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Abstract

Background: Long-term functional limitations are common after hip frac-

tures. Exercise may alleviate these negative consequences but there is no con-

sensus on an optimal training program. The objective was to study the effects

of a 12-month home-based supervised, progressive exercise program on func-

tioning, physical performance, and physical activity.

Methods: Secondary analysis of a randomized controlled trial targeting

patients with surgical repair of a hip fracture, aged ≥60 years, Mini-Mental

State Examination (MMSE) score of ≥12. The participants were randomized

into Exercise (n = 61) or Usual care (n = 60). Assessments at baseline, 3, 6,

and 12 months included Lawton's Instrumental Activities of Daily Living

(IADL), Short Physical Performance Battery (SPPB), handgrip strength, and

self-reported frequency of sessions of leisure-time physical activity. Analyzed

using mixed-effects models.

Results: Participants' (n = 121) mean age was 81 years (SD 7), and 75% were

women. The mean IADL score at baseline was 17.1 (SD 4.5) in the exercise

group, and 17.4 (5.1) in the usual care group. The mean SPPB scores were 3.9
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(1.6) and 4.2 (1.8), and handgrip strength was 17.7 (8.9) kg and 20.8 (8.0) kg,

respectively. The age- and sex-adjusted mean changes in IADL over 12 months

were 3.7 (95% CI 2.8–4.7) in the exercise and 2.0 (1.0–3.0) in the usual care

group (between-group difference, p = 0.016); changes in SPPB 4.3 (3.6–4.9)
and 2.1 (1.5–2.7) (p < 0.001); and changes in handgrip strength 1.2 kg (0.3–2.0)
and 1.0 kg (�1.9 to �0.2) (p < 0.001), respectively. We found no between-

group differences in changes in the frequency of leisure-time activity sessions.

Conclusion: A 12-month home-based supervised, progressive exercise pro-

gram improved functioning and physical performance more than usual care

among patients with hip fractures. However, the training did not increase

leisure-time physical activity.

KEYWORD S

functioning, hip fracture, home-based exercise, physical performance

INTRODUCTION

Hip fracture is a major health problem among older peo-
ple.1 It often results in long-term, sometimes persistent,
functional impairments such as poor mobility and
reduced independence in daily activities.1–6 Sedentary
behavior and low level of physical activity are also com-
mon among patients recovering from surgical repair of a
hip fracture.7–9

The usual care offered after discharge does not seem
to meet the requirements of effective rehabilitation,10,11

as many patients with hip fractures do not reach their
pre-fracture level of functioning.12,13 There is growing
evidence that multidisciplinary and well-coordinated
rehabilitation initiated at the hospital and continued after
discharge enhances the recovery of patients with hip frac-
tures.14,15 Multicomponent rehabilitation in particular,
which includes individualized and progressive resistance
training, has improved functioning and mobility11,16–19

and decreased dependency in activities of daily
living,11,18,20 in both outpatient and home settings.15,21

Furthermore, exercise programs lasting from 6 to
12 months have reduced or reversed incident disability
after hip fractures.1,16,19,20,22 Even though the relatively
low frequency of supervision has improved functioning
in longer exercise interventions,16,22,23 the evidence
shows that the impact on functioning is associated with
the amount of supervision received.24 Therefore, more
research is needed to define the aspects of an optimal
post-discharge exercise program.

The aim of these secondary analyses of our random-
ized controlled trial was to investigate the effects of a
12-month home-based physiotherapist-supervised, pro-
gressive exercise program on the functioning, physical

performance, and leisure-time physical activities of
home-dwelling older adults recovering from surgical
repair of a hip fracture, and to compare these with the
effects of usual care.

METHODS

Design and settings

This study was a parallel-group randomized controlled
trial with a 1:1 allocation ratio to the Exercise and Usual
care arms. The trial was conducted in South Karelia
Social and Health Care District (131,000 inhabitants) in
southern Finland between December 9, 2014 and
December 31, 2019. Participation was voluntary and all

Key points

• A 12-month home-based supervised, progres-
sive exercise program was more effective than
usual care in improving functioning and physi-
cal performance after a hip fracture.

Why does this paper matter?

Providing 12-month, home-based progressive and
supervised rehabilitation to patients after surgical
repair of a hip fracture will help to improve func-
tioning and to reduce dependence, both common
consequences of hip fractures.
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participants signed informed consent. We conducted our
trial in accordance with the Declaration of Helsinki and
received approval from the regional ethics committee on
November 12, 2014. We registered the trial with
ClinicalTrials.gov (NCT02305433) on December 4, 2014.

