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ABSTRACT 30 

Researchers face a challenge when evaluating the effectiveness of rehabilitation after hip 31 

fracture surgery. Reported outcomes of rehabilitation will vary depending on the endpoint of 32 

the episode of care. Evaluation at an inappropriate endpoint may suggest a lack of 33 

effectiveness leading to the underuse of rehabilitation which could improve outcomes. The 34 

purpose of this paper is to describe a conceptual framework for a continuum-care-episode of 35 

rehabilitation after hip fracture surgery. We propose definitions for the index event, endpoint, 36 

and service scope of the episode. We discuss challenges in defining the episode of care, 37 

operationalizing the episode, and next steps for researchers. The episode described includes 38 

all patients eligible for entry to rehabilitation after hip fracture and most functional recovery 39 

endpoints. This framework will provide a guide for researchers when designing and 40 

interpreting evaluations of the effectiveness of rehabilitation after hip fracture. Evaluation of 41 

all potential care episodes facilitates transparency in reporting of outcomes enabling 42 

researchers to determine the true effectiveness of rehabilitation after hip fracture surgery.   43 
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1. BACKGROUND 44 

1.1 Hip fracture and rehabilitation  45 

A projected 4.5 million people will fracture their hip in 2050.1 The injury has been dubbed 46 

the “hip attack” due to its clinical severity and adverse outcomes.2 In spite of treatment, 30% 47 

of patients die within a year.3 Among survivors, 25-50% need assistance in walking or never 48 

walk again, and 22% transition from independent living to long-term care.4-6 These adverse 49 

outcomes reflect the interplay among characteristics of patients, their injury, and their access 50 

to medical care, surgery, and rehabilitation.7,8  51 

Rehabilitation assists ‘individuals who experience disability to achieve and maintain optimal 52 

functioning in interaction with their environment”.9 Patients describe access to and delivery 53 

of rehabilitation as key to recovery after hip fracture.10-14 However, the most effective 54 

rehabilitation remains unclear.15-22 This is evidenced by limited National Institute for Health 55 

and Care Excellence (NICE) guidance,23 the absence of recent Cochrane systematic reviews, 56 

the conclusion insufficient evidence to recommend practice change from earlier Cochrane 57 

reviews,19-22 and the need for national audit of rehabilitation after hip fracture.24 NICE and 58 

the authors of the Cochrane systematic reviews recommended research questions and priority 59 

areas for future research on rehabilitation after hip fracture (Table 1). 60 

Table 1: National Institute for Health and Care Excellence and Cochrane systematic review 61 
authors recommended research questions and priority areas for future research on 62 
rehabilitation after hip fracture. 63 

Source Research Question/Priority Area 
NICE 2017 What is the clinical and cost effectiveness of additional intensive 

physiotherapy and/or occupational therapy (for example progressive 
resistance training) after hip fracture? 
 

NICE 2017 Do patients admitted to hospital with a fractured hip who live permanently 
in a care/nursing home have equal access to multidisciplinary 
rehabilitation as patients admitted from their own homes? 
 

Smith et al 2015; 
Handoll et al 2011 

Identify the optimal model of rehabilitation after hip fracture to improve 
outcomes for patients with dementia. 
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Handoll et al 2011 Identify the optimal method to enhance long-term mobility after hip 

fracture.  
 

Handoll et al 2009; 
Handoll et al 2011 

Determine whether differing responses to rehabilitation occur among 
different subgroups of patients with hip fracture.  
 

Crotty et al 2010 Identify the optimal timing, duration, setting, and administrating 
discipline(s) of rehabilitation after hip fracture across care settings.  
 

Handoll et al 2009 Determine the effectiveness and cost effectiveness of multidisciplinary 
rehabilitation overall, rather than evaluate its component parts.  

1.2 Episode of care  64 

There is currently no framework which specifies the appropriate start, duration, and endpoint 65 

of rehabilitation after hip fracture. Therefore, researchers face a challenge when designing 66 

and interpreting evaluations of the effectiveness of rehabilitation after hip fracture surgery. In 67 

particular, evaluation at an inappropriate time may suggest lack of effectiveness leading to 68 

the underuse of rehabilitation which could improve outcomes.25  69 

Since the early 1960’s, researchers have used episodes of care to identify and evaluate a set 70 

of services provided to treat a clinical condition.26 This episode of care is often embedded in 71 

a broader episode of illness which may include multiple episodes of care as well as 72 

environmental and cultural dimensions of the illness.25  Researchers must define three key 73 

elements when constructing an episode of care – the index event (start), scope of services and 74 

endpoint (acute- or continuum- care) (Table 2).  These three elements are customized based 75 

on the objectives of a research study and the nature of a health condition under examination.25  76 

Table 2: Definition, purpose, and surgical care example for terms used in the construction of 77 
episodes of care.  78 

Term Definition Purpose Surgical Care Example 
Episode of care A set of health services 

provided to treat a clinical 
condition.26 

To evaluate health 
services provided to 
treat a clinical 
condition. 
 

Acute care following hip 
fracture.  

Index event The event that triggers the 
start of an episode of care. 

To define the point 
from which services 

Admission to hospital. 
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are considered by an 
evaluation.  
 
To identify the 
population for the 
evaluation.  
 

Endpoint The event that triggers the 
end of an episode of care. 

