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Abstract: Patients sustaining a hip fracture experience reduced function and an increased risk of
recurrent falls and institutionalization following surgical treatment. Rehabilitation programs that are
feasible for home-based training could improve patient-reported outcomes and physical function
while lowering the care need and social dependency of this patient group. In the present study, we
designed and tested a home-based resistance training program on a group of patients with a femoral
neck fracture (FNF) selected according to their poor post-operative functional recovery following
an FNF. The results showed that the training program was feasible to perform for the patients, and
after three months of training, the patients’ walking, physical activity, and patient-reported outcome
measures improved. The patients were encouraged to continue walking and performing the training
program, but twelve months after the FNF, the results were comparable to the baseline. Background:
Femoral neck fracture (FNF) is associated with reduced function, often leading to an increased care
need and a greater risk of recurrent falls. Thus, rehabilitation should be a priority. The present study
investigated the training potential among fragile FNF patients with poor functional performance
treated with total hip arthroplasty. Methods: In a prospective cohort study, 32 participants were
included based on poor functional recovery following an FNF fracture. The participants completed a
three-month, physiotherapy-guided, home-based resistance training program. At the baseline and
three-month follow-up, physiotherapists performed functional tests and measured spatiotemporal
parameters, muscle strength, and muscle mass. The Oxford hip score (OHS) questionnaire was
administered and physical activity measurements were performed at baseline and at three-month and
12-month follow-ups. Results: Walking distance, step length, walking speed, and muscle strength
increased at the three-month follow-up (p < 0.05). OHS scores increased from the baseline to the
12-month follow-up. Physical activity after three months showed more time spent standing (p = 0.02)
and walks of 5–10 min (p = 0.002) compared to the baseline. At the 12-month follow-up, physical
activity was similar to the baseline. Conclusions: Fragile patients with low functional performance
following FNF displayed training potential with an improvement in function, strength, and physical
activity. However, continued training is necessary in order to maintain the positive effects.

Keywords: hip fracture; femoral neck fracture; total hip arthroplasty; rehabilitation; muscle mass;
muscle strength
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1. Introduction

Femoral neck fracture (FNF) is one of the major causes of trauma-related deaths among
the elderly, and reduced function is common among survivors. As such, FNF patients are
four times more likely to be homebound and three times more likely to be dependent on
others for activities of daily living (ADL) two years after their FNF fracture surgery [1,2].
Additionally, patients who have suffered an FNF spend less time on their feet compared
to age-matched controls [1,2]. The functional decline of FNF patients makes independent
living more unlikely, and around 10% of patients are unable to return to their own homes
after discharge due to increased care needs [2]. Furthermore, FNF patients face a high risk
of recurrent falls and related injuries, which can degrade their mobility and increase their
mortality. In order for FNF patients to return to their pre-fracture functional levels and
reduce their risk of recurrent falls and related injuries, it is important to improve their gait
function and balance, and resistance training is key in this rehabilitation [3,4].

Most research on the rehabilitation of FNF patients has been conducted in acute
hospital or immediate post-discharge settings. However, patients in the acute phase of an
FNF often experience pain, confusion, and amnesia, making rehabilitation a lower priority
for these patients. Additionally, fragile patients typically experience multiple clinical
issues that must be prioritized before and during the months after hospital discharge.
Frequent transportation to training facilities is likely an obstacle to attending rehabilitation
programs for several patients, and therefore, home-based training for frailer patients might
be preferable. Although extensive research on the rehabilitation of FNF patients has been
conducted, only a few studies have examined the training potential among fragile FNF
patients years after their fractures [5].

The aim of the present study was to investigate the training potential of fragile patients
with poor functional performance years after their FNFs and surgeries with total hip
arthroplasty (THA) by evaluating their gait function, muscle strength and mass, patient-
reported outcome, and physical activity after a three-month home-based resistance training
program and to re-evaluate the effects of the intervention 1 year later.