The protocol of our trial25 and the results of our main
outcome, days lived at home over 24 months, and our
secondary outcomes, the use and costs of social and
health care services, and mortality over 24 months,26

have been reported earlier. We found no differences
between the groups' days lived at home and mortality,
and the intervention was cost neutral.26

Participants

The first evaluation of hip fracture patients' eligibility
used the patient records after surgery. We contacted
potentially suitable patients for the first time after they
had been transferred from the operating hospital to either
the adjacent rehabilitation hospital or home. If they were
willing, a home visit after discharge was arranged to
assess eligibility. Acceptance for the study was decided
during this visit.

Study inclusion criteria were (1) femoral neck (ICD
code S72.0), pertrochanteric (S72.1) or subtrochanteric
(S72.2) fracture, (2) ≥60 years of age, (3) Mini-Mental
State Examination (MMSE)27 score of ≥12 points,
(4) home-dwelling, (5) ability to walk indoors (walking
aid allowed), (6) ability to communicate in Finnish, and
(7) no contraindications to physical exercise (e.g., severe
cardiovascular disease with NYHA class of >II, or severe
neurological disease). In April 2015, we modified the
original inclusion criteria of age (≥65 years), and MMSE
score (≥17) to intensify the recruitment of the partici-
pants, with no marked impact. Exclusion criteria were:
(1) life expectancy of less than 2 years, (2) living in a
24-hour nursing facility, (3) alcohol or drug abuse, or
(4) severe problems with hearing or eyesight. For a
detailed description of the recruitment and randomiza-
tion process, see our previous article.25

Outcomes

In this article, we report our secondary outcomes of func-
tioning, physical performance, and physical activity.
A trained research physiotherapist or a research nurse
performed the assessments and measurements at the
participant's home at baseline and at 3, 6, and 12 months.
The assessors were not blinded to group allocation.

The person's functioning, such as doing laundry,
grocery shopping, handling financial affairs, or using

public transport was evaluated using Lawton's IADL
(Instrumental Activities of Daily Living) scale.28 We
used the polytomous item scoring of 1–3, 1–4 or 1–5,
resulting in a sum between 8 and 31, with a higher score
indicating better ability.29

Physical performance was assessed using a Short
Physical Performance Battery (SPPB) and handgrip
strength. SPPB has three components: standing balance,
four-meter habitual walking speed, and chair rise test.
All components yield scores of 0–4, and the maximum
summary score is 12.30 If a four-meter walking distance
was not possible at the person's home, a 2.44-m distance
was used. To assess handgrip strength, we used the
Saehan dynamometer (model Sh5001, South Korea). Dur-
ing the measurement, the participant was in a seated
position with no arm support, with his/her upper arm
next to the body, elbow in 90-degree flexion, and the
wrist in a neutral position.31 We used the mean of the
best values of three tries of both hands in the analyses to
eliminate possible joint conditions in one hand, which
could hinder maximal performance.

The frequency of weekly sessions of leisure-time
physical activity was queried using two slightly modified
questions from the “Health Behaviour and Health among
the Finnish Elderly” survey.32 The questions were:
(1) How many times per week have you walked outdoors
for at least half an hour during the previous month, and
(2) How many times per week have you pursued other
physical activities for at least half an hour during the pre-
vious month? Both questions have seven response
options from “daily” to “unable to walk/pursue physical
activities due to illness or disability.” The participants
assigned to the exercise group were instructed to leave
out the intervention sessions from their responses.

Information on medication and physician-diagnosed
illnesses was queried and verified via medical records.
Details of the surgical repair of a hip fracture and hospi-
tal stay were drawn from medical records. The Pain was
assessed using the 100-mm Visual Analogue Scale
(VAS).33 We gathered the information on the exercise
sessions of the intervention from the physiotherapists'
monthly reports.

Study groups

Exercise intervention

The detailed content of our 12-month home-based
physiotherapist-supervised, progressive exercise program
has been described in Supplement 1 and by Soukkio
et al.25 Briefly, the participants assigned to the exercise
group received both usual care according to the local
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guidelines and the exercise intervention. The interven-
tion started on average within 2 weeks of discharge. All
exercise sessions lasted 60 min and were held twice a
week at the participant's home. The participants had the
same physiotherapist during the 12-month intervention.
These physiotherapists had a minimum of 2 years of
work experience, specifically with older people. They
were trained by our research group to deliver a struc-
tured, and progressive exercise program, which included
strength, balance, mobility, and functional components
as well as brief counseling on physical activity and nutri-
tion. The goal was to enhance participants' physical

performance and overall functioning. Our exercises were
mainly based on the Otago training program.34 The phys-
iotherapists modified the exercises to suit the partici-
pants' health and fitness status. To ensure progression
and to define suitable resistance for training, the physio-
therapists were instructed to periodically perform a
multiple-repetition maximum -test with ankle weights
(0.5–10 kg). The targeted training intensity was based on
subjective perceptions, ratings set at 12 to 17 RPE
(Ratings of Perceived Exertion; range 6–20).35 The mean
cost of one exercise session was USD 98. The trial funders
covered the costs of the intervention.

