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Abstract 28 

Background: The efficacy of exercise interventions in the early recovery phase, i.e. started 29 

within the first three months after hip fracture, has been poorly studied compared to prolonged 30 

exercise interventions. 31 

Objective: To examine the effect of exercise interventions to improve physical function in the 32 

early phase after hip fracture. 33 

Data sourses: Seven databases including MEDLINE via Ovid, The Cochrane Library, Embase, 34 

Cinahl, Pedro, AMED and Web of Science were comprehensively searched till December 2019.  35 

Eligibility criteria: Randomised controlled trials (RCTs) of exercise interventions initiated 36 

within the first three months after hip fracture to improve physical function, were eligible for 37 

inclusion.  Primary outcome was physical function assessed using walking ability, walking 38 

speed, balance, muscle strength, mobility, and endurance. 39 

Data extraction and Data Synthesis: We conducted subgroup analyses specifically to 40 

investigate outcomes of these individual measurements. A meta-analysis was conducted to 41 

examine the overall effect of early exercise interventions. A meta-regression was conducted to 42 

examine the impact of study characteristic on exercise interventions. We used the PEDro score 43 

to determine quality of the included studies. 44 

Results: Nine studies (669 patients) were included. Despite high statistical heterogeneity, there 45 

was high to moderate quality evidence that exercise provided benefit in improving physical 46 

function (standardised mean difference (SMD) 1.07; 95% CI 0.44 – 1.70; p<0.001). There was 47 

no statistically significant difference in outcome, when measured by the individual physical 48 

function outcome (p>0.05).  Meta-regression demonstrated no statistically significant 49 

association between study characteristics and exercise interventions (p>0.05).  50 
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Conclusion: Exercise in the early phase of hip fracture rehabilitation can improve physical 51 

function. It remains unclear what type of exercise is superior in the early phase after hip fracture.  52 

Limitations: This conclusion should be interpreted with caution given the high statistical 53 

heterogeneity reported and non-significant subgroup analyses of specific physical function 54 

measures, which were underpowered.   55 

Funding: Vestre Viken HF, Norway. 56 

Keywords: hip fracture, exercise, physical function, early phase, review, meta-analysis.  57 

Protocol Registration (PROSPERO): CRD42018091135 58 
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Introduction 60 

Hip fracture is the most serious fall-related fracture with a mortality rate of 5-10% during the 61 

first month and 20-30% during the first year post-fracture [1]. In 2000 there was reported 1.6 62 

million hip fractures worldwide, accounting for approximately 20% of all fractures in people 63 

aged 50 years and older [2]. Age-adjusted rates of hip fractures are highest in Scandinavian and 64 

North-American populations and lower in Southern Europe [3]. 65 

Hip fracture frequently leads to reduced physical function [4]. Physical function is the 66 

capacity of an individual to perform their physical activities of daily living. It reflects motor 67 

function and control, physical fitness, and habitual physical activity [5], and it is a strong 68 

measure of biological age and a biomarker for health and quality of life in older people [6-9]. 69 

Physical function as an assessment domain is measured through various approaches including: 70 

mobility, endurance, muscle strength, and balance [10]. Physical performance assessments as 71 

outcome measures are vital when the effect of interventions of physical function are examined 72 

[11].   73 

Patients who experience a hip fracture are often vulnerable and fragile [12]. In the early 74 

phase after hip fracture, reduced mobility and hospitalisation may cause severe decline in a 75 

patient’s muscle mass, muscle strength, and consequently, their physical function [13]. This 76 

can lead to reduced independence with increased need of assistance in daily tasks [14]. 77 

Furthermore, these patients are at high risk of increased fear of falling, muscle weakness, and 78 

post-operative pain through reduced mobility and loss of independence [12].  79 

  Exercise interventions after hip fracture aim to improve physical function and prevent 80 

or reverse physical deconditioning [15]. However, a Cochrane systematic review and meta-81 

analysis on hip fracture recovery reported inconsistent effects of exercise interventions on 82 

mobility [16]. A recent meta-analysis reported a small improvement in overall mobility 83 
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following a structured exercise intervention [4]. These meta-analyses included studies with 84 

exercise interventions up to one year after the fracture [4, 16]. The efficacy of exercise 85 

interventions in the early recovery phase, i.e. started within the first three months after hip 86 

fracture, has been poorly studied [17].  87 

The aim of this systematic review and meta-analysis is to determine the effectiveness of 88 

exercise interventions on physical function in the early phase after hip fracture. 89 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       90 

