Postoperative daily living activities of
geriatric patients administered general or
spinal anesthesia for hip fracture surgery: A
retrospective cohort study
著者別名
journal or
publication title
volume
number
page range
year
権利

URL

福田 妙子, 我妻 ゆき子
Journal of orthopaedic surgery
26
1
230949901775410
2018‑01
(C) The Author(s) 2018
Creative Commons Non Commercial CC BY‑NC: This
article is distributed under the terms of the
Creative Commons Attribution‑NonCommercial 4.0
License
(http://www.creativecommons.org/licenses/by‑nc
/4.0/) which permits non‑commercial use,
reproduction and distribution of the work
without further permission provided the
original work is attributed as specified on
the SAGE and Open Access pages
(https://us.sagepub.com/en‑us/nam/open‑access‑
at‑sage).
http://hdl.handle.net/2241/00150878
doi: 10.1177/2309499017754106

Creative Commons : 表示 ‑ 非営利
http://creativecommons.org/licenses/by‑nc/3.0/deed.ja

Journal of

Orthopaedic
Surger y

Article

Postoperative daily living activities of
geriatric patients administered general
or spinal anesthesia for hip fracture
surgery: A retrospective cohort study

Journal of Orthopaedic Surgery
26(1) 1–9
ª The Author(s) 2018
Reprints and permissions:
sagepub.co.uk/journalsPermissions.nav
DOI: 10.1177/2309499017754106
journals.sagepub.com/home/osj

Taeko Fukuda1,2, Shinobu Imai3, Masaya Nakadera3,
Yukiko Wagatsuma1,4 and Hiromasa Horiguchi3

Abstract
Purpose: Maintaining independence after hip fracture repair is important for geriatric patients and general welfare. We
investigated the effects of anesthetic methods on postoperative activities of daily living (ADLs) following hip fracture
surgery in elderly patients. Methods: The medical records of 12,342 patients aged 65 years who underwent typical
surgeries for hip fracture using either general anesthesia or spinal anesthesia were reviewed. To adjust for baseline differences and minimize selection bias for the chosen method of anesthesia, patients were matched by propensity scores.
Factors affecting the deterioration in ADLs during hospital stay were also investigated in all subjects using a multivariate
logistic regression analysis. Eating, grooming, toileting, bathing, and walking were selected as the ADL parameters, as they
are considered important for an independent life. Results: Of the 12,342 patients, 6918 (56.1%) received general
anesthesia and 5424 (43.9%) received spinal anesthesia. After the propensity score matching, the anesthesia types were
not associated with ADL scores except toileting at discharge. Results from the multivariate logistic regression analysis
showed that the types of anesthesia were not associated with deterioration in ADL scores. Advanced age, male sex, high
Charlson Comorbidity Index scores, psychiatric disease, no administration of nonsteroidal anti-inflammatory drugs, and
short length of hospital stay were associated with deterioration in ADL scores. Conclusion: The anesthesia types were
not associated with ADL dependency except toileting at discharge. Spinal anesthesia adversely affected toilet use at
hospital discharge. However, anesthesia types were not factors that affected deterioration in ADL during hospital stay in
elderly patients who underwent hip fracture surgery.
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Introduction
Hip fractures are a global public health concern. Approximately 1.6 million hip fractures are reported to occur annually worldwide, and the incidence is expected to drastically
increase several times over the next three decades due to
the aging population.1,2 Most hip fractures are treated with
surgical repair, which requires general or regional anesthesia.3 Several investigations have attempted to determine the
type of anesthesia that is optimal for hip fracture, but the
evidence remains conflicting. 3–9 General anesthesia
enables patients to be completely free from mental stress
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during the surgeries. Covert and Fox reported that general
anesthesia significantly reduced hypotensive episodes and
blood loss when compared to regional anesthesia.10 Hypotension and/or blood loss may preclude adequate oxygen
delivery to the central nervous system during surgery. Anemia is reported to be a factor related to a poor outcome after
hip fracture surgery.11,12 On the contrary, spinal anesthesia
can keep the patient at a consistent level of consciousness
through the perioperative and operative periods. A systematic review reported that general anesthesia, compared
to regional anesthesia, might increase the risk of developing postoperative cognitive dysfunction.13 It is widely
known that cognitive impairment is a risk factor for poor
functional outcomes in geriatric trauma patients.14–16
Thus far, the main comparisons between general
anesthesia and regional anesthesia methods have been mortality and morbidity, as it is difficult to investigate the
changes in intellectual faculties, or in the ability to live
independently, using large-scale retrospective studies.
However, these factors are speculated to be associated with
recovery, and poor outcomes require increased utilization
of social financial assistance.17 Since 2002, data have been
accumulated for 10 parameters of activities of daily living
(ADLs) in many Japanese hospitals using the diagnosis
procedure combination (DPC) system. We speculated that
the parameters for ADLs within the nationwide administrative claims database are indicators of postoperative
physical and mental status, both of which have serious
effects on both quality of life and the social welfare budget.
The purpose of this study was to investigate the effects
of anesthetic technique (general or spinal) on five ADL
parameters (independent eating, grooming, toileting, bathing, and walking), at discharge, and on the changes in the
ADL parameters during the hospital stay in elderly patients
who had undergone surgery for hip fracture.

