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Summary in English  

Background 

A hip fracture is one of the most common fractures in older adults, and is a serious and 

dramatic event, often with debilitating consequences such as loss of function and increased 

dependency. Patients suffering from a hip fracture due to low-energy trauma are often frail 

and have multiple comorbidities, often making them more susceptible for adverse outcomes. 

Furthermore, a decline in Activities of Daily Living (ADL) preceding the fracture is not 

uncommon in this patient population. A significant number of these patients do not regain 

their pre-fracture function, and the subsequent decline in ADL function is associated with 

reduced quality of life and an increase in nursing home admissions. This, in turn, might 

require more socioeconomic and public health care services.  

 

Aims 

The aims of this thesis were to 1) evaluate the effect of an orthogeriatric model delivered in 

acute geriatric wards in Norway on instrumental ADL (iADL) and personal ADL (pADL) in 

hip fracture patients, 2) investigate different trajectories of ADL after a hip fracture and 

associated factors for belonging to such groups, and 3) investigate differences between 

intracapsular and extracapsular hip fracture patients. 

 

Methods  

This study is based on two randomized controlled trials, conducted in Norway, which aimed 

to investigate the effect of orthogeriatric care on hip fracture patients. Patients were 

randomized either to a geriatric ward where they received comprehensive geriatric care 

(CGC) or to the orthopedic ward where they received usual care. The operative and 

anesthesiologic procedures were similar in both groups and assessments were carried out at 

baseline, four- and twelve-months postoperatively. These trials were planned in concert for 

future pooling of data, and is the basis for this thesis. The goal was to combine the two trials 

to make a larger and more heterogeneous database on hip fracture patients, for the opportunity 

to make more precise estimates on outcomes and increase generalizability. The combined 

database included 726 hip fracture patients, and all available outcomes that were similar or 

identical in the two trials were merged and included in the database.  

 

Main results 

The group of patients that received CGC had significantly better iADL scores at both four- 
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and twelve-months follow-up, and significantly better pADL scores at four months follow up 

compared to the control group. When excluding the patients admitted from a nursing home, 

the effect of the intervention became stronger.  

We found four different groups of patients following distinct trajectories of function for both 

iADL and pADL. No group showed functional recovery the first twelve months after surgery. 

Especially, there was one group for both iADL and pADL, which had relatively high baseline 

ADL scores, but exhibited a steep decline in function the first four months after surgery. 

Younger age, an ASA score of 1 or 2 and lower CDR scores at baseline were associated with 

belonging to groups with better trajectories.   

Patients with an intracapsular fracture have better mobility and ADL function initially after a 

hip fracture, but these differences do not persist at one year follow-up, in which both groups 

are similar in regards to cognitive, physical and ADL function. There were no differences 

between groups in regards to baseline characteristics.  

 

Conclusions 

CGC has a positive effect on both iADL and pADL in hip fracture patients up to one year 

after hip fracture surgery. The effect is stronger in home-dwelling patients. 

There are different groups of hip fracture patients exhibiting different patterns of functional 

recovery after a hip fracture. Similar for all groups found in this study, was that no group had 

any functional recovery the first year after surgery. This study also uncovered a clinically 

interesting group for both iADL and pADL, which were relatively healthy and had relatively 

good pre-fracture function, but had a vast functional decline one year postoperatively. This 

group should be studied in future research to uncover the potential for rehabilitation. 

Patients with an intracapsular hip fracture have a faster initial rehabilitation after surgery, 

compared to patients with an extracapsular hip fracture. The two groups of patients with 

different hip fractures have similar baseline characteristics.  
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Norsk sammendrag 
 
Bakgrunn 

Et hoftebrudd er et av de vanligste bruddene hos eldre personer, og er en alvorlig og 

dramatisk hendelse, ofte med invalidiserende konsekvenser som funksjonstap og økt 

avhengighet. Pasienter som rammes av et hoftebrudd på grunn av et lavenergitraumer er ofte 

skrøpelige og har flere komorbiditeter, noe som gjør dem mer utsatt for uønskede utfall. En 

nedgang i dagliglivets aktiviteter (ADL) før bruddet er ikke uvanlig i denne 

pasientpopulasjonen. Et betydelig antall av disse pasientene gjenvinner ikke funksjonen de 

hadde før bruddet, og den påfølgende nedgangen i ADL-funksjon er assosiert med redusert 

livskvalitet og økt antall innleggelser på sykehjem. Dette krever flere sosioøkonomiske og 

offentlige ressurser.  

 

Mål 

Målet med denne studien var å 1) evaluere effekten av en ortogeriatrisk modell levert på 

akuttgeriatriske avdelinger i Norge på instrumentelle ADL (iADL) og personlig ADL (pADL) 

hos hoftebruddpasienter, 2) undersøke ulike forløp for ADL etter et hoftebrudd og assosierte 

faktorer for tilhørighet i slike grupper, og 3) undersøke forskjeller mellom intrakapsulære og 

ekstrakapsulære hoftebruddpasienter. 

 

Metoder 

Denne studien er basert på to randomiserte kontrollerte studier, utført i Norge, som hadde som 

mål å undersøke effekten av ortogeriatrisk behandling på hoftebruddpasienter. Pasientene ble 

randomisert enten til en geriatrisk avdeling hvor de fikk ortogeriatrisk behandling (CGC) eller 

til ortopedisk avdeling hvor de fikk vanlig behandling. De operative og anestesiologiske 

prosedyrene var like i begge grupper, og vurderinger ble utført ved innleggelse, samt fire og 

tolv måneder postoperativt. Studiene ble planlagt i fellesskap for å kunne slå dataene sammen 

i fremtiden, og danner grunnlaget for denne studien. Målet var å kombinere de to studiene for 

å lage en større og mer heterogen database på hoftebruddpasienter, og dermed gjøre mer 

presise estimater på utfall, samt øke generaliserbarheten. Den kombinerte databasen 

inkluderte 726 hoftebruddpasienter, og alle tilgjengelige utfall som var like eller identiske i de 

to studiene ble slått sammen og inkludert i databasen. 

 

Hovedresultater 

Pasientene som fikk CGC hadde signifikant bedre iADL-skår ved både fire- og tolvmåneders 
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oppfølging, og signifikant bedre pADL-skår ved fire måneders oppfølging sammenlignet med 

kontrollgruppen. Når sykehjemspasienter ble ekskludert fra analysene ble effekten av 

intervensjonen sterkere. 

Vi fant fire ulike grupper av pasienter som fulgte hver sine forløp for ADL-funksjon, for både 

iADL og pADL. Ingen av gruppene gjenvant sin pre-fraktur ADL-funksjon i løpet av første 

tolv månedene etter operasjonen. Spesielt var det én gruppe for både iADL og pADL, som 

hadde relativt høye ADL-skårer ved innleggelse, men som viste en kraftig nedgang i funksjon 

de første fire månedene etter operasjonen. Yngre alder, en ASA-skår på 1 eller 2 og lavere 

CDR-skår ved innleggelse var assosiert med å tilhøre bedre ADL-forløp.  

Pasienter med intrakapsulære hoftebrudd har bedre mobilitet og ADL-funksjon initielt etter et 

hoftebrudd. Disse forskjellene vedvarer derimot ikke ved ett års oppfølging, der begge 

gruppene er like med hensyn til kognitiv-, fysisk- og ADL-funksjon. Det var ingen forskjeller 

mellom gruppene ved innleggelse. 

 

Konklusjoner 

CGC har en positiv effekt på både iADL og pADL hos hoftebruddpasienter inntil ett år etter 

operasjon for hoftebrudd. Effekten er sterkere hos hjemmeboende pasienter. 

Vi fant ulike grupper av hoftebruddpasienter, som følger forskjellige forløp for ADL-funksjon 

etter et hoftebrudd. Tilsvarende for alle gruppene funnet i denne studien, var at ingen av 

gruppene gjenvant den ADL-funksjonen de hadde før hoftebruddet. Det ble også avdekt en 

klinisk interessant gruppe for både iADL og pADL, som var relativt friske og hadde relativt 

god ADL-funksjon før hoftebruddet, men som hadde en enorm funksjonsnedgang første året 

etter hoftebruddsoperasjonen. Denne gruppen bør studeres mer i fremtidig forskning for å 

avdekke potensialet for rehabilitering.  

Pasienter med intrakapsulære hoftebrudd har en raskere rehabilitering etter operasjon initielt, 

sammenlignet med pasienter med ekstrakapsulære hoftebrudd. De to gruppene av pasienter 

med forskjellige hoftebrudd har lignende karakteristika ved innleggelse. 
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1. Introduction 

1.1 Hip fractures  

1.1.1 Epidemiology of a hip fracture  

A hip fracture is a common fracture in adults over the age of 50 years (1-4). This is one of the 

most debilitating conditions in older adults, often causing loss of function and dependency. 

Hip fractures are also referred to as fragility-fractures. The patients are often frail, with 

multiple comorbidities and polypharmacy, and therefore are more likely to sustain a fracture 

from a low-energy trauma, such as falling from standing height. Common comorbidities are 

dementia, sarcopenia and osteoporosis; with delirium superimposed on dementia in 

conjunction with the hip fracture being a common complication (5).  

 

The age-adjusted incidence of hip fractures has increased steadily over the last decades, and is 

now decreasing (6). Still, the number of hip fractures is expected to increase due to the rapidly 

aging population worldwide, as well as increase in life-expectancy, and it’s estimated to reach 

4.5 million by year 2050 (6). Hip fracture rates are generally high worldwide, with 

intercontinental variability. Scandinavian countries have the highest hip fracture rates, African 

countries have the lowest (7, 8). In general, the majority of hip fracture patients are women 

(70-75%) (9) and in Norway the mean age is 82 years; 83 years for women and 81 years for 

men (10).  

 

There are several risk factors associated with a hip fracture, with higher age being among the 

important ones. An increase in age is associated with lower bone mass density and 

osteoporosis, resulting in higher risk of fractures when falling. Frailty is also more common 

with higher age, defined as increased vulnerability due to age-associated decline in reserve 

and function of multiple physiologic systems (11). Consequently, this will result in less 

robustness when experiencing an external stressor, such as a fall and subsequent hip fracture, 

increasing the risk of complications (12, 13).  

 

Another apparent risk factor for a hip fracture is a fall. A hip fracture occurring as a 

consequence of a fall from standing height, is called a low-energy trauma fracture. It is 

estimated that about one third of home-dwelling older adults, aged 65 years or older, will fall, 

with about half of these patients experiencing multiple falls (14). Comorbidity, and by 

extension polypharmacy, are important risk factors for falling. This can be due to either the 
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symptoms of the disorders causing falls, or due to side-effects of the medications used for the 

disorders. Neurological disorders that affect balance or muscle strength and cardiovascular 

disorders that cause arrhythmias are examples of such conditions. Cognitive impairment is 

also a risk factor for falls, due to impairment in executive functions and behavioral 

disturbances (15, 16). Furthermore, impaired vision, excess alcohol consumption and weather 

conditions (such as icy roads) can increase risk of falling.  

 

Gender and ethnicity also impose important risk factors, as there are substantial differences 

between different ethnicities and genders when it comes to incidence of hip fracture, but also 

outcomes (9). Approximately 18% of women and 6% of men will experience a hip fracture 

(6). It is reported that men that suffer from a hip fracture are younger and have more 

comorbidities than women (9). Caucasian women have an increased risk of hip fracture, while 

the risk is lower in African women (7). Differences in outcomes based on ethnicity and 

gender will be presented in section 1.1.3.  
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1.1.2 Different hip fractures  

Hip fractures, also named proximal fractures of the femur, are fractures occurring in the 

region between the subcapital region (the region just below the femoral head) and 5 cm below 

the lesser trochanter. They include two main types; the intracapsular hip fractures and the 

extracapsular hip fractures. These are classified based on the anatomic position of the fracture 

line, see Figure 1. Approximately 60% of hip fractures are intracapsular (17), and 

approximately 40% of hip fractures are extracapsular; of which 90% are trochanteric and 10% 

are subtrochanteric (18).  

 

 

Figure 1 Anatomy of the proximal femur and the location of the hip fracture type (figure not 

modified, license https://creativecommons.org/licenses/by-nc/4.0/) (19).  

© Kyriacou & Khan, Journal of Perioperative Practice 2020 

 

https://creativecommons.org/licenses/by-nc/4.0/
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Intracapsular hip fractures are hip fractures that occur inside the ligamentous hip joint 

capsule, and are also commonly named fractures of the femoral neck. These fractures can be 

further classified based on fracture morphology. Using the Garden classification system these 

fractures can be classified based on fracture morphology into non-displaced fractures (Grade I 

and II) or displaced fractures (Grade III and IV) (19), see Figure 2. Fracture morphology 

corresponds with prognosis, in which more displaced fractures have a higher likelihood of 

compromising the blood supply to the femoral head, which might lead to complications such 

as avascular necrosis (17). Furthermore, fracture morphology will often also dictate the 

surgical treatment. In general, arthroplasty is mainly used for intracapsular fractures, while 

internal fixation is used for special indications, such as in younger patients or in minimally 

displaced fractures (20-22).  

 

 

 

Figure 2 Garden classification of intracapsular hip fractures (figure not modified, license: 

http://creativecommons.org/licenses/by/4.0/) (23).  

© Fischer et al., European Journal of Medical Research 2021 

 

 

https://creativecommons.org/licenses/by/4.0/
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Extracapsular hip fractures comprise of the hip fractures that occur in the trochanteric and 

the subtrochanteric (the 5 cm below the lesser trochanteric) regions of the femoral bone, and 

are outside the capsule (Figure 1). The trochanteric fractures can be either stable or unstable 

(18), whilst the subtrochanteric fractures are often unstable due to the multiple deforming 

forces imposed on the fracture fragments by the muscles attached to the femoral bone (24). 

The preferred surgical method for extracapsular fractures is closed, or occasionally open, 

reduction followed by either an intramedullary nail or a sliding hip screw (25-28). 

 

1.1.3 Consequences of a hip fracture  

A hip fracture has substantial short- and long-term consequences for the patients sustaining 

them. Among them are mortality, delirium, reduced mobility, increased dependency in 

personal Activities of Daily Living (pADL) and instrumental ADL (iADL), change in place of 

residence and reduced quality of life.  

 

The one-year mortality rate after a hip fracture is 20-25%, in which the patients with an 

extracapsular hip fracture have been reported to have higher mortality than intracapsular 

fractures (5, 29). This elevated mortality rate is highest in the days and weeks after a hip 

fracture, but remains elevated for years in hip fracture patients compared to home-dwelling 

older adults that did not suffer from a hip fracture (30). When comparing genders, men have a 

greater risk of mortality compared to women (30, 31). Comorbidity has been shown to affect 

mortality as well, with congestive heart failure, chronic obstructive pulmonary disease and 

dementia being among the most important ones increasing the mortality rate (32).  

 

Comorbidity is also increased in patients after a hip fracture. Among complications after a hip 

fracture urinary tract infections, lower limb embolism and malnutrition are most common, 

with women more likely to experience these than men (33). Another important peri-operative 

complication is delirium, in both patients with and without dementia (34). 

Pulmonary embolisms, infectious complications and heart failure are among the postoperative 

events that can lead to increased mortality (31). Furthermore, comorbidity before the fracture 

is a predictor for both mortality and mobility postoperatively (35).  

 

A large proportion of hip fracture patients have cognitive impairment. In Norway 

approximately 50% of hip fracture patients suffer from dementia at the time of fracture (5), 

and delirium is a common complication in this population with a reported six-fold increase in 
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probability of delirium with pre-existing dementia (34). Dementia is a chronic and progressive 

neurodegenerative disease, however, several studies have shown an association with delirium 

and worse long-term cognitive impairment; predicting dementia in cognitively unimpaired 

patients, and accelerating dementia in cognitively impaired patients (36, 37).  