Methods 91 

Data Sources and Search Strategy for Identification of Studies 92 

This review was performed according to the Preferred Reporting Items for Systematic Reviews 93 

and Meta-Analyses (PRISMA) guidelines [18]. The following electronic databases were 94 

searched in May 2018 (updated December 2018): The Cochrane Database of Systematic 95 

Reviews, Medline, Embase, Cinahl, PEDro, and AMED. Search strategies are shown in 96 

Supplementary File 1. 97 

 98 

Eligibility Criteria  99 

Studies were included based on the following eligibility criteria: all randomised controlled 100 

trials (RCTs) assessing the efficacy or effectiveness of exercise interventions commenced 101 

within the first three months post-hip fracture surgery, for patients aged 65 years and older. 102 

We define exercise interventions as interventions that include physical activity to improve or 103 

maintain one or more components of physical function.  Included studies reported at least one 104 

performance based outcome measure of physical function, such as walking ability, walking 105 

speed, strength, balance, mobility, and endurance. Studies investigating muscle stimulation, 106 
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passive management strategies, self-training interventions, and welfare technology studies 107 

were excluded.  We excluded studies that did not have a PEDro score of level 1 evidence (6 – 108 

10 points). 109 

 110 

 111 

Article screening and selection  112 

Titles and abstracts from all individual citations were screened by one reviewer (MB) with 113 

duplicates removed. One reviewer (MB) read all the included full-text articles and three 114 

reviewers (KEH, VB-O, AB) read each a third of the selected full-text articles. Any 115 

disagreements between the reviewers were addressed through discussion until consensus was 116 

met.  117 

 118 

Data extraction 119 

For each included study, we extracted data using a specifically developed data extraction form 120 

(Supplementary File 2). One reviewer extracted all data (MB). The extraction was verified by 121 

one of the three other reviewers (KEH, VB-O, AB). Data extracted included: study origin, 122 

interventions (exercise components, duration, frequency, and intensity), outcome measures, and 123 

results. When differences in opinion occurred between the reviewers, consensus was met 124 

through discussion. 125 

 126 

 127 

 128 

 129 
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Quality assessment 130 

The PEDro score was used as each included study’s methodological quality [19, 20]. A study 131 

with a PEDro score of ≥6 was considered Level 1 evidence (6-8: good, 9-10: excellent) and 132 

included in the review. [21]. One reviewer independently assessed the quality of the included 133 

studies (MB). This was verified by one of three reviewers (KEH, VB-O, AB).  134 

 135 

Statistical Analysis 136 

Study heterogeneity was assessed by examining the data extraction tables. The reviewers 137 

determined that the trial designs, population characteristics, and interventions were 138 

satisfactorily homogeneous to permit a meta-analysis. Based on this, a random-effect model 139 

meta-analysis was deemed appropriate. We calculated standardised mean differences (SMD) 140 

with 95% confidence intervals (CIs) to assess pooled physical function outcomes. The 141 

interpretations of the SMD as an effect size were based on Cohen’s d (0.2 is small, 0.5 to 0.6 is 142 

moderate, and 0.8 to 1.0 is large) [22]. I2 statistics, p-values, Q statistics, and degree of freedom 143 

were used to assess statistical heterogeneity [23, 24].   144 

The primary analysis was the overall effect of exercise interventions on physical 145 

function. When more than one physical function outcome was reported in a study, the outcome 146 

measure considered most related to the intervention was selected, according to the principle of 147 

specificity [25]. The estimates of SMD for the first post-intervention time point were extracted 148 

for meta-analysis. Subgroup analyses were undertaken to assess the specific outcomes within 149 

the domain of physical function i.e. walking speed, mobility, balance, and endurance.  150 

We assessed for any association between study characteristics (study year, hospital or 151 

community setting, days since surgery, sample size, mean age of participants, Pedro  score of 152 
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the study, intensity of intervention, and follow-up weeks) and exercise intervention (strength 153 

training versus non-strength training) through a meta-regression. Stata version 15 (Stata Corp, 154 

Texas, USA) was used with the meta-analysis metan [26], metafunnel [27] and meta-regression 155 