To define the point 
after which services 
are no longer 
considered by an 
evaluation. 
 
To define the point 
for measuring 
outcomes of the 
services.  
 

Discharge from hospital. 

Scope of 
services 

Services considered part of 
treatment for a clinical 
condition.  

The service scope 
will depend on the 
needs of individual 
patients, the 
exposure*-outcome 
relationship under 
evaluation, and 
available data. 
 

Surgical repair of hip 
fracture completed 
during hospital stay. 
 
 

Episode of 
illness 

Healthcare, environmental, 
and cultural dimensions of a 
clinical condition. May 
include multiple episodes of 
care.25 
 

To evaluate the 
aetiology of illness. 

Malnutrition. 
 

Acute care 
episode  

Tracks patients from acute 
hospital admission to 
discharge. 

To evaluate services 
received during acute 
hospital stay. 

Follows patients with 
hip fracture from acute 
hospital admission to 
acute hospital discharge. 
  

Continuum care 
episode  

Follows patients through an 
array of health services 
spanning different levels 
and intensity of care. 

To evaluate all 
services related to the 
index event. 

Follows patients with 
hip fracture from acute 
hospital admission to 
post-acute services (e.g. 
until 6-week outpatient 
orthopaedic follow-up).  

*intervention or independent variable of interest 79 

In the current context, the episode of care reflects services related to rehabilitation after hip 80 

fracture surgery. Yet, there is no framework outlining an appropriate index event, scope of 81 

services, and endpoint of the episode of care. Previous studies of rehabilitation after hip 82 

fracture surgery have predominantly adopted an acute-care episode using discharge from 83 
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hospital as the episode endpoint.21 This approach restricts outcomes to those which occur in-84 

hospital, implying that rehabilitation ends at the point of discharge despite the fact that most 85 

patients go on to receive post-acute rehabilitation. Further, discharge from acute care if often 86 

driven by reducing acute length of hospital stay rather than rehabilitation outcome.27 For 87 

these reason, a continuum-care episode which follows patients through an array of health 88 

services spanning different levels and intensity of care ending with a rule or after a 89 

prespecified duration of time may be a more appropriate means to capture the true outcome 90 

of rehabilitation after hip fracture surgery. 91 

The service scope and patient populations available for study differ depending on the episode 92 

endpoint. An acute-care episode offers a degree of homogeneity in rehabilitation services as 93 

all patients in higher income countries receive early mobilisation and daily physiotherapy 94 

during their inpatient stay irrespective of their length of stay or treatment location.23,28 This 95 

approach also enables an evaluation of the full benefit of acute rehabilitation after hip fracture 96 

by including all patients who undergo hip fracture surgery. A continuum-care episode 97 

presents more challenges when assessing the benefits of rehabilitation since there will be 98 

heterogeneity among subgroups of patients selected for services along different care 99 

pathways, with service and patient selection varying between locations.29-31  100 

Despite these challenges, continuum-care episodes are defined for other fields of specialist 101 

rehabilitation, for example, cardiac and stroke rehabilitation.32,33 Therefore, the purpose of 102 

this paper is to describe a conceptual framework for a continuum-care episode of 103 

rehabilitation after hip fracture. We propose definitions for the index event, service scope, 104 

and endpoint of the episode. This framework will provide a guide for researchers when 105 

designing and interpreting evaluations of the effectiveness of rehabilitation after hip fracture.  106 
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2. CONCEPTUAL FRAMEWORK 107 

2.1 Index event 108 

Surgery to repair hip fracture is the index event that triggers the start of the care episode 109 

(Figure 1). The selection of surgery as the index event, rather than the fracture itself, excludes 110 

between 2% and 6% of patients who do not undergo surgery after hip fracture.34,35 In higher 111 

income countries, non-surgical patients are often non-ambulatory or deemed unfit for 112 

surgery.36,37 These patients are often treated palliatively with a focus on quality of life and 113 

symptom control with different expected outcomes than patients treated surgically.37,38  114 

2.2 Endpoint 115 

The endpoint of a rehabilitation continuum-care-episode may be triggered by a decision rule, 116 

a predetermined time window, or a healthcare event.25  117 

2.2.1 Decision rule 118 

A logical episode endpoint is recovery from hip fracture. Recovery may be categorized as 119 

from fracture, or functional.39 Recovery from fracture is achieved with fixation and bone 120 

healing, or arthroplasty.40 Functional recovery is less clearly defined. Early studies described 121 

functional recovery in the context of survival whereby recovery is considered an alternative 122 

to death.41 In this case recovery from fracture and functional recovery may be used 123 

interchangeably for an episode endpoint. However, ensuring survival to fracture repair is not 124 

the only important endpoint, especially for older adults who value the quality as well as 125 

quantity of survival time.42 A similar construct was operationalized for quantifying the 126 

burden of disease in the form of the Disability-Adjusted Life Year (DALY) – the sum of 127 

years of life lost due to premature death and years of life lost due to disability.43 In the current 128 

context, to ensure value from rehabilitation a functional recovery endpoint should reflect 129 

survival as well as additional dimensions of recovery.  130 
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Patients, caregivers, and therapists describe additional dimensions of functional recovery as 131 

getting back to normal or back to baseline (Figure 1).44 Therapists often adopt a traditional 132 