2. Materials and Methods

From 2005 to 2011, 402 consecutive patients (291 women) at a mean age of 80 (30–98) years
were admitted at a regional hospital in Denmark with a displaced medial FNF and operated
upon with a THA using of a postero-lateral approach. The components were either a cement-
less hydroxyapatite-coated or a cemented Saturne® acetabular system (Amplitude, Valence,
France) with 28 mm chrome-cobalt heads in dual-mobility UHMWPE and a cemented
Exeter® stem (Stryker, Kalamazoo, MI, USA). In December 2012, all patients who were
still alive were invited for an outpatient follow-up to evaluate their physical function, care
needs, and social dependency. Two hundred and sixty-two patients had died or were
unable to participate, mainly because of poor health. One hundred and forty patients
participated in the follow-up and were screened for eligibility to participate in the training
study. The inclusion criteria were as follows: a new mobility score (NMS) ≤8, a demen-
tia score ≥7, and time needed to do 10 repetitions of sit-to-stand (STS10) of more than
30 s [6–9]. The exclusion criteria were as follows: polytrauma and pathological fractures.
Thirty-eight patients met the inclusion criteria; however, 6 declined to participate in the
study. The decliners were all female and of a similar mean age and follow-up time as
the study group. Thirty-two patients (28 women) at a mean age of 80 (60–96) years were
included at a mean of 3 (1–7) years after their FNF (Figure 1).
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2.1. Intervention

Physiotherapists instructed the participants orally to perform a home-based resistance
training program. Resistance training was chosen since it had previously been shown
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to increase functional outcomes, muscle mass, and muscle strength in patients with hip
fractures [5,10]. The exercise program consisted of four resistance exercises and a daily
walk (see Table 1 for details). A booklet with descriptions and illustrations of each ex-
ercise and a training journal were given to each participant (Supplementary Materials).
Participants were instructed to exercise once daily, and all participants attended a weekly
supervised session with a community-based physiotherapist during all three months of the
intervention. Each training session was documented in a training journal with progression
levels and the number of repetitions. The level of progression was determined by the
physiotherapist in accordance with a standardized progression plan.

Table 1. Description of the four exercises in the resistance training program used during the intervention.

Exercise Description

Chair raises

Sit in a chair and hold on to a table or armrests for balance. Stand up in front of the chair and sit back
down. Repeat the exercise.
Progression level: (1) No use of a table or armrest. (2) Pull one leg closer to the chair. (3) Use a lower
chair or perform the exercise slower. (4) Use only one leg.

Knee bends

Stand up and hold on to the table for increased balance. Bend your knees to the highest achievable
angle and stand up again. Repeat the exercise.
Progression level: (1) Bend the knees to 90 degrees or lower. (2) Hold the bend for a few seconds and
repeat the exercise more slowly. (3) Only use one leg.

Standing walk
Hold on to something for balance. Raise your leg as much as you can, aim for a horizontal thigh, sit
the foot down, and repeat the exercise with the contralateral leg.
Progression level: (1) Perform the exercise more slowly. (2) Keep the raise at the top for 5 s.

Pelvis raises *

Lie on the floor or bed with your knees bent at approximately 90 degrees and your arms next to your
body for balance. Slowly raise the pelvis/bottom as high as possible. Repeat the exercise.
Progression level: (1) Cross your arms over the chest. (2) Bend the knees a little more, to
approximately 110 degrees. (3) Perform the exercise with one leg only, while the other leg lies straight
on the floor or bed.
Progression level: (1) Perform the exercise more slowly. (2) Hold the raised pelvis position for 5 s.

Walks Take a daily walk for approximately 15 min with or without the use of walking aids.

* If the pelvis raises exercise was impossible for a participant to do, a standing hip abduction and extension
exercise was performed while they stood by a table.