[28] packages. 156 

 157 

Results 158 

Description of included studies 159 

The results of the search strategy are presented in Figure 1. In total, 2225 studies were identified 160 

after duplicates were removed. From the 26 potentially eligible studies, nine met the eligibility 161 

criteria and were included in the review.   162 

The characteristics of the included studies are reported in Table 1. In total 669 163 

participants with a mean age of 81 years (mean age range: 77 to 84 years) were included. 164 

Included studies were published from 2002 to 2018. The sample sizes for the individual studies 165 

varied from 20 to 160 participants. Three studies were undertaken in Australia, whereas single 166 

studies originated from Italy, United States of America, Canada, Denmark, Netherlands, and 167 

Germany.  168 

The included studies examined combinations of exercise interventions (Table 1). Five 169 

studies examined the effect of high-intensity exercise. Of these, two studies investigated the 170 

effect of  high-intensity physiotherapy [29, 30], three studies investigated the effect of high-171 

intensity progressive resistance training [31-33], two studies examined endurance training [34, 172 

35], one study examined weight-bearing exercise [36], and one study examined balance task-173 

specific training [37]. Control groups for each study are presented in Table 1. Across the 174 

studies, the number of sessions varied from 10-36 sessions. The overall duration of 175 
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interventions in the included studies varied from 1-12 weeks. In three studies, the interventions 176 

were delivered to participants during their hospital stay [29, 32, 36] with intervention start at 177 

mean nine days post-operatively (range 5-19 days after surgery). In three studies, the exercises 178 

were delivered in a community setting [34, 35, 37] with intervention start at mean ten days post-179 

operative (range 5-14 days since surgery). Three studies delivered exercise interventions across 180 

both hospital and community settings [30, 31, 33], commencing at a mean 45 days post-181 

operatively (range 14-90 days since surgery). 182 

 183 

Principal analysis 184 

We pooled data from four different measures of physical function (mobility, walking speed, 185 

endurance, and balance). There was high to moderate quality evidence that exercise provided 186 

benefit in improved physical function at three to six months post-operatively (SMD: 1.07; 95% 187 

CI = 0.44 – 1.70; p < 0.001. I2 = 92.3%, Q = 103.66) (Figure 2).  Because of the very large 188 

effect in one study [37], we additionally performed a sensitivity meta-analysis excluding this 189 

study. The meta-analysis still reported a statistically significant overall improvement in favour 190 

of exercise (SMD: 0.36; 95% CI = 0.05 – 0.67; p < 0.024).   191 

 192 

Subgroup analyses 193 

Mobility as assessed with the Timed Up and Go (TUG) test was reported in five high-quality 194 

studies (n = 296) [29, 31, 32, 34, 35].  The studies were of high quality according to the PEDro 195 

score (Table 2). There was no statistically significant difference in TUG results between the 196 

exercise and comparison groups (SMD: 0.48; 95% CI: -0.14 – 1.10; p = 0.126; I2 = 82%, Q = 197 

21.76) (Figure 3). 198 
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Walking speed was assessed using the 6-meter and 10-meter walk test in four high-199 

quality studies (n = 334) [30, 31, 35, 36]. There was no statistically significant difference in 200 

walk test results between the exercise and comparison groups (SMD: 0.35; 95% CI: -0.04 – 201 

0.73; p = 0.078; I2 = 57%, Q = 7.01) (Figure 3). 202 

Endurance was measured using number of meters per minute, such as 2-minute walking 203 

test, in two high-quality studies (n = 110) [33, 34]. There was no statistically significant 204 

difference between the exercise and comparison groups (SMD: 1.52, 95% CI: -0.75 – 3.79; p 205 

= 0.189; I2 = 92%, Q = 11.80) (Figure 3). 206 

Balance measured using Berg Balance scale was reported in three high-quality studies 207 

(n = 162) [33, 34, 37]. There was no statistically significant difference in balance function 208 

between the exercise and comparison groups (SMD: 2.84, 95% CI: -0.25 – 5.93; p = 0.071; I2 209 