FIGURE 1 Flowchart of the study
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Usual care

The participants assigned to the usual care group received
no intervention as part of the trial. In accordance with
local guidelines, their need for home-based rehabilitation
was evaluated at the time of discharge, and if a need was
found, the participants received brief guidance from
home-care personnel (practical nurses or physiotherapists)
to get started. They were also instructed to perform home
exercises on their own according to their exercise plan.

Participants in both groups were allowed to use any
health care or social services (including rehabilitation) pre-
scribed by their healthcare providers over the 24-month study
period.

Statistical analysis

Power calculations were made for our main outcome,
days lived at home over 24 months. These calculations

were based on the analysis of the national PERFECT
study, from which data on the proportion of patients liv-
ing at home 1 year after surgical repair of a hip fracture
were available.36 A sample size of 91 people per research
arm was needed to detect the hypothesized 180-day
(SD 431) difference between the arms (α = 0.05,
power = 80%). We estimated the discontinuation of the
participants to be 15% over 12 months, and mortality to be
20% over 24 months, and therefore, the target was 300 par-
ticipants. A computer-generated, random sequence alloca-
tion program with randomly varying block sizes of two to
ten, without stratification, was used. The program was
constructed by a statistician at the university, who had no
other role in the trial. Randomization was carried out by
the project manager, who played no role in the implemen-
tation of the intervention.

All analyses were performed in accordance with the
intention-to-treat principle. The characteristics of the par-
ticipants were presented as means with standard devia-
tions (SDs), medians with interquartile ranges (IQR), or
counts with percentages. Repeated measures at different
time points (0, 3, 6, and 12 months) were analyzed using
mixed-effects models, with an unstructured covariance
structure (Kenward-Roger method to calculate the
degrees of freedom). The fixed effects were group, time,
and group-time interactions, using age and sex as
covariates. Mixed models enabled analyses of unbalanced
datasets without imputation; therefore, all available data
were analyzed with the full analysis set. In case of viola-
tion of assumptions (non-normality), a bootstrap-type or
a permutation test was used. Normal distributions were
evaluated graphically and using the Shapiro–Wilk W test.
Statistical package Stata 17.0 (StataCorp LP, College Sta-
tion, TX, USA) was used for analyses.

RESULTS

During the recruitment period 541 patients with hip frac-
tures underwent surgical repair, 338 people (living at
home) were contacted, 144 underwent an eligibility
assessment at home, and 121 were recruited for the trial
and randomized into Exercise (n = 61) or Usual care
(n = 60) (Figure 1). At baseline, the mean age of partici-
pants was 81 years (SD 7), 75% were women (Table 1),
and all were Caucasian. The mean MMSE score at base-
line was 22.9 (SD 4.5). Sixty-one percent had femoral
neck fractures. The median time from fracture to baseline
assessments was 33 days (IQR 28, 50) in the exercise
group and 37 days in the usual care group (Table 1). Over
12 months, the participants in the exercise group received
292 (95% CI 288–296) health care and social service visits
(home care, outpatient primary care, and specialized care

TABLE 1 Baseline characteristics of participants in the

Exercise (n = 61) and Usual care (n = 60) groups.

Characteristic Exercise Usual care

Age, years, mean (SD) 83 (6) 80 (7)

Women, n (%) 50 (82) 41 (68)

Number of regular medications,
mean (SD)

8.8 (3.4) 8.7 (3.0)

Physician-diagnosed diseases, n (%)

Coronary heart disease 27 (44) 27 (45)

Diabetes 16 (26) 12 (20)

MMSE, mean (SD) 23.1 (4.7) 22.7 (4.2)

Fracture type (ICD code), n (%)

Femoral neck fracture 39 (64) 35 (58)

Pertrochanteric fracture 17 (28) 21 (35)

Subtrochanteric fracture 5 (8) 4 (7)

From hospital admission to
discharge, days, median (IQR)

26 (20, 32) 26 (21, 32)

From fracture to baseline
assessment, days, median
(IQR)

33 (28, 50) 37 (28, 44)

Pain, VAS, mean (SD) 28 (24) 32 (29)

Physical activity, sessions per weeka, mean (SD)

Walking 2.4 (2.7) 3.0 (2.9)

Other physical activities 1.1 (2.0) 1.3 (1.9)

Note: Frequencies (%), means (SD), or medians (IQR).
Abbreviations: ICD, International Classification of Diseases; MMSE,
Mini Mental State Examination (range 0–30)27; VAS, Visual Analogue Scale
(range 0–100 mm).33
aFrequency of leisure-time physical activity sessions of at least half an hour
during the month preceding the fracture was included.

