemiarthroplasty 
during the early days after the surgery to optimize health care 
resources and improve clinical outcomes.
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