= 97%, Q = 69.09) (Figure 3). 210 

 211 

Meta-regression 212 

The meta-regression indicated no statistically significant association between study 213 

intervention characteristics and exercise interventions (p > 0.05).  214 

 215 

Discussion  216 

The overall results suggest that exercise interventions prescribed in the early phase of recovery 217 

after hip fracture, improve physical function. However, within the subgroup analyses of 218 

mobility, walking speed, endurance, and balance no effects were demonstrated, compared to 219 

control groups. The meta-analyses presented high statistical heterogeneity and should therefore 220 
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be interpreted with caution. The meta-regression could not identify an exercise intervention that 221 

was superior in association with physical function.  222 

To our knowledge, this is the first systematic review and meta-analysis to examine the 223 

effectiveness of exercise interventions in the early phase after hip fracture. The overall 224 

improvement in physical function compared to the lack of improvement in the subgroup 225 

analyses may be explained through various reasons. Firstly, the sub-group analyses were 226 

underpowered. The non-statistical difference may therefore reflect a type-2 statistical error. 227 

With an assumed clinically significant effect of 0.5 SMD, high heterogeneity between studies 228 

and an average study size of 50 participants in each group, we estimated that five to six studies 229 

would be needed to obtain around 80% statistical power [38]. This may have been magnified 230 

by a potential reduced between-group difference in physical function since both experimental 231 

and control interventions offered an exercise intervention. As the evidence-base developed, 232 

further exploration of the specific instruments used to assess physical function is desirable, to 233 

better interpret the results reported in this analysis.  234 

The results of this review are in agreement with a recent meta-analysis reporting 235 

outcomes at a later-stage in hip fracture recovery [39]. The meta-analysis reported that balance 236 

training from early to the chronic phase after hip fracture improved overall physical function, 237 

such as balance, walking, lower limb strength, ADLs, performance task score, and health related 238 

quality of life scores [39]. The authors highlight that balance exercises were particularly 239 

effective at this later-stage, but it was not possible to ascertain whether a specific exercise 240 

programme offered superior outcomes over another [39]. However, we can surmise that 241 

exercise in this phase of recovery is beneficial. Further research to reveal whether there are 242 

differences in outcome by specific exercise interventions are warranted.  243 

Timing may be a confounding factor on the effect of exercise interventions after hip 244 

fracture.  Binder et al. (2004) and Hauer et al. (2002) showed that progressive resistance 245 
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exercise was an effective intervention for improving physical function after hip fracture [31, 246 

33]. In the study by Binder et al. (2004) the intervention started at mean 90 days after the hip 247 

fracture surgery [33]. Hauer et al. (2002) started their intervention 6-8 weeks after hip fracture 248 

surgery. Physiological timing may be assumed to be a potential confounding factor where 249 

pain and healing after surgery may impact on the patient’s ability to engage with exercise and 250 

therefore outcomes.  251 

A systematic review by Cadore et al. (2013) reported that a multicomponent exercise 252 

program consisting of strength training, endurance, and balance appeared to be the best 253 

strategy to improve physical function and maintain functional capacity in older adults [40]. 254 

Given the results from Cadore et al. and the summary of results above, one may argue that a 255 

wide scope of exercise can be beneficial for these elderly patients with hip fracture. The 256 

limited association reported in our review may have been attributed to type-2 errors. Further 257 

research should be undertaken to better reveal the potential impact of timing of different 258 

exercise interventions and whether they influence outcomes in the early phase following hip 259 

fracture. 260 

 261 

Limitations 262 

This systematic review and meta-analysis is presented with some limitations that should be 263 

considered. Firstly, only a single assessor (MB) screened all citations.  Therefore it may be a 264 

higher risk that the single assessor, instead of three assessors, missed out of relevant studies. 265 

Secondly, given the low number of studies identified, it was not possible to assess for the risk 266 

of publication bias through a funnel plot or statistical means. Thirdly, there was sufficient 267 

homogeneity to pool the data in a meta-analysis. However, we acknowledge high statistical 268 
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heterogeneity across the meta-analyses indicating unknown between-trial variability. The 269 

results of the meta-analysis should therefore be viewed with caution.    270 

 271 

Conclusion 272 

In this systematic review and meta-analysis evidence from early phase exercise after hip 273 

fracture was evaluated. Based on moderate to high-quality evidence, exercise interventions 274 

could have the potential to improve the patients’ physical function after hip fracture. The results 275 

should be interpreted with caution due to high statistical heterogeneity and underpowered 276 

subgroup analyses. The clinical implications from our results suggested that different types of 277 

exercise could be beneficial in the early phase after hip fracture.  278 

 279 

Key messages: 280 

• Exercise has the potential to improve the patients’ physical function in the early 281 

phase after hip fracture 282 

• It remains unclear what type of exercise is superior for this population in this 283 

phase  284 

• More research is warranted to elaborate on these conclusions 285 

 286 
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