2.2. Data Collection

The participants who met the inclusion criteria completed functional tests directed by
a physiotherapist at the baseline and the three-month follow-up. The tests were performed
in the same order at the baseline and the three-month follow-up. On the same day, the
participants were administered a dual-energy X-ray absorptiometry (DXA) scan, completed
questionnaires, and finally had an accelerometer mounted on their thighs to measure their
physical activity. Furthermore, at three- and twelve-month follow-ups, the participants
completed questionnaires and another physical activity measurement.

2.3. Measurement Outcomes
2.3.1. Functional Tests

The 6 min walking test (6 WT) was used to measure the participants’ endurance. The
participants were instructed to walk as far as they could possibly and safely do during the
6 min [11,12]. The test was performed on a 30 m flat course. The distance was measured in
meters. Walking aids were used if necessary, and this use was documented.

The timed up and go (TUG) test was performed with participants initially seated in a
standard armchair. They were instructed to stand up and walk three meters, turn, walk
back, and sit down as fast as they could safely do [13,14]. The participants performed three
TUG trials. The fastest time and the use of walking aids were documented.

2.3.2. Spatiotemporal Tests

An inertia measurement unit (IMU) was used to evaluate the participants’ gait. The
IMU contains both an accelerometer and a gyroscope, which measures velocity, orientation



Appl. Sci. 2024, 14, 552 5 of 13

and gravitation, in order to assess the asymmetry, speed, and step length during tests [15,16].
The IMU-derived parameters were calculated using the manufacturer’s proprietary, non-
disclosed algorithms based upon the algorithms by Zijlstra and Hof [17]. The parameters
were adjusted by leg length. The following tests were performed with the IMU placed over
the participants’ sacrums with double-adhesive tape:

(1) A sit-to-stand test of 30 s (STS30) was performed with participants initially sitting in
an armchair with a seat height of 45 cm, their backs placed against the backrest, and
their arms crossed over their chests. The participants were instructed to stand up to a
fully extended position and sit back down as many times as possible in 30 s without
using the armrest for support [18]. If the participants were unable to perform a single
repetition, they were allowed to use the armrest support, and this was documented.

(2) A 10 m walking test was used to analyze the participants’ gait patterns. The partici-
pants walked a marked 10 m stretch on a flat surface with or without walking aids at
a self-selected speed [19,20]. The distance by which the last step exceeded the 10 m
marker was measured, and the exact distance was documented.

(3) A block step test was performed with the participants ascending and descending
onto a 30 cm block three times in a row at a self-selected speed. Both the legs were
tested, always starting with the leg that had not been operated upon. The participants
paused for three seconds at the top and bottom of the block.

2.3.3. Isometric Strength Test

An isometric strength test of the hip flexors and the knee extensors was performed
bilaterally with a handheld dynamometer (HHD) [21,22].

Hip flexion was measured with the participants sitting, hips in 90 degree flexion, feet
off the floor, and hands on the seat for balance. The HHD was placed five cm proximal
to the patella. The participants were asked to raise the thighs of their test legs as hard as
possible against the HDD.

Knee extension was measured with the participants sitting, hips in 90 degree flexion,
knees in 60 degree flexion, and arms crossed over the chest. The test leg was fixed to the
seat with a strap, and the HHD was placed five cm proximal to the lateral malleolus. The
participants were asked to kick as hard as possible against the HDD with their test leg [21].

Both tests were repeated four times for each leg with 30 s of rest in between, and
the best result was documented. The data were normalized according to the participants’
heights and weights.

2.3.4. DXA Scans

A DXA scan (iDXA, GE Healthcare, IL, USA) was performed at the baseline and
the three-month follow-up to evaluate the participants’ muscle mass before and after the
intervention. A total-body scan was performed, and the tissue was categorized using the
DXA software (enCORE, GE Healthcare, IL, USA (Version 16)) as bone or soft tissue. The
soft tissue was typed as fat tissue or fat-free tissue via the software. Fat-free tissue can be
assumed to be equal to muscle mass [23], and it was measured in three regions of interest
(ROI) in terms of the buttock, the thigh, and the calf areas of both the left and right lower
extremities. The regions were marked on the total body scan using anatomical landmarks,
as previously described [16].

