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IMPORTANCE For many older people, long-term functional limitations persist after a hip
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fracture. The efficacy of a home exercise program with minimal supervision after formal hip
fracture rehabilitation ends has not been established.
OBJECTIVE To determine whether a home exercise program with minimal contact with a
physical therapist improved function after formal hip fracture rehabilitation ended.
DESIGN, SETTING, AND PARTICIPANTS Randomized clinical trial conducted from September
2008 to October 2012 in the homes of 232 functionally limited older adults who had
completed traditional rehabilitation after a hip fracture.
INTERVENTIONS The intervention group (n = 120) received functionally oriented exercises

(such as standing from a chair, climbing a step) taught by a physical therapist and performed
independently by the participants in their homes for 6 months. The attention control group
(n = 112) received in-home and telephone-based cardiovascular nutrition education.
MAIN OUTCOMES AND MEASURES Physical function assessed at baseline, 6 months (ie, at
completion of the intervention), and 9 months by blinded assessors. The primary outcome
was change in function at 6 months measured by the Short Physical Performance Battery
(SPPB; range 0-12, higher score indicates better function) and the Activity Measure for
Post-Acute Care (AM-PAC) mobility and daily activity (range, 23-85 and 9-101, higher score
indicates better function).
RESULTS Among the 232 randomized patients, 195 were followed up at 6 months and included
in the primary analysis. The intervention group (n=100) showed significant improvement
relative to the control group (n=95) in functional mobility (mean SPPB scores for intervention
group: 6.2 [SD, 2.7] at baseline, 7.2 [SD, 3] at 6 months; control group: 6.0 [SD, 2.8] at baseline,
6.2 [SD, 3] at 6 months; and between-group differences: 0.8 [95% CI, 0.4 to 1.2], P < .001;
mean AM-PAC mobility scores for intervention group: 56.2 [SD, 7.3] at baseline, 58.1 [SD, 7.9] at
6 months; control group: 56 [SD, 7.1] at baseline, 56.6 [SD, 8.1] at 6 months; and between-group
difference, 1.3 [95% CI, 0.2 to 2.4], P = .03; and mean AM-PAC daily activity scores for
intervention group: 57.4 [SD, 13.7] at baseline, 61.3 [SD, 15.7] at 6 months; control group: 58.2
[SD, 15.2] at baseline, 58.6 [SD, 15.3] at 6 months; and between-group difference, 3.5 [95% CI,
0.9 to 6.0], P = .03). In multiple imputation analyses, between-group differences remained
significant for SPPB and AM-PAC daily activity, but not for mobility. Significant between-group
differences persisted at 9 months for all functional measures with and without imputation.
CONCLUSIONS AND RELEVANCE Among patients who had completed standard rehabilitation
after hip fracture, the use of a home-based functionally oriented exercise program resulted in
modest improvement in physical function at 6 months after randomization. The clinical
importance of these findings remains to be determined.
TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT00592813
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ore than 250 000 people in the United States fracture their hip each year, with many experiencing severe long-term consequences.1-3 Two years after a hip
fracture, more than half of men and 39% of women are dead
or living in a long-term care facility.4 Many of these patients
are no longer able to independently complete basic functional tasks that they could perform prior to the fracture, such
as walking 1 block (>80% unable) or climbing 5 steps (90% unable) 2 years after a fracture.5 In 2003, the lifetime attributable cost of a hip fracture was estimated to be $81 300, with
nearly half (44%) of these costs the result of long-term care
expenses.6
A 2004 study7 found that a 6-month intensive extended
rehabilitation program conducted in an outpatient setting resulted in significant improvements in function, mobility, and
other outcomes. Since this study, systematic reviews have concluded that intensive, supervised exercise programs can result in additional functional gain following hip fracture.8,9 Although these studies demonstrate the potential for patients
with hip fracture to improve their function, most efficacious
programs are in essence a continuation of standard rehabilitation with close supervision and frequent visits. Given the increase in postacute care costs for hip fracture, it would be difficult to add a large amount of extended therapy to hip fracture
treatment.10,11
The aim of this study was to determine the efficacy of a
6-month, functionally oriented, home exercise hip rehabilitation program with modest in-person contact with a physical therapist intended to extend the benefits of the initial hip
fracture rehabilitation. Our primary objectives were to determine whether an extended hip rehabilitation intervention improved overall function at 6 months and to determine if the
effects of the program persisted 9 months after randomization.