 

A hip fracture will affect the patient’s mobility, both short- and long-term. Initially the 

mobility will be affected due to the fracture and loss of stability in the limb. In addition, pain 

as a result from the fracture will also impair mobility. Depending on the anatomical site of the 

hip fracture, more bleeding and soft tissue affection can be expected in extracapsular fractures 

(38), which will result in more pain. Surgical procedure also impact mobility. Intracapsular 

fractures are usually treated with arthroplasties, while extracapsular fractures are usually 

treated with internal fixation. It has been found that extracapsular hip fractures treated with 

internal fixation have more difficulty in full weight bearing of the affected leg compared to 

patients with intracapsular fractures operated with arthroplasty five days after operation (39). 

For the long-term outcomes, several studies has found that patients suffering from a hip 

fracture have decreased mobility and are less likely to mobilize in the community for up to 2 

years after the fracture (40), and more patients will be dependent on a walking aid to mobilize 

(41). In general, patients living in a nursing home before the fracture occurs, have less 

recovery compared to home-dwelling patients (40). Maintaining good mobility is also 

essential for undertaking pADL and iADL.  

 

ADL function is also affected by a hip fracture, with a large number of patients not regaining 

their pre-fracture function and subsequently losing independency in ADL (42). The 

consequences of a hip fracture on ADL will be discussed further in section 1.3.3.  

 

Increased dependency due to reductions in mobility and ADL levels might increase the 

patients need for home-based services such as medical assistance, assistance in self-care or 

house cleaning, or change in accommodations. A hip fracture increases the risk of 

institutionalization, and for those still living at home increases the risk of needing assistance 

in ADLs (40, 41). Approximately 10-20% of hip fracture patients are newly institutionalized 

in industrialized countries (40), while for the patients still living at home after the hip fracture 

the probability of receiving help is increased by 55% (41). 
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Lastly, in addition to the physical trauma and subsequent consequences in physical functions, 

a hip fracture can also cause psychological trauma. Increased fear of falling is commonly 

reported after a hip fracture, with it being both a risk factor for new falls, but also an 

independent consequence of a fall (43). A study found that 49% of hip fracture patients had 

fear of falling up to six months after the hip fracture, and that it was associated with female 

gender, polypharmacy, poor daily functioning, poor physical performance and depression, but 

did not affect mortality, living arrangements or changes in mobility one year after hip fracture 

(43). Patients with severe fear of falling may reduce their participation in social activities and 

ambulate less frequently, which might exacerbate functional decline after a hip fracture (43).  

 

Depression is also common after a hip fracture, and is associated with poorer outcomes (44). 

The prevalence of depression after a hip fracture is 23% (45), and severity of depression can 

predict health outcomes and functional recovery after a hip fracture, with hip fracture patients 

experiencing moderate to severe depression more likely to be less independent in walking, as 

well as institutionalized and have higher mortality rates one year after surgery (46). A 

suggested clinical cause of depression after hip fracture is the relationship between emotional 

state and performance improvement (45).  
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1.2 Orthogeriatrics 

1.2.1 Background of orthogeriatrics  

Orthogeriatrics is the co-operation between orthopedic surgeons and geriatricians in the 

management of hip fracture patients. These patients often have both frailty and fragility of the 

bone simultaneously (47). Therefore it is now largely recognized that hip fracture patients are 

geriatric patients with an orthopedic problem, making the treatment of the hip fracture a 

complex task, needing a holistic approach. A multidisciplinary orthogeriatric approach for 

treating these patients is now increasingly common, bringing skills from two specialties to 

deal with both the frailty and the fragility of the bone simultaneously (47).    

 

Orthogeriatrics was developed in England in the 1950s (48, 49). Since then a variety of 

different orthogeriatric models have been implemented and tested worldwide; ranging from 

more simple models to more sophisticated models. Although, different orthogeriatric models 

have shown a positive effect on length of hospital stay (LOS), in-hospital mortality and 1-year 

mortality, as well as some complications (such as delirium), the effect on functional outcomes 

are inconsistent (50). Due to the heterogeneity in study design, patient selection and outcome 

measures there has been difficulty in concluding which orthogeriatric model is superior. And 

a recent systematic review suggest that there is still insufficient evidence to recommend which 

model is superior (50).  

 

In the following sections the different orthogeriatric models will be introduced, as well as 

studies categorized to belonging to these models and evidence for their efficacy.  
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1.2.2 Different orthogeriatric models 

There are different models of orthogeriatric care, according to how the collaboration between 

geriatricians and orthopedic surgeons is organized. In the literature it is common to categorize 

the different orthogeriatric models into three to five groups, depending on their organization 

(51-53), with some overlap. In this thesis, the four-category grouping of the different 

orthogeriatric models, suggested by Kammerlander (51), is used as a basis to differentiate 

between studies. The four categories are as follows:  

 

I. Orthopedic ward and geriatric consultant service. In this model, the patient is treated in 

an orthopedic ward until discharge. A geriatric consultant service (a liaison service) will make 

an assessment of the patient upon request. This is the simplest model.  

 

II. Orthopedic ward and daily consultative service. In this model the patient is treated in an 

orthopedic ward until discharge, but the geriatric consultant service is on a regular and daily 

basis until discharge.  

 

III. Geriatric and rehabilitation ward and orthopedic consultant service. The hip fracture 

patient will be admitted to the geriatric ward in this model, and the treatment will occur here 

from admission to discharge, where the geriatricians will have the main responsibility for 

treatment. In this setting, the orthopedic surgeons act as a consultant service.  

 

IV. Orthopedic ward and integrated care. This is the most advanced model, in which the 

geriatricians and the orthopedic surgeons collaborate on a daily basis on the treatment of hip 

fracture patients. The patients are admitted to an orthopedic ward, and the geriatrician is an 

integrated part of the multidisciplinary team treating the patients.  

 

For the purpose of this thesis, the different studies are categorized according to these four 

categories, and additionally further grouped by time period (1980-1999, 2000-2010 and 2011-

present) to illustrate the progression of orthogeriatric care over time, throughout the world.  
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1.2.3 The progression of orthogeriatrics   

In recent years, many studies have been conducted to evaluate the effect of orthogeriatric care 

on hip fractures. In the following section the different studies will be presented briefly, 

according to time period.  

 

1.2.3.1 Orthogeriatric studies in the period of 1980-1999: 

Table 1 shows the studies conducted on orthogeriatric care in the time period of 1980-1999. 

Only eight studies on orthogeriatric care were conducted in this time period, of which only 

two evaluated the effect of a more sophisticated model (model III (54) and model IV (55)). 

Two of the studies conducted in this time period were prospective randomized (56, 57), while 

the rest used historical controls, and only two studies (55, 57) offered some sort of follow-up. 

All studies were either from Europe, UK, USA or Australia, none were from Asia, the 

Middle-East or South-America.  

 

Table 1. Orthogeriatric studies in the period of 1980-1999 

Study Number 

of 

patients 

included  

Study design Follow-up Outcome 

measures  

Results and conclusion Model 

Boyd (54), 

1983.  

UK. 

N=771 Retrospective 

before and 

after 

No follow up  LOS, mortality, 

waiting time for 

surgery and 

discharge 

destination 

In the intervention group the LOS 

(66 vs. 48 days), waiting time for 

surgery (3 vs. 2.6 days) and in-

hospital mortality (22% vs. 17 %) 

were reduced. Discharge destination 

did not differ.  

III 

Gilchrist 

(58), 1988. 

UK. 

N=222 Prospective 

randomized 

No follow up. 

Mortality 

registered at 3 

and 6 months.  

LOS, mortality, 

medical 

conditions and 

place of 

residence after 

discharge  

There was no difference in LOS 

(10.2 vs. 9.8 days) or mortality 

during hospital stay, and after three 

and six months. Place of residence 

after discharge did not differ 

between groups. More new medical 

disorders were found in the 

intervention group.   

I 

Kennie (56), 

1988.  

UK. 

N=108 

 

Prospective 

randomized 

No follow up LOS,  

physical 

independence at 

discharge and 

place of 

residence after 

discharge 

More patients were physically 

independent in ADL at discharge in 

the intervention group, as well as 

having shorter LOS (24 vs 41 days). 

More patients were discharged to 

their own home (63% vs. 38%) in 

the intervention group  

I 

Gustafson 

(59), 1991. 

Sweden. 

N=214 Prospective 

with 

retrospective 

controls 

No follow up Incidence 

delirium, 

delirium 

severity, 

delirium 

duration, LOS 

The incidence of delirium was 

lower in the intervention study 

(47.6% vs. 61.3%, p<0.05). The 

delirium that occurred in the 

intervention study was also less 

severe, and had shorter duration. 

LOS was shorter in the intervention 

I 
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and 

complications  

study (11.6 vs 17.4, p<0.001), and 

fewer patients developed 

postoperative complications. There 

was no difference between groups 

in mortality, discharge to long term 

care and use of walking aid after 6 

months.  

Zuckerman 

(60), 1992.  

USA. 

N=491 Prospective 

with 

retrospective 

controls 

No follow up LOS, post-

operative 

complication, 

mortality and 

mobility 

Significantly fewer patients had 

postoperative complications (38 vs 

65 %, p<0.001), and significantly 

more patients were able to ambulate 

independently at discharge and at a 

greater distance (56 vs 18 %, 

p<0.001) after the introduction of 

the program. There were also fewer 

ICU transfers (p<0.05), and fewer 

discharges to nursing homes.  

II 

Antonelli 

Incalzi (61), 

1993.  

Italy. 

 

N=761 Prospective 

with 

retrospective 

controls 

No follow-up LOS, mortality 

and operation 

rate 

After the implementation of the 

new model LOS (29 vs. 38 days, 

p<0.003) and mortality rate (18% 

vs. 8.4%, p<0.001) was 

significantly reduced, and the 

operation rate was higher (89.9% 

vs. 83.8%, p <0.02).  

II 

Swanson 

(57), 1998. 

Australia.  

N=71 Prospective 

randomized 

1 and 6 

months. Data 

collected 

either at the 6 

months out 

patient control 

or by 

telephone 

interviews  

LOS, mortality 

and ADL 

LOS was shorter in the intervention 

group (33 vs. 21 days, p<0.01). 

There were no differences between 

groups in mortality, ADL function, 

mobility or postoperative 

complications.  

II 

Lundström 

(55), 1999. 

Sweden. 

N=49 Prospective 

with 

retrospective 

controls 

6 months. 

Interviews 

with patients 

and caregivers  

Delirium, LOS 

and mobility 

There was no difference between 

groups in preoperative delirium, but 

the intervention resulted in lower 

incidence of postoperative delirium 

and shorter duration of delirium.   

More patients were discharged to 

independent living (33.3% vs. 

92.6%, p=0.018) and were able to 

walk independently with walking 

aids at discharge (60% vs. 88.6%, 

p=0.003) in the intervention group. 

There was no difference between 

groups in LOS (12.5 days in both 

groups), in-hospital or six month 

mortality, or in patients living 

independently six months 

postoperatively.  

IV 
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1.2.3.2 Orthogeriatric studies in the period of 2000-2010: 

Table 2 shows an overview of the orthogeriatric studies conducted in the time period of 2000-

2010. Twenty studies on orthogeriatric care were conducted in this time period, of which only 

four evaluated the effect of model I (62-65), meaning more studies evaluated the effect of an 

orthogeriatric model in which the geriatric input was at least daily. Eight of the studies had a 

prospective randomized study design (63, 64, 66-71), and the rest used historical controls. 

Eight of the studies included follow-up (62-65, 68, 69, 72, 73), either by interview of patient 

or next of kin or face-to-face evaluations of the patient. No study was from South-America, 

and most of the studies were from Europe or the UK.   

 

Table 2. Orthogeriatric studies in the period of 2000-2010  

Study Number 

of 

patients 

included  

Study design Follow-up Outcome 

measures  

Results and conclusion Model 

Milisen (62), 

2001. 

Belgium. 

N=120 Prospective 

with 

retrospective 

controls  

Telephone 

interview with 

relatives at one 

and three 

months 

postoperatively 

Incidence 

delirium, 

severity and 

duration of 

delirium, 

cognitive 

functioning, 

functional 

rehabilitation, 

mortality and 

LOS  

Reduction in duration and 

severity of delirium, but not 

incidence of delirium. Patients 

who developed delirium was 

more dependent in ADL both 

before and after the fracture. 

There was a trend towards lower 

LOS. The cognitive recovery was 

better in the intervention group.   

I 

Marcantonio 

(66), 2001.  

USA. 

N=126 Prospective 

randomized 

No follow up  Delirium and 

LOS 

There were fewer patients with 

delirium in the intervention group 

(50% vs. 32%, p=0.04), and 

delirium was less severe. There 

was no difference between groups 

in regards to LOS or delirium 

duration. Patients without 

prefracture dementia or ADL 

function impairment benefitted 

the most from the intervention.  

II 

Khan (74), 

2002.  

UK. 

N=745 Prospective 

with 

retrospective 

controls. No 

randomization

.  

No follow up LOS, mortality 

and discharge 

destination   

There was no effect of the 

intervention on LOS (26 days in 

both groups), mortality or 

discharge destination.    

II 

Naglie (63), 

2002.  

Canada. 

N=279 Prospective 

randomized 

3 and 6 months. 

Interviews with 

patients and 

caretakers  

Mobility, 

mortality and 

place of 

residence 

There was no difference between 

groups in regards to mobility 

three and six months 

postoperatively. LOS was longer 

in the intervention group (29 v 21 

days, p < 0.001), but the mean 

number of days spent in an 

institution over the first six 

I 
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months postoperatively after 

surgery was similar. 

Adunsky (67, 

75, 76), 2003, 

2005, 2011.  

 

Ginsberg 

(77), 2013. 

Israel. 

N=330  Prospective 

quasi-

randomized 

controlled 

No follow up   LOS, mortality 

and function at 

discharge 

LOS was shorter (32 vs. 27 days, 

p<0.01) in the intervention group. 

Patients treated in the intervention 

group also had an almost two-fold 

chance of successful 

rehabilitation defined as more 

than 50 % increase in “relative 

functional gain”. 

Lower mortality rates at 1, 3 

months and 1 year. The model is 

cost-effective 

III 

Koval (72), 

2004.  

USA.  

N=1065 Prospective 

with 

retrospective 

controls 

3,6,12 months 

and then every 6 

months until 

death. 

Interviews with 

patients or 

family member   

LOS, mortality 

and mobility  

LOS (22 vs. 14 days, p<0.001), 

in-hospital mortality (5% vs. 2%, 

p<0.001) and 1-year mortality 

(14% vs. 9 %, p<0.01) was 

significantly reduced in the 

intervention group There were no 

effect of the intervention on 

ambulation, discharge destination 

or revision of surgery.  

II 

Roberts (78), 

2004.  

UK.  

N=395 Prospective 

before and 

after 

No follow up  LOS, mortality, 

complications, 

readmissions 

and mobility.  

After the implementation of the 

intervention LOS increased (23 

vs. 16 days, p<0.0005) and more 

patients could walk independently 

at discharge (73% vs. 63%, 

p=0.033). There was a significant 

reduction in pressure ulcers, 

urinary tract infections and 

wound infections in the 

intervention group, but the 

number of cardiac complications 

registered in the intervention 

group was higher. 

There was a trend towards 

reduction in admission to long 

term care.  

II 

Khasraghi 

(79), 2005. 

USA. 

N=510 Retrospective 

before and 

after chart 

review 

No follow up LOS, waiting 

time for 

surgery, 

complications 

and discharge 

destination 

Postoperative complications were 

lower in the intervention group 

(51% vs. 36%). Patients in the 

intervention group spend a mean 

1.9 hours less in the emergency 

department, and both the waiting 

time for surgery (46 vs. 26 hours) 

and LOS (8.1 vs. 5.7 days) were 

reduced. Significantly fewer were 

discharged to nursing homes 

(23% vs. 13%) in the intervention 

group.  

There was a trend towards lower 

in-hospital mortality in the 

intervention group.   

IV 

Shuy (64, 80-

82), 2005, 

2008, 2010,  

N=162 Prospective 

randomized 

1,3,12 and 24 

months. Face-

to-face 

Physical 

function, 

mobility, pain, 

More patients recovered their 

previous walking ability and ADL 

I 
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2012. 

