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planned under the guidance of a therapist and that they primarily
focused on standing training, transfer training, and gait training.
Self-exercise programs should be performed with the instructions
of a therapist, nurse, or physician to prevent accidental injury. Selfexercise programs therefore supplemented formal therapy by
repeating the activity or motion.
We extracted the following data from the database : age, sex,
FIM score at admission and discharge, days from injury, type of
fracture, whether surgery had been performed, days from injury to
surgery, and comorbidities (cerebrovascular disease and orthopedic disease) from medical charts. The FIM score, a basic indicator of disability severity, is widely used in Japanese rehabilitation
hospitals and familiar to almost all rehabilitation staff. The instrument consists of 18 items, each of which is scored on a 7 -point
ordinal scale ; the higher the score for an item, the more independently the patient is able to perform the task required by that item.
The FIM can be subdivided into a 13 -item motor subscale (eating,
grooming, bathing, upper-body dressing, lower-body dressing,
personal hygiene, bladder management, bowel management, bedto-chair transfer, toilet transfer, shower transfer, walk or wheelchair,
and stairs) and a 5 -item cognitive subscale (comprehension,
expression, social interaction, problem solving, and memory). The
motor subscale score ranges from 13 to 91 (motor FIM). The
Japanese national health insurance scheme uses the bedridden
degree to judge the level of long-term care (7). Motor FIM indicates the level of independence in daily living activities of elderly
patients and ranges from independent to completely bedridden, as
follows : independent (fully independent), J1 and J2 (independent
with some disability), A1 and A2 (moving around indoors independently but needing some assistance when they go out), B1
and B2 (mostly bedridden), or C1 and C2 (completely bedridden). In this study, we divided this range of independence into
four groups : independent (independent, J1 or J2), homebound (A1
or A2), mostly bedridden (B1 or B2), or completely bedridden
(C1 or C2).
The primary outcome was motor FIM efficiency, which was
calculated as (discharge motor FIM score−admission motor FIM
score) / (length of stay in days) (8). The secondary outcomes were
motor FIM gain, motor FIM effectiveness, and discharge motor
FIM score. Motor FIM gain was calculated as (discharge motor
FIM score−admission motor FIM score). Motor FIM effectiveness
was calculated as (motor FIM gain) / (91−admission FIM score)
(8). Improvement of FIM is affected by length of stay, and FIM
efficiency include length of stay in the formula. Because we believe
FIM efficiency is suitable for the primary outcome.
The clinical characteristics and outcomes of the patients were
compared between the patients who performed self-exercise (selfexercise group) and those who did not (control group) by the chisquare test for categorical variables and by the unpaired t test for
continuous variables.
Multivariable linear regression analysis for outcomes as the
dependent variable was performed to calculate the correlation
coefficients of the following independent variables : age, sex,
type of fracture, comorbidities (cerebrovascular disease and
orthopedic disease), pre-injury bedridden degree, admission motor
FIM score, admission cognitive FIM score, amount of physical
therapy, days from injury to surgery, and self-exercise (or control
group). Cognitive function affects trainability for physical performance in exercise intervention among older adults with cognitive
impairment (9). We suggested that patients with low cognitive FIM
score might have difficulty with self-exercise. Therefore, we added
admission cognitive FIM score as independent variable. We used
SPSS 19.0 software (IBM SPSS Inc., Armonk, NY, USA) for all
analyses. The threshold for significance was P ! 0.05.
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RESULTS
A total of 838 hip fracture patients from 11 acute hospitals with
information about self-exercise were identified during the study
period. Of these, this study excluded 256 patients without admission until next day from injury, 37 patients less than 65 years old, 51
patients who were completely bedridden before admission, 36
patients who were non-operative and 83 patients without complete
data about FIM. As a result, there were 375 patients in six acute
hospitals eligible for analysis (Figure 1).
Table 1 shows the clinical characteristics of the study patients.
The self-exercise group comprised 146 patients (38.9%). The selfexercise group was significantly younger than the control group,
and the admission motor and cognitive FIM score and daily time
undergoing physical therapy were significantly higher in patients
in the self-exercise group than in the control group. Times from
injury to surgery were significantly shorter for patients in the selfexercise group than in the control group. There were also significant differences in the type of fracture and pre -injury bedridden
degree between the two groups.
Table 2 shows the results of a comparison of outcomes between
the two groups. The self-exercise group had significantly higher
scores than the control group in motor FIM efficiency (mean !
standard deviation, 1.22 ! 0.73 vs. 0.79 ! 0.63, respectively ; P !
0.01), motor FIM gain (34.9 !14.8 vs. 25.2 !16.7, respectively ; P !
0.01), motor FIM effectiveness (0.63 ! 0.24 vs. 0.39 ! 0.26, respectively ; P ! 0.01) and discharge motor FIM score (68.6 ! 18.0 vs.
51.0 ! 19.4, respectively ; P ! 0.01).
Table 3 shows the multivariable linear regression analysis result
for motor FIM efficiency. Multivariable analysis identified that selfexercise was significantly associated with higher motor FIM efficiency (coefficient, 0.25 ; 95% CI, 0.13 to 0.43 ; P ! 0.01). Other
independent variables that were significantly associated with motor
FIM efficiency were age, sex, cerebrovascular disease, and pre injury independent. Additionally, as shown in Table 4, self-exercise
was associated significantly with higher scores in motor FIM
effectiveness (coefficient, 0.06 ; 95% CI, 0.01 to 0.12 ; P = 0.01).
However, we could not find significant associations for motor FIM
gain or discharge motor FIM score.