Methods
This study was a randomized clinical trial with 2 parallel groups
and blinded outcome assessment. Outcomes were assessed at
baseline and at the primary end point of 6 months after randomization. A follow-up assessment occurred at 9 months after randomization. The study was approved by each site’s institutional review board. A data and safety monitoring board
met annually to monitor the study. The first patient was enrolled in September 2008 and the final outcome assessment
was completed in October 2012.

Participants
Potential participants were identified at acute care and
rehabilitation hospitals, skilled nursing facilities, home care
agencies, and through advertisements in the greater Boston,
Massachusetts, region. Verbal consent was obtained to record each patient’s contact information and enable contact
via telephone. Patients were tracked until they had completed all traditional rehabilitation related to their hip fracture, at which time participants provided written informed
consent to enroll in the study. Approval for participation
jama.com
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was obtained from the patient’s primary care physician or
orthopedic surgeon. Race and ethnicity was self-reported by
study participants.
To be eligible for enrollment, participants had to have a primary diagnosis of hip fracture, be 60 years or older, and have
been discharged from rehabilitation services within 20 months
of the baseline assessment. Participants had to be able to understand and communicate in English and be able to safely and
independently move from the sitting to the standing position
with or without the aid of a mobility device. All participants
had to have a functional limitation, which was defined as a limitation in at least 1 of the tasks listed in the Short Form 36 physical function scale.
Potential participants were excluded based on following
criteria: significant cognitive deficits (ie, a Mini-Mental State
Examination score of <20), severe depression (ie, a score of ≥10
on the short form of the Geriatric Depression Scale), a terminal illness (survival expected to be <1 year), significant pulmonary or cardiovascular contraindications or preexisting conditions that precluded participation in an exercise program,
legally blind, currently receiving rehabilitation therapy, lived
outside of the study’s catchment area in New England, had a
bilateral hip fracture, hip fracture was the result of a malignancy, it had been more than 24 months since the hip fracture at enrollment in the study, or had a rapidly progressive
neurological disease.

Outcome Measures
A blinded outcome assessor evaluated the participants at each
time point in the patient’s current place of residence. The primary outcome was physical function at 6 months after randomization. Function was measured using the Short Physical
Performance Battery (SPPB)12 (a physical performance measure) and the Activ ity Measure for Post-Ac ute C are
(AM-PAC)13,14 (a patient-reported measure). The 3 components of the SPPB are standing balance, gait speed, and chair
rise; total scores range from 0 to 12 (with 0 indicating poor function and 12 indicating excellent function). The AM-PAC was developed to examine basic mobility and daily activity functional activities important to adults.13,14 The range of possible
scale scores for the AM-PAC is 23 to 85 for mobility and 9 to
101 for daily activity (higher scores indicate better function).
The minimum clinically important difference is 0.3 to 0.8 points
for the SPPB,15 4.3 points for the AM-PAC mobility, and 3.7
points for AM-PAC daily activity.14
The secondary outcomes included lower extremity isometric muscle strength, balance, self-efficacy, adverse events,
and exercise adherence. Lower extremity isometric muscle
strength was measured using a strain gauge dynamometer attached to a standardized chair. Following the protocol of Lord
et al,16 this measured bilateral knee extension force in pounds.
Balance was assessed using the Berg Balance Test.17-19 Falls selfefficacy was assessed using the Modified Falls Self-Efficacy
Scale, which was initially developed by Tinetti et al20 and later
modified by Hill et al21 to include community mobility tasks.
The Self-Efficacy for Exercise Scale22 and the Outcomes Expectations for Exercise Scale23 were used to assess those concepts. Each scale was developed by Resnick et al,22,23 had 9
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items, and had been validated in older adults. Adverse events
were monitored via telephone contact every 4 weeks by an
adverse event monitor, as well as reported by study staff.
Exercise adherence was recorded by participants on exercise
calendars that were provided along with stamped, selfaddressed envelopes. Participants received a $1 bill as an incentive for returning the calendar every 2 weeks. The study
physical therapists reminded participants to fill out the calendars, and obtained additional exercise data with each visit
or telephone call.