HOME-BASED EXERCISE AFTER HIP FRACTURE 5



visits) per person-year and the usual care group 279 (95%
CI 275–283) visits (between-group difference p = 0.86).

The baseline values of IADL, SPPB, and handgrip
strength are presented in Table 2. Because there was a
slight difference in age and proportion of women
between the groups at baseline (Table 1), the analyses
were adjusted for age and sex. The adjusted mean
changes over 12 months in functioning and physical per-
formance outcomes were significantly better in Exercise
than in Usual care (Table 2, Figure 2A–C).

The baseline values of the frequency of leisure-time
walking and other physical activity sessions are presented

in Table 1. Over 12 months, the frequency of the walking
sessions changed by �0.4 times per week (95% CI �1.1 to
0.2) and the frequency of other physical activity sessions
by �0.2 times per week (95% CI �0.8 to 0.5) in Exercise
and by �1.2 times (�1.8 to �0.6) and �0.3 times (�0.9 to
0.4) in Usual care, respectively. We found no differences
between the groups in either of the physical activity
forms over 12 months (Figure 3).

The median number of completed exercise sessions in
the Exercise group was 96 (IQR 88, 98). Over the inter-
vention year, 19 people (31%) suspended the training for
at least 2 weeks, mostly for health reasons.

TABLE 2 Instrumental activities of daily living (IADL), short physical performance battery (SPPB), and handgrip strength at baseline

and their mean changes over 12 months in the exercise (n = 61) and usual care (n = 60) groups.

Baseline Change from baseline to 12 monthsa

pc
Exercise
Mean (SD)

Usual care
Mean (SD)

Exercise Mean
(95% CI)b

Usual care Mean
(95% CI)

IADL score 17.1 (4.5) 17.4 (5.1) 3.7 (2.8 to 4.7) 2.0 (1.0 to 3.0) 0.016

SPPB score 3.9 (1.6) 4.2 (1.8) 4.3 (3.6 to 4.9) 2.1 (1.5 to 2.7) <0.001

Handgrip strength,
kg

17.7 (8.9) 20.8 (8.0) 1.2 (0.3 to 2.0) �1.0 (�1.9 to �0.2) <0.001

Abbreviations: IADL, Instrumental Activities of Daily Living (range 8–31); SPPB, Short Physical Performance Battery (range 1–12).
aAge- and sex-adjusted mean changes over 12 months.
b95% confidence interval.
cBetween-group difference.

FIGURE 2 Mean changes in Instrumental activities of daily living (IADL) (A), Short Physical Performance Battery (SPPB) (B), and

handgrip strength (C) in Exercise (n = 61) and Usual care (n = 60) at 3, 6 and 12 months from baseline. Adjusted for age and sex. Whiskers

represent 95% confidence intervals.
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DISCUSSION

The secondary analyses of our randomized controlled
trial among patients with surgical repair of a hip fracture
showed that our 12-month home-based supervised, pro-
gressive exercise program improved functioning and
physical performance to a greater extent than among
those in Usual care. However, our intervention did not
increase the frequency of leisure-time physical activity
sessions.

The IADL scores in our trial improved in both Exer-
cise and in Usual care during the first 3 months after dis-
charge, which mostly implies recuperation of bone and
muscles after surgery.37,38 After 3 months, the IADL
scores of the participants in Usual care started to deterio-
rate but remained above the baseline level. The Exercise
participants continued to improve their IADL scores up
to 12 months, and at the 12-month point, a significant
difference emerged between the groups. Our 12-month
intervention thus appears to be sufficiently long to sup-
port the recovery of IADL functions, which can take up
to 11 months after hip fractures.37,38 Contrary to our
results, one 12-month randomized home-based exercise
trial23 and two systematic reviews with different training
durations, initiation of the intervention after discharge,
and numbers of supervised home visits15,24 observed no
improvements in IADL functions compared with other
modes of exercise or usual care.15,23,24

The SPPB scores in our trial improved in Exercise and
Usual care from baseline to 6 months and continued to
improve from 6 to 12 months in Exercise. Both groups
had clinically meaningful improvements over 12 months
(mean change of 4.3 in Exercise, and 2.1 in Usual care),
as a meaningful change among older adults is estimated
to be from 0.4 to 1.5 points.39 Studies with shorter home-
based exercise interventions have reported somewhat
smaller changes in SPPB22,40 than in our study. Sherring-
ton et al.41 in their low-supervised, 12-month exercise
intervention found no improvement in SPPB scores.
However, initiation of rehabilitation was delayed after
discharge, whereas ours began immediately.