biomedical model to define baseline as the attainment of prefracture physical dimensions of 133 

function (gait, balance, activities of daily living) (Figure 2). 39,45,46  Patients and caregivers 134 

adopt a more personal definition, which incorporates the importance to individuals of 135 

functioning well physically for both affective (cognitive function, depressive symptoms, post-136 

traumatic stress) and social participation (loneliness, instrumental activities of daily living, 137 

relationships) dimensions of their functional recovery (Figure 2).39,47,48 This is consistent with 138 

the World Health Organization (WHO) approach to healthy ageing as having the functional 139 

ability to be or to do what the individual has reason to value.49 Further, Griffiths et al. 140 

recently reported that patients with hip fracture considered functional recovery as “stable 141 

mobility (without falls or fear of falls) for valued activities”.48 142 

In current practice, patients often achieve a level of functional recovery better than simply 143 

avoiding death but not back to baseline.4-6 It is not clear whether failure to attain baseline 144 

function is due to access and delivery of medical care, surgery, and rehabilitation, or to 145 

characteristics of the patient and their injury.8,50 For the latter back to baseline may not be a 146 

feasible endpoint. In this case rehabilitation may be considered a re-adaptive process, where 147 

the patient adapts his/her set of values to a different, more restricted life situation – their new 148 

baseline.51  149 

2.2.2 Time window 150 

Completion of a predefined time window can trigger the end of a rehabilitation continuum-151 

care-episode. 152 

The time window may be defined as completion of a fixed period from the episode index 153 

event. This endpoint is commonly used for clinical and cost effectiveness evaluation that 154 
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seeks to compare outcomes across locations that have different discharge practices.25 155 

However, the optimal duration of this period is unclear. In the US, a new episode of care, 156 

Surgical Hip and Femur Fracture Treatment Model, will take effect in January 2018.  Under 157 

this episode providers pay for acute inpatient hospital services and post-acute services within 158 

90 days.52 The 90-day window was selected after cost evaluation indicated “significant 159 

services related to the clinical condition that is the focus of the model [hip fracture] occurred 160 

during days 31-90”.52 However, patterns of recovery vary by dimension.39 Recovery of most 161 

dimensions show a lessening of dependence in the first 12 months.39 Therefore, the UK’s 162 

National Institute for Health and Care Excellence (NICE) guideline and the Canadian 163 

National Hip Fracture Toolkit support a longer window of 12-months suggesting that changes 164 

in health state after 12 months are no longer influenced by their hip fracture.23,53  165 

The time window may also be defined as completion of a fixed period where no improvement 166 

in patient function is observed. This endpoint is sometimes described as reached recovery 167 

potential or a plateau in recovery. A recent US survey noted more than 50% of 168 

physiotherapists fail to use standardized outcome measures to inform their care plan.54 169 

Therefore, for many patients a plateau endpoint may be motivated by a therapist’s previous 170 

experience or by finite health care resources rather than an objective measure of recovery. 171 

47,55-57 However, in non-clinical populations, a performance plateau is not indicative of a lack 172 

of capacity for further gain.58 Indeed, an observed plateau may be a temporary cessation in 173 

recovery rather than an outcome (Figure 3).55 This plateau may be overcome by changes in 174 

the dose, timing, and composition of rehabilitation which the therapist can offer.55 For older 175 

adults, a plateau may also reflect functional gains mitigated by declining function associated 176 

with other diseases or ageing.50 Therefore, termination of rehabilitation may lead to 177 

accelerated decline for these patients. To minimize harm from potential underuse of 178 

rehabilitation, a follow-up reassessment should be scheduled for patients whose episode is 179 
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ended after failure to overcome an objectively measured plateau despite changes in 180 

rehabilitation parameters.32,33  in recovery.  181 

Alternatively, a time window may be defined by a clean period where no services related to 182 

the episode are provided. A clean period is more consistent with episodes for chronic 183 

conditions whereby patients enter symptom-free periods or periods or remission.25  184 

2.2.3 Healthcare events 185 

A patient’s death will trigger the end of a rehabilitation continuum-care-episode. Healthcare 186 

events which also trigger the end of a rehabilitation continuum-care-episode include a 187 

transfer to palliative care, readmission for complications, readmission for revision surgery, or 188 

the start of a new unrelated episode of care (Figure 1).59 The assessment, treatment and 189 

management of these healthcare events is prioritized over rehabilitation after hip fracture. 190 

The patient may enter a new continuum-care-episode of rehabilitation following their 191 

healthcare event. The occurrence of a healthcare event may influence the change of 192 

functional recovery. Indeed, mortality is higher following second hip fracture.59 Therefore, 193 

this episode should be defined by the healthcare event or as a subsequent rehabilitation 194 

episode.  195 

2.3 Scope of Services 196 

A Cochrane systematic review points to the need to evaluate rehabilitation as a whole rather 197 

than its component parts.21 The continuum-care-episode of rehabilitation supports the 198 

inclusion of all relevant healthcare services following hip fracture surgery, which may be 199 

delivered across multiple care settings, numerous individual providers, and up to 1-year 200 

postoperatively. The specific scope of services, settings, and providers will depend on the 201 

exposure (intervention/independent variable) - outcome relationship under evaluation, 202 