 

Liu (83), 

2014.  

Taiwan. 

(using flip of 

a coin).   

evaluation with 

a combination 

of performance 

based and self-

reported 

measures. 

Assessors not 

blinded 

depression, 

nutrition, 

function and 

balance 

function in the intervention group, 

and the effect lasted for  

24 months. In addition there were 

fewer depressive symptoms, 

better ratio of hip flexion and 

fewer falls after 2 years in the 

intervention group.  

More patients recovered their 

previous walking ability and ADL 

function among the cognitively 

impaired.  

 

A nutritional component (an in-

home program) in the 

comprehensive care model 

effectively improved nutritional 

status, which in turn was 

associated with better functional 

recovery and balance.  

Vidán (68), 

2005.  

Spain. 

N=321 Prospective 

randomized 

controlled 

trial 

3,6,12 months. 

Interviews with 

patients and 

relatives  

LOS, 

complications, 

mortality and 

ADL recovery 

The LOS was shorter in the 

intervention group (16 vs. 18 

days, p=0.06). The in-hospital 

mortality (0.6% vs. 5.5%, 

p=0.03), and medical 

complications (45% vs. 61%, 

p=0.003) were lower in the 

intervention group. There was no 

difference between groups in 

regards to ADL and ambulation at 

six and 12 months 

postoperatively, but there was a 

trend towards better ADL 

recovery in the intervention group 

at 3 months follow-up (53% vs 

43%, p=0.10). 

II 

Wong Tin 

Niam (84), 

2005. 

Australia. 

N=99 Prospective 

before -after 

No follow up Delirium and 

LOS 

Incident delirium was reduced 

(12.7% vs 37.5%, p=0.012), after 

implementation of the 

intervention. There was no 

difference in LOS (12.1 vs 11.8 

days).  

II 

Barone (73), 

2006.  

Italy. 

N=819 Retrospective 

before and 

after  

12 months. 

Telephone 

interview were 

conducted  

LOS and 

mortality 

The one year survival of those 

treated in the orthogeriatric unit 

was higher compared to those 

admitted before and after the unit 

was closed (75% vs. 65% vs. 

67%, respectively). In-hospital 

mortality was significantly lower 

compared to the group admitted 

before the intervention (p=0.03) 

and similar to the group admitted 

after the intervention unit was 

closed (p=0.34). There was no 

difference in LOS between 

groups.  

II 

Fisher (85), 

2006. 

Australia.  

N=951 Prospective 

with 

No follow up.  LOS, mortality 

and 

complications 

In hospital mortality (4.7% vs. 

7.7%, p<0.01), postoperative 

complications (49.5% vs. 71.0%, 

II 
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retrospective 

controls 

p<0.001) and readmissions the 

first six months postoperatively 

(28% vs. 7.6%, p<0.001) was 

reduced in the intervention group. 

LOS was 11 days in both groups, 

and there was no difference in 

discharge destination.  

Stenvall (69, 

86, 87), 2007, 

2012.  

 

Lundstrom 

(88), 2007. 

Sweden.  

N=199 Prospective 

randomized 

controlled 

Home visits 4 

and 12 months 

performed by 

research nurses   

LOS, mortality, 

postoperative 

complications, 

delirium and 

ADL 

Patients treated in the intervention 

group were more likely to regain 

independence in pADL at 4 (OR 

2.5) and 12 months (OR 3.5) 

postoperatively. More patients in 

the intervention group were able 

to walk alone indoors without 

walking aids (OR 3.01) at 1-year 

follow up. There was no 

difference between groups in re-

admissions or mortality rates.  

Fewer patients in the intervention 

experienced delirium 

postoperatively (75% vs. 55 %, 

p=0.003) and the duration was 

also shorter (10 vs. 5 days, 

p=0.009).  

For patients with cognitive 

impairment the intervention was 

effective in reducing 

postoperative delirium (97% vs. 

68%, p=0.002), urinary tract 

infections (64% vs. 21%, 

p=0.001) and falls (34 vs. 1, 

p=0.006) during the hospital stay.  

III 

Friedman 

(89, 90), 

2008, 2009.  

 

Kates (91-

93), 2010, 

2011.   

USA. 

N=314 Retrospective 

chart review. 

Data 

compared to 

other 

hospitals, 

historical data 

and national 

average   

No follow up  LOS, waiting 

time for 

surgery, 

mortality and 

re-admissions 

The waiting time for surgery (24 

vs. 37 hours, p=0.007) and LOS 

(4.6 vs. 8.3 days, p<0.001) was 

shorter in the intervention group. 

Patients in the intervention group 

also had fewer complications 

(31% vs. 46%, p=0.005). There 

was no difference in regards to in-

hospital mortality rate or the 30-

day readmission rate between 

groups. This model was found to 

be cost-effective by reducing 

LOS and in-hospital 

complications. 

IV 

Ho (65), 

2009.  

  

Leung (94), 

2011.  

China.  

N=565 Retrospective 

before and 

after chart 

review 

3 and 12 

months. Data 

collected from 

regular out-

patients visits 

LOS, waiting 

time for surgery 

and mortality 

The intervention had shorter LOS 

(9.7 v 8.3 days, p=0.001), lower 

in hospital (4 v 1 %, p=0.02) and 

1-year mortality (20 v 11 %, 

p=0.005). There was shorter 

waiting time to surgery (mean 55 

v 45 hours, p=0.02) and lower 

cost of the intervention. More 

patients were independent in 

ADL after 3 and 12 months, and 

more patients could walk unaided.  

I 
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Miura (95), 

2009.  

USA. 

N=161 Prospective 

with 

retrospective 

controls 

No follow up  LOS, mortality 

and cost 

The LOS was reduced (6.1 vs. 

4.6, p<0.001) and more were 

operated before 24 hours (50.5 vs 

22.2 %, p<0.001) in the 

intervention group. The 

intervention showed a reduction 

in cost, and was deemed cost 

effective.  

III 

Cogan (96), 

2010. 

Ireland.  

N=201 Retrospective 

chart review 

before and 

after 

No follow up  LOS, mortality 

and waiting 

time for surgery 

There was no effect of the 

intervention on T waiting time to 

surgery (1.9 days in both groups). 

LOS was longer in the 

intervention group (23 vs. 30 

days), but the in hospital 

mortality (20% vs. 8 %) and 1-

year mortality (45% vs. 34 %) 

was reduced. Institutionalization 

was increased (23% to 29%), and 

more patients were independent at 

home (32% vs. 38%) at one year 

follow-up.  

The routines for prescription of 

bisphosphonates became better 

after intervention.  

II 

Mazzola (70), 

2010. Italy. 

N=261 Prospective 

quasi-

randomized 

controlled (by 

availability of 

beds) 

No follow up LOS, waiting 

time for surgery 

and 

mobilization 

time 

Patients treated in the intervention 

group had shorter mobilization 

time (2.9 vs 3.6 days, p=0.01). 

LOS was 13 days in both groups. 

There were no differences 

between groups in regards to 

waiting time for surgery (mean 

2.8 days in both groups) or 

mortality.  

III 

González-

Montalvo 

(71), 2010. 

Spain.  

N=224 Prospective 

quasi-

randomization 

(alternate days 

and bed-

availability) 

No follow up  LOS, waiting 

time for 

surgery, 

mobility at 

discharge and 

discharge 

destination  

Patients treated in the intervention 

had shorter time to geriatric 

assessment (1 vs. 4 days, 

p<0.001) waiting time for surgery 

(5 vs. 6 days, p<0.001) and LOS 

(12 vs. 18 days, p<0.001). There 

was no difference between groups 

in regards to in-hospital mortality, 

mobility at discharge or place of 

discharge.  

IV 
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1.2.3.3 Orthogeriatric studies in the period of 2011-present: 

An overview of the studies conducted on orthogeriatric care from 2011 to present day is 

presented in Table 3. Fifty-one studies on orthogeriatric care were conducted in this time 

period. Only seven studies evaluated the effect of model I (97-103), and approximately half of 

the studies (twenty-eight) evaluated the effect of model IV (104-131), with an integrated care 

ward, and only four studies evaluated the effect of model III (5, 29, 132, 133), with a geriatric 

ward. Again, there is a shift towards more studies implementing geriatric input on a regular 

basis. Most of the studies were retrospective or had historical controls. Eleven of the studies 

offered follow-up either by telephone interview or face-to-face evaluations (5, 29, 97, 102, 

108, 112, 113, 130, 133-135).  Most studies were from Europe, only one from South-America 

(136), seven from Asia (99, 128-131, 137, 138) and two from the Middle-East (132, 139).  

 

Table 3. Orthogeriatric studies in the period of 2011-present 

Study Number 

of 

patients 

included  

Study design Follow-up Outcome 

measures  

Results and conclusion Model 

Deschodt (97, 

140, 141), 

2011, 2012.  

Belgium.  

 

 

N=177  Prospective 

controlled 

study. 

 

 

6 weeks, 4 

and 12 

months. 

Telephone 

interview 

with 

patients or 

relatives  

Functional 

status, LOS, 

mortality, new 

nursing home 

admissions and 

delirium 

Incident postoperative delirium was 

reduced in the intervention group 

(53 v 37 %, p=0.04), but there was 

no reduction in severity or duration. 

There were no other differences in 

outcome measures.  

 

 

I 

 

 

Gregersen 

(142), 2012. 

Denmark. 

N=495 Retrospective 

chart review 

before and after 

No follow 

up  

LOS, mortality 

and re-

admissions 

Median LOS was reduced from 15 

to 13 days in the intervention group. 

There was no effect of the 

intervention on re-admissions, 

mortality or discharge destination. 

More patients began treatment for 

osteoporosis, and there was a non-

significant decrease in the risk of 

new fractures after two years.  

II 

Dy (104), 

2012.  

USA.   

N=306  Retrospective 

chart review 

before after 

No follow 

up  

LOS, waiting 

time for 

surgery, 

mortality and 

complications  

Patients in the intervention group 

had fewer occurring complications 

(50% vs. 34.6%, p=0.002), but 

there was no difference between 

groups in regards to waiting time 

for surgery (1.4 vs. 1.5 days, 

p=0.62), LOS (7 vs. 8.4 days, 

p=0.50) or readmission rates. 

Additionally, there was a non-

significant higher 1-year mortality 

in the intervention group (20.3% vs. 

12.5%, p=0.16). 

IV 
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Wagner 

(136), 2012. 

Chile. 

N=275 Prospective 

with 

retrospective 

controls 

No follow 

up  

LOS, mortality 

and 

complications 

There was no difference between 

groups in LOS 

 (9 vs. 8 days, p=0.51), in-hospital 

mortality (2.2% vs 1.1%, p=0.46) or 

1 year survival (87% in both 

groups), as well as hematocrit at 

discharge, transfers to internal 

medicine or the intensive care unit 

and readmissions. Registration of 

postoperative complications were 

increased in the intervention group. 

II 

Bhattacharyy

a (143), 2013.  

UK. 

N=523 Retrospective 

chart review 

before and after 

No follow 

up 

LOS, mortality 

and discharge 

destination 

The proportion of patients that 

returned to their pre-fracture 

residence was increased (73% vs. 

57%, p<0.001) and the staff was 

more satisfied with the new model. 

There was a non-significant 

reduction in LOS (19.5 vs. 25 days, 

p=0.22) and in-hospital mortality 

(8.4% vs. 12.4%, p=0.26).  

II 

Flikweert 

(134, 144), 

2013, 2014. 

Netherlands. 

N=401 Prospective 

with 

retrospective 

controls 

Follow up at 

6 weeks, 3 

and 6 

months after 

surgery  

Preoperative 

fasting time, 

waiting to 

surgery, LOS, 

discharge 

destination, 

complications, 

delirium and 

mortality 

Median preoperative fasting time 

was significantly lower in the 

intervention group (9 vs. 17 hours, 

p<0.001). The number of patients 

that had to wait more than one day 

for surgery was also lower (8% vs. 

15%, p<0.005). LOS was 

significantly shorter (7 vs. 11 days, 

p<0.001).  

In-hospital mortality was lower (2% 

vs. 6%, p<0.05), there was no 

difference in 30-day mortality.  

No other outcome measure was 

significantly different between 

groups.  

II 

Burgers (98), 

2014. 

Netherlands. 

N=526 Retrospective 

before and after. 

Chart review.  

No follow 

up 

LOS, mortality, 

complications 

and 

readmissions 

LOS was significantly reduced (9 

vs. 6 days, p<0.001). No difference 

in mortality, complications or 

readmissions.  

I 

Gupta (105), 

2014.  

United 

Kingdom. 

N=494 Prospective, 

cohort 

observational 

study with 

retrospective 

controls 

No follow 

up  

Time to surgery 

and LOS 

Significantly more patients were 

operated within 48 hours in the 

intervention group (86% vs 77% 

p=0.013), and the LOS was 

significantly shorter (19.3 vs. 15.1 

days, p=0.013) 

IV 

Suhm (106), 

2014.  

Switzerland.  

N=493 Prospective, 

cohort 

observational 

study with a 

retrospective 

(historical) 

control. 

No follow 

up.  

LOS, 1-year 

mortality, 

change in 

residential 

status.  

LOS was significantly shorter in the 

intervention (8.6 vs. 11.3 days, p < 

0.01) and patients were less likely 

to experience a complication (59% 

vs. 73%, p < 0.01) while being in 

the hospital. There was no 

significant difference in 1-year 

mortality or in change of residential 

status 

IV 

Watne (5), 

2014. 

Norway. 

N=329 Prospective 

randomized 

controlled trial 

Follow-up 

at 4 and 12 

months at 

an 

Cognition 

(combined CDR 

and 10 word 

memory task), 

There was no difference in delirium 

rates, delirium duration or delirium 

severity. There was a non-

significant longer waiting time to 

III 
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outpatient 

clinic  

delirium, LOS, 

cognition, 

mobility, place 

of residence, 

ADL and 

mortality 

surgery in the intervention group. 

The intervention group performed 

better in CERAD immediate and 

delayed, clock drawing test, 

MMSE, CDR and ADL (both 

BADL and NEADL), but none of 

these differences were significant. 

No significant difference in new 

nursing home admissions.  

 

Fewer patients in the intervention 

group were discharged with 

ongoing delirium (15% vs. 26%, 

p=0.01).  

The LOS was longer in the 

intervention group (median 11 vs. 8 

days, p<0.001).  

Better mobility four months after 

surgery, measured with SPPB 

(median 4 vs. 3, p=0.13). 

There was no difference in four 

months mortality (17% vs. 15%, 

p=0.05.)  

Prestmo (29, 

145), 2015, 

2016. 

 

Taraldsen 

(146), 2015. 

 

Thingstad 

(147), 2016. 

 

Heltne (148), 

2017. 

Norway. 

 

N=397 

 

Prospective 

randomized 

controlled trial.  

The patients 

were 

assessed in 

the 

outpatient 

clinic 1,4,12 

months by 

research 

assistants 

blinded to 

allocation  

Mobility, LOS, 

mortality, health 

economics, 

place of 

residence and 

ADL 

LOS was significantly longer 

(between group-difference 1.7, 

p=0.025), and more patients were 

discharged directly home (between 

group-difference 13.9, p=0.001) in 

the intervention group. Mobility 

measured by SPPB were better in 

the intervention group at four 

months (between group-difference 

5.12 vs. 4.38, p=0.01) and 12 

months (between group-difference 

0.69, p=0.023).  

ADL was significantly better in the 

intervention group; both BADL and 

NEADL at both 4 and 12 months.  

Fear of falling was reduced and 

quality of life was also better in the 

intervention group. There was no 

difference between groups in 

waiting time for surgery, number of 

new nursing home admissions or 

mortality.  

 

The intervention care index stay 

was more costly than standard care, 

with a mean difference of 2331 

euro, p<0.0001, but more cost-

effective long-term.  

 

Participants who received 

intervention had significantly 

higher gait speed, less asymmetry, 

better gait control and more 

efficient gait patterns.  

 

III 
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More polypharmacy was found in 

the intervention group (84.3% vs. 