Stratification and Randomization
Participants were allocated to the intervention exercise program or attention control groups using a computerized central randomization scheme generated by the study biostatistician. A stratified block randomization technique was used
to ensure that the number of patients in the treatment groups
was balanced by sex, functional level, and most recent site of
rehabilitation. Block size randomly varied between 6 and 8 to
minimize the possibility of breaking the randomization
scheme. After the research assistants enrolled participants, obtained consent, and completed all baseline assessments, the
study manager ran the computer randomization program to
assign patients to the treatment group.

Intervention
The intervention group was instructed to perform the home
exercise program 3 times per week for 6 months. This program was taught in 3 home visits conducted by a physical therapist, which lasted approximately 1 hour. A fourth training session was provided if health or other problems required
additional modifications to the program. The physical therapists also provided monthly telephone calls. Participants were
provided with a DVD version of the program and, if necessary, a DVD player.
The content of the intervention focused on repeating
simple functional tasks based on the Strong for Life24 program using Thera-Bands for resistance (eTable 1 in Supplement). The intervention also included standing exercises using
steps of varying height, with weighted vests used to provide
overload. These exercises were based on the INVEST25 and
Sherrington and Lord26 hip fracture programs. The therapists
also used cognitive and behavioral strategies to positively enhance the attitudes and beliefs of each study participant related to exercise, including viewing a DVD about the benefits
of exercise and overcoming fear of falling, setting specific goals,
and self-monitoring progress using an exercise calendar.24

Attention Control Group
Registered dietitians provided the control group with nutrition education for cardiovascular health based on the Dietary
Guidelines for Americans27 during a single home visit of approximately 1 hour, followed by a series of telephone calls of
approximately 30 minutes’ duration and mailings. The frequency of contact with dietitians was matched to the contact
with physical therapists in the intervention group. All participants received an illustrated nutrition manual designed specifically for this population.
702

Statistical Analyses
The study was powered to detect a moderate effect size of 0.4
using the SPPB and the AM-PAC. This effect is equivalent to a
change from 6 to 7 (SD, 2.5) on the SPPB or a change from 50
to 54 (SD, 10) on the AM-PAC. These differences would exceed the minimum clinically important difference for the
SPPB15 and for the AM-PAC daily activity domain.14 Assuming an α level of .05, a 2-sided effect, and a loss to follow-up of
15% at 6 months, 230 participants would provide 80% power
to detect an effect.
As a check on randomization, baseline characteristics of
the intervention and control groups were compared using the
independent sample t test (for continuous measures) and the
χ2 test (for categorical characteristics). Baseline characteristics were compared for those followed up vs those lost to follow-up at 6 months. The primary analyses for this trial were
conducted on an intention-to-treat basis, in that participants
were analyzed according to their randomized assignment, regardless of whether they complied with the study protocol.
Mixed-effects linear regression models for longitudinal, repeated-measures data were used to examine changes in outcomes from baseline to 6 months and to 9 months. These models included interaction terms between study group
(intervention vs control) and time (0, 6, or 9 months) that modeled differential changes from baseline to 6 months and baseline to 9 months for those in the intervention vs control groups
(ie, the intervention effect). In addition to the unadjusted models, we also controlled for the potential confounding variables of age and sex, which were identified a priori.
The primary analyses included a complete case analysis
(ie, the data without imputation or other adjustment for missing data). To account for possible bias introduced by the participants without 6-month and 9-month data, multiple imputation analyses were performed. The Markov Chain Monte Carlo
approach, which is based on multivariate normality and appropriate for the measurement outcomes in this study, was
used to generate 5 imputed data sets based on age, sex, and
prior observations of the outcome variables. Data were imputed and analyzed using the SAS MI and MIANALYZE procedures (SAS Institute Inc). For all analyses, we used the 2-sided
level of .05 for significance and SAS version 9.3 (SAS Institute
Inc) statistical software.