available data, as well as the needs of individual patients as they relate to services.25 Here we 203 
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discuss acute and post-acute rehabilitation services as well as secondary prevention services 204 

delivered during rehabilitation.  205 

Acute rehabilitation is more homogenous than other components of the rehabilitation care 206 

episode whereby all patients who undergo hip fracture surgery in higher income countries 207 

enter the rehabilitation service by default irrespective of treating location. The processes and 208 

duration of the service may vary. Indeed, the average postoperative acute length of stay was 209 

five days in the United States compared to 34 days in Japan.60 The episode ends during acute 210 

rehabilitation only if a patient is transferred to palliative care, dies in hospital, or recovers 211 

their baseline function. Most patients’ episode will progress to some form of post-acute 212 

rehabilitation services (Figure 4). 213 

Post-acute rehabilitation is more heterogeneous whereby services and patients selected for 214 

entry vary by treating location. Evidence from the United States, England, and Canada 215 

suggests there is variation, even within a single health region, in the proportion of patients 216 

that are immediately discharged to each post-acute service such as inpatient rehabilitation, 217 

outpatient rehabilitation, home-based rehabilitation or long-term care rehabilitation (Figure 218 

4).29,30,61,62 Depending on their recovery status, patients may transition between several post-219 

acute services as they progress towards the end of their continuum-care-episode of 220 

rehabilitation. In one Canadian province, Pitzul et al. noted 49 distinct post-acute patient 221 

pathways in the first year postfracture.29 Moreover, these pathways are frequently changing in 222 

response to healthcare reform (e.g. restructuring of primary health care services63). The 223 

variation coupled with changing post-acute pathways present substantial challenges for 224 

researchers when attempting to evaluate the effectiveness of post-acute rehabilitation after 225 

hip fracture surgery.  226 
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Secondary prevention services are incorporated into the continuum-care-episode after hip 227 

fracture surgery. Processes of secondary prevention may begin within the acute care setting. 228 

Post-acute services may include fracture liaison services (services who case-find patients 229 

with fragility fractures at risk of osteoporosis),64-66 falls clinics,67,68 or the prescription of 230 

osteoporosis medication.69 A truly comprehensive episode might even include services 231 

beyond those delivered by health-care providers. For example, it may be ideal to also include 232 

social care services which enable increased physical activity in the community.   233 

3. DISCUSSION  234 

3.1 Main findings 235 

The extent to which outcomes of hip fracture surgery may be attributed to rehabilitation 236 

depends on the scope and endpoint of the episode. Here we describe a conceptual framework 237 

for constructing a rehabilitation continuum-care-episode. We identified surgery as the index 238 

event. We identified baseline, 1-year postoperatively, no improvement in recovery, or a 239 

healthcare event, whichever comes first as the episode endpoint. We suggest service scope 240 

should incorporate acute rehabilitation, post-acute rehabilitation, and secondary prevention. 241 

3.2 Operationalizing the framework  242 

The index event, service scope, and endpoints time frame and healthcare event may be 243 

operationalized using existing data sources (Table 3). For the additional endpoints baseline 244 

and no improvement in recovery proxy measures in existing data sources include return to 245 

preadmission residence and presence of a long-term follow-up reassessment respectively 246 

(Table 3).  247 

Table 3: Element, conceptual and operational frameworks for episode of rehabilitation after 248 
hip fracture. 249 

Element  Conceptual framework  Operational framework  
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Index event Surgery for hip fracture Procedure code for surgery after hip 
fracture  

Endpoint (i) Baseline Return to preadmission residence (proxy) 
Need to identify core outcome set 
inclusive of patient reported outcome and 
experience measures  

 (ii) Time frame 1 year after the procedure date 
 (iii) No improvement in 

recovery 
Presence of long-term follow-up 
reassessment (proxy) 
Need to determine duration of fixed 
period with no improvement in recovery 
after which to end the episode 

 (iv) Healthcare event Code for death, transfer to palliative care, 
or admission to acute care  

Service 
scope  

Acute and postacute 
rehabilitation, and secondary 
prevention 

Unique patient identifier to link data from 
the index event acute hospital stay to 
postacute rehabilitation and secondary 
prevention services 

 250 
We described the multifaceted nature of back to baseline as an episode endpoint. There is a 251 

need to determine how best to measure the physical, affective and social dimensions of this 252 

endpoint. There is no consensus on a core outcome set for evaluation of current and/or new 253 

interventions after hip fracture. In 2014, Haywood et al. recommended 5 core outcome 254 

measures for hip fracture trials - mortality, pain, activities of daily living, mobility, and 255 

quality of life.70 They suggested single-item measures of mortality and mobility 256 

(indoor/outdoor walking status) and the EQ-5D as a minimum for all hip fracture trials.70 257 

This is less comprehensive than the 12 core outcomes for evaluation of orthogeriatric co-258 

management for hip fractures (mortality, pain, activities of daily living (Barthel Index), 259 

mobility (Parker Mobility Score and the Timed Up and Go), quality of life, length of stay, 260 

time to surgery, complications, re-admission rate, medication use, place of residence, costs).71 261 