70.5%, p=0.0015), as well as.more 

withdrawals (209 vs. 82, p<0.0001), 

and a higher number of start (844 

vs. 526, p<0.0001).  

Soong (149), 

2016. 

Canada.  

N=571 Single center 

pre-post study  

No follow-

up 

LOS, cost per 

case, time to 

surgery, 

osteoporosis 

treatment, 

preoperative 

echocardiogram 

utilization, 

mortality and 

readmission 

LOS decreased from 18.2 to 11.9 

days (p<0.001). Mean cost per case 

decreased by $4953 (p<0.001). 

Mean time to surgery (45.8 vs. 29.7 

hours, p<0.001) and use of 

preoperative echocardiogram 

(15.8% vs. 9.1%, p<0.05) 

decreased. Initiation of osteoporosis 

treatment increased (96.4% vs. 

55.8%, p<0.001). There was no 

significant difference between 

groups in regards to mortality rate 

and readmission rate.  

II 

Rostagno 

(133), 2016. 

Italy. 

N=458 Prospective 

with historical 

controls 

Follow up at 

3 months by 

telephone 

interview  

LOS, mortality, 

postoperative 

complications 

and functional 

recovery   

LOS was significantly lower (13.6 

vs. 17 days, p=0.0001) in the 

intervention period, and the 

intervention group had a low 

number of postoperative 

complications (8%). Patients that 

underwent surgery before 48 hours 

were also significantly higher in the 

intervention period (54% vs. 26%, 

p=0.0001). Full functional recovery 

was seen in almost half of the 

patients in the intervention group.  

III 

Stenqvist 

(111), 2016. 

Denmark. 

N=1982 Retrospective 

cohort with 

historical 

control group 

No follow 

up 

Mortality In-hospital mortality was 6.3% in 

the control group and 3.1% in the 

intervention group (p=0.0009). 

Mortality at 1 and 3 months, and 1 

year did not differ between groups. 

Mortality was significantly reduced 

at all time points when adjusted.  

Sub group analyses on mortality: 

Mortality for home-dwelling 

patients: 8.3% vs 2.0%, (p<0.0001) 

in-hospital, 12.2% vs. 6.8% 

(p=0.004) at 30 days, and 20.5% vs. 

13% (p=0.002) at 90 days. 1 year 

mortality not significant.  

 

Mortality for nursing home 

patients: non-significant difference 

for all time points.  

IV 

Middleton 

(110), 2016. 

England. 

N=1894 Retrospective 

before and after 

(Kammerlander 

1 compared to 

Kammerlander 

4 – post-

intervention) 

No follow 

up 

Mortality, LOS 

and time to 

surgery 

Despite frailer population in the 

post-intervention group: 

Time to surgery was shorter (41.8 

vs. 27.2 hours, p<0.001) and LOS 

was shorter (27.5 vs. 21 days, 

p<0.001).  

Mortality dropped significantly 

from 13.2% to 10.3%, p=0.04. 
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Time taken before orthogeriatric 

review was also improved in the 

post-intervention group: 53h to 23h, 

p=0.001. 

 

Gosch (108), 

2016. 

Germany. 

N=265 Prospective 

cohort study 

(comparing with 

literature) 

3, 6 and 12 

months 

through 

interviews 

Function, 

mobility, 

mortality 

Nearly half of the cohort regained 

their pre-fracture mobility at 12 

months 

29.4% died during the first year and 

70.6% died during the entire 

observation time.  

23.4% sustained a second fracture, 

and 3.4% sustained more than one 

fracture. 10.9% had recurrent 

fractures during the first year. 

IV 

Forni (107), 

2016.  

Italy. 

N=23,973 Retrospective 

observational 

study 

(comparing 

Kammerlander 

4 (MCM) to 

Kammerlander 

1 (UCM)) 

No follow 

up  

30-day 

mortality 

The multilevel analysis showed that 

mortality was significantly higher 

in the UCM, after adjusting for 

gender, age, comorbidity and 

timing of surgery (OR=1.32; 95% 

IVCI 1.09-1.59; p=0.004). Surgical 

delay was not significantly 

associated with higher mortality 

rates. 

IV 

Kristensen 

(109), 2016.  

Denmark. 

N=11,461 Population-

based cohort 

study 

(prospective 

collection of 

data from 

registry). 

Comparing 

Kammerlander 

4 to 

Kammerlander 

1.  

No follow 

up  

Quality of care 

(using six 

process 

performance 

measures), 30-

day mortality, 

time to surgery 

and LOS  

Admittance to orthogeriatric units 

was associated with a higher chance 

for fulfilling five out of six process 

performance measures. Patients 

who were admitted to an 

orthogeriatric unit experienced a 

lower 30-day mortality (adjusted 

odds ratio (aOR) 0.69; 95% CI 

0.54-0.88), whereas the LOS 

(adjusted relative time (aRT) of 

1.18; 95% CI 0.92-1.52) and the 

time to surgery (aRT 1.06; 95% CI 

0.89-1.26) were similar. 

IV 

Anderson 

(150), 2017.  

USA.  

 

 

N=271 Retrospective 

cohort study  

No follow-

up 

LOS, time to 

surgery, 

discharge status 

and readmission 

rate  

 

 

LOS decreased after the 

implementation of the intervention 

(6.4 vs. 5.5 days, p=0.004), as well 

as a trend towards lower time to 

surgery (29.0 vs 26.5 hours, 

p=0.168). The readmission rate 

remained stable (3.2% vs. 2.7%, 

p=0.520), and there was no change 

in discharge destination (21% vs. 

16% discharged home, p=0.244).  

II 

Folbert (112), 

2017.  

Netherlands. 

N = 1385 Prospective 

cohort with 

historical 

controls  

1 year 

follow up, 

collected 

data from 

outpatient 

clinic visits 

In-hospital and 

1-year mortality 

and associated 

risk factors 

The analysis demonstrated that the 

1-year mortality rate was 23.2 % (n 

= 197) in the intervention group 

compared to 35.1 % (n = 188) in the 

historical control group (p < 0.001). 

Independent risk factors for 1-year 

mortality were male gender (odds 

ratio (OR) 1.68), increasing age 

(OR 1.06), higher American 

Society of Anesthesiologists (ASA) 

score (ASA 3 OR 2.43, ASA 4-5 

IV 
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OR 7.05), higher Charlson 

Comorbidity Index (CCI) (CCI 1-2 

OR 1.46, CCI 3-4 OR 1.59, CCI 5 

OR 2.71), malnutrition (OR 2.01), 

physical limitations in activities of 

daily living (OR 2.35), and 

decreasing Barthel Index (BI) (OR 

0.96). 

Henderson 

(113), 2017.  

Ireland. 

N=454 Prospective 

cohort with 

historical 

controls 

Offered 

follow up at 

a dedicated 

fracture 

liaison 

secondary 

prevention 

clinic  

LOS, mortality, 

use of medical 

and 

rehabilitative 

services and 

level of 

dependency at 

discharge 

Patients in the orthogeriatric service 

group experienced significant 

reductions in 1-year mortality (chi2 

= 13.34, P < 0.001), length of acute 

hospital stay (U = -3.77, P < 0.001) 

and requirements for further 

rehabilitation (chi 2 = 26.59, P < 

0.001). Patients in the pre-service 

establishment group were 

significantly more dependent 

following their fracture than the 

patients in the orthogeriatric service 

group (chi 2 = 5.34, P = 0.021). 

IV 

Chen (99), 

2019. 

Taiwan. 

N=313 Retrospective 

cohort  

No follow-

up 

1-year mortality  1-year mortality was lower in the 

orthogeriatric group (4.7% vs 

14.0%). Patients not receiving 

orthogeriatric care were 2.89 times 

(95% confidence interval [CI] 1.07-

7.81) more likely to die 1-year after 

discharge. Mortality was associated 

with postoperative complications 

and elevated comorbidity.  

I 

Wallace 

(151), 2019. 

USA. 

 

N=243 Retrospective 

cohort study  

No-follow-

up 

1-year mortality  The post-intervention cohort had 

significantly higher overall survival 

(HR for death=0.43, 95% CI 0.25-

0.74, p=0.002).  

II 

Jackson 

(114), 2019.  

USA. 

N=2895 Pre- and post-

comparison 

after 

implementing 

an 

interdisciplinary 

care pathway 

No follow-

up 

LOS, time to 

surgery and 

discharge status  

Mean LOS decreased after 

implementation of the intervention 

(from 5.6 to 4.7 days, p=0.046). 

Time to surgery decreased from 

30.8 to 25.6 hours. The percentage 

of patients discharged home from 

the hospital remained stable before 

and after the implementation of the 

intervention.  

IV 

O’Mara-

Gardner 

(100), 2020.  

USA.  

N=639 Prospective 

cohort with 

retrospective 

controls 

No follow-

up  

LOS, time to 

surgery, 30-day 

readmission rate 

and 30-day 

mortality 

LOS decreased significantly with 

implementation (7.2 vs. 5.4 days, 

p<0.001). Mean time to surgery 

decreased (22.79 vs. 30.23 hours, 

p<0.001) in the intervention group. 

The proportion of patients treated 

surgically within 24 hours also 

increased. (There was a trend 

towards lower readmission rates 

(13.5% vs. 11.1%, p=0.37) and a 

higher 30-day mortality rates (8.4% 

vs. 12.1%, p=0.14) in the 

intervention group. 
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Van der 

Zwaard 

(101), 2020.  

Netherlands.  

N=430 Retrospective 

cohort  

No follow-

up  

Number of hip 

fracture patients 

who opted for 

non-surgical 

treatment, 

reasons for non-

surgical 

treatment, 

duration of life 

and location of 

death 

Significantly more hip fracture 

patients (or representatives) elected 

non-surgical management of the hip 

fracture (9.1% vs. 2.7%, p=0.008). 

Reasons for not undergoing surgery 

were aversion to be more dependent 

on others and severe dementia.  

Median survival was median 5 

days, and most patients died in a 

nursing home.  

I 

Werner 

(102), 2020.  

Germany. 

N=207 Retrospective 

cohort  

3-months 

follow-up 

by 

questionnair

e and phone 

interview 

Mobility, 

quality of life, 

operation 

duration, LOS, 

time to surgery, 

time in the 

intensive care 

unit, amount of 

blood 

transfused, 

place of 

discharge, 

mobilization 

during hospital 

stay, mobility at 

discharge, 

complications 

and mortality 

during hospital 

stay  

LOS (7.8 vs. 9.1 days, p=0.022) and 

waiting time to surgery (25.4 vs. 

35.8 hours, p=0.013) was shorter in 

the intervention group.  

There were no difference between 

groups in regards to complication or 

mortality rates during hospital stay 

or at 3-months follow-up. There 

were no other differences between 

groups.  

I 

Aletto (115), 

2020.  

Italy.  

N=352 Retrospective 

cohort study  

No follow-

up  

LOS A statistically significant reduction 

in LOS after implementation of the 

integrated care model (12.2 vs. 10.8 

days, p<0.001).  

IV 

Lieten (116), 

2020.  

Belgium.  

N=251 Retrospective 

before and after 

comparing 

Kammerlander 

1 to 

Kammerlander 

4 (OG-CM) 

No follow-

up 

Number of 

diagnoses, 

discharge status, 

1-year 

readmission 

rate, in-hospital 

and 3-months 

mortality  

The number of diagnoses increased 

(p=0.011), and the number of 

readmissions within a year were 

significantly lower in the OG-CM 

group (0.31 vs. 0.89 readmissions 

per patient, p=<0.001).  

There were no significant difference 

between the groups in regards to 

mortality in-hospital or at 3-months.  

IV 

Pablos-

Hernández 

(117), 2020. 

Spain. 

N=2741 Retrospective 

before and after, 

comparing usual 

care to 

Kammerlander 

1, to 

Kammerlander 

4  

No-follow-

up  

LOS, time to 

surgery, post-

surgical stay 

and in-hospital 

mortality 

After implementation of the 

Orthogeriatric Unit Model there 

was a decrease in LOS (median 9 

vs. 11. Vs 10 days, p<0.001) and 

time to surgery (median 3 vs. 4 vs. 

3 days, p<0.001).   

There was also a reduction in in-

hospital mortality, but with no 

statistical significance. In addition, 

more patients received surgical 

treatment before 24 h after the 

implementation (24.8% vs. 6.7% 

vs. 5.1%, p<0.001).  

IV 
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Rapp (118), 

2020.  

Germany.  

N=58 001 Retrospective 

observation 

study, 

comparing 

hospitals with 

and without 

orthogeriatric 

co-management   

No follow-

up 

Cumulative 

mortality 

Crude 30-day mortality was lower 

in patients from hospitals with 

orthogeriatric co-management 

(10.3% vs. 13.4%). The adjusted 

30-day mortality was 22% lower for 

patients in hospitals with 

orthogeriatric co-management.  

Mean length of stay was longer in 

hospitals with orthogeriatric co-

management (mean 19.8 vs 14.4 

days).  

IV 

Schuijt (119), 

2020.  

Netherlands. 

N=806 Retrospective 

cohort study 

No follow-

up  

Postoperative 

complications, 

mortality, time 

spent at the 

emergency 

department, 

time to surgery 

and LOS  

There was a significant decrease in 

postoperative complications (42% 

vs. 49%, p=0.034), and time at the 

emergency department was reduced 

by 38 minutes after the 

implementation of the intervention 

(160 vs. 198 minutes, p<0.001). 

There were no significant difference 

between the groups in time to 

surgery and LOS.  

Patients receiving care in the 

orthogeriatric trauma unit had a 

lower chance of complications (OR 

0.654, 95% CI 0.471-0.908, 

p=0.011) and a lower chance of 1-

year mortality (OR 0.656, 95% CI 

0.450-0.957, p=0.029).  

IV 

Tittel (120), 

2020.  

Germany.  

N=605 Prospective 

cohort with 

historical 

controls  

No follow-

up 

Evaluate the 

feasibility and 

effectiveness of 

the clinical 

pathway 

There was s significant decrease in 

time to surgery, and a significant 

increase in patients included in the 

early rehabilitation program. A 

significantly greater number of 

patients could be discharged home 

or to rehabilitation. There was no 

difference in LOS detected.  

In addition, there was a significant 

decrease of hospital acquired 

pneumonia, as well as an increase 

in detected decubiti, urinary tract 

infections and postoperative 

delirium. There was no difference 

in mortality, revisions, failure of 

osteosynthesis, local complications 

(infections, hematoma) and internal 

complications (e.g. renal failure) 

before and after implementation.  

IV 

Lee (103), 

2021.  

Canada.  

N=212 Retrospective 

pre- and 

postintervention 

single-site study  

No follow-

up 

LOS, incidence 

of postoperative 

delirium  

There was no difference between 

groups in regards to incidence of 

postoperative delirium (26.3% vs. 

26.5%, p=0.98) and LOS (IQR 4-10 

vs. 5-10days, p=0.32).  

The rates of assessment of mental 

status, falls and bone health, 

identification of delirium 

prevention strategies, prescription 

of vitamin D or calcium or both and 
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recommendation for antiresorptive 

therapy improved (p<0.001 for all).  

Flikweert 

(135), 2021. 

Netherlands.  

N=357 Multicenter 

prospective 

controlled trial 

3 weeks and 

6 months 

after surgery 

Functional 

outcome and 

living situation 

6 months after 

surgery  

There was no difference between 

groups in regards to rate of return to 

pre-fracture ADL level (56% vs. 

63%).  

There were no significant 

differences between groups in 

regards to quality of life, return to 

pre-fracture living situation, ADL 

or mortality 6 months 

postoperatively. 

LOS was shorter in the intervention 

group (7 vs. 10 days, p<0.001). 

II 

Marcheix 

(152), 2021.  

France.  

N= 534 

 

 

Retrospective 

cohort study 

No follow-

up  

LOS, 

institutionalizati

on and mortality 

rates 

LOS was reduced by one day 

(median 10 vs. 9 days, p=0,001). 

There was no difference between 

groups in waiting time to surgery, 

intra-hospital mortality rate, place 

of recovery, rate of 

institutionalization after 6 months 

or mortality rate at 6 months.  