Materials and methods
This retrospective cohort study was approved by the ethics
review board of the Kasumigaura Medical Center and
National Hospital Organization (NHO).
Following the Japanese ethics guidelines for human medical research, this study protocol was made available to the
general public via the NHO website to obtain patient objections. To protect patient privacy, all types of personal identification were encrypted in a security room of the NHO data
bank. The requirement for individual informed consent was
waived due to the anonymous nature of the data.

Data sources
The study period was from April 1, 2012, to March 31, 2016.
We used data from the Japanese DPC administrative claims
database that was obtained from 69 hospitals of the NHO
group. The DPC database is a diagnosis-dominant, case-mix
system administered by the Ministry of Health, Labor, and
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Welfare of Japan and linked with a lump-sum payment
system. We obtained hospital characteristics data from the
2016 resident recruitment guidebook of the NHO and the
website of the Japanese Society of Anesthesiologists.

Selection of patients and variables
The inclusion criteria were that all patients had to be aged
65 years or older and should have undergone surgery for
hip fracture (transcervical, intertrochanteric, and subtrochanteric femoral fracture) during the study period. The
surgery type included total or hemiarthroplasty and other
typical hip fracture procedures (plate/screw or intramedullary implant). Only patients undergoing either general
anesthesia or spinal anesthesia were selected. Patients
receiving unknown, mixed spinal and general, or other
anesthesia types were excluded. Furthermore, we
excluded 90 cases of atypical surgeries (repair of previous
implanted plate, etc.) and 2347 cases for missing baseline
characteristics data. This left 12,342 patients of an initial
14,779 for the analysis.
Data from the DPC database included age, sex, height,
weight, fracture type, surgical procedure, comorbidities at
admission, complications after admission, medications during admission, and functional status, which was based on
the patient’s ability to perform tasks related to ADL both at
admission and at discharge. Body mass index (BMI) was
calculated from height and weight. Functional status
included the following 10 parameters: self-feeding, transfer, grooming, toilet use, bathing, mobility, use of stairs,
dressing, defecation, and micturition.18 We chose 5 parameters (eating, grooming, toileting, bathing, and walking)
from the 10 ADL abilities as indicators of independence.
ADL scores for eating and toileting were defined as totally
dependent (score 0), partially dependent (score 1), and
independent (score 2). ADL scores for grooming and bathing were defined as dependent (score 0) and independent
(score 1). ADL scores for walking were defined as totally
dependent (score 0), partially dependent (wheelchair using;
score 1), partially dependent (walking; score 2), and independent (score 3). The change in ADL was determined by
deducting the baseline ADL score (at admission) from the
ADL score at hospital discharge. A negative number (3,
2, or 1) indicated deterioration, zero indicated no
change, and a positive number (3, 2, or 1) was indicative
of improvement.
A modified Charlson Comorbidity Index (CCI) was
calculated for each patient based on the Quan coding
algorithms.19 Hospitals authorized by the Japanese Society of Anesthesiologists have full-time, certified staff as
well as residents in training. Data regarding the use of
anesthetics and postoperative medication for analgesics
and sedation were evaluated. Of the analgesics, 20 kinds
of nonsteroidal anti-inflammatory drugs (NSAIDs) were
included: aspirin, celecoxib, diclofenac, dimetotiazine
mesilate, emorfazone, etodolac, flurbiprofen, ibuprofen,
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indomethacin, isopropylantipyrine, ketoprofen, lornoxicam, loxoprofen, mefenamic acid, meloxicam, naproxen,
salicylate, sulindac, tiaramide, and zaltoprofen. Haloperidol was used as an antipsychotic drug. The postoperative
hospital length of stay (LOS) was defined as the number
of calendar days from operation to discharge.

Propensity score matching
The propensity score-matched analysis was used for reducing the selection bias and potential baseline differences
between the general and the spinal anesthetic groups.
Scores were calculated using a binary logistic regression
analysis with type of anesthesia as the dependent variable
and 23 preoperative factors as predictor variables. The
independent variables were age, sex, BMI, the modified
CCI, length of hospital stay after surgery, fracture type,
surgery type, hospital type (scale and level of anesthesiology), five ADL parameters (eating, grooming, toileting,
bathing, and walking) at hospital admission, and baseline
comorbidities (malignancy, anemia, endocrine/metabolism, mental, neurologic, circulatory, respiratory, digestive,
and renal/urinary). The score was defined as probability of
a patient receiving general anesthesia based on covariates.
After adjustment with the scores, none of the preoperative
variables remained statistically different between the two
groups. The multivariate regression model of propensity for
a patient given general anesthesia had a C-statistic of 0.67.
(C-statistic is a standard measure of the predictive accuracy
of a logistic regression model.)

Statistical analysis
Patient and operating characteristics were compared
between the general and the spinal anesthesia groups using
the t-test or the paired t-test for continuous variables and
the w2 test for categorical variables. The ADL scores at
hospital discharge were assessed using the Pearson w2 test
after the propensity score matching. Multivariate logistic
regression analysis was performed between the deterioration and the nondeterioration (no change and improvement) groups to analyze the effects of various factors. In
addition to anesthesia methods, the following were
selected for the model: age, sex, modified CCI, psychiatric disease (F00), NSAIDs, antipsychotic drugs, and
LOS. These variables have been previously suggested to
affect the prognosis.20–29 Odds ratios and 95% confidence
intervals were determined. A p value of <0.05 was considered significant for all statistical tests. All statistical
analyses were carried out using SPSS software version
24 (IBM, Armonk, New York).