Consensus may lie somewhere between the two recommendations -to avoid burden of 262 

assessment while collecting sufficient data for evaluation.   263 
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We highlighted back to baseline may not be a feasible endpoint for all patients after hip 264 

fracture. It is difficult to capture a ‘new baseline’ which represents a more restricted life 265 

situation using objective outcome measurement (as it is not possible to differentiate a ‘new 266 

baseline’ from a lack of effectiveness). Therefore, we suggest patient reported outcome 267 

measures and patient reported experience measures should be incorporated into the 268 

evaluation of rehabilitation after hip fracture surgery.72 These measures will help to identify 269 

two patient groups - those who present with ‘new baseline’ and who were 1) satisfied with 270 

their outcome and rehabilitation experience or 2) were dissatisfied with their outcome and 271 

rehabilitation experience. We may cautiously interpret these two groups as those with a ‘new 272 

baseline’ and those who received ineffective rehabilitation.  273 

The endpoint no improvement in recovery presents even greater challenges. It is not clear 274 

whether it is feasible to define a fixed period after which to end an episode of care for 275 

rehabilitation after hip fracture for all patients. There is large heterogeneity in characteristics 276 

of the patient and their injury at baseline. This may lead to differing responses to 277 

rehabilitation among different subgroups of patients with hip fracture.20,21  278 

3.3 Next steps 279 

Since the early 1960’s, researchers have used episodes of care to frame analyses of 280 

administrative and registry data.26 External bodies standardize collection of this data which 281 

occurs at regular intervals. Researchers have no (or limited) control over which data is 282 

collected. Historically, most of these databases have not included data related to rehabilitation 283 

exposures and outcomes limiting their utility for rehabilitation research. Exposures focused 284 

predominantly on structures such as composition of the multidisciplinary team and staffing 285 

levels, and outcomes included length of stay and discharge destination.30,73 In 2010 Porter 286 

argued that “achieving high value for patients must become the overarching goal of health 287 
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care delivery”.42 Since this time national registries have begun to incorporate rehabilitation 288 

process exposures such as timing of first mobilisation, and outcomes including the 289 

Cumulated Ambulation Score and the EQ-5D.35,74 In 2018, a national audit of physiotherapy 290 

after hip fracture demonstrated variation in the frequency, type and duration of rehabilitation, 291 

as well as community waiting times and handover across services in the UK.24 We anticipate 292 

an increase in the availability of rehabilitation process and outcome measures in 293 

administrative and registry data in the coming years.  294 

This paper represents a first step to prepare researchers for future evaluations of these data. If 295 

operationalized the care episode will enable evaluation of the effectiveness of rehabilitation 296 

after hip fracture surgery across the continuum care episode. It will help to inform clinicians 297 

and policymakers as to when rehabilitation is more/less effective along the care-continuum.  298 

Finally, the framework will help researchers to better design and implement evaluations to 299 

address evidence gaps highlighted by NICE and Cochrane systematic reviews.19-23  300 

4. CONCLUSION 301 

To conclude, we constructed a continuum-care episode to guide researchers when designing 302 

and interpreting evaluations of rehabilitation after hip fracture.  The episode described 303 

includes all patients eligible for entry to rehabilitation after hip fracture and most potential 304 

functional recovery endpoints. Evaluation of all potential care episodes facilitates 305 

transparency in reporting of outcomes enabling researchers to determine the true 306 

effectiveness of rehabilitation after hip fracture surgery.  307 

ACKNOWLEDGEMENT 308 

We thank Professor Christopher McKevitt for his thoughtful review and discussion of our 309 

conceptual framework.  310 



16 

REFERENCES 311 

1. Gullberg B, Johnell O, Kanis JA. World-wide projections for hip fracture. Osteoporos 312 
Int. 1997;7:407-13. 313 

2. Devereaux, P.J. HIP Fracture Accelerated Surgical TreaTment And Care tracK (HIP 314 
ATTACK) Trial. ClinicalTrialsgov identifier: NCT01344343. 2013. 315 

3. Abrahamsen B, van ST, Ariely R, Olson M, Cooper C. Excess mortality following hip 316 
fracture: a systematic epidemiological review. Osteoporos Int. 2009;20(10):1633-50. 317 

4. Lund CA Moller AM, Wetterslev J, Lundstrom LH. Organizational factors and long-318 
term mortality after hip fracture surgery. A cohort study of 6143 consecutive patients 319 
undergoing hip fracture surgery. PLoS One 2014;9:e99308. 320 

5. Nikitovic M, Wodchis WP, Krahn MD, Cadarette SM. Direct health-care costs 321 
attributed to hip fractures among seniors: a matched cohort study. Osteoporos Int 322 
2013;24:659-69. 323 

6. Magaziner J, Fredman L, Hawkes W, Hebel JR, Zimmerman S, Orwig DL, et al. 324 
Changes in functional status attributable to hip fracture: a comparison of hip fracture 325 
patients to community-dwelling aged. Am J Epidemiol. 2003;157(11):1023-31. 326 

7. Sheehan KJ, Sobolev B, Chudyk A, Stephens T, Guy P. Patient and system factors of 327 
mortality after hip fracture: a scoping review. BMC Musculoskelet Disord. 328 
2016;17(1):166. 329 

8. Sheehan KJ, Williamson L, Alexander J, Filliter C, Sobolev B, Guy P, et al. 330 
Prognostic factors of functional outcome after hip fracture surgery: a systematic 331 
review. Age Ageing. 2017;Under Review. 332 