II 

Bugaevsky 

(132), 2021.  

Israel.  

N=441 Retrospective 

cohort, 

comparing 

Kammerlander 

1 to 

Kammerlander 

3  

No follow-

up 

Compare 

demographics 

and clinical 

outcomes for 

older patients 

with a hip 

fracture  

Patients admitted to the geriatric 

ward were older, more cognitively 

and functionally impaired, and had 

more comorbidities and 

polypharmacy.  

The LOS was also longer in this 

group (12.1 vs. 8.3 days, p<0.001), 

and they had more postoperative 

complications.  

 

There was no difference between 

the groups in regards to 

rehabilitation LOS and functional 

independence improvement. 1-year 

mortality rate was lower in the 

patients admitted to the orthopedic 

ward.  

III 

Pollmann 

(121), 2021.  

Norway.  

N=297 Prospective 

observational 

study 

No follow-

up 

Incidence 

delirium and 

subsyndromal 

delirium (SSD) 

Fewer patients in the intervention 

group developed SSD or delirium 

(no delirium: 59% vs. 40%/SSD: 

6% vs. 13%/delirium: 35% vs. 

47%; p=0,021).  

IV 

Quaranta 

(122), 2021.  

Germany 

N=620 Retrospective 

cohort study  

No follow-

up 

Blood loss and 

number of 

transfusions 

The Hb at discharge was 

significantly higher in the 

intervention group (10.27 vs. 10.07, 

p=0.003). For the hip fracture 

patients operated with 

hemiarthroplasty the Hb at 

discharge was higher (10.43 vs. 

9.96, p=0.0001) and number of 

transfusions were lower (1.31 vs. 

1.7, p=0.03) in the intervention 

group.  

IV 
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Schulz (123), 

2021.  

Germany.  

N=24 517 Retrospective 

cohort study 

No follow-

up 

Economic 

evaluation of 

the German 

orthogeriatric 

co-management 

(OCGM) model  

Total average health costs per 

patient were higher in the OCGM 

group (p<0.001).  

IV 

Van 

Leendert 

(124), 2021.  

Netherlands.  

N=300 Pseudo-

randomized 

retrospective 

observational 

trial  

No follow-

up  

Mortality at 3 

months and 1 

year, LOS and 

discharge status  

Mortality rates were lower in the 

intervention group (3 months: 9.0% 

vs. 24.4%, p<0.001 and 1 year: 

13.9% vs. 34.0%, p<0.001). LOS 

were shorter in the intervention 

group (7 vs. 9 days), but not 

statistically significant.  

More patients receiving 

intervention were discharged home 

(40.4% vs. 27.5%, p=0.023). 

IV 

Ogawa (137), 

2022.  

Japan.  

N=864 Retrospective 

cohort (using 

difference-in-

difference 

approach (DD) 

to compare 

Kammerlander 

1 to 

Kammerlander 

2, then further 

comparison is 

made with 

another group 

from other 

hospitals with 

no change in 

care policy) 

No follow-

up  

LOS, time to 

surgery, in-

hospital 

mortality, 

perioperative 

complications, 

walking 

function at 

discharge and 

discharge to 

home  

The intervention significantly 

reduced the change in mean length 

of stay (mean difference -12.9 days, 

p = 0.007) and discharge to home 

tended to change less frequently (-

12.6%, p = 0.10). There was no 

significant reduction in mean time 

to surgery (-0.2 days, p = 0.83), 

mortality (-0.8%, p = 0.62), or 

complications (-1.0%, p = 0.85). 

There was no increase in 

independence of walking at 

discharge (-0.4, p=0.94).  

II 

Saber (139), 

2022.  

Egypt.  

N=128 Prospective 

cohort with 

retrospective 

controls 

No follow-

up 

Time to surgery, 

LOS, degree of 

postoperative 

pain 

improvement 

and 

susceptibility to 

depression  

Time to surgery (7 vs. 1 days, 

p<0.001) and LOS (13.8 vs. 7.0 

days, p<0.001) was shorter in the 

intervention group. No significant 

difference was found between 

groups regarding the number of 

patients treated operatively, degree 

of postoperative pain improvement 

or susceptibility to depression.  

II 

Zhu (138), 

2022. 

China.  

N=155 Prospective 

cohort study 

No follow 

up 

Time to surgery, 

LOS, 48h 

operation rate, 

incidence of 

postoperative 

delirium, ADL 

score before 

discharge  

There was a significant increase in 

48h operation rate (32.9% vs. 

11.8%, p<0.001), and decrease in 

preoperative waiting time (5.9 vs. 

8.7 days, p<0.001), LOS (20.8 vs. 

23.6 days, p<0.001) and incidence 

of postoperative delirium (21.4% 

vs. 31.8%, p<0.001). There was no 

difference in ADL scores between 

groups at discharge.  

II 

Balvis-Balvis 

(125), 2022.  

Spain.  

N=633 Retrospective 

observational 

cohort study  

No follow-

up  

LOS, time to 

surgery, 

mortality and 

perioperative 

complications  

In-hospital mortality decreased in 

the intervention group (3.6% vs. 

10%, p=0.004), but there was no 

difference between groups at 30 

days or 1 year. LOS was shorter in 

the intervention group (12.8 vs. 

IV 
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17.6 days, p<0.001), as was time to 

surgery (4.9 days vs. 6 days, 

p=0.029). Perioperative 

complications measured as acute 

urinary retention and pressure 

ulcers also decreased in the 

intervention group (p<0.001).  

Casanova 

Querol (126), 

2022.  

Spain.  

N=911 Pre- and post-

intervention 

prospective 

study 

No follow-

up 

LOS, 

complications, 

time to surgery, 

hospital 

readmissions, 

mortality and 

function  

LOS was shorter in the intervention 

group (16.9 vs. 15.6 days, p=0.014). 

There was improved osteoporosis 

treatment prescribing (51.6% vs. 

88%, p<0.001) and episodes of 

delirium was reduced (44% vs. 

31.2%, p<0.001). In addition 

episodes of bronchospasm, heart 

failure and COPD exacerbation was 

reduced in the intervention group. 

There was, an increase in pressure 

ulcers at discharge (2.9% vs. 9%, 

p<0.001). There was no difference 

in percentage of operations in less 

than 48h, function at discharge, 

hospital readmissions or mortality.  

IV 

Fluck (127), 

2022.  

United 

Kingdom.  

N=3972 Retrospective 

cohort 

No follow-

up 

Temporal trends 

in the annual 

percentage 

change (APC) 

of postoperative 

outcomes and 

discharge 

destination 

Patients operated after 36 hours 

decreased, and hip fracture surgery 

increased progressively in patients 

> 90 years old and those with an 

ASA score  ≥ 3. There was also a 

decline in pressure ulcers amongst 

patients < 90 years old and a decline 

in mortality amongst 

those > 90 years old. Prolonged 

length of stay (> 23 days) and new 

discharge to nursing care declined. 

The rate of patients returning home 

was decreasing, whilst new 

discharge to rehabilitation was 

increasing.  

IV 

Heyzer (128), 

2022.  

Singapore.  

N=3057 Descriptive 

study, 

comparing each 

year of the 

intervention to 

each other over 

five year period 

(the first year 

was treated as 

baseline) 

No follow-

up  

Evaluate how 

the intervention 

improved 

process and 

outcome 

measures  

There was an increase in surgeries 

performed within 48 hours (32.5% 

to 80.1%), a reduction in 

non‑operated patients from 19.6% 

to 11.9%, a reduction in LOS 

among surgically (from 14.0 to 9.9 

days) and conservatively managed 

patients (from 19.1 to 11.0 days), a 

reduction in  

30‑day readmission rate from 3.2% 

to 1.6% and improved Modified 

Functional Assessment 

Classification of VI to VII at six 

months from 48.0% to 78.2%. 

IV 

Higashikawa 

(129), 2022.  

Japan.  

N=292 Retrospective 

cohort study  

No follow-

up 

Evaluate the 

effect of 

orthogeriatric 

co-management  

The number of medicated drugs 

significantly decreased from 6.03 

on admission to 5.50 at discharge in 

the intervention group. The 

recovery rate from postoperative 

urinary retention increased 

IV 



 

40 
 

significantly from 57.8% vs. 84.3% 

(p=0.049). There was no difference 

between groups in mortality.  

Liu (130), 

2022. 

China.  

N=886 Pre-post 

intervention 

retrospective 

cohort study 

1 year 

follow-up 

(phone 

interview)  

Time to surgery, 

perioperative 

complications, 

mortality and 

functional 

outcomes  

Time to surgery was lower (141.0 

vs. 67.3 hours, p<0.001) and LOS 

was shorter (10.6 vs, 7.6 days, 

p<0.001) in the intervention group. 

There was no difference between 

groups in perioperative 

complications. Mortality rate 

showed no difference for up to 1 

year after surgery after regression 

analysis. There were no differences 

between groups in pre-injury 

mobility nor 1-year follow-up 

mobility assessed by the Parker 

score. Only half of the patients in 

both groups returned to their pre-

injury mobility level.  

IV 

Yee (131), 

2022.  

China.  

N=484 Prospective 

cohort study  

No follow-

up 

LOS (hospital 

and 

convalescent 

hospital), time 

to surgery, 

mortality, 

complications, 

delirium, 

osteoporosis 

management, 

functional 

improvement, 

discharge 

destination and 

readmission 

rates  

Median LOS in the acute and 

rehabilitation hospitals decreased 

by 1 day and 2 days, respectively 

(P=.001). The intervention group 

was associated with a higher 

Modified Barthel Index score on 

discharge from the rehabilitation 

hospital and more patients in the 

intervention group received 

osteoporosis medication 

prescription within one year after 

the index fracture. There was no 

difference in the 28-days unplanned 

readmission rate, complication rate, 

mortality rate or Elderly Mobility 

Scale scores on discharge from the 

rehabilitation hospital between the 

two groups. 

IV 
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1.2.3.4 The efficacy of orthogeriatric care  

Compared to traditional orthopedic care, orthogeriatric management of hip fracture patients 

have been reported to be more beneficial. A meta-analysis conducted by Lin et al. in 2020, 

showed that comprehensive geriatric care (CGC) and comprehensive geriatric assessment 

(CGA) reduced the in-hospital mortality, the overall mortality rate and increased ADL levels 

compared to traditional orthopedic care in 11 RCTs (153). There was no difference in LOS or 

new nursing home admissions at discharge, however (153). Similarly, a meta-analysis 

including 13 studies (six RCTs and seven retrospective case-control studies), demonstrated 

that orthogeriatric care of hip fracture patients were superior in terms of functional outcomes, 

improved scores on cognitive tests and improved ADL levels, but showed no difference in 

regards to LOS or new nursing home admissions (154). A meta-analysis from 2021 by Van 

Heghe et al., however, demonstrated no consistent effect of orthogeriatric care on functional 

outcomes, but did find a lower risk of in-hospital mortality, 1-year mortality and delirium and 

reduced LOS (50).  

 

In the studies that have compared different orthogeriatric models, especially the studies 

comparing a version of an orthopedic ward with geriatric consultant service to a version of 

integrated care, some have shown a positive effect on time to surgery (110, 117), LOS (110, 

117) and mortality (107, 109, 110) in favor of the integrated care model. Still others show no 

difference in LOS and time to surgery (109), or in mortality (116, 117). There is only one 

study comparing the orthopedic ward with geriatric consultant service to orthogeriatric care 

given in a geriatric ward (132). They found longer LOS, more postoperative complications 

and higher 1- year mortality rate in the patients admitted to a geriatric ward (132). This is 

could be explained by selection bias due to the physician in the emergency department having 

a tendency to direct older, more cognitively and functionally impaired patients with more 

comorbidities and polypharmacy to the geriatric ward (132). Despite the higher complexity of 

the patients in the intervention group rehabilitation improvement and length of rehabilitation 

LOS were similar in both groups (132). Lastly, one study compared patients admitted to an 

orthopedic ward with geriatric consultant service upon request to patients admitted to an 

orthopedic ward with daily geriatric consultant service (137). They found reduced LOS and 

more patients were discharged to their own home, but no reduction in time to surgery, 

mortality, perioperative complications or increase in independence of walking at discharge 

(137). Due to the heterogeneity between studies in study design, outcome measures and 

approach to organizing the orthogeriatric care, it is difficult to conclude which orthogeriatric 
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model is superior. Some studies implement few elements to their interventions, whilst others 

implement many, and there are few studies comparing different orthogeriatric models to each 

other.  

 

Despite the lack of evidence for which orthogeriatric model is most beneficial for patients 

with a hip fracture, the overall consensus in the literature is that an orthogeriatric approach in 

the treatment of a hip fracture is beneficial, which is supported by several systematic reviews 

and meta-analyses in recent years (50, 153-155). The notion that there is a general consensus 

for the treatment of hip fracture patients with a multidisciplinary approach is further supported 

by a general call to action initiated by the Fragility Fracture Network in 2016 (156). In this 

call to action, which is endorsed by 81 societies, they pledge to approach fragility fractures 

(hereunder hip fractures) with the goal of restoring function and preventing subsequent falls 

by improving and intensifying the efforts to manage the fragility fractures (156). Furthermore, 

one of the integral methods suggested for achieving this is acute multidisciplinary care – 

which has to be both systematically implemented and expanded to as many countries as 

possible (156).  

 

1.2.3.5 Progression and trends in orthogeriatric care over time  

In the studies presented above, there seems to have been some aspects that were subjected to 

change over time. There was a shift over time in more sophisticated models of orthogeriatric 

care being evaluated, especially after 2010, in which almost half of the studies evaluated 

model IV (integrated care). Over time, fewer studies evaluated model I (geriatric consultant 

service upon request), meaning that the geriatric input was incorporated in the studies at least 

on a daily basis, suggesting a growing importance of the geriatric skillsets in the treatment of 

hip fracture patients. Another important progression observed over time is the incorporation 

of the geriatric input and intervention perioperatively. This is a shift from the earliest studies 

in which the geriatric intervention would usually come in the post-operative rehabilitation 

phase. Furthermore, a growing number of orthogeriatric studies emerged over time from 

different parts of the world, especially after 2010 (with 51 studies reporting on the efficacy of 

orthogeriatric care), implying that the need for and use of a multidisciplinary approach in the 

treatment of hip fractures is increasing world-wide.  

 

Globally, the progression of orthogeriatric care seems to be unevenly distributed, which is 

reflected in the studies presented in this thesis. Mainly studies on orthogeriatric care have 
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been conducted in Europe and North-America, few studies in South-America and the Middle-

East, with Asia having a few emerging countries within the literature. Over time, more 

countries from each part of the world have implemented and studied orthogeriatric care. Still, 

there seems to be an uneven distribution of orthogeriatric care in the world. In Europe most 

studies have been conducted in the UK, Northern and Southern Europe, with no studies 

reported from Eastern Europe. As for America, the main body of evidence of orthogeriatric 

care comes from North-America, with little to no studies conducted in Latin- and Southern-

America. In the Middle-East, the Sheba model from Israel is well-known (75), and recently a 

study from Egypt was conducted on orthogeriatric care (139), otherwise there is little to no 

activity in the Middle-East. Over time, more studies have also emerged from Asia, with 

China, Japan and Singapore being the forerunners, while there are some studies from 

Australia as well. There are no studies from Africa on orthogeriatric care. The main problem 

with this uneven distribution is that the regions in which there is little to no reports on 

orthogeriatric care, are the same regions in which the sharpest increase of hip fractures are 

expected (47).  

 

Most of the studies had retrospective controls and were retrospective cohorts, a smaller 

proportion of the studies were prospective. This changed little over time. The results can be 

subject to bias such as data being registered differently at different times, or development in 

medical and surgical care over time. Another aspect of the study design were if follow-up 

were offered. Follow-up either by face-to-face evaluations or by interview of patient or next 

of kin over telephone were only conducted in 22 of the mentioned studies across all time 

periods, with little differences in the proportion over time (25% in 1980-1999, 38% in 2000-

2010 and 22% in 2011-present).  