2.3.5. Questionnaires

The participants filled out the Oxford hip score (OHS) questionnaire at the baseline and
the three- and twelve-month follow-ups to assess their self-evaluated function and pain [24].
The OHS is a 12-question patient-reported outcome. Each question is ascribed one to five
points, adding up to an overall score from 12 to 60 for each patient that quantifies their
hip function, with 12 being the worst and 60 being excellent hip function. The OHS was
chosen since it had been validated in Danish and had been shown to be sensitive to changes
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following a THA [25]. The OHS had, in previous studies, shown that a meaningful clinically
important difference (MCID) is demonstrated by a score between five and nine [26,27].

The participants also filled out questionnaires regarding their training satisfaction,
adverse events, and self-reported ADL at the three- and twelve-month follow-ups. Training
satisfaction was evaluated using a questionnaire with a 5-point satisfaction score from not
satisfied at all (1) to very satisfied (5).

2.3.6. Physical Activity

At the baseline, three months, and twelve months, a commercially available accelerom-
eter (Ax3, Axivity Ltd., Newcastle upon Tyne, UK) was placed on the central part of the
participants’ right lateral thighs using double-adhesive tape and used to measure phys-
ical activity during four consecutive days/nights. The data were imported to MatLab
(version 2019b, The MathWorks Inc., Natick, MA, USA) and analyzed using a validated
algorithm [28,29].

2.4. Statistical Analysis

A power calculation was performed with the primary outcome measure being the gait
pattern, with an anticipated distribution of 7%, and the clinically relevant difference was
set at 30%. The risk of committing a type 1 error was established at 5% with a power of
80% to detect a difference. The calculation indicated a requirement for 25 patients in the
group. A total of 38 patients were included in the group to account for potential dropouts.

The secondary outcome measures were a functional test, muscle strength, muscle
mass, and questionnaires.

Continuous data were expressed as means ± standard deviations (SDs), and categori-
cal data were presented numerically or as percentages. Data were tested for normality using
the Shapiro–Wilk test. When the data followed a Gaussian distribution, a paired t-test was
used, and when not, non-parametric testing using a Mann–Whitney or Wilcoxon signed-
rank test was used. For the accelerometer tests, an analysis of variance (ANOVA) test was
used to evaluate changes in activity over time. For all tests, the statistical significance was
defined as p < 0.05. Stata 14 was used for statistical comparisons.

3. Results

The baseline demographics of the study participants are listed in Table 2.

Table 2. Summary of the demographic information of the study participants at the baseline.

Participants Included (n = 32)

Sex (male/female) 4/28
Mean age, years (min–max) 80 (60–96)
Mean years since femoral neck fracture (min–max) 3 (1–7)
FNF/THA side (right/left) 15/17
Oxford hip score (min–max) 32 (15–49)
New mobility score (min–max) * 7 (4–9)

* NMS was ≤8 at the time of inclusion in the outpatient clinic. However, a small change was presented for a few
patients, explaining why the max was nine at the baseline (the first functional test) in this table.

At the 3-month follow-up, four participants were lost to follow-up (12.5%). After the
3-month training intervention, the participants showed a statistically significant increase in
the number of repetitions per exercise in all four resistance exercises (Figure 2), and they
achieved a significant increase in distance walked during the 6 WT (p = 0.01), but they
showed no increase in TUG time (p = 0.89) (Table 3).
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Table 3. Results of the functional tests, spatiotemporal tests (IMU), isometric strength tests (HHD),
and measured muscle mass (DXA scans) at the baseline and the three-month follow-up.