9. World Health Organization & World Bank. World report on disability. Geneva: 2011. 333 
10. Stott-Eveneshen S, Sims-Gould J, McAllister MM, et al. Reflections on Hip Fracture 334 

Recovery From Older Adults Enrolled in a Clinical Trial. Gerontol Geriatr Med 335 
2017;3:2333721417697663. 336 

11. Schiller C, Franke T, Belle J, Sims-Gould J, Sale J, Ashe MC. Words of wisdom - 337 
patient perspectives to guide recovery for older adults after hip fracture: a qualitative 338 
study. Patient Prefer Adherence 2015;9:57-64. 339 

12. de Morton NA, Keating JL, Jeffs K. Exercise for acutely hospitalised older medical 340 
patients. Cochrane Database Syst Rev 2007:CD005955. 341 

13. Langford D, Edwards N, Gray SM, Fleig L, Ashe MC. "Life Goes On." Everyday 342 
Tasks, Coping Self-Efficacy, and Independence: Exploring Older Adults' Recovery 343 
From Hip Fracture. Qual Health Res 2018:1049732318755675. 344 

14. Bruun-Olsen V, Bergland A, Heiberg KE. "I struggle to count my blessings": 345 
recovery after hip fracture from the patients' perspective. BMC Geriatr 2018;18:18. 346 

15. Cameron ID, Handoll HH, Finnegan TP, Madhok R, Langhorne P. Co-ordinated 347 
multidisciplinary approaches for inpatient rehabilitation of older patients with 348 
proximal femoral fractures. Cochrane Database Syst Rev 2000:CD000106. 349 

16. Auais MA, Eilayyan O, Mayo NE. Extended exercise rehabilitation after hip fracture 350 
improves patients' physical function: a systematic review and meta-analysis. Phys 351 
Ther 2012;92:1437-51. 352 

17. Beaupre LA, Binder EF, Cameron ID, et al. Maximising functional recovery 353 
following hip fracture in frail seniors. Best Pract Res Clin Rheumatol 2013;27:771-354 
88. 355 



17 

18. Resnick B, Beaupre L, McGilton KS, et al. Rehabilitation Interventions for Older 356 
Individuals With Cognitive Impairment Post-Hip Fracture: A Systematic Review. J 357 
Am Med Dir Assoc 2016;17:200-5. 358 

19. Crotty M, Unroe K, Cameron ID, Miller M, Ramirez G, Couzner L. Rehabilitation 359 
interventions for improving physical and psychosocial functioning after hip fracture in 360 
older people. Cochrane Database Syst Rev 2010:CD007624. 361 

20. Handoll HH, Sherrington C, Mak JC. Interventions for improving mobility after hip 362 
fracture surgery in adults. Cochrane Database Syst Rev 2011:CD001704. 363 

21. Handoll HH, Cameron ID, Mak JC, Finnegan TP. Multidisciplinary rehabilitation for 364 
older people with hip fractures. Cochrane Database Syst Rev 2009:CD007125. 365 

22. Smith TO, Hameed YA, Cross JL, Henderson C, Sahota O, Fox C. Enhanced 366 
rehabilitation and care models for adults with dementia following hip fracture surgery. 367 
Cochrane Database Syst Rev 2015;6:CD010569. 368 

23. National Clinical Guideline Centre, (2011) [The Management of Hip Fracture in 369 
Adults]. London: National Clinical Guideline Centre. Available from: 370 
www.ncgc.ac.uk. 371 

24. Royal College of Physicians. Recovering after a hip fracture: helping people 372 
understand physiotherapy in the NHS. Physiotherapy ‘Hip Sprint’ audit report 373 
London 2017. 374 

25. Hellsten E, Sheehan KJ. Health Services Information: Key Concepts and 375 
Considerations in Building Episodes of Care From Administrative Data. In: Sobolev 376 
B, Levy A, Goring S, editors. Data and Measures in Health Services Research. 377 
Boston, MA: Springer US; 2016. p. 1-25. 378 

26. Solon JA, Feeney JJ, Jones SH, Rigg RD, Sheps CG. Delineating episodes of medical 379 
care. Am J Public Health Nations Health 1967;57:401-8. 380 

27. Nordstrom P, Gustafson Y, Michaelsson K, Nordstrom A. Length of hospital stay 381 
after hip fracture and short term risk of death after discharge: a total cohort study in 382 
Sweden. BMJ 2015;350:h696. 383 

28. Oldmeadow LB, Edwards ER, Kimmel LA, Kipen E, Robertson VJ, Bailey MJ. No 384 
rest for the wounded: early ambulation after hip surgery accelerates recovery. ANZ J 385 
Surg 2006;76:607-11. 386 

29. Pitzul KB, Wodchis WP, Carter MW, Kreder HJ, Voth J, Jaglal SB. Post-acute 387 
pathways among hip fracture patients: a system-level analysis. BMC Health Serv Res. 388 
2016;16:275. 389 

30. Neuburger J, Harding KA, Bradley RJ, Cromwell DA, Gregson CL. Variation in 390 
access to community rehabilitation services and length of stay in hospital following a 391 
hip fracture: a cross-sectional study. BMJ Open. 2014;4(9):e005469. 392 