Results
Of the 12,342 patients who underwent hip surgery during
the 4-year observation period, 6918 (56.1%) received

3
general anesthesia and 5424 (43.9%) received spinal
anesthesia. Table 1 compares the characteristics of the two
groups. Before propensity score matching, 18 of the 23
baseline factors differed significantly between the two
anesthesia groups. After 1:1 matching, there was a total
of 3949 patients in each anesthetic group, with no significant baseline differences.
Table 2 summarizes the ADL score for independence at
hospital discharge in the matched sample. Anesthesia
types were not associated with ADL scores for eating,
grooming, bathing, and walking. Patients in the spinal
anesthesia group had a significantly higher percentage
of total dependence for toileting than did patients in the
general anesthesia group (spinal vs. general: 40.3% vs.
36.7%; p < 0.003). A total of 174 patients died and were
excluded from the analysis: 109 (1.6%) in the general
anesthesia group and 65 (1.2%) in the spinal anesthesia
group. This difference in mortality rates was not significant (p ¼ 0.078).
Results from the multivariate regression models showed
that the type of anesthesia was not associated with deterioration in the ADL scores for eating, grooming, toileting,
bathing, and walking after hip surgery. Nonadministration
of NSAIDs was associated with deterioration in all ADL
scores. In addition, advanced age, male sex, high CCI
scores, psychiatric disease, and short length of hospital stay
were associated with deterioration in four ADL (eating,
grooming, toileting, and walking) scores (Table 3).

Discussion
Using the DPC database of the NHO group and a
propensity-matched analysis, we studied the impact of
anesthesia type on ADL (eating, grooming, toileting,
bathing, and walking) scores for independence at hospital
discharge and changes in the ADL scores during the hospital stay following surgery for hip fracture. After the
propensity score matching, anesthesia types were not
associated with ADL functions except toileting. Results
from the multivariate logistic regression analysis showed
that anesthesia types were not factors affecting ADL deterioration during hospital stay.
There are many studies evaluating levels of ADL after
hip fracture.30–35 However, to our knowledge, only one
group investigated the effect of anesthetic technique on
ADL variables in their small-scale study.36 They reported
that no differences were observed in ADL (feeding, dressing, bathing, toileting, walking, etc.) scores between general and regional anesthesia groups at 3, 6, and 12 months
after hip fracture. Although we used data for ADL scores at
the time of hospital discharge, almost all of our results were
in accordance with that of the long-term outcome study.
In the present study, patients in the spinal anesthesia
group had a significantly higher percentage of total dependence for toileting than did patients in the general anesthesia group. Spinal anesthesia is reported to cause a clinically
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Table 1. Demographic and clinical characteristics of patients who underwent hip fracture surgery.
Before propensity score matching
General

Spinal

n
6918
5424
Age, mean (SD)
83.5 (7.5)
84.5 (7.5)
65–79
1940 (28.0%) 1285 (23.7%)
80–84
1667 (24.1%) 1231 (22.7%)
85–89
1794 (25.9%) 1480 (27.3%)
90þ
1517 (21.9%) 1428 (26.3%)
Sex
Male
1502 (21.7%) 1119 (20.6%)
Female
5416 (78.3%) 4305 (79.4%)
BMI, mean (SD)
20.59 (3.63) 20.25 (3.56)
Charlson Comorbidity Index
0
3087 (44.6%) 2516 (46.4%)
1
2191 (31.7%) 1718 (31.7%)
2þ
1640 (23.7%) 1190 (21.9%)
Length of hospital stay (days)
<21
2793 (40.4%) 3127 (57.7%)
21þ
4125 (59.6%) 2297 (42.3%)
Fracture type
Transcervical
3578 (51.7%) 2674 (49.3%)
Intertrochanteric
3160 (45.7%) 2639 (48.7%)
Subtrochanteric
180 (2.6%)
111 (2.0%)
Surgery type
Arthroplasty
2620 (37.9%) 1721 (31.7%)
Other
4298 (62.1%) 3703 (68.3%)
Hospital scale (bed#)
400þ
4974 (71.9%) 3899 (71.9%)
<400
1944 (28.1%) 1525 (28.1%)
Anesthesiologist society authorized hospital
Yes
6240 (90.2%) 4485 (82.7%)
No
678 (9.8%)
939 (17.3%)
Activity of daily living (eating) at hospital admission
Total dependent
2612 (37.8%) 1795 (33.1%)
Partial dependent
2706 (39.1%) 2174 (40.1%)
Independent
1600 (23.1%) 1455 (26.8%)
Activity of daily living (grooming) at hospital admission
Dependent
5965 (86.2%) 4551 (83.9%)
Independent
953 (13.8%) 873 (16.1%)
Activity of daily living (toileting) at hospital administration
Total dependent
5691 (82.3%) 4271 (78.7%)
Partial dependent
688 (9.9%)
623 (11.5%)
Independent
539 (7.8%)
530 (9.8%)
Activity of daily living (bathing) at hospital administration
Dependent
6432 (93.0%) 4931 (90.9%)
Independent
486 (7.0%)
493 (9.1%)
Activity of daily living (walking) at hospital administration
Total dependent
5940 (85.9%) 4488 (82.7%)
Partial dependent
235 (3.4%)
267 (4.9%)
(wheelchair)
Partial dependent
260 (3.8%)
256 (4.7%)
(walking)
Independent
483 (7.0%)
413 (7.6%)
Malignancy