Functional tests

Baseline (SD) 3-month follow-up (SD) p-value
6 min walking test 232 (94) 252 (98) 0.01
Timed up and go 15.6 (6.5) 15.5 (5.7) 0.89

Sit-to-stand in 30 s (n = 26)

Baseline (SD) 3-month follow-up (SD) p-value
Number 8 (3) 8 (3) 0.30
Average time ascending (s) 3.61 (1.5) 3.01 (1.5) 0.04
Average time descending (s) 3.67 (1.3) 3.01 (1.0) 0.002
Asymmetry, sagittal plane ascending (%) 32.77 (10.2) 39.56 (18.8) 0.11
Asymmetry, sagittal plane descending (%) 36.33 (9.7) 41.77 (12.3) 0.05
Asymmetry, frontal plane ascending (%) 5.18 (2.1) 7.28 (9.2) 0.26
Asymmetry, frontal plane descending (%) 5.64 (2.1) 6.73 (7.6) 0.47

10 m walking test (n = 26)

Baseline (SD) 3-month follow-up (SD) p-value
Step length (m) 0.41 (0.0) 0.44 (0.0) 0.01
Speed (m/s) 2.26 (0.1) 2.49 (0.1) 0.01
Cadence (m/s) 97.15 (2.9) 100.67 (2.9) 0.02
Asymmetry (%) 2.09 (0.5) 2.12 (0.3) 0.98

Block step test (n = 24):

Baseline (95% CI) 3-month follow-up (95% CI) p-value
Rotational asymmetry, sagittal plane ascending (%) −9.8 (−18.1–1.6) −0.22 (−10.4–10.0) 0.03
Rotational asymmetry, sagittal plane descending (%) −5.06 (−10.9–0.8) −7.28 (−15.6–1.0) 0.58
Rotational asymmetry, frontal plane ascending (%) −12.20 (−23.8–0.6) −7.94 (−20.2–4.3) 0.75
Rotational asymmetry, frontal plane descending (%) −6.97 (−18.1–4.2) −3.47 (−13.6–6.7) 0.56

Muscle strength

Baseline (SD) 3-month follow-up (SD) p-value
Hip flexion, operated leg (Nm/kg) (n = 23) 0.57 (0.18) 0.58 (0.17) 0.61
Hip flexion, non-operated leg (Nm/kg) (n = 22) 0.58 (0.15) 0.64 (0.17) 0.04
Knee extension, operated leg (Nm/kg) (n = 23) 0.42 (0.20) 0.51 (0.21) 0.03
Knee extension, non-operated leg (Nm/kg) (n = 21) 0.45 (0.19) 0.46 (0.20) 0.74

Muscle mass

Muscle mass, thigh area (g/cm2) 6541 (1265) 6492 (1376) 0.76
Muscle mass, buttock area (g/cm2) 3441 (536) 3473 (551) 0.56
Muscle mass, calf area (g/cm2) 1452 (271) 1412 (257) 0.74
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The spatiotemporal test at the 3-month follow-up showed a decrease in the time spent
ascending and descending during the STS30 (p < 0.05) but did not show an increase in the
numbers of STS taken during the 30 s (p = 0.30) (Table 3) or a change in the number of
participants who needed to use the armrest. For the 10 m walking test, the participants
increased their step length, walking speed, and cadence (p < 0.05) (Table 3), but the asym-
metry data during the spatiotemporal test showed no general tendency from the baseline
to the three-month follow-up (Table 3).

After three months of resistance training, an increase in muscle strength was found in
the hip flexors of the leg that had not been operated upon and in the knee extensors of the
leg that had been operated upon (p < 0.05) (Table 3). However, the participants showed no
measurable increase in muscle mass in either of the three regions of interests according to
the DXA scans (p > 0.56) (Table 3).

The OHS was 32 (15–49) at the baseline and 33 (12–51) at the three-month follow-up
(p = 0.21) with no statistically significant increase.