31. Aharonoff GB, Barsky A, Hiebert R, Zuckerman JD, Koval KJ. Predictors of 393 
discharge to a skilled nursing facility following hip fracture surgery in New York 394 
State. Gerontology. 2004;50(5):298-302. 395 

32. Dalal HM, Doherty P, Taylor RS. Cardiac rehabilitation. BMJ. 2015 Sep 396 
29;351:h5000. 397 

33. Natinal Clinical Guideline Centre, (2016) National Clinical Guideline for Stroke. 398 
London: Royal College of Physicians UK. Available from: www.strokeaudit.org. 399 

34. Bohm E, Loucks L, Wittmeier K, Lix LM, Oppenheimer L. Reduced time to surgery 400 
improves mortality and length of stay following hip fracture: results from an 401 
intervention study in a Canadian health authority. Can J Surg 2015;58:257-63. 402 

http://www.ncgc.ac.uk/
http://www.strokeaudit.org/


18 

35. Royal College of Physicians. Falls and Fragility Fracture Audit Programme, National 403 
Hip Fracture Database Extended Report. 2016. Available from: 404 
http://web1.crownaudit.org/Report2016/NHFD2016Report.pdf 405 

36. Ko FC, Morrison RS. Hip fracture: a trigger for palliative care in vulnerable older 406 
adults. JAMA Intern Med 2014;174:1281-2. 407 

37. Jain R, Basinski A, Kreder HJ. Nonoperative treatment of hip fractures. Int Orthop. 408 
2003;27(1):11-7. 409 

38. Kumar SP, Jim A. Physical therapy in palliative care: from symptom control to 410 
quality of life: a critical review. Indian J Palliat Care 2010;16:138-46. 411 

39. Magaziner J, Hawkes W, Hebel JR, Zimmerman SI, Fox KM, Dolan M, et al. 412 
Recovery From Hip Fracture in Eight Areas of Function. J Gerontol A Biol Sci Med 413 
Sci. 2000;55  (9):M498-M507. 414 

40. Xu DF, Bi FG, Ma CY, Wen ZF, Cai XZ. A systematic review of undisplaced femoral 415 
neck fracture treatments for patients over 65 years of age, with a focus on union rates 416 
and avascular necrosis. J Orthop Surg Res 2017;12:28. 417 

41. Fix E, Neyman J. A simple stochastic model of recovery, relapse, death and loss of 418 
patients. Hum Biol. 1951;23(3):205-41. 419 

42. Porter ME. What is value in health care? N Engl J Med. 2010;363(26):2477-81. 420 
43. World Health Organization. Metrics: Disability-Adjusted Life Year (DALY): 421 

Quantifying the Burden of Disease from Mortality and Mobidity. 2017. Available 422 
from: http://www.who.int/healthinfo/global_burden_disease/metrics_daly/en/ 423 

44. Healee DJ, McCallin A, Jones M. Restoring: How older adults manage their recovery 424 
from hip fracture. Int J Orthop Trauma Nurs. 2017; 26:30-35. 425 

45. Egol KA, Koval KJ, Zuckerman JD. Functional recovery following hip fracture in the 426 
elderly. J Orthop Trauma. 1997;11(8):594-9. 427 

46. Mears SC, Kates SL. A Guide to Improving the Care of Patients with Fragility 428 
Fractures, Edition 2. Geriatr Orthop Surg Rehabil 2015;6:58-120. 429 

47. Gesar B, Hommel A, Hedin H, Baath C. Older patients' perception of their own 430 
capacity to regain pre-fracture function after hip fracture surgery - an explorative 431 
qualitative study. Int J Orthop Trauma Nurs. 2017;24:50-8. 432 

48. Griffiths F, Mason V, Boardman F, Dennick K, Haywood K, Achten J, et al. 433 
Evaluating recovery following hip fracture: a qualitative interview study of what is 434 
important to patients. BMJ Open. 2015;5(1):e005406. 435 

49. World Health Organization. World report on ageing and health. Luxembourg: 2015. 436 
50. American College of Sports Medicine, Chodzko-Zajko WJ, Proctor DN, Fiatarone 437 

Singh MA, Minson CT, Nigg CR, et al. American College of Sports Medicine 438 
position stand. Exercise and physical activity for older adults. Med Sci Sports Exerc. 439 
2009;41(7):1510-30. 440 

51. Sjölund BH. Rehabilitation. In: Gellman MD, Turner JR, editors. Encyclopedia of 441 
Behavioral Medicine. New York: Springer New York; 2013. p. 1634-8. 442 

52. Centres for Medicare Medicaid Services. Medicare Program; Advancing Care 443 
Coordination Through Episode Payment Models (EPMs); Cardiac Rehabilitation 444 
Incentive Payment Model; and Changes to the Comprehensive Care for Joint 445 
Replacement Model (CJR). Federal register. 2017;82(96):22895. 446 

http://web1.crownaudit.org/Report2016/NHFD2016Report.pdf


19 

53. Bone & Joint Canada. National Hip Fracture Toolkit. 2011. Available from: 447 
http://boneandjointcanada.com/wp-content/uploads/2014/05/National-hip-fracture-448 
toolkit-June-2011.pdf 449 

54. Jette DU, Halbert J, Iverson C, Miceli E, Shah P. Use of standardized outcome 450 
measures in physical therapist practice: perceptions and applications. Phys Ther. 451 
2009;89(2):125-35. 452 