Results
We identified 1546 potentially eligible older adults (Figure 1).
However, 1314 individuals were not randomized because they
did not meet the criteria, refused to participate, had died, or
were unable to be contacted. A total of 232 patients were randomized (120 to the intervention group and 112 to the control
group). A total of 37 participants (20 in the intervention group
and 17 in the control group), which amounted to 15.9% of the
randomized sample, were lost to follow-up at 6 months (the
primary end point). There were no significant differences based
on age, baseline function, or sex between participants who
were lost to follow-up and those who completed the study.
Fifty-three participants (26 in the intervention group and 27
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Figure 1. Patient Recruitment, Attrition, and Retention
1546 Functionally limited older adults
with a fracture were assessed for
eligibility
1314 Excluded
384 Did not meet inclusion criteria
85 Fracture >2 y ago
69 Diagnosis not hip fracture
68 Not considered medically stable
46 Had dementia
22 Lived outside geographic area
94 Other
378 Refused to participate
78 Died
474 Unable to contact

232 Randomized

120 Randomized to receive a hip rehabilitation
exercise program (trained by physical
therapist and independently performed
at home)

112 Randomized to receive cardiovascular
nutrition education (control intervention)

100 Included in primary analysis at 6 mo
20 Excluded
9 Too ill for assessment visit
7 Refused or unable to schedule visit
3 Unable to contact
1 Moved out of state

95 Included in primary analysis at 6 mo
17 Excluded
2 Too ill for assessment visit
10 Refused or unable to schedule visit
4 Unable to contact
1 Died

94 Included in analysis at 9-mo follow-up
26 Excluded
9 Too ill for assessment visit
10 Refused or unable to schedule visit
3 Unable to contact
2 Moved out of state
2 Died

85 Included in analysis at 9-mo follow-up
27 Excluded
7 Too ill for assessment visit
11 Refused or unable to schedule visit
6 Unable to contact
1 Moved out of state
2 Died

in the control group), which amounted to 21.6% of the randomized sample, were lost to follow-up at 9 months.
At enrollment, the mean age of participants was 78.0 years
(SD, 9.9 years); 69% were female (Table 1). Almost half (46.6%)
lived alone at study enrollment and most lived in their own
home. Many of the participants had mobility limitations prior
to their fracture; 35% regularly used a cane or other mobility
device when walking outside in the month prior to their fracture. After their fracture, 32.3% of patients had a full or hemiarthroplasty, and the rest received a variety of other treatments including plates, nails, or rods. All study participants
received some physical therapy after their fracture. After patients were discharged from inpatient care, 92.2% received
home care therapy services and 42.4% received outpatient
therapy. The mean (SD) SPPB score of 5.9 (2.8) at enrollment
was consistent with severe functional limitations.15,28
The intervention group had a 70% rate of adherence to
the exercise program across the 26 weeks (ie, they exercised
an average of 2.1 times/week of the 3 times/week prescribed). The intervention group showed significant
improvement relative to the control group for the primary
outcomes for both the adjusted and unadjusted analyses
(Table 2). The between-group differences for the mean
change in functional scores at 6 months were 0.8 (95% CI,
0.4 to 1.2; P < .001) for SPPB, 1.3 (95% CI, 0.2 to 2.4; P = .03)
jama.com

Individuals who missed the 6-month
assessment were still eligible to
attend the 9-month assessment.
There were 172 individuals who
completed both the 6- and 9-month
assessments, 20 completed only the
6-month assessment, and 7
completed only the 9-month
assessment.