6541 (94.6%) 5174 (95.4%)
þ
377 (5.4%)
250 (4.6%)

After propensity score matching

p
Standardized
Value
difference
<0.001
<0.001

0.03
0.10
0.03
0.03
0.10

0.145

0.03

<0.001

General

Spinal

p
Standardized
Value difference

3949
3949
83.8 (7.5)
84.0 (7.5)
0.242
1051 (26.6%) 1035 (26.2%) 0.718
918 (23.2%) 959 (24.3%)
1045 (26.5%) 1019 (25.8%)
935 (23.7%) 936 (23.7%)

<0.01
<0.01
0.03
0.02
0

<0.01

822 (20.8%) 835 (21.1%) 0.719
3127 (79.2%) 3114 (78.9%)
20.49 (3.61) 20.35 (3.59) 0.082

<0.01

0.045

0.04
0
0.04

1799 (45.6%) 1787 (45.3%) 0.767
1250 (31.7%) 1235 (31.3%)
900 (22.8%) 927 (23.5%)

<0.01
<0.01
0.02

<0.001

0.35

2017 (51.1%) 2058 (52.1%) 0.356
1932 (48.9%) 1891 (47.9%)

0.02

0.001

0.05
0.06
0.04

2021 (51.2%) 2019 (51.1%) 0.922
1841 (46.6%) 1848 (46.8%)
87 (2.2%)
82 (2.1%)

<0.01
<0.01
<0.01

<0.001

0.13

1369 (34.7%) 1351 (34.2%) 0.670
2580 (65.3%) 2598 (65.8%)

0.01

0

2864 (72.5%) 2883 (73.0%) 0.631
1085 (27.5%) 1066 (27.0%)

0.01

<0.001

0.22

3422 (86.7%) 3426 (86.8%) 0.895
527 (13.3%) 523 (13.2%)

<0.01

<0.001

0.10
0.02
0.09

1407 (35.6%) 1373 (34.8%) 0.666
1542 (39.0%) 1548 (39.2%)
1000 (25.3%) 1028 (26.0%)

0.02
<0.01
0.02

<0.001

0.06

3375 (85.5%) 3351 (84.9%) 0.447
574 (14.5%) 598 (15.1%)

0.02

<0.001

0.09
0.05
0.07

3184 (80.6%) 3172 (80.3%) 0.928
411 (10.4%) 421 (10.7%)
354 (9.0%)
356 (9.0%)

<0.01
<0.01
0

<0.001

0.08

3630 (91.9%) 3624 (91.8%) 0.805
319 (8.1%)
325 (8.2%)

<0.01

<0.001

0.09
0.08

3328 (84.3%) 3327 (84.2%) 0.961
160 (4.1%)
162 (4.1%)

<0.01
0

0.985

0.035

<0.01

0.04

163 (4.1%)

155 (3.9%)

0.01

0.02

298 (7.5%)

305 (7.7%)

<0.01

0.04

3737 (94.6%) 3744 (94.8%) 0.725
212 (5.4%)
205 (5.2%)

<0.01
(continued)
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Table 1. (continued)
Before propensity score matching
General
Anemia

þ
Endocrine/metabolism

þ
Mental

þ
Neurologic

þ
Circulatory

þ
Respiratory

þ
Digestive

þ
Renal/urinary

þ

After propensity score matching

p
Standardized
Value
difference

Spinal

General

Spinal

p
Standardized
Value difference

6430 (92.9%) 4754 (87.6%) <0.001
488 (7.1%)
670 (12.4%)

0.18

3585 (90.8%) 3564 (90.3%) 0.420
364 (9.2%)
385 (9.7%)

0.02

5075 (73.4%) 4116 (75.9%)
1843 (26.6%) 1308 (24.1%)

0.001

0.06

2975 (75.3%) 2938 (74.4%) 0.337
974 (24.7%) 1011 (25.6%)

0.02

5837 (84.4%) 4153 (76.6%) <0.001
1081 (15.6%) 1271 (23.4%)

0.20

3175 (80.4%) 3166 (80.2%) 0.799
774 (19.6%) 783 (19.8%)

<0.01

5869 (84.8%) 4768 (87.9%) <0.001
1049 (15.2%) 656 (12.1%)

0.09

3437 (87.0%) 3422 (86.7%) 0.618
512 (13.0%) 527 (13.3%)

<0.01

3202 (46.3%) 2906 (53.6%) <0.001
3716 (53.7%) 2518 (46.4%)

0.15

2005 (50.8%) 1977 (50.1%) 0.529
1944 (49.2%) 1972 (49.9%)

0.01

6460 (93.4%) 4952 (91.3%) <0.001
458 (6.6%)
472 (8.7%)

0.08

3621 (91.7%) 3632 (92.0%) 0.651
328 (8.3%)
317 (8.0%)

0.01

5741 (83.0%) 4637 (85.5%) <0.001
1177 (17.0%) 787 (14.5%)

0.07

3333 (84.4%) 3311 (83.8%) 0.498
616 (15.6%) 638 (16.2%)

0.02

6418 (92.8%) 5003 (92.2%)
500 (7.2%)
421 (7.8%)

0.02

3672 (93.0%) 3651 (92.5%) 0.363
277 (7.0%)
298 (7.5%)

0.02

0.262

BMI: body mass index.