 

When it comes to outcome measures most studies included outcome measures more 

commonly found as register data and/or were easily obtainable during hospital stay, such as 

LOS, mortality, time to surgery, postoperative complications, operation rate, place of 

discharge and delirium. Over time, more long-term outcomes, such as ADL levels and 

mobility up to a year after surgery, readmission rates and cost-effectiveness were studied, but 

in few studies.  

 

With the growing evidence of a positive effect from an orthogeriatric intervention, there 

seems to be a general understanding amongst clinicians that orthogeriatric care is of 
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importance when treating hip fracture patients. This is reflected in the growing number of 

studies conducted on orthogeriatric care and in the growing proportion of studies 

incorporating the geriatric input on at least a daily basis. Furthermore, based on the growing 

evidence, more and more countries are now implementing some form of orthogeriatric care in 

the treatment of hip fracture patients.  
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1.2.4 Implementation of orthogeriatrics in Norway and the rest of the world   

Organizing care of hip fracture patients based on an orthogeriatric approach is not a new 

concept. In fact, orthopedic surgeons and geriatricians have collaborated on this group of 

patients for many years in the United Kingdom, and National Guidelines for hip fracture care 

with an emphasis on orthogeriatric management have been developed in the United Kingdom, 

Australia and New Zealand (157). In England, best practice reimbursement is implemented, 

and treating hip fracture patients with an orthogeriatric approach achieves the highest refund 

(157).  

 

With more evidence of the efficacy of orthogeriatric models on hip fractures, there has been a 

shift towards more countries implementing some sort of orthogeriatric management of hip 

fractures. In Europe, the German Trauma Society started an initiative in 2012/2013 for 

orthogeriatric management of hip fracture patients and established a criteria catalogue for 

orthogeriatric trauma centers (120), which has resulted in more German hospitals offering 

orthogeriatric management of hip fracture patients. In Italy and Spain as well, similar 

approaches have been seen (115, 117, 158). Also Asian and Middle Eastern countries, such as 

China, Taiwan, Singapore and Israel, are now implementing and evaluating orthogeriatrics in 

their hospitals.   

 

In Norway, the effect of orthogeriatrics have been evaluated in two randomized controlled 

trials (RCTs), conducted at Oslo University Hospital, Ullevaal in Oslo and at St.Olavs 

Hospital, University hospital of Trondheim. Both studies evaluated the effect of orthogeriatric 

models, in which the orthogeriatric care is given in the geriatric ward and compared this to 

usual care in the orthopedic ward (159, 160). The orthogeriatric intervention consisted of a 

comprehensive geriatric assessment (CGA), interdisciplinary cooperation, a structured care 

pathway with check-lists and standard protocols, early mobilization and early discharge 

planning.  

These studies have been considered as breakthroughs regarding orthogeriatrics in Norway, 

and provided knowledge of care for hip fracture patients in Norway. With the basis in these 

studies and literature reviews, Norwegian Guidelines for Interdisciplinary Care for Hip 

Fractures were developed in 2019, with emphasis on interdisciplinary patient management 

through a clinical pathway from admission to discharge (157). 
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The two RCTs conducted in Norway serve as the foundation for this thesis, which will be 

presented in more detail in the Methods section.  
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1.3 Actvities of Daily Living  

1.3.1 Definition  

Activities of Daily Living (ADL) is a term referring to fundamental skills required for being 

able to take care of oneself independently (161), and was first formulated in 1950 by Sidney 

Katz (162). ADL is an indicator of functional status, and inability in undertaking ADLs can 

result in dependency and poorer quality of life, and can therefore be a predictor of nursing 

home admission and hospitalization (161). Assessments of a patient’s ability to undertake 

ADL are important for clinical practice, and can help aid in planning of rehabilitation, the 

need for assistance at home or the need for nursing home admission. Furthermore, reduction 

of ADL is known to increase the risk of falling (163, 164), which in turn will increase the risk 

of a hip fracture.  

 

1.3.2 Instrumental and personal Activities of Daily Living  

There are two categories of ADLs; pADL and iADL.  

 

pADL are basic skills required for an individual to manage basic physical needs. This 

includes ambulation, feeding, dressing, personal hygiene, continence and toileting. In this 

study the Barthel Index of Activities of Daily Living (BADL) has been used to measure 

pADL.  

 

iADL are more complex, and include activities necessary for the ability to be independent in a 

community, such as transportation and shopping, managing finances, shopping for and 

preparing meals, home maintenance, communication (telephone and mail) and managing 

one’s medications. The Nottingham Extended Activities of Daily Living (NEADL) was used 

to measure iADL in this study.  

 

Due to the higher complexity of iADL tasks, it is not unusual that patients experience 

deterioration in ADLs in a hierarchical manner; in which deterioration in iADLs precedes that 

of pADL.  
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1.3.3 Consequences of a hip fracture on ADL function 

Older adults suffering from a hip fracture usually experience a loss of function, with more 

disability in both pADL and iADL (165), and a significant number of hip fracture patients do 

not regain their pre-fracture functional level (42). Only 40-60% of hip fracture patients 

recover their pre-fracture iADL function, while for the patients who were independent in 

pADL before the fracture, 20-60% require assistance one or two years after the fracture (40, 

166). Needless to say, this could lead to an overall loss of confidence and independency 

(167), requiring more socioeconomic and public health resources. Furthermore, a decline in 

ADL is subsequently associated with negative outcomes, such as reduced quality of life and 

increased nursing home admissions (168). 

 

Of the pADL activities most affected after a hip fracture are the ambulatory activities, whilst 

grooming, feeding and toilet training are less affected (169). In regards to iADL activities, 

house maintenance, meal preparation and using public transportation were most affected 

(169). This shows that mechanical activity is most affected after a hip fracture.  

 

There is little research on the differences in outcomes after a hip fracture in regards to ADL, 

when it comes to gender and ethnicity. Sterling et al. found no difference in ADL between 

Caucasians and non-Caucasians, and between men and women (9).  

 

Already before the hip fracture occurs, many older adults have started experiencing declining 

ADL (170). This might not only be a contributing factor to the fall itself, and the subsequent 

hip fracture, but also to the overall decline seen after the fracture. A hip fracture might 

therefore be an extension of a complex process, in which ADL is declining. Furthermore, this 

also implies that pre-fracture function is important for post-fracture prognosis in hip fracture 

patients.  
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1.3.4 Efficacy of orthogeriatrics on ADL  

The effect of several of the orthogeriatric models on ADL in hip fracture patients have been 

evaluated, and is inconsistent (50). Some studies showed a beneficial effect on orthogeriatrics 

on ADL (29, 56, 67, 80, 86, 94, 131, 171), while others showed only a trend towards better 

ADL levels (5, 68), or no effect at all (57, 84, 97, 135, 156). There were only three studies 

investigating the effect of orthogeriatric care on both iADL and pADL (5, 29, 86), the rest 

only investigated the effect on pADL alone.  

 

Two recent meta-analyses showed that CGC improved ADL compared to traditional 

orthopedic care (153, 154). Only RCTs were included in the meta-analyses. Mukherjee et al. 

only included two RCTs, both evaluating the effect of orthogeriatric care given in a geriatric 

ward, and found a beneficial effect on both iADL and pADL for up to 1-year after hip fracture 

surgery (154). Lin et al., however, included five RCTs and found similar results. Both meta-

analyses only included studies that investigated the effect on pADL with BADL, or the effect 

on iADL on NEADL. Because of the large heterogeneity in follow-up and scales used to 

assess functional outcome it is difficult to perform larger meta-analyses, including more 

studies that evaluate different orthogeriatric care models, and subsequently draw conclusions 

on what the superior model might be.   

 

Overall, few studies incorporate ADL as an outcome measure when evaluating the efficacy of 

orthogeriatrics. When ADL is included, usually only pADL is investigated, or it is only 

included as a baseline value to describe the population. This is a paradox, seeing as one of the 

main goals of hip fracture care is to restore pre-fracture functional levels (50).   
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2. Aims of the Study  

The aim of this thesis as a whole was to combine data from two randomized controlled trials, 

in order to produce a larger and more heterogeneous database of hip fracture patients, and 

consequently to further investigate this population of frail hip fracture patients. Mainly, these 

three aims were investigated in this thesis:   

 

I. To evaluate the effect of an orthogeriatric model delivered in acute geriatric wards 

in Norway on iADL and pADL in hip fracture patients (Paper I)  

 

II. To investigate different trajectories of ADL after a hip fracture, and associated 

factors for belonging to such groups following distinct trajectories of ADL (Paper 

II) 

 

III. To investigate differences between intracapsular and extracapsular hip fracture 

patients, in regards to the two populations as a whole, but also on sub-group levels 

based on operation method (Paper III) 
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3. Patients and methods  

This study is based on two randomized controlled trials, conducted in Oslo (5) and Trondheim 

(29), Norway. Both studies aimed to investigate the effect of orthogeriatric care on hip 

fracture patients, compared to traditional orthopedic care, and were planned in concert to 

allow future pooling of data.  

 

In both studies, randomization was carried out in the emergency department. In Oslo, it was 

based on computer-generated random numbers (blocks of variable and unknown size). In 

Trondheim, a web-based computer-generated randomization was used, where patients were 

randomized in a 1:1 ratio with blocks of unknown size. Participants were randomized either to 

a geriatric ward, where they received comprehensive geriatric care (CGC), or to an orthopedic 

ward for usual care. 

 

Patients were transferred directly to their allocated ward after randomization, in which all the 

pre- and postoperative care was delivered. Anesthesiologic and surgical procedures were 

similar in both intervention and control group.  

 

Assessments were carried out at baseline, four- and twelve-months follow-up. If the 

participants were unable to visit the hospitals during follow-up, study nurses would offer 

home-visits at their current residence for face-to-face assessments. The study nurses 

conducting the follow-up assessments were blinded to group-allocation. Data collection 

during index stay could not be blinded, due to the intervention being at ward level.  
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3.1 The Oslo Orthogeriatric Trial  

This trial was conducted at Oslo University Hospital, Norway, and recruitment of patients 

lasted from September 2009 to January 2012. They included all hip fracture patients as long 

as the hip fracture was due to a low-energy trauma. Hip fracture patients that were moribund 

at admission, or had suffered a fracture due to a high-energy trauma were excluded from this 

trial. Both home-dwelling and nursing home patients, at all ages were included, in total 329 

patients. Randomization was stratified based on whether or not the patients were admitted 

from a nursing home.   

 

Pre- and postoperative treatment for patients randomized to intervention were conducted in 

the acute geriatric ward. The intervention consisted of CGC service, which included 

medication reviews, early and intensive mobilization, optimizing pre-and postoperative 

nutrition, and early discharge planning. An interdisciplinary team, consisting of a geriatrician, 

nurse, physiotherapist and occupational therapist were responsible for delivering the CGC 

service. They were also expected to assess newly admitted patients during their first day on 

the ward, and to conduct daily meetings to coordinate treatment and plan discharge. Details 

about the clinical routines have been published (160).  

 

The control group were treated in the orthopedic ward, where there were no multidisciplinary 

meetings or geriatric assessments. However, early mobilization was routine and all hip 

fracture patients were seen by a physiotherapist. In addition, all patients treated in the 

orthopedic ward, was offered a control four months after surgery in the orthopedic outpatient 

clinic. There was no other intervention offered after discharge.  

 

Cognitive function four months after surgery was the primary outcome for this study. 

Secondary outcomes included delirium, delirium severity, length of hospital stay (LOS), 

mortality, mobility, place of residence, iADL and pADL, and weight changes.  

There was no impact of intervention on the primary outcome, and delirium rates and severity 

were high in both groups. However, better mobility measured by the Short Performance 

Physical Battery (SPPB) was found in home-dwelling patients.  
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3.2 The Trondheim Hip Fracture Trial 

The Trondheim Hip fracture Trial was conducted in St. Olav University Hospital in 

Trondheim, Norway. Recruitment of patients lasted from April 2008 to December 2010. In 

this trial only home-dwelling hip fracture patients aged 70 years or above, who had been able 

to walk 10 meters or more before the fracture were included, in total 397 patients. Patients 

that were moribund or living in a permanent nursing home at admission, as well as patients 

with pathological fractures or multiple traumas were excluded.  

 

Intervention with CGC treatment took place in the geriatric ward, both pre- and 

postoperatively. Comprehensive medical assessment and treatment, early rehabilitation and 

early planning of discharge was part of the CGC service. For the patients discharged directly 

home, individualized rehabilitation plans were developed. Details about the clinical routines 

have been published (159).  

 

For both the intervention and control groups patients received care and physiotherapy, in 

accordance with guidelines. If needed, a geriatrician assessed patients receiving orthopedic 

care or an orthopedic surgeon assessed patients receiving CGC upon request. The primary 

health care services were responsible for follow-up after discharge from hospital in both 

patient groups. There was no follow-up after discharge offered routinely.  

 

The primary outcome was mobility after four months, measured by the SPPB. Secondary 

outcomes included iADL, pADL, cognition, quality of life, fear of falling, depression, gait 

control and daily physical activity. The study reports a positive effect of intervention on 

SPPB, and also on several of the secondary outcomes (iADL, pADL, fear of falling, quality of 

life, gait control and daily physical activity).  
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3.3 The OslO and Trondheim HIP Fracture Trial (TOOHIP) 

The Oslo Orthogeriatrics Trial and The Trondheim Hip Fracture Trial were planned in 

concert, for the possibility of future pooling of data. Thus, similar design and outcomes were 

chosen for both trials, as described in their protocols (159, 160). The goal was to combine the 

two trials to make a larger and more heterogeneous database on hip fracture patients, for the 

opportunity for more precise estimates on outcomes and generalizability.  

 

Merging of the two trials started in October 2016, as a study conducted as a part of the 

Norwegian Medical Student Research Program (Forskerlinjen). Later this work was continued 

as part of the Ph.D.-program at the University of Oslo. The merging of the two databases was 

conducted in IBM SPSS Statistics 22-25, where similar outcomes from the two trials were 

combined and inserted in the new database, named The OslO and Trondheim Hip Fracture 

Trial database (TOOHIP). A log of the commands and procedures used were kept and updated 

during the merging process. All available outcomes that were similar or identical in the two 

trials for baseline, four- and 12-months follow-up were added to TOOHIP.  

 

A total of 726 patients were included in the combined database, see Figure 3.  
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Figure 3 Flow Chart of the inclusion for each of the two trials, and combining of the 

databases.   

 
 
 
 
 

Trondheim Oslo  

Excluded (n=134) 
   Not meeting inclusion criteria (n=25) 

- Too ill to approach (n=9) 

- High energy trauma (n=16) 

   Declined to participate (n=22) 
   Other reasons (n=87) 

Excluded (n=680) 
   Not meeting inclusion criteria (n=434) 

- Living in a nursing home 

(n=250) 

- Too ill to approach (n=30) 

- Aged <70 years (n=154) 

   Declined to participate (n=54) 
   Other reasons (n=192) 

Allocated to orthopedic care  
(n=365) 

 Received allocated care (n=363) 
 Did not receive allocated care (n=2) 

Participants remaining at 4 months (n=289) 
Lost to follow-up (n=25) 
Deceased (n=47) 

Participants remaining at 4 months (n=286) 
Lost to follow-up (n=34) 
Deceased (n=45) 
 

Randomized (n=726) 

Participants remaining at 12 months (n=236) 
Lost to follow-up (n=49) 
Deceased (n=80) 

 

Participants remaining at 12 months (n=254) 
Lost to follow-up (n=31) 
Deceased (n=76) 

 

Allocated to comprehensive geriatric service 
(n=361) 

 Received allocated care (n=359) 
 Did not receive allocated care (n=2) 

Assessed for eligibility (n=1077) 

Moribund 
patients 
erroneously 
included (n=3) 

Assessed for eligibility (n=466) 

Allocation 

Enrollment 

Follow-up after 4 months 

Follow-up after 12 months 
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3.4 Assessments 

Assessments and data collections were carried out at baseline, and at four- and 12-months 

after surgery. This section gives a description of the assessments used for the work in this 

thesis.  