55. Demain S, Wiles R, Roberts L, McPherson K. Recovery plateau following stroke: fact 453 
or fiction? Disabil Rehabil. 2006;28(13-14):815-21. 454 

56. Poulos CJ, Eagar K. Determining appropriateness for rehabilitation or other subacute 455 
care: is there a role for utilisation review? Aust New Zealand Health Policy 2007;4:3. 456 

57. Toscan J, Mairs K, Hinton S, Stolee P, InfoRehab Research T. Integrated transitional 457 
care: patient, informal caregiver and health care provider perspectives on care 458 
transitions for older persons with hip fracture. Int J Integr Care 2012;12:e13. 459 

58. Page SJ, Gater DR, Bach YRP. Reconsidering the motor recovery plateau in stroke 460 
rehabilitation. Arch Phys Med Rehabil. 2004;85(8):1377-81. 461 

59. Sheehan KJ, Sobolev B, Guy P, et al. Constructing an episode of care from acute 462 
hospitalization records for studying effects of timing of hip fracture surgery. J Orthop 463 
Res 2016 Feb;34(2):197-204. doi: 10.1002/jor.22997. 464 

60. Kondo A, Zierler BK, Isokawa Y, Hagino H, Ito Y, Richerson M. Comparison of 465 
lengths of hospital stay after surgery and mortality in elderly hip fracture patients 466 
between Japan and the United States - the relationship between the lengths of hospital 467 
stay after surgery and mortality. Disabil Rehabil. 2010;32(10):826-35. 468 

61. Maciejewski ML, Radcliff TA, Henderson WG, Cowper Ripley D, Vogel WB, Regan 469 
E, et al. Determinants of postsurgical discharge setting for male hip fracture patients. 470 
J Rehabil Res Dev. 2013;50(9):1267-76. 471 

62. Drew S, Sheard S, Chana J, Cooper C, Javaid MK, Judge A, et al. Describing 472 
variation in the delivery of secondary fracture prevention after hip fracture: an 473 
overview of 11 hospitals within one regional area in England. Osteoporos Int. 474 
2014;25(10):2427-33. 475 

63. Ministry of Health. Primary Health Care Strategy. Wellington, New Zealand: 2001. 476 
64. Mitchell P, Akesson K, Chandran M, Cooper C, Ganda K, Schneider M. 477 

Implementation of Models of Care for secondary osteoporotic fracture prevention and 478 
orthogeriatric Models of Care for osteoporotic hip fracture. Best Pract Res Clin 479 
Rheumatol. 2016;30(3):536-58. 480 

65. Judge A, Javaid MK, Leal J, et al.  Models of care for the delivery of secondary 481 
fracture prevention after hip fracture: a health service cost, clinical outcomes and 482 
cost-effectiveness study within a region of England. Southampton (UK) NIHR 483 
Journals Library 2016. 484 

66. Walters S, Khan T, Ong T, Sahota O. Fracture liaison services: improving outcomes 485 
for patients with osteoporosis. Clin Interv Aging 2017;12:117-27. 486 

67. Dhesi JK, Moniz C, Close JC, Jackson SH, Allain TJ. A rationale for vitamin D 487 
prescribing in a falls clinic population. Age Ageing 2002;31:267-71. 488 

68. Jarvinen TL, Sievanen H, Khan KM, Heinonen A, Kannus P. Shifting the focus in 489 
fracture prevention from osteoporosis to falls. BMJ. 2008;336(7636):124-6. 490 

69. Juby AG, De Geus-Wenceslau CM. Evaluation of osteoporosis treatment in seniors 491 
after hip fracture. Osteoporos Int. 2002;13(3):205-10. 492 



20 

70. Haywood KL, Griffin XL, Achten J, Costa ML. Developing a core outcome set for 493 
hip fracture trials. Bone Joint J 2014;96-B:1016-23. 494 

71. Liem IS, Kammerlander C, Suhm N, et al. Identifying a standard set of outcome 495 
parameters for the evaluation of orthogeriatric co-management for hip fractures. 496 
Injury 2013;44:1403-12. 497 

72. Haywood KL, Brett J, Tutton E, Staniszewska S. Patient-reported outcome measures 498 
in older people with hip fracture: a systematic review of quality and acceptability. 499 
Qual Life Res 2017;26:799-812. 500 

73. Pitzul KB, Wodchis WP, Kreder HJ, Carter MW, Jaglal SB. Discharge destination 501 
following hip fracture: comparative effectiveness and cost analyses. Arch Osteoporos 502 
2017;12:87. 503 

74. National Office of Clinical Audit. Irish Hip Fracture Database National Report 2015. 504 
Available from: www.noca.ie 505 

  506 



21 

FIGURE LEGENDS 507 

Figure 1: Conceptual framework for rehabilitation continuum-care-episode after hip 508 

fracture surgery. 509 

* readmission for complications, readmission for revision surgery, or the start of a new 510 

unrelated episode of care. 511 

Figure 2: Defining back to baseline from patient and caregiver, and therapist 512 

perspective.  513 

Figure 3: Plateau as an episode endpoint.   514 

Figure 4: Expanded service scope of conceptual framework for continuum-care episode of 515 

rehabilitation after hip fracture surgery.  516 
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