for AM-PAC mobility, and 3.5 (95% CI, 0.9 to 6.0; P = .03) for
AM-PAC daily activity. When missing data were taken into
account (multiple imputation analyses), effects continued
to be statistically significant for the between-group difference in the change scores for SPPB (0.9 [95% CI, 0.5 to 1.3],
P < .001) and AM-PAC daily activity (3.4 [95% CI, 0.7 to 6.0],
P = .01); however, the effect for AM-PAC mobility was no
longer statistically significant (1.0 [95% CI, −0.1 to 2.1],
P = .06) (eTable 2 in Supplement). The differences exceeded
the minimal clinically important difference for the SPPB,
but not for the AM-PAC measures.
Both the adjusted and unadjusted analyses indicated that
a significant difference in function between the 2 groups persisted at the 9-month follow-up assessment and when the trend
for the change over time was modeled across the 3 time points
(Table 2). The between-group differences in the change scores
at 9 months increased slightly compared with 6 months for the
SPPB (1.0; 95% CI, 0.6-1.4) and AM-PAC mobility (1.7; 95% CI,
0.5-2.8), and declined slightly for AM-PAC daily activity (2.8;
95% CI, 0.3-5.4). However, there were no significant differences between the 6- and 9-month scores for these outcomes
(Figure 2). When missing data were taken into account (multiple imputation analyses), the measured effects continued to
be statistically significant at 9 months for all 3 measures (eTable
2 in Supplement).
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Table 1. Baseline Demographic and Clinical Characteristics
No. (%) of Participantsa

Age, mean (SD), y

Intervention
(n = 120)

Control
(n = 112)

77.2 (10.2)

78.9 (9.4)

Female sex

83 (69.2)

77 (68.8)

White race

109 (90.8)

97 (86.6)

Earned a bachelor’s degree or higher

41 (42.5)

48 (42.8)

Currently living alone

41 (42.5)

48 (42.8)

103 (85.8)

95 (84.8)

Place of residence in month prior to fracture
Own home
With family or a friend

5 (4.2)

3 (2.7)

Assisted living

9 (7.5)

10 (8.9)

Otherb
Use of cane or other mobility device prior to fracture

2 (1.7)

5 (4.5)

43 (35.8)

35 (31.2)

57 (47.5)

42 (42.9)

a

Values are expressed as No. (%)
unless otherwise indicated. Means
and SDs are based on the entire
baseline sample. However, the
baseline means reported in the text
relating to changes in outcomes
from baseline to 6 months are
based on those participants
followed up at 6 months.

b

Included senior housing, a church
facility, and public housing.

c

The score range is 0 to 30, with a
higher score indicating better
memory.

d

The score range is 0 to 15, with a
higher score indicating worse
depression.

e

The score range is 0 to 12, with a
higher score indicating better
function.

f

The score range is 23 to 85, with a
higher score indicating better
function.

g

The score range is 9 to 101, with a
higher score indicating better
function.

h

The score range is 0 to 56, with a
higher score indicating better
balance.

i

The score range is 0 to 90, with a
higher score indicating better
self-efficacy.

j

The score range is 9 to 45, with a
higher score indicating worse
outcome expectations.

k

The score range is 0 to 140, with a
higher score indicating better
efficacy.

Most recent therapy site
Outpatient
Inpatient

1 (0.8)

2 (1.8)

62 (51.7)

62 (55.4)

9.5 (5.2)

8.6 (4.8)

Total hip joint replacement

27 (22.5)

20 (17.9)

Hemiarthroplasty

16 (13.3)

12 (10.7)

Pin, plate, nail, or other device

77 (64.2)

80 (71.4)

Home
Time since fracture, mean (SD), mo
Treatment of fracture

Mini-Mental State Examination score, mean (SD)c
Geriatric Depression Scale Short Form score, mean (SD)d

28.8 (1.7)

28.7 (2.0)

2.6 (2.0)

2.4 (1.9)

Type of comorbidity
Heart disease

42 (35.6)

38 (34.2)

Diabetes

14 (11.9)

16 (14.4)

Cancer

36 (30.5)

33 (29.7)

Osteoarthritis

64 (54.2)

71 (64.0)

Depression

22 (18.6)

17 (15.3)

Lung disease

15 (12.7)

18 (16.2)

5.9 (2.8)

5.9 (2.8)

Mobilityf

56.1 (7.3)

55.7 (7.1)

Daily activityg

57.2 (13.8)

58.0 (15.0)

40.8 (11.8)

40.2 (10.8)

Fractured leg

25.5 (11.4)

25.6 (13.3)

Nonfractured leg

29.0 (12.1)

29.0 (12.1)

Self-Efficacy for Exercise Scale score, mean (SD)i

62.2 (19.4)

64.4 (16.9)

Outcome Expectations for Exercise Scale score, mean (SD)j

16.2 (4.9)

15.5 (4.3)