Table 2. ADL at hospital discharge.
Outcomes
Eating
Total dependent
Partial dependent
Independent
Grooming
Dependent
Independent
Toileting
Total dependent
Partial dependent
Independent
Bathing
Dependent
Independent
Walking
Total dependent
Partial dependent (wheelchair)
Partial dependent (walking)
Independent
ADL: activity of daily living.

No (%) of general
anesthesia (N ¼ 3877)

No (%) of spinal
anesthesia (N ¼ 3903)

490 (12.6)
1596 (41.2)
1791 (46.2)

559 (14.3)
1550 (39.7)
1794 (46.0)

0.077

2633 (67.9)
1244 (32.1)

2640 (67.6)
1263 (32.4)

0.797

1421 (36.7)
1525 (39.3)
931 (24.0)

1574 (40.3)
1428 (36.6)
901 (23.1)

0.003

3232 (83.4)
645 (16.6)

3278 (84.0)
625 (16.0)

0.457

1803
565
830
679

1790
524
916
673

0.124

(46.5)
(14.6)
(21.4)
(17.5)

(45.9)
(13.4)
(23.5)
(17.2)

p Value
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Table 3. Multivariate analysis: Factors affecting ADL deterioration during hospital stay.
Eating
Variable

b

OR

Grooming

(95% CI)

Age
(80–84/<79)
0.052 1.053 (0.850 to 1.305)
(85–90/<79)
0.322 1.380 (1.131 to 1.683)
(90þ/<79)
0.502 1.652 (1.354 to 2.017)
Sex (m/f)
0.299 1.349 (1.144 to 1.590)
Charlson Comorbidity Index
(1/0)
0.124 1.132 (0.958 to 1.339)
(2þ/0)
0.249 1.283 (1.073 to 1.533)
Psychiatric disease (yes/no)
0.335 1.398 (1.181 to 1.655)
Anesthesia (spinal/general)
0.066 0.936 (0.809 to 1.083)
NSAIDs (no/yes)
0.299 1.349 (1.169 to 1.557)
Antipsychotic drugs (yes/no)
0.046 1.047 (0.893 to 1.227)
Length of hospital stay (days) (<21/21þ)
0.194 1.214 (1.054 to 1.398)

p Value

b

OR

Age
(80–84/<79)
(85–90/<79)
(90þ/<79)
Sex (m/f)
Charlson Comorbidity Index
(1/0)
(2þ/0)
Psychiatric disease (yes/no)
Anesthesia (spinal/general)
NSAIDs (no/yes)
Antipsychotic drugs (yes/no)
Length of hospital stay (days) (<21/21þ)

b

OR

(95% CI)

p Value

0.636
0.001
<0.001
<0.001

0.128
0.294
0.037
0.090

1.136
1.341
1.038
1.094

(0.862 to
(1.033 to
(0.780 to
(0.869 to

1.498)
1.742)
1.380)
1.376)

0.365
0.028
0.800
0.445

0.146
0.006
<0.001
0.374
<0.001
0.572
0.007

0.091
0.388
0.108
0.035
0.291
0.032
0.095

1.096
1.475
1.114
0.965
1.338
0.969
1.099

(0.868 to
(1.163 to
(0.876 to
(0.791 to
(1.100 to
(0.776 to
(0.906 to

1.383)
1.869)
1.417)
1.178)
1.628)
1.210)
1.333)

0.441
0.001
0.379
0.728
0.004
0.781
0.337

Toileting
Variable

(95% CI)

Bathing
p Value

b

OR

(95% CI)

p Value

0.289
0.584
0.540
0.293

1.336
1.794
1.716
1.340

(0.997
(1.366
(1.293
(1.077

to 1.790)
to 2.355)
to 2.277)
to 1.668)

0.053
<0.001
<0.001
0.009

0.056
0.014
0.218
0.041

0.945
0.986
0.804
1.042

(0.697 to
(0.735 to
(0.585 to
(0.800 to

1.281)
1.322)
1.107)
1.358)

0.717
0.926
0.181
0.761

0.207
0.363
0.134
0.064
0.334
0.106
0.195

1.230
1.438
1.144
1.066
1.396
1.112
1.216

(0.982
(1.134
(0.908
(0.878
(1.153
(0.901
(1.006

to 1.541)
to 1.823)
to 1.440)
to 1.294)
to 1.691)
to 1.372)
to 1.470)

0.072
0.003
0.253
0.519
0.001
0.323
0.043

0.080
0.240
0.032
0.181
0.284
0.055
0.117

1.084
1.271
0.968
1.199
1.328
1.057
1.124

(0.835 to
(0.965 to
(0.729 to
(0.955 to
(1.061 to
(0.823 to
(0.901 to

1.407)
1.675)
1.286)
1.504)
1.663)
1.357)
1.403)