The participants showed an increase in their number of 5–10 min walks from the
baseline to the three-month follow-up (p = 0.002), but the overall time spent walking did
not increase measurably (p = 0.55). The participants sat less and stood more after the
three-month intervention (p = 0.02) (Figure 3).
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Figure 3. Participants’ activity was measured using an accelerometer at the baseline (blue) and the
3-month follow-up (red), showing the participants standing more and sitting less but no significant
difference in walking or cycling.

The three-month questionnaire showed that 59% of the participants had felt a prior
need for more training following their FNFs. In total, 92% were satisfied with the training in-
tervention. One adverse event was reported, with an accelerometer becoming unpleasantly
warm on the thigh during data collection but no visible damage.

At the 12-month follow-up, there was no difference in the participants’ physical
activity compared to the baseline as measured using the accelerometer. However, the OHS
increased from 32 (15–49) at the baseline to 36 (12–37) at the 12-month follow-up (p = 0.02).
At the 12-month follow-up, 30.5% of the participants reported a higher level of ADL, and
74% had continued the training on their own—primarily maintaining a daily 15 min walk.
This was despite the fact that 48% of participants reported health issues that had affected
their continued training abilities during the last 12 months.

4. Discussion

The present study showed that it is possible to engage a frail older population in
a home-based resistance training program even years after an FNF, with a high level
of completion and satisfaction. After completing the training program, the participants
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improved important parameters for balance and fall prevention, such as step length,
walking speed, and muscle strength.

An impaired gait is one of the most prevalent and sensitive risk factors for falling [3,4];
a low walking speed and a short step length especially indicate a poor gait and an increased
risk for falling among the elderly [4,30]. Conversely, an improvement in the gait parameters
is an indirect sign of improved balance and a decreased fall risk. Previous studies have
found 0.1 to 0.17 m/s to be a clinically significant change in walking speed [31,32]. In the
present study, the participants achieved an increase of 0.23 m/s, indicating a clinically
significant increase in their walking speed at the three-month follow-up. The participants
had a baseline walking speed of 2.26 m/s, which was higher than that found in other
studies despite their having focused on community-dwelling older adults [33–35]. This
suggests that the participants were not as frail as anticipated. However, the participants
had a much higher baseline TUG time of 15.6 s compared to the reported norm between
8.12 s and 12 s for frail women without FNFs between 65–85 years of age [36,37]. The
step length of 0.41 m at the baseline was shorter than the 0.7 m reported by Bogen et al.;
however, the participants in that study were community-dwelling older adults, which may
indicate a better function [34]. A long TUG time and a short step length indicate poor
balance and low function, and they confirm that the participants in the present study were
in fact frail and at a greater fall risk.

Following the three-month resistance training intervention, the participants increased
their walking distance on the 6 WT by 20 m, which correlates to a higher walking speed.
Overgaard et al. found that a change in 6 WT should be at least 21.4 m to count as an
improvement, rather than a learning effect [12]. However, Overgaard et al. [12] investigated
hip fracture patients only a few weeks after their surgery, and pain improvement over
time was a crucial factor for improvement in their walking abilities. The participants in
the present study were a mean three years post-surgery and presumably way past their
surgery-related pain. Casanova et al. tested healthy subjects and found that a learning
effect alone could explain a 12 m improvement for the 6 WT [38]. Therefore, the 20 m
improvement in our study group was most likely a real positive effect of the training, which
was further supported by the increase in the step length and walking speed. Several studies
have shown positive results for hip fracture patients after resistance training; however,
most studies have been performed within a few months after surgery [39–41]. Edgren
et al. showed that resistance training even years after a hip fracture can improve gait and
function among these patients [5]. Like the present study, the participants in Edgren’s
study were a mean of 3 years after their hip fractures and similar in baseline characteristics.
Edgren et al., found, as we did in our study, that resistance training is feasible for elderly
patients with a history of hip fracture, as well as increased physical function [5].