104.6 (31.8)

102.7 (34.9)

Short Physical Performance Battery score, mean (SD)e
Activity Measure for Post-Acute Care score, mean (SD)

Berg Balance Test score, mean (SD)h
Leg strength score, mean (SD), lb

Modified Falls Self-Efficacy Scale score, mean (SD)k

With respect to secondary outcomes, balance significantly improved in the intervention group compared with the
control group at 6 months (2.3 [95% CI, 1.1-3.5], P < .001). There
were no statistically significant between-group differences in
the change in muscle strength in either leg (fractured or nonfractured) at 6 months. However, a significant improvement
in strength was found at 9 months in the nonfractured leg, but
not in the fractured leg (Table 2). The change over time in exercise self-efficacy was better in the intervention group (adjusted P = .03), but the change in falls self-efficacy and out704

comes expectancy for exercise was not significantly different
between groups.
No serious adverse events occurred that were related to
the intervention. One adverse event that was possibly related
to the intervention was mild to moderate pain. Pain was considered to be an adverse event if it persisted for more than 48
hours and if the pain caused participants to modify their daily
activities or take medication. Mild to moderate pain was experienced by 23 patients in the intervention group. Both groups
had a high number of health events that were not related to
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Table 2. Primary Outcomes for Both Adjusted and Unadjusted Analyses and Between-Group Differences
Score Change From Baseline,
Mean (95% CI)

Mean (SD) Score
At 6 mo

At 9 mo

At 6 mo

At 9 mo

Exercise interventiond

7.2 (3.0)

7.6 (2.9)

1.0 (0.8 to 1.3)

1.3 (1.0 to 1.5)

Controle

6.2 (3.0)

6.3 (2.9)

0.2 (0 to 0.5)

0.3 (0 to 0.6)

0.8 (0.4 to 1.2)

1.0 (0.6 to 1.4)

P Values for Exercise
Intervention
vs Control
Unadjusteda

Adjustedb

<.001

<.001

.01

.01

.02

.01

<.001

<.001

.19

.16

.02

.02

.03

.03

.52

.53

.12

.13

SPPBc

Exercise vs control
AM-PAC mobilityf
Exercise intervention

58.1 (7.9)

59.5 (9.3)

1.9 (1.1 to 2.7)

2.6 (1.9 to 3.4)

Control

56.6 (8.1)

56.7 (7.6)

0.6
(−0.2 to 1.4)

1.0
(0.2 to 1.8)

1.3 (0.2 to 2.4)

1.7 (0.5 to 2.8)

Exercise vs control
AM-PAC daily activityg
Exercise intervention

61.3 (15.7)

63.0 (15.9)

3.9 (2.2 to 5.7)

4.2 (2.5 to 6.0)

Control

58.6 (15.3)

59.0 (14.9)

0.5
(−1.3 to 2.2)

1.4
(−0.4 to 3.3)

3.5 (0.9 to 6.0)

2.8 (0.3 to 5.4)

Exercise vs control
Berg Balance Testh
Exercise intervention

44.4 (10.7)

45.6 (10.0)

2.4 (1.6 to 3.2)

2.7 (1.9 to 3.6)

Control

41.1 (10.7)

40.4 (11.4)

0.1
(−0.7 to 1.0)

0.1
(−0.8 to 1.0)

2.3 (1.1 to 3.5)

2.7 (1.4 to 3.9)

Exercise vs control
Leg strength in fractured leg, lb
Exercise intervention

27.7 (12.8)

29.9 (12.9)

1.9 (0.3 to 3.5)

2.3 (0.6 to 4.0)

Control

26.7 (14.3)

25.6 (14.2)

0.3
(−1.5 to 2.2)

0
(−1.9 to 3.5)

1.5
(−0.9 to 4.0)

2.3
(−0.3 to 4.8)

Exercise vs control
Leg strength in nonfractured leg, lb
Exercise intervention

29.4 (13.3)

30.8 (13.7)

0
(−1.6 to 1.7)

0.4
(−1.3 to 2.1)

Control

28.8 (13.9)

25.8 (13.6)

−0.8
(−2.5 to 0.8)

−3.1
(−4.8 to −1.3)