Figure 1. Flow chart of patient selection
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Table 1. Patients’ characteristics
Total!n = 375"

Self-exercise group
(n = 146)

Control group
(n = 229)

P value

Mean age # SD (years)

84.5#7.6

82.7#8.3

85.6#6.9

< 0.01

Female (%)

312 (83.2)

123 (84.2)

189 (82.5)

0.77

Femoral neck

159 (42.4)

72 (49.3)

87 (38.0)

< 0.01

Trochanteric

183 (48.8)

70 (47.9)

113 (49.3)

33 (8.8)

4 (2.7)

29 (12.7)

Fracture type (%)

Other
Comorbidities (%)
Cerebrovascular disease

47 (12.5)

20 (13.7)

27 (11.8)

0.70

Orthopedic disease

82 (21.9)

38 (26.0)

44 (19.2)

0.12
< 0.01

Pre-injury bedridden degree (%)
Independent

150 (40.0)

92 (63.0)

58 (25.3)

Homebound

125 (33.3)

38 (26.0)

87 (38.0)

Mostly bedridden

76 (20.3)

12 (8.2)

64 (27.9)

Unknown

24 (6.4)

4 (2.7)

20 (8.7)

Admission motor FIM score#SD

28.9#13.7

33.8#14.7

25.8#12.1

< 0.01

Admission cognitive FIM score#SD

21.8#9.7

28.3#7.1

17.7#8.8

< 0.01

Amount of physical therapy (min/day)#SD

36.0#12.2

40.4#10.6

33.1#12.3

< 0.01

Length of stay (day)#SD

39.7#27.5

36.1#21.8

41.9#30.5

Rehabilitation starting from admission (day)#SD

1.7#2.7

1.3#2.1

2.0#3.0

< 0.01

Time from injury to surgery (day)#SD

4.4#11.2

3.0#14.7

5.4#8.0

0.04

Total (n = 375)

Self-exercise group
(n = 146)

Control group
(n = 229)

P value

Motor FIM efficiency # SD

0.96 # 0.70

1.22 # 0.73

0.79 # 0.63

< 0.01

Motor FIM gain # SD

28.9 # 16.6

34.9 # 14.8

25.2 # 16.7

< 0.01

Motor FIM effectiveness # SD

0.49 # 0.28

0.63 # 0.24

0.39 # 0.26

< 0.01

Discharge motor FIM score # SD

57.8 # 20.7

68.6 # 18.0

51.0 # 19.4

< 0.01

0.05

FIM, Functional Independence Measure ; SD, standard deviation.