The spatiotemporal parameters showed no general decrease in asymmetry despite
the participants being quicker to ascend and descend during the block step test and STS30.
This might be explained by participants moving their upper bodies more during the tests
simply to gain speed in order to perform the exercise.

The present study showed a significant increase in some of the muscle strength
parameters, but it did not show any increase in muscle mass on the DXA scans. Possibly,
the intensity of the exercises that could be achieved by this frail patient group with several
comorbidities during the period of the intervention was not sufficient to be measurable as a
change in muscle mass. Furthermore, the study group was small, and possibly the precision
of DXA was not sufficient to detect an eventual change. Yet, Suetta et al. and Briggs et al.
found improvements in muscle strength and muscle mass in patients with hip osteoarthritis
and patients treated for hip fractures, respectively [42,43]. Our study population was older,
especially compared to the patients in the study by Suetta et al. [42], and both studies’
interventions occurred closer to the participants’ surgeries than ours. With increasing
age, the ability to improve muscle mass declines, and the process takes longer than for
younger individuals. This stresses the importance of immediate and long-lasting physical
rehabilitation after hip fracture surgery in order to lower the risk of new fall and fracture
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events, and it may explain some of the reasoning for the absence of increased muscle mass
seen in our study. Several previous studies have shown training potential among elderly
hip fracture patients and shown that they can perform an exercise program without adverse
events [5,10,44,45]. Likewise, the participants in the present study showed progression
in all four resistance exercises, and the participants also reported high satisfaction, high
adherence to the training program, and improved self-reported ADL after the three-month
training program. However, the increase in OHS did not meet the MCID.

After an FNF, the mean time to recovery in ADL function has been reported as six
months (4–11 months), and the same has been reported for regaining muscle strength [46,47].
The participants in the present study were all a minimum of 12 months after their FNFs
and, therefore, should have fully recovered from their fracture events. As such, the physical
improvements found in the present study, we believe, are in fact a result of the training,
rather than spontaneous improvements over time. However, considering the decline in
activity at the 12-month follow-up, continued training seems important and could be
completed at home with the training program described in the present study.

Limitations

This study faced some limitations, most importantly, the lack of a control group.
The participants were identified as the frailest and weakest out of a larger examined
patient group [48], and we found it unethical not to offer some fall prophylaxis treatment
in terms of training to all these patients. Another limitation was the variation in the
participants’ baseline function and the number of comorbidities, which may have limited
the improvement for at least some of the participants. The diversity of this patient group
was also reflected in the time elapsed since their surgeries (1–7 years). However, the
heterogeneity of the patient group improved the external validity of the study’s results.

In order to evaluate the long-term effects of the resistance training program, it would
have been an advantage to repeat the functional tests at the 12-month follow-up, but
unfortunately, our resources did not allow for this.

The intervention was home-based, which had both advantages and disadvantages.
The advantages of a home-based program include easy accessibility to facilities and the
alleviation of transportation, which may have increased adherence to the program [44,45].
Another advantage is the easy progression and individualization of the training program.
The disadvantages of a home-based training program are the cost of physiotherapists
and their transport to the participants’ homes, the risk of limited training space and
equipment at the participants’ homes, and the lack of support and encouragement from
other participants to stick with the training.

5. Conclusions

The participants significantly improved their gaits, as demonstrated by an increase in
walking speed and step length. Further, they were more active during the day after the
three-month training program. The participants progressed significantly in their training
and had high satisfaction with the intervention. The resistance program in this study is
easily incorporated into current rehabilitation protocols due to the low number of exercises
and minimal need for equipment. However, it is important to mention that some of
the activity improvements found after completion of the three-month resistance training
program were lost at the 12-month follow-up, indicating a need for continued training.
More studies are needed in order to determine the training level that will sustain the
improved function and ADL of this fragile group of patients for the purpose of lowering
their fall and fracture risk and reducing their care needs.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/app14020552/s1, Supplementary Materials—Training booklet with
pelvic raise.
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