 

3.4.1 Baseline registration  

3.4.1.1 American Society of Anesthesiologist (ASA) Scale  

The ASA scale is a scale reflecting a patient’s physical status and health prior to possible 

surgery (172). Patients are categories in to one of five categories based on an evaluation 

conducted by a clinician. ASA I – A healthy patient, ASA II – A patient with mild systemic 

disease, ASA III – A patient with severe systemic disease, ASA IV – A patient with severe 

systemic disease that is a constant threat to life, and ASA V – A moribund patient who is not 

expected to survive without the operation.  

 

In this study the ASA scale, in conjunction with the Charlson Comorbidity Index (CCI), were 

used to assess comorbidity in patients at baseline.  

 

3.4.1.2 Charlson Comorbidity Index (CCI) 

The CCI is a 19-item scale of comorbid conditions, developed for the assessment of 

comorbidity in patients, and for prediction of death within one year after hospital admission 

(173). A higher score is given with more comorbid conditions (range 0-19), and consequently 

a higher risk of death is associated with the accumulation of comorbid diseases.  

 

3.4.1.3 Type of fracture  

All fractures were registered according to the ICD10 classification system, and were all coded 

as proximal femoral fractures. The registered fractures are coded based on sub-groups of 

proximal femoral fractures as follows: femoral neck fractures (S72.0), per-trochanteric 

fractures (S72.1) and sub-trochanteric fractures (S72.2). For this study the fractures are 

dichotomized into intracapsular fractures, which all include femoral neck fractures, and 

extracapsular fractures, which include all per- and sub-trochanteric fractures.  
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3.4.1.4 Surgical procedures and operative data  

Operative data included injury site (indoor vs. outdoor), side of fracture (left vs. right), 

waiting time to operation (hours from admission to start of anesthesia), duration of operation 

(from start to stop of anesthesia), type of anesthesia (local vs. regional) and operation method 

(hemiarthroplasty (HA), internal fixation, Girdlestone, total hip arthroplasty (THA) or not 

operated).  

 

3.4.1.5 Demographic and descriptive data  

Demographic data such as age, gender and place of residence were included in the database, 

as well as descriptive data such as Body mass index and depressive symptoms.  

 

Depressive symptoms were assessed differently in Oslo and Trondheim. The Cornell Scale of 

Depression in Dementia (CSDD) (174, 175), were used in Oslo. This is a 19-item instrument, 

administered by a clinician, in which both the patient and a caretaker is interviewed. This 

scale was developed for patients with dementia, but has been validated for both patients with 

and without dementia (174, 175). Each item is rated for severity on a scale (0=absent, 1=mild 

or intermittent, 2=severe), the scores are then added and a higher score is indicative of more 

severe depression (range 0-38).  

 

In Trondheim the Geriatric Depression Scale 15 (GDS-15) (176) were used to assess 

depression in patients. The GDS-15 is a 15-item self-evaluation instrument, reflecting 

depressive symptoms experienced by the patient the last week prior to the test being 

administered. There are 15-items answered yes/no, in which different answers will give one 

point for each of the items. Also for this instrument, a higher score is indicative of more 

severe depressive symptoms (range 0-15).  

 

For this study we merged the two scales by using a cut-off for each scale (CSDD cut-off ≥8 

(174, 175), GDS-15 cut-off ≥6 (177)) based on studies on validation (174, 177), and 

dichotomized the outcome of depression into yes or no for depressive symptoms. 

 

All measures were collected at baseline, and at four- and 12-months follow-up.  
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3.4.2 Activities of Daily Living (ADL) 

3.5.2.1 Barthel Activities of Daily Living Index (BADL) 

The BADL was used to measure pADL (178). This is a 10-item questionnaire, with each item 

being scored between 0-3 points, giving a maximum of 20 points on the scale. A higher score 

is indicative of more independence in taking on pADL. The items are as follows: eating, 

bathing/showering, personal hygiene, dressing, bowel control, bladder control, toilet visits, 

transfer between bed and chair, mobility and stair walking.  

 

The value was obtained by proxy-interview, or a combination of proxy-interview and patient 

interview at follow-up. The proxy was asked to describe and fill out the questionnaire based 

on the previous 14 days. Thus, the baseline value of the BADL in this study is a reflection of 

the pre-fracture pADL.  

 

BADL is well established and used in both research and clinical practice. Initially developed 

for stroke patients, it has later been validated for geriatric patients as well (179). It can be used 

both as a questionnaire and as an interview, and it can be used either face to face or over 

telephone (179). Even though BADL has been found to have good sensitivity to change over 

time, it may have a floor effect in very frail populations and a ceiling effect in populations 

with higher function (180).   

 

3.4.2.2 Nottingham Extended Activities of Daily Living (NEADL)  

IADL was measured by NEADL (181). The NEADL is a 22-item scale, each item scored 

between 0-3, with a maximum score of 66 points. A higher score is indicative or higher 

independency in taking on iADL. NEADL has four categories: mobility (six items), kitchen 

activities (five items), domestics (five items) and leisure time (six items).  

 

A proxy was interviewed based on the previous 14 days for this value to be obtained. The 

baseline value of the NEADL is therefore a reflection of the patients’ pre-fracture iADL. At 

follow-up, the value was obtained by a combination of proxy-interview and patient interview. 

 

NEADL have been used in several hip fracture studies to measure iADL. It can have a 

ceiling-effect in populations with higher functional levels (182).  
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3.4.3 Physical function  

3.5.3.1 Short Physical Performance Battery (SPPB) 

The SPPB was used as a measure of mobility (183). It consists of three domains – balance, 

gait speed and sit to stand. Each domain is scored between 0-4 points, for a total of maximum 

12 points. A higher score is indicative of better mobility, and a difference of 0.5 is considered 

clinically relevant. The SPPB was tested at the follow-ups.  

 

3.4.3.2 Gait speed 

The gait speed was extracted from the SPPB and used as a separate measure for paper III. It 

was reported as meters per second, and is a measure of how fast the patient was able to walk 4 

meters. It was tested two times for each follow-up, and the best gait speed is reported.  

 

3.4.3.3 Hand grip strength 

Hand grip strength was measured at baseline, and at four- and 12-months follow-up. It was 

measured using a hand dynamometer (JAMAR, Germany), and measured for three repetitions 

each examination. It was measured daily during hospital stay, in which the highest value was 

used for our analyses.  

  

3.4.4 Cognition  

3.4.4.1 Clinical Dementia Rating Scale (CDR) 

Cognitive function was measured by CDR, which is a questionnaire consisting of six domains 

(184). The six domains are memory, orientation, judgement, community affairs, home and 

hobbies and personal care. Each domain can be scored from 0 to 3, in which a higher score is 

indicative of more impairment, giving a maximum total score of 18. This summation of the 

scores from all the domains are called the CDR sum of boxes, which is the score used in this 

study. CDR was obtained from all time points.  

 

3.4.4.2 Mini Mental Status Examination (MMSE) 

Another measure of cognitive function used in this study was the MMSE (185), which was 

obtained from both the follow-up time points. MMSE is a performance-based screening tool 

for cognitive impairment, and consists of 20 items across five categories. The five categories 

are orientation (10 items), registration (1 item), calculation and attention (1 item), recall (1 
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item) and language and constructional praxis (7 items). A maximum of 30 points is 

obtainable, in which a higher score is indicative of better cognitive function.  

 

3.4.5 Mortality  

Mortality was registered as in-hospital mortality, and mortality at four months and 12 months.  
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3.5 Statistics  

Statistical analyses were carried out in collaboration with one or more statisticians for paper I 

and II. For paper I, Stian Lydersen (SL) and Eva Skovlund (ES) took part in the planning of 

the analyses. Furthermore, SL educated and trained me in linear mixed models, and helped in 

writing of the statistical analysis plan (SAP). The final analyses were carried out by me, after 

training.  

For paper II, Jūratė Šaltytė Benth (JSB) carried out the growth mixture modeling and 

multinomial regression analyses. All other analyses were done by me. For paper III, all 

analyses were carried out by me.  

 

All statistical analyses were carried out using IBM SPSS Statistics versions 22-28. A two-

sided p-value below 0.05 was considered statistically significant. 

 

3.5.1 Comparisons and significance testing (Paper I-III) 

For papers I-III, in comparisons between groups, Mann-Whitney test were used for 

continuous variables and Chi-square tests were used for categorical variables.  

 

Specifically for paper III, we wanted to compare postoperative outcomes in patients with 

different hip fracture types. We compared patients with an extracapsular hip fracture with all 

intracapsular hip fracture patients, and patients with and extracapsular hip fracture to patients 

with an intracapsular fracture operated with hemiarthroplasty (HA).  

 

3.5.2 Mixed models (Paper I) 

Prior to any analyses being made with the mixed models, a statistical analysis plan was 

completed and published online (186). Linear mixed models was used for analyses of 

repeated measures, which offers several strength and advantages. It is considered to handle 

missing data appropriately, especially variables missing at random (MAR), in large study 

populations with data collected over multiple time-points (187). Furthermore, mixed models 

allow for more flexible modelling and allow for more subjects to be included in analysis due 

to its ability to include participants with missing values (188).  
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In paper I we wanted to assess the efficacy of intervention on iADL and pADL. The primary 

efficacy analysis was conducted using linear mixed models, in which NEADL was the 

dependent variable. We chose patient as random factor, and time point (baseline, four months 

and 12 months) as fixed factor. Treatment group, site (Oslo vs. Trondheim), age, sex, fracture 

type (extracapsular versus intracapsular), home-dwelling versus nursing home, and the 

interaction between time points after inclusion and treatment group were chosen as covariates. 

For the efficacy analysis on the secondary outcome of pADL, a similar model was used, with 

BADL score as the dependent variable.  

 

Covariates were chosen based on clinical judgement after discussion between doctors and 

statisticians (SL and ES), and were believed to have an impact on outcome (188).  

 

To use and include as many participants as possible, missing items for NEADL and BADL 

were imputed. This was carried out by imputing the mean score for the remaining items that 

were answered, if at least 80% or more of the items on each scale were answered.  

 

3.5.3 Growth mixture modeling (Paper II)  

Growth mixture modeling is suitable for identifying groups of patients based on their 

individual profiles (189). Several statistical criteria are used for this approach. Bayes 

Information Criterion is used to determine the number of groups that best cover the 

heterogeneity in participants’ profiles, where a smaller value correlates to a better model. 

Furthermore, an average within-group probability of at least 0.80, reasonable group sizes, and 

non-overlapping 95% confidence intervals (CIs) of the group trajectories were required.  

 

In paper II we wanted to explore if our dataset yielded groups of patients following distinct 

trajectories of ADL after a hip fracture. Growth mixture models were therefore used to 

identify possible homogenous groups of participants following distinct trajectories in NEADL 

and BADL. Analysis was carried out by a statistician (JSB), and models were assessed for 

criteria in collaboration with the statistician (JSB). All patients completing at least baseline 

testing were included in the analyses.  
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3.5.4 Multiple nominal regression (Paper II)  

Multiple nominal regression, also sometimes referred to as multinomial regression, is used 

when assessing categorical dependent variables that are non-ordinal and for variables with 

more than two categories (190, 191).  

 

Multiple nominal regression models were used in paper II, to assess which baseline 

characteristics were associated with belonging to the different groups following the distinct 

trajectories. The largest groups were used as reference for all models. Cluster effect was 

assessed by intra-class correlation coefficient, seeing as the data was collected from two 

different hospitals. In addition, the variable for care models (CGC or OC) was treated as a 

control variable.  

 

The analysis included patients with no missing values on considered characteristics. 

Characteristics considered were sex, age, type of fracture (intracapsular vs. extracapsular), 

preoperative waiting time, ASA score (1 or 2 vs. 3 or more) and CDR sum of boxes.  

 

3.5.5 Sensitivity analyses (Paper I and III) 

Sensitivity analysis is used to evaluate whether or not a change in variables have an impact on 

results in the analysis. This can be done to evaluate the robustness of the results, for example 

by doing the analysis with and without outliers. The same methodology must be applied for 

both the sensitivity analysis and the regular analysis. In both paper I and III we performed 

sensitivity analysis by excluding the patients admitted from a nursing home, to see if this had 

an impact on our results. For paper I this was done with mixed models, and for paper III this 

was done by bivariate analysis.  

 

 

 

 

 



 

64 
 

3.6 Literature  
To gain an overview of the literature concerning orthogeriatric care, an advanced search was 

conducted in PubMed with the following search phrase: 

 

“("Femoral Fractures"[Majr] OR ((Femoral [Title] OR Femur[Title] OR Hip[Title]) AND 

(Fracture[Title] OR fractures[Title]))) AND (Combined Modality Therapy [MeSH] OR 

Comprehensive health care [MeSH] OR interdisciplinary communication [Majr] OR 

Geriatric assessment [Majr] OR Orthogeriatric*[Title] OR Ortho-geriatric*[Title] OR 

comprehensive [Title] OR multi-modal[Title] OR multimodal[Title]) AND (English[lang] OR 

Norwegian[lang])” 

 

This search phrase yielded 1343 search results in March 2023, and included articles published 

between July 1967 and March 2023. Articles were then selected if their title seemed relevant, 

which resulted in 443 articles. Further screening of abstracts and the article text in full aided 

in grouping of 112 relevant articles in orthogeriatric care into the four categories presented in 

section 1.2, see Figure 4. Articles were included if they reported an effect of orthogeriatric 

care and if there was a defined orthogeriatric model.  
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Figure 4 Flow Chart of the literature review and inclusion  

 

 

 

Advanced search phrase  

901 citations excluded 
based on title  

22 orthogeriatric 
articles on Model I  

440 abstracts reviewed  

1340 citations assessed based 
on title 

331 articles excluded 
upon abstract and full-text 
review  

109 full texts reviewed and 
included 

26 orthogeriatric 
articles on Model II  

24 orthogeriatric 
articles on Model III  

37 orthogeriatric 
articles on Model IV  
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3.7 Ethical consideration 

Both studies were conducted in accordance with the Declaration of Helsinki. All cognitively 

unimpaired patients gave their informed written consent to be included in both the trials. For 

the cognitively impaired patients a proxy gave informed written consent to be included in the 

study before participation in both trials. The combining of the two trials to a joint database 

had no impact on the patients or the care given, nor was there any additional data collected. 

Both trials were approved by a Regional Ethical Committee for Ethics before data collection.  

The Oslo Orthogeriatric Trial was registered with ClinicalTrials.gov (NCT01009268), and 

approved by the Regional Committee for Ethics in Medical Research in South East of Norway 

(REK 2009/450). The Trondheim Hip Fracture Trial was registered with ClinicalTrials.gov 

(NCT00667914), and approved by the Regional Committee for Ethics in Medical Research in 

Central Norway (REK4.2008.335). The Regional Committee for Ethics in Medical Research 

in South East of Norway and the Data Protection Officer at both hospitals approved merging 

of data from the two separate trials. 
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4. Main results 

In total, 726 patients were included in the combined database, in which 329 patients were 

included from Oslo and 397 patients were included from Trondheim, see Figure 1 of Flow 

Chart. Of the 726 patients included, 365 patients were randomized to the control group and 

received traditional OC care, and 361 patients were randomized to intervention with CGC 

care. Baseline characteristics did not differ between groups.  

 

For the whole population, mean age was 83.0 years, 74.7% were women, 60.1% had an 

intracapsular fracture and 14.0% were living in a nursing home at admission. All patients 

admitted from a nursing home were included from the Oslo Orthogeriatric Trial. The groups 

were similar at baseline for iADL and pADL, measured by mean NEADL (37.1 in the CGC 

group vs. 37.5 in the OC group) and mean BADL (17.2 in the CGC group vs. 17.4 in the OC 

group), respectively.  
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4.1 The effect of orthogeriatrics on Activities of Daily Living (ADL) (Paper I) 

Results: The CGC group had better iADL compared to the OC group, at four months follow-

up, measured by mean NEADL score, with a between-group difference of 3.56 points (CI 

0.93 to 6.20, p=0.008). At twelve month follow-up, the between-group difference was 4.28 

points (CI 1.57 to 7.00, p=0.002) in favor of the CGC group.  