Although our exercise intervention mainly consisted
of lower limb exercises, we also assessed handgrip
strength, which is a strong predictor of mortality and
may help identify people at an increased risk of health
deterioration.42 In our trial, handgrip strength improved
in Exercise and deteriorated in Usual care over the
12 months. While there is no clear consensus on the clin-
ically meaningful changes, Bohannon43 proposed that
changes of 5.0–6.5 kg may be a reasonable estimate
among older adults. Viewed against this estimate, the
attained mean changes in handgrip strength in our trial
were not clinically meaningful. Similar to our results,
Orwig et al.44 did not find any effect of their 12-month
home-based exercise trial on handgrip strength.

The brief physical activity guidance in our interven-
tion did not affect leisure-time physical activity. Contrary
to our result, a supervised home-based exercise program
after a hip fracture increased the time used for physical
activities in other randomized trials.41,44,45,46 In these
studies, as in ours, the amount of physical activity was
evaluated with self-reported questionnaires, and thus the
results should be interpreted with caution. In the system-
atic review of Hulsbæk et al.,47 a small, but nonsignifi-
cant effect of exercise on physical activity was observed.
A cohort study reported old age and frailty to be explana-
tory variables for unchanged physical activity levels
(number of physical activity sessions per week or month)
among home-dwelling patients with hip fractures.48

Although the significance of physical activity in recovery
from hip fracture is unclear, it may enhance the func-
tional recovery of patients with hip fractures.49

Strengths of our trial were its rigorous randomized
design, relatively low dropout rate, validated assessments,
intention-to-treat analysis, and 12-month supervised
home-based exercise program with good adherence and
no serious adverse effects.26 However, the study also had
some limitations. First, we did not reach our targeted
sample size (n = 300), as many patients declined to par-
ticipate due to poor perceived health. However, the
power of our sample (n = 121) was sufficiently strong to

FIGURE 3 Mean changes in the weekly frequency of walking

and other leisure-time physical activities (for at least half an hour at

a time) in Exercise (n = 61) and Usual care (n = 60) at 3, 6, and

12 months from baseline. Exercise intervention sessions are not

included. Adjusted for age and sex. Whiskers denote 95%

confidence intervals.
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show statistical differences between the groups in these
secondary outcomes. Second, there was a risk of assess-
ment bias because the assessors were not blinded due to
the lack of resources. However, they did not supervise
the exercise intervention. Third, a minor difference was
present in the distribution of women in the two random-
ized groups, as our randomization was not stratified by
sex, which is why we adjusted the analyses with sex.
Fourth, our sample mainly comprised those home-
dwelling patients with hip fractures who needed inpa-
tient rehabilitation at the adjacent rehabilitation hospital
after being discharged from the operating hospital and
excluded those who were discharged directly home from
the surgery ward. Although the number of patients who
went straight home was very low, our sample is not
completely representative of all patients with hip frac-
tures, which may be considered a study limitation. Fifth,
we used a self-reported questionnaire to assess leisure-
time physical activity, which provides a possibility for
cognitive bias. Also, these questions did not include an
evaluation of the intensity of leisure-time physical activi-
ties. Sixth, all of our participants were Caucasian, which
may limit the generalizability of the results worldwide.

In conclusion, the results of our randomized trial for
patients with hip fractures confirm the effectiveness of
exercise programs with progressive strength training in
enhancing functioning and performance among patients
with hip fractures after discharge. Moreover, our work
confirms the findings of the importance of direct supervi-
sion of the effects of exercise on functioning and mobility
among patients with hip fractures.24 Altogether, the com-
bination of a 12-month, supervised, and progressive exer-
cise intervention starting immediately after discharge in
our trial might explain the better results than those of
previous trials.15,22–24,40,41,44

Future trials should include longer follow-up periods
to determine whether booster exercise sessions every few
months, for example, would help maintain the effects on
functioning achieved by exercise interventions. In addi-
tion, future trials should evaluate the effects of alterna-
tive home-based exercise implementation strategies, such
as remote rehabilitation or exercise programs, on func-
tioning and physical performance in patients with surgi-
cal repair of hip fracture.
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