Table 2. Outcomes of the self-exercise group and control group

FIM, Functional Independence Measure ; SD, standard deviation.

Table 3. Multivariable linear regression analysis for motor FIM efficiency
B

95% CI (B)

P value

Self-exercise

0.25

0.13 to 0.43

< 0.01

Age

−0.01

−0.02 to −0.008

0.03

Female sex

0.26

0.05 to 0.45

0.01

Femoral neck fracture

−0.02

−0.13 to 0.08

0.44

Cerebrovascular disease

−0.31

−0.44 to −0.01

0.04

Orthopedic disease

−0.05

−0.21 to 0.12

0.38

Admission motor FIM

−0.31

−0.51 to −0.16

< 0.01

Admission cognitive FIM

−0.30

−0.48 to −0.11

< 0.01
< 0.01

Pre-injury independent

0.21

0.14 to 0.33

Amount of physical therapy

0.006

−0.003 to 0.009

0.55

Time from injury to surgery

−0.001

−0.008 to 0.004

0.83

FIM, Functional Independence Measure ; B, partial regression coefficient ; CI, confidence interval.

Table 4. Multivariable linear regression analyses for secondly outcomes
P value

B

95% CI (B)

Motor FIM effectiveness

0.06

0.01 to 0.12

0.01

Motor FIM gain

2.43

−1.36 to 6.22

0.21

Discharge motor FIM score

3.49

−0.38 to 7.35

0.08

FIM, Functional Independence Measure ; B, partial regression coefficient ; CI, confidence interval.
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DISCUSSION
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In the present study, we used a large database of rehabilitation
inpatients to examine the impact of self-exercise on rehabilitation
outcomes in acute hip fracture patients. Self-exercise was significantly associated with increased motor FIM efficiency, motor FIM
gain, motor FIM effectiveness, and discharge motor FIM score.
There are several reports which identified the important role of
self-exercise (10, 11). In the field of rehabilitation, one study
showed the effects of additional self-exercise program on activities
of daily living in patients after acute stroke (3). In the present study,
we investigated the effects of self-exercise in patients with hip
fracture.
We showed that the self-exercise group had significantly higher
motor FIM effectiveness than the control group. However, multivariable linear regression analysis did not find any significant
association between self-exercise and motor FIM gain or discharge
motor FIM score. The reason may be that FIM effectiveness is
less affected by a ceiling effect than other outcomes.
Some researchers have shown the effect of large amount of
exercise on muscle strength, functional performance, and functional ability in hip fracture patients (12, 13). However, many acute
hospitals cannot provide enough rehabilitation to hip fracture
patients due to a shortage of physical therapists. Self-exercise could
be conducted without direct supervision by therapists. Self-exercise
compensated for a shortage of formal therapy and it probably
contributed to improvement of FIM without increasing cost.
Several limitations of this study should be acknowledged. First,
the database that we used lacks detailed information about type of
self-exercise. We could not investigate what type of self-exercise
was appropriate for hip fracture patients. Second, the Japan Rehabilitation Database consists only of voluntary hospital samples, not
random samples. As a result, application of these findings to all hip
fracture patients undergoing rehabilitation may be limited. Third,
we could not obtain enough information about type of surgery or
type of dementia. However, when we adjusted for type of fracture,
the influence of type of surgery was accounted for to some extent.
Fourth, the database did not include information about the waiting
period for transfer to convalescent rehabilitation hospitals. This
missing data could influence motor FIM efficiency. Therefore, we
added motor FIM gain, motor FIM effectiveness, and discharge
motor FIM score as secondary outcomes to assess the robustness
of our results.
In conclusion, self-exercise was associated with improved recovery of hip fracture in acute hospital. Self-exercise is probably
be a feasible option to improve the quality of rehabilitative management.
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