0.546
0.088
0.824
0.117
0.013
0.664
0.300

Walking
Variable

b

OR

(95% CI)

Age
(80–84/<79)
0.117 1.124 (0.865 to 1.461)
(85–90/<79)
0.291 1.338 (1.045 to 1.714)
(90þ/<79)
0.269 1.308 (1.012 to 1.692)
Sex (m/f)
0.176 1.192 (0.966 to 1.473)
Charlson Comorbidity Index
(1/0)
0.031 1.031 (0.834 to 1.276)
(2þ/0)
0.222 1.249 (0.999 to 1.561)
Psychiatric disease (yes/no)
0.154 1.167 (0.935 to 1.456)
Anesthesia (spinal/general)
0.034 0.966 (0.804 to 1.162)
NSAIDs (no/yes)
0.249 1.283 (1.070 to 1.538)
Antipsychotic drugs (yes/no)
0.014 0.986 (0.804 to 1.209)
Length of hospital stay (days) (<21/21þ)
0.238 1.269 (1.061 to 1.517)

p Value
0.382
0.021
0.040
0.102
0.775
0.051
0.173
0.716
0.007
0.892
0.009

NSAIDs: nonsteroidal anti-inflammatory drugs; CI: confidence interval; OR: odds ratio; ADL: activity of daily living.

significant disturbance in bladder function.37,38 Intrathecal
local anesthetics cause an interruption in the micturition
reflex by blocking both afferent nerves and efferent fibers.
Since the micturition reflex is a very delicate system, spinal
anesthesia might confuse the reflex and slow the recovery
of bladder function in this study.

Alarcon et al. reported that the probabilities of recovering the previous functional performance level in grooming
and eating at the time of hospital discharge were 41.6% and
47.98%, respectively.32 Since they excluded nonambulatory patients with serious conditions from their study, the
previous functional level is speculated to be independent.

Fukuda et al.
In our study, the probabilities of independence in grooming
and eating were about 32% and 46%, respectively.
Although the probabilities determined from our data are
slightly lower than those of Alarcon et al.’s study, we think
the results are compatible with their data as we did not
exclude patients with serious conditions.
Deterioration in a patient’s ability to eat independently
was not associated with the type of anesthesia in our multivariate logistic regression analysis. Sandman et al. stated
that elderly people who were totally dependent on assisted
feeding were more disabled with regard to other ADL functions.39 Feeding problems might be a terminal phenomenon
in the hierarchical loss of ADL functions. Furthermore,
Siebens et al. reported that loss of independence in eating
was associated with an increased risk of mortality within
6 months.40 Thus, self-feeding may have to be considered
as the most important item in the Barthel’s ADL Index. We
speculate that the type of anesthesia might have no impact
on the overall deterioration in ADL, because it is not
related to deterioration in eating independently.
A common factor for deterioration in independent eating, grooming, and toileting was a higher CCI score. An
increase of more than two points in the CCI increases the
rates of deterioration by 28% for eating, 48% for grooming,
and 44% for toileting. This result is in accord with the
finding of previous studies.31,35 Advanced age, male sex,
and psychiatric disease were associated with deterioration
in some ADL scores. Penrod et al. reported that advanced
age and psychiatric disease (dementia and stroke) had a
negative impact on ADL functions after hip fracture.34
Advanced age is commonly recognized to be a determinant
factor for loss of independence,30,31,35 whereas opinions are
divided on the gender effect on independence as measured
by ADL functions.20,41
The probability of regaining prior levels of autonomy 6
months after surgery is reported to be only 33.6% even in
previously independent elderly patients.42 Bertram et al.
reported in their review that 29% of elderly patients did
not reach their prefracture levels 1 year postfracture and
went on to experience lifelong disability.43 It is not easy for
elderly patients to regain prefracture functional levels.
Patients lose their confidence and independence due to
long-term disability after a hip fracture. Thus, medical factors related to postoperative deterioration in ADL functions
are important. In the present study, no administration of
NSAIDs was associated with deterioration in all ADL
scores. Hip pain was reported to be a risk factor related
to functional dependence.28,35 The present study reconfirms that postoperative analgesia is important. Kawano
et al. reported that ketoprofen prevented the development
of surgery-associated memory deficits via its pain-relieving
effects.44 Delirium is also a risk factor for failure to regain
prefracture levels of function.45 In human and animal studies, postoperative cognitive dysfunction has been reported
to be associated with a neuroinflammatory response triggered by surgery.46–48 NSAIDs might reduce the risk of
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poor functional recovery via their anti-inflammatory
mechanisms.
Our study had some limitations. Our data did not include
several important data such as physical status as categorized by the American Society of Anesthesiologists, details
of intraoperative hemodynamics, bleeding volume, and
oxygen saturation. Our ADL data were collected only from
hospitals. The ADL scores at hospital administration might
be underestimated, because they are easily influenced by
environment and/or social lifestyle. Additionally, not all
our results may be generalizable to other races and countries because this study population was mainly Japanese.