0.9
(−1.5 to 3.2)

3.5
(1.0 to 5.9)

Exercise vs control
Self-Efficacy for Exercise Scalei
Exercise intervention

59.6 (19.4)

63.2 (18.3)

−3.0
(−6.3 to 0.4)

−0.5
(−3.9 to 2.9)

Control

58.7 (21.5)

58.1 (20.2)

−6.4
(−9.8 to −3.0)

−7.1
(−10.6 to −3.6)

3.4
(−1.4 to 8.2)

6.6
(1.7 to 11.5)

Exercise vs control
Modified Falls Self-Efficacy Scalej
Exercise intervention

110.5 (31.6)

113.6 (30.6)

4.2 (0.1 to 8.3)

5.7 (1.5 to 9.8)

Control

103.7 (36.2)

107.8 (34.1)

0.8
(−3.3 to 5.0)

4.6
(0.3 to 9.0)

3.4
(−2.5 to 9.2)

1.0
(−5.0 to 7.0)

Exercise vs control
k

Outcome Expectations for Exercise Scale
Exercise intervention

16.0 (5.6)

16.0 (5.7)

0
(−0.8 to 0.8)

0
(−0.9 to 0.8)

Control

16.3 (5.3)

16.3 (5.5)

1.0 (0.2 to 1.8)

1.1 (0.2 to 1.9)

−1.0
(−2.1 to 0.2)

−1.1
(−2.3 to 0.1)

Exercise vs control
Abbreviations: AM-PAC, Activity Measure for Post-Acute Care; SPPB, Short
Physical Performance Battery.

f

The score range is 23 to 85, with a higher score indicating better function.

g

The score range is 9 to 101, with a higher score indicating better function.

a

Compares trend over time.

h

The score range is 0 to 56, with a higher score indicating better balance.

b

Compares trend over time, controlling for age and sex.

i

The score range is 0 to 90, with a higher score indicating better self-efficacy.

c

The score range is 0 to 12, with a higher score indicating better function.

j

The score range is 0 to 140, with a higher score indicating better efficacy.

d

There were 120 participants at baseline, 100 at 6 months, and 94 at 9 months.

k

e

There were 112 participants at baseline, 95 at 6 months, and 85 at 9 months.

The score range is 9 to 45, with a higher score indicating worse outcome
expectations.
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the study procedures, which is consistent with the high level
of comorbidity in this population.

Figure 2. Changes in Functional Measures Over Time
A Short Physical Performance Battery (SPPB)
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Discussion
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0
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(n = 120) (n = 112)
Baseline

Exercise Control
Group
Group
(n = 100) (n = 95)
6 mo

Exercise
Group
(n = 94)

Control
Group
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B

Activity Measure for Post-Acute Care (AM-PAC) for mobility

AM-PAC Mobility Score

100

80

60

40

20

0

Exercise Control
Group
Group
(n = 120) (n = 112)
Baseline

Exercise Control
Group
Group
(n = 100) (n = 95)
6 mo

Exercise
Group
(n = 94)

Control
Group
(n = 85)