For pADL, measured by mean BADL score, the between-group difference was 0.34 (CI 0.25 

to 0.94, p=0.26) at 4 month follow-up, and 0.68 (CI 0.05 to 1.31, p=0.0034) at 12 month 

follow-up in favor of the CGC group.  

The effect of intervention on both iADL and pADL remained clinically relevant in all time 

points after sensitivity analysis, excluding patients admitted from a nursing home.  

The LOS was longer in the CGC group compared to the OC group (mean 12.8 vs. 9.8 days, 

p<0.001), but there were no difference between groups in regards to preoperative waiting 

time, in-hospital mortality, cumulative mortality at four- and 12-months follow-up, nor in new 

nursing home admissions.  

 

Conclusion: Comprehensive geriatric care has a positive effect on both iADL and pADL in 

hip fracture patients up to one year after hip fracture surgery. The effect is stronger in home-

dwelling patients.  
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4.2 Different trajectories of ADL after a hip fracture (Paper II) 

Results: Four different groups of patients following distinct trajectories for both iADL and 

pADL were identified with growth mixture modeling, see Figure 5. Average group 

probabilities were all above 0.8 and 95% Cis non-overlapping, implying homogenous groups.  

 

For iADL, especially one group, the ‘Poor function’ (n=143, 20.3%) group, showed relatively 

high baseline NEADL scores, but declined steeply the first four months after hip fracture. For 

pADL, two groups, ‘Poor function’ (n=154, 21.7%) and ‘Very poor function’ (n=38, 5.4%), 

had a similar steep decline the first four months after hip fracture. Similar for all trajectories 

for both iADL and pADL, were that they were non-linear and declined significantly over 12 

months (all p’s <0.001 and <0.01, respectively).  

 

For both groups of ‘Poor function’ higher age and higher ASA score were more common, 

whilst in the groups belonging to the ‘Very poor function’ trajectory, being admitted from a 

nursing home, a high ASA score and an intracapsular fracture were more common.  

 

Results of the multiple nominal regression showed that younger age, an ASA score of 1 or 2, 

and lower CDR scores were associated with belonging to groups with higher ADL and better 

trajectories.  
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Figure 5   Growth mixture models for instrumental Activities of Daily Living (NEADL) and 

personal Activities of Daily Living (BADL) with corresponding confidence intervals  

 

Conclusion: Four groups of hip fracture patients following distinct trajectories for each iADL 

and pADL was identified. There was no functional recovery between four and 12 months in 

any group, and no group regained their pre-fracture ADL levels. In addition, there was one 

group for each iADL and pADL with relatively high function before the fracture that had a 

steep decline the first four months after the fracture. This group is a clinically interesting and 

relevant group, and might show a potential for rehabilitation. Future studies should investigate 

this group further.   

Similar for all trajectories were that younger age, lower ASA score and better cognitive 

function at baseline was associated with belonging to a group with better ADL.  
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4.3 Long- and short -term outcomes in extracapsular vs. intracapsular fractures 

(Paper III) 

Results: For the primary analysis, 711 patients were included; 283 patients with an 

extracapsular fracture and 428 patients with an intracapsular fracture. There was no difference 

between the extracapsular hip fracture and intracapsular hip fracture groups in regards to 

waiting time for surgery or LOS.  

The intracapsular fracture patients had better SPPB (5.0 vs 4.0, p=0.007), pADL (17.0 vs. 

16.0, p=0.007) and iADL (32.5 vs. 28.0, p=0.049) at four-month follow-up, but this did not 

persist at 12 months follow-up.  

 

546 patients 70 years or older were included in the sub-group analysis; 268 patients with an 

extracapsular fracture and 278 with an intracapsular fracture operated with HA. There were 

no difference in waiting time for surgery or LOS when comparing the extracapsular hip 

fracture patients with the intracapsular hip fracture patients operated with HA. The patients 

with an intracapsular fracture (operated with HA) had better median SPPB scores (4.0 vs. 3.0, 

p=0.014) and better median pADL scores (17.0 vs. 16.0, p=0.014) at four-month follow-up. 

There was no difference between the groups at 12 months follow-up.  

 

Conclusion: When comparing the intracapsular fracture patients with the extracapsular 

fracture patients groups as a whole, there were no differences in mortality rate, waiting time 

for surgery, LOS or new nursing home admissions. For both this comparison and the sub-

group analysis comparing the extracapsular hip fracture group with the intracapsular hip 

fracture operated with HA group, there was a difference in SPPB and ADL at four months 

follow-up, which did not persist 12 months after hip fracture. This might indicate a faster 

initial rehabilitation after HA. There were no other major differences between the groups, and 

the groups were similar at baseline.  
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5. Discussion 

5.1 The effect of orthogeriatrics on ADL (Paper I)  

We found that CGC in a geriatric ward had a positive effect on ADL in hip fracture patients, 

compared to traditional OC. For iADL the difference in NEADL score was 3.56 and 4.28 

points better for CGC than for OC at four- and 12-months, respectively. There was also a 

beneficial effect in pADL for CGC compared to OC, with a better BADL score of 0.34 and 

0.68 points at four- and 12-months, respectively. The effect was not statistically significant 

for pADL at four months.  

The effect of the intervention on ADL was stronger in home-dwelling hip fracture patients, in 

which patients showed significantly better functional gain in both iADL (between-group 

difference in NEADL score of 4.56 points at four months and 5.42 points at 12-months) and 

pADL (between-group difference in BADL score of 0.67 points at four months and 0.97 

points at 12-months) compared to hip fracture patients receiving OC. 

 

A 2.4 point difference in NEADL score is considered to be clinically significant (192), whilst 

one point in BADL score is the difference between being able to independently undertake 

basic ADL functions (e.g. walking, feeding and toilet use). We therefore believe the effect of 

the orthogeriatric intervention in this study to be clinically significant. The small effect sizes 

in BADL could be due to a ceiling-effect in the more fit patients and/or a floor-effect in the 

frailest patients, thus showing a relatively small effect on group level.  

 

There are only a few studies conducted, that evaluates the effect of an orthogeriatric model on 

ADL. While some studies showed a beneficial effect (29, 56, 67, 80, 86, 94, 131, 171), others 

showed only a trend towards better ADL levels (5, 68), or no effect at all (57, 84, 97, 135). 

Furthermore, only three of the studies included iADL and pADL (5, 29, 86), the rest only 

investigated the effect on pADL alone. To our knowledge, only two other studies 

investigating the effect of orthogeriatric care on ADL was conducted in a geriatric ward. 

Adunsky et al. conducted a quasi-RCT, and showed that patients treated in the intervention-

arm had almost a two-fold chance of successful rehabilitation, defined as “more than 50% 

increase in relative functional gain” (67). Functional status was measured by motor functional 

independence measure, and it was only assessed during hospital admissions (67). Yet, another 

RCT from Sweden, found that significantly more patients allocated to the intervention had 

regained their independence in pADL and iADL, measured by the Katz Index of 
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Independence in ADL, four and 12-months after surgery (86). Our findings are in line with 

these studies.  

 

There are several aspects of orthogeriatric care that might have directly or indirectly 

influenced ADL levels, in both the studies included in TOOHIP. As a part of the intervention, 

there was a focus on early discharge planning, early and intensive mobilization overseen by 

physiotherapists, in addition to several elements aiming to improve health (159, 160). Focus 

on optimization of pain relief, nutrition and comorbid conditions might have allowed for 

better general health and more activity in the days after surgery, thus improving rehabilitation. 

All members of the orthogeriatric team (geriatricians, nurses, physiotherapists and 

occupational therapists) had regular meetings in which they discussed patients’ progress, 

coordinated treatment and planned discharge. The increase in pADL and iADL levels seen in 

the intervention group, compared to traditional care, can be a result of these interventions. The 

focus on early mobilization, with training in pADL and walking in staircase, could have 

contributed to the rehabilitation and the increase seen in ADL. In addition, early discharge 

planning could have initiated several processes in which the patients would have been 

prepared for ADL activities at home (for instance training in pADL). Especially, if the goal 

was to return to the same residence as before the fracture, that could have served as 

motivation for the patient and a positive influence on ADLs. Furthermore, seeing as three of 

the ten items of BADL and six of the twenty-two items of NEADL measure aspects of 

mobility, one could postulate that the increase in ADL levels could be a direct result of the 

increase in mobility (measured by SPPB) shown in both studies (5, 29). Maintaining good 

mobility is essential for undertaking pADL and iADL, as previously mentioned.  

 

When excluding the patients admitted from a nursing home at admission, we saw a stronger 

effect of the intervention on both iADL and pADL. This suggests that the home-dwelling hip 

fracture patients had greater benefit of the intervention. A possible explanation for this is that 

nursing home patients are frailer than home-dwellers, and in that have lost more function prior 

to the fracture. In turn, this might reduce the potential for recovery or further reduction of 

functional decline. The Trondheim Hip Fracture Trial conducted sub-group analyses to find 

potential sub-groups of hip fracture patients that benefit most of the intervention. The analysis 

showed that younger patients with higher pre-fracture iADL had the most pronounced effect 

of the intervention (145). An interpretation of this can be that the more fit patients have more 

functional capacity, and therefore a larger potential for functional decline after a hip fracture, 
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leading to a greater potential for functional rehabilitation. This does not, however, imply that 

the frailer patients do not benefit of an orthogeriatric intervention, but it might suggest that 

other parameters might be better to measure the effect (such as quality of life). Furthermore, it 

suggests that the population of hip fracture patients are heterogeneous, wherein there are 

different groups of patients with different rehabilitation needs.  



 

75 
 

 

5.2 Different trajectories of ADL after a hip fracture (Paper II)  

In paper II we found four different groups of patients following distinct trajectories for both 

iADL and pADL. No group regained their pre-fracture ADL levels, and the decline in 

function was steepest the first four months after hip fracture. Especially the ‘Poor function’ 

group for both iADL and pADL, showed relatively high baseline ADL levels, but declined 

steeply the first four months after the fracture. Younger age, an ASA score of 1 or 2 and better 

cognitive function at baseline were associated with belonging to groups with higher ADL 

levels and better trajectories.  

 

The decline in ADL levels were steepest the first four months after surgery, and all 

trajectories continued to decline further after that, but less steeply. If this is a consequence of 

rehabilitation being too short or not intensive enough or if it is a result of the patients reaching 

their maximum rehabilitation potential remains unanswered (193). There are few other studies 

investigating functional trajectories in hip fracture patients. A prospective cohort study from 

the Netherlands found that after a hip fracture there was an increase in disability after three 

months compared to pre-fracture status, based on the Katz ADL Index, with 80% of patients 

not returning to their pre-fracture functional levels at one year after hip fracture surgery (194). 

This is in line with our findings, showing that most hip fracture patients do not regain their 

pre-fracture function one year after surgery.  

 

Furthermore, we identified four distinct groups following different trajectories for each pADL 

and iADL. These groups were homogenous and non-overlapping, implying that they represent 

different groups of hip fracture patients. The population of hip fracture patients are 

heterogeneous, and identifying different sub-groups within this population can aid in 

discharge and resource planning, prognostication and individualizing health care. Patients 

within these different groups might have different rehabilitation potential, and therefore a 

need for a more individualized rehabilitation approach. What kind of rehabilitation and how 

long and intensive it should be for each group, should be studied in future research.  

 

For both pADL and iADL the group of patients following the ‘Poor function’ trajectory had a 

relatively high baseline ADL function that steeply declined. The decline was steepest the first 

four months after surgery, and persisted for one year after. The majority of these patients were 
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home-dwellers (98.6% and 66.2% of the patients following the ‘Poor function’ trajectory for 

iADL and pADL, respectively), and it was more common to have higher age and an ASA 

score of 3 or more in these groups. This group is of particular interest, and might represent a 

group of patients in which there lies a potential for improved acute care and rehabilitation. 

Because these patients are mostly home dwelling and have relatively high ADL levels before 

the fracture they should theoretically be less frail, but their high ASA score at admission 

could reflect acute disease or frailty, occurring either before or during the hip fracture. 

Optimizing acute care and correcting for comorbidities, in addition to rehabilitation, can 

prevent the decline in ADL levels. On the other hand, the steep ADL decline in this group can 

be a result of the high ASA score observed – either by reflecting a disease that contributes to 

the fall and fracture or by reflecting an innate frailty that subsequently result in worse ADL 

recovery. The mechanisms behind this are yet unknown and future research should aim to 

increase the knowledge about this group of hip fracture patients and what acute treatment and 

rehabilitation to offer them.  

 

Interestingly, even the groups of patients following the ‘Very good function’ trajectories for 

both iADL and pADL, lost function and did not regain their pre-fracture function over the 

following year after the hip fracture. These patients were younger, none was admitted from a 

nursing home and the majority of them had an ASA score of 1 or 2. The fact that even the 

fittest hip fracture patients are affected after the fracture in terms of ADL could either be a 

reflection of the frailty in this group, how devastating a hip fracture is or both. A systematic 

review focusing on the long-term disabilities after a hip fracture compared hip fracture 

patients to a non-fracture group of the same age and found that hip fracture patients are less 

independent in ADL than the non-fracture group, and that the level of independence is 

associated with pre-fracture function (40). Even the patients that were independent in ADL 

pre-fracture 20-60 % required assistance for various tasks 1 and 2 years after fracture (40). 

Because the functional recovery after a hip fracture is associated with pre-fracture function 

(145, 195-198), the patients in the groups following the ‘Very good function’ trajectories 

should theoretically have a good recovery prognosis, and even though their ADL levels one 

year after surgery were not low, they still did not reach their pre-fracture functional levels. 

Future research should focus on if it is possible to regain pre-fracture functional levels after a 

hip fracture, and what intervention or rehabilitation can achieve this.  
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For both groups of ‘Poor function’ higher age and higher ASA score were more common, 

whilst in the groups belonging to the ‘Very poor function’ trajectory, being admitted from a 

nursing home, a high ASA score and an intracapsular fracture were more common. 

Additionally, multinomial regression showed that a higher CDR score was more likely in 

these groups. Approximately half of the study population were in the two lowest trajectories 

of iADL, with 30% of the patients being in the lowest group in which iADL was already poor 

before the fracture. This can be an illustration of the low pre-fracture function as a 

contributing factor to the fall and subsequent hip fracture, and consequently the significant 

functional decline postoperatively. This is in alignment with literature finding that pre-

fracture function is an important factor for post-fracture functional recovery (145, 195-198). 

Furthermore, due to the low pre-fracture function in this group it is not unreasonable to 

speculate that they have little to no functional rehabilitation potential or capacity, and that the 

overall decline after hip fracture is not surprising. Cognition is also an important factor in 

rehabilitation. A study found that after a hip fracture, patients with more cognitive 

impairment, measured as lower scores on MMSE, were more likely to be dependent in pADL, 

while the patients with better cognition had better recovery and less dependency in pADL 

(199). This is in alignment with our findings that the trajectories with poorer outcomes were 

more likely to have higher CDR scores.  

 

The four trajectories for each of the two ADL outcomes found in this study can be an aid in 

resource planning and prognostication, as they represent different hip fracture patients with 

different needs. The ‘Poor function’ trajectory represents a group at risk for massive decline 

after hip fracture and the ‘Very Poor function’ trajectory represents the frailest patients with 

little to no rehabilitation capacity. An observational study from Norway found that hip 

fracture patients may be divided into three groups based on their risk profiles; well-

functioning, intermediate-functioning and low-functioning (200). While the well-functioning 

group are the youngest and the fittest, the intermediate-functioning group are at most risk of 

institutionalization and may benefit from careful discharge planning and rehabilitation after 

discharge (200). The low-functioning group is the frailest and may benefit the least from an 

intensive rehabilitation program (200). This is in line with our findings, suggesting that there 

are four groups of hip fracture patients who will most likely benefit from different care 

pathways and rehabilitation after a hip fracture, and who have different prognosis.  
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5.3 Comparison of extracapsular vs. intracapsular fractures (Paper III) 
In the primary analysis, we found no difference between the patients with an extracapsular hip 

fracture and