Conclusion
In the propensity score matching analysis, anesthesia types
were not associated with ADL (eating, grooming, bathing,
and walking) scores at discharge. Results from the multivariate logistic regression analysis showed that the type of
anesthesia was not associated with deterioration in the
ADL scores. Spinal anesthesia adversely affected the toilet
use at hospital discharge. However, it was not a deterioration factor for toileting. Advanced age, male sex, high CCI
scores, psychiatric disease, no administration of NSAIDs,
and short length of hospital stay were associated with deterioration in ADL scores. In addition to the patient’s factors
(CCI, age, sex, and coexisting disease), further investigation of additional medical factors should be considered in
order for elderly patients to maintain independence after
hip fracture surgery.
Acknowledgment
The authors thank Chiharu Okada, MD, PhD, MBA (National
Hospital Organization Headquarters, Department of Hospital
Management Assistance) for arranging this study.

Declaration of conflicting interests
The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding
The author(s) received no financial support for the research,
authorship, and/or publication of this article.

References
1. Johnell O and Kanis JA. An estimate of the worldwide prevalence and disability associated with osteoporotic fractures.
Osteoporos Int 2006; 17: 1726–1733.
2. Gullberg B, Johnell O and Kanis JA. World-wide projections
for hip fracture. Osteoporos Int 1997; 7: 407–413.
3. Guay J, Parker MJ, Gajendragadkar PR, et al. Anaesthesia for
hip fracture surgery in adults. Cochrane Database Syst Rev
2016; 2: CD000521.
4. Basques BA, Bohl DD, Golinvaux NS, et al. General versus spinal anaesthesia for patients aged 70 years and older

8

5.

6.

7.

8.

9.

10.
11.

12.

13.

14.

15.

16.

17.
18.
19.

20.

Journal of Orthopaedic Surgery 26(1)
with a fracture of the hip. Bone Joint J 2015; 97-B(5):
689–695.
Fields AC, Dieterich JD, Buterbaugh K, et al. Short-term
complications in hip fracture surgery using spinal versus general anaesthesia. Injury 2015; 46: 719–723.
Whiting PS, Molina CS, Greenberg SE, et al. Regional anaesthesia for hip fracture surgery is associated with significantly
more peri-operative complications compared with general
anaesthesia. Int Orthop 2015; 39: 1321–1327.
Chu CC, Weng SF, Chen KT, et al. Propensity score-matched
comparison of postoperative adverse outcomes between geriatric patients given a general or a neuraxial anesthetic for hip
surgery. Anesthesiology 2015; 123: 136–147.
Newman MD, Silber JH, Elkassabany NM, et al. Comparative effectiveness of regional versus general anesthesia for
hip fracture surgery in adults. Anesthesiology 2012; 117:
72–92.
Patorno E, Neuman MD, Schneeweiss S, et al. Comparative
safety of anesthetic type for hip fracture surgery in adults:
retrospective cohort study. BMJ 2014; 348: g4022.
Covert CR and Fox GS. Anaesthesia for hip surgery in the
elderly. Can J Anaesth 1989; 36: 311–319.
Gregersen M. Postoperative red blood cell transfusion strategy in frail anemic elderly with hip fracture. A randomized
controlled trial. Dan Med J 2016; 63(4): pii: B5221.
Hagino T, Ochiai S, Sato E, et al. The relationship between
anemia at admission and outcome in patients older than 60
years with hip fracture. J Orthop Traumatol 2009; 10:
119–122.
Mason SE, Noel-Storr A and Ritchie CW. The impact of
general and regional anesthesia on the incidence of postoperative cognitive dysfunction and post-operative delirium:
a systematic review with meta-analysis. J Alzheimers Dis
2010; 22: 67–79.
Maxwell CA, Mion LC, Mukherjee K, et al. Preinjury physical frailty and cognitive impairment among geriatric trauma
patients determine postinjury functional recovery and survival. J Trauma Acute Care Surg 2016; 80: 195–203.
Hakkinen A, Heinonen M, Kautiainen H, et al. Effect of
cognitive impairment on basic activities of daily living in hip
fracture patients: a 1-year follow-up. Aging Clin Exp Res
2007; 19: 139–144.
Gruber-Baldini AL, Zimmerman S, Morrison RS, et al. Cognitive impairment in hip fracture patients: timing of detection
and longitudinal follow-up. J Am Geriatr Soc 2003; 51:
1227–1236.
Rundshagen I. Postoperative cognitive dysfunction. Dtsch
Arztebl Int 2014; 111: 119–125.
Collin C, Wade DT, Davies S, et al. The Barthel Index: a
reliability study. Int Disabil Stud 1988; 10: 61–63.
Quan H, Sundararajan V, Halfon P, et al. Coding algorithms
for defining comorbidities in ICD-9-CM and ICD-10 administrative data. Med Care 2005; 43: 1130–1139.
Arinzon Z, Shabat S, Peisakh A, et al. Gender differences
influence the outcome of geriatric rehabilitation following
hip fracture. Arch Gerontol Geriatr 2010; 50: 86–91.