9 mo

Time From Randomization
C

AM-PAC for daily activity
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(n = 85)
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The top whisker indicates the maximum value; the bottom whisker, the
minimum value; the top of the box, 75th percentile; the bottom of the box, 25th
percentile; horizontal line inside the box, median; and circle, mean.
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This randomized clinical trial found that compared with controls, the home exercise program resulted in improvement in
function after formal hip fracture rehabilitation ended. Improvements in mobility function at 6 months as measured by
the SPPB were clinically important, whereas improvements in
the AM-PAC mobility and AM-PAC activity were statistically
significant but did not exceed the prespecified minimal clinically important difference. The effects of the exercise program on function as measured by the SPPB persisted for 3
months after the 6 months of the active intervention ended
(ie, 9 months).
Previous exercise studies using intensive professional supervision and equipment have found a significant capacity for
adults with hip fracture to improve after usual rehabilitation
has ended.7-9 In contrast, the exercise intervention in this study
was performed at home and was implemented with minimal
contact (maximum of 4 visits) from a physical therapist, and
has the potential to be incorporated into current rehabilitation protocols. With this intervention, there was no need for
participants to travel outside their home or to use expensive
exercise equipment. The home exercise program did not require a team of people, but was delivered by 1 physical therapist and the level of contact with the physical therapist was
modest. Despite their substantial functional and balance limitations at baseline, participants were able to perform the exercise program effectively and safely in their home.
In addition to the lower frequency and intensity of supervision, the intervention in this study differed from other studies in several ways. This program included a well-developed
cognitive-behavioral component, which previous studies indicated was necessary to achieve adherence in a home-based
program with limited supervision.24,29 The rehabilitation program contained functionally oriented exercises, rather than exercises that focused on basic strength impairments. The stepping exercises were developed based on studies that had found
some effect on function in adults with hip fracture and in frail
older adults.25,30 The activities focused on tasks that have been
found to be limited for many people 2 years after hip fracture,
such as standing up from a chair or climbing steps.5 The principle of the specificity of training suggests that more directly
training functional tasks might lead to better functional outcomes. This training approach might be one reason for the outcomes observed for function and balance, whereas the changes
in strength were more modest, and only statistically significant in the nonfractured leg.
Function was measured in a comprehensive way, using
both patient-reported and physical performance measures, and
examined relevant basic mobility and complex daily activity
functions important to the lives of older adults. It has been established that self-report and performance-based functional
outcomes measure similar but distinct aspects of function.31
Finding significant changes in both approaches to measuring
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function provides consistent evidence that a change in overall function took place in the exercise rehabilitation group. The
high level of comorbidity and functional limitation at baseline are consistent with the general population of patients with
hip fracture.
Our study has several limitations. Despite rigorous efforts
to obtain data from all study participants, some loss to follow-up did occur. However, significant between-group differences persisted when missing data were accounted for in the
analyses. Loss to follow-up in this study, however, is low for a
trial of patients with hip fracture, who due to their frequent comorbid illnesses, rehospitalizations, and transitions in their
home environments are a challenging population to maintain.32
Another limitation of this trial is that we do not have detailed
information about the physical therapy interventions that patients received before enrolling in the trial, or details about new
medical or rehabilitation services they might have received during the trial. In addition, the overall effect was modest and exceeded the minimum clinically important difference for only
part of the prespecified primary outcome. The intervention
group achieved greater levels of improvement relative to the
control group in performance-based measures of mobility than
in the patient-reported measures of function. This finding suggests that it may be easier to improve a person’s capacity to function than to change their actual level of functioning in daily life
in the face of significant comorbidities.
The traditional approach to rehabilitation for hip fracture
leaves many patients with long-term functional limitations that
could be reduced with extended rehabilitation. However, it is
unlikely that additional months of highly supervised rehabilitation can be provided to patients with hip fracture. Medicare spending on postacute care for hip fracture doubled from
1994 to 2009, with postacute care accounting for 73% of the
increase in Medicare expenditures for hip fracture.10 Outpa-
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tient therapy services cost Medicare over $5.7 billion in 2011,
with 70% of those payments going to physical therapy outpatient services. 11 These outpatient therapy costs have increased by an average of 4% per year in the past decade,11 despite various attempts to contain costs.33
The increasing costs of postacute care combined with evidence that patients would benefit from additional therapeutic exercise suggest that alternative strategies are needed. Outpatient physical therapy services are typically delivered in
discrete short-term episodes and include a limited number of
visits.34 After an episode is completed, the patient is discharged with a written home exercise program and instructions to carry out this program independently on an ongoing
basis. Exercise programs are challenging for people to perform on their own without clear feedback about whether they
are performing the exercises accurately and safely and without guidance as to how to change the exercises over time. The
findings from our study suggest that this approach could be
introduced to patients after completion of traditional physical therapy following hip fracture and may provide a more effective way for these patients to continue to exercise in their
own homes. However, future research is needed to explore
whether the interventions in this trial can be disseminated in
a cost-effective manner in real clinical environments.

Conclusions
Among patients who had completed standard rehabilitation
after hip fracture, the use of home-based functionally oriented exercises compared with an attention control group resulted in improved physical function at 6 months and 9 months
after randomization. The clinical importance of these findings remains to be determined.
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