21. Ekstrom W, Samuelsson B, Ponzer S, et al. Sex effects on
short-term complications after hip fracture: a prospective
cohort study. Clin Interv Aging 2015; 10: 1259–1266.
22. Smith T, Pelpola K, Ball M, et al. Pre-operative indicators for
mortality following hip fracture surgery: a systematic review
and meta-analysis. Age Ageing 2014; 43: 464–471.
23. Shoda N, Yasunaga H, Horiguchi H, et al. Risk factors affecting inhospital mortality after hip fracture: retrospective analysis using the Japanese diagnosis procedure combination
database. BMJ Open 2012; 2(3): e000416.
24. Radcliff TA, Henderson WG, Stoner TJ, et al. Patient risk
factors, operative care, and outcomes among older
community-dwelling male veterans with hip fracture. J Bone
Joint Surg Am 2008; 90: 34–42.
25. Holmes J and House A. Psychiatric illness predicts poor outcome after surgery for hip fracture: a prospective cohort
study. Psychol Med 2000; 30: 921–929.
26. Seitz DP, Gill SS, Gruneir A, et al. Effects of dementia on
postoperative outcomes of older adults with hip fractures: a
population-based study. J Am Med Dir Assoc 2014; 15:
334–341.
27. Gulin T, Kruljac I, Kirigin L, et al. Advanced age, high bCTX levels, and impaired renal function are independent risk
factors for all-cause one-year mortality in hip fracture
patients. Calcif Tissue Int 2016; 98: 67–75.
28. Feldt KS and Oh HL. Pain and hip fracture outcomes for older
adults. Orthop Nurs 2000; 19: 35–44.
29. Brown CH, Azman AS, Gottschalk A, et al. Sedation depth
during spinal anesthesia and survival in elderly patients
undergoing hip fracture repair. Anesth Analg 2014; 118:
977–980.
30. Gonzalez-Zabaleta J, Pita-Fernandez S, Seoane-Pillado T,
et al. Dependence for basic and instrumental activities of
daily living after hip fractures. Arch Gerontol Geriatr 2015;
60: 66–70.
31. Vergara I, Vrotsou K, Orive M, et al. Factors related to functional prognosis in elderly patients after accidental hip fractures: a prospective cohort study. BMC Geriatr 2014; 14: 124.
32. Alarcon T, Gonzalez-Montalvo JI, Gotor P, et al. Activities of
daily living after hip fracture: profile and rate of recovery during
2 years of follow-up. Osteoporos Int 2011; 22: 1609–1613.
33. Bentler SE, Liu L, Obrizan M, et al. The aftermath of hip
fracture: discharge placement, functional status change, and
mortality. Am J Epidemiol 2009; 170: 1290–1299.
34. Penrod JD, Litke A, Hawkes WG, et al. The association of
race, gender, and comorbidity with mortality and function
after hip fracture. J Gerontol A Biol Sci Med Sci 2008; 63:
867–872.
35. Cree M, Carriere KC, Soskolne CL, et al. Functional dependence after hip fracture. Am J Phys Med Rehabil 2001; 80:
736–743.
36. Koval KJ, Aharonoff GB, Rosenberg AD, et al. Functional
outcome after hip fracture. Effect of general versus regional
anesthesia. Clin Orthop Relat Res 1998; 348: 37–41.
37. Zanfini BA, Paradisi G, Savone R, et al. Bladder function
after spinal anesthesia for cesarean section: an urodynamic

Fukuda et al.

38.

39.

40.

41.

42.

evaluation. Eur Rev Med Pharmacol Sci 2012; 16:
1525–1529.
Lanz E and Grab BM. Micturition disorders following spinal
anesthesia of different durations of action (lidocaine 2% versus bupivacaine 0.5%). Anaesthesist 1992; 41: 231–234.
Sandman PO, Norberg A, Adolfsson R, et al. Prevalence
and characteristics of persons with dependency on feeding
at institutions for elderly. Scand J Caring Sci 1990; 4:
121–127.
Siebens H, Trupe E, Siebens A, et al. Correlates and consequences of eating dependency in institutionalized elderly.
J Am Geriatr Soc 1986; 34: 192–198.
Radosavljevic N, Nikolic D, Lazovic M, et al. Estimation of
functional recovery in patients after hip fracture by Berg
balance scale regarding the sex, age and comorbidity of participants. Geriatr Gerontol Int 2013; 13: 365–371.
Candel-Parra E, Corcoles-Jimenez MP, Del Egido-Fernandez
MA, et al. Independence in activities of daily living 6 months
after surgery in previously independent elderly patients with
hip fracture caused by a fall. Enferm Clin 2008; 18: 309–316.

9
43. Bertram M, Norman R, Kemp L, et al. Review of the longterm disability associated with hip fractures. Inj Prev 2011;
17: 365–370.
44. Kawano T, Takahashi T, Iwata H, et al. Effects of ketoprofen
for prevention of postoperative cognitive dysfunction in aged
rats. J Anesth 2014; 28: 932–936.
45. Vochteloo AJH, Moerman S, Tuinebreijer WE, et al. More
than half of hip fracture patients do not regain mobility in the
first postoperative year. Geriatr Gerontol Int 2013; 13:
334–341.
46. Xu Z, Dong Y, Wang H, et al. Peripheral surgical wounding
and age-dependent neuroinflammation in mice. PLoS One
2014; 9(5): e96752.
47. Beloosesky Y, Hendel D, Weiss A, et al. Cytokines and Creactive protein production in hip-fracture-operated elderly
patients. J Gerontol A Biol Sci Med Sci 2007; 62: 420–426.
48. Buvanendran A, Kroin JS, Berger RA, et al. Upregulation of
prostaglandin E2 and interleukins in the central nervous system and peripheral tissue during and after surgery in humans.
Anesthesiology 2006; 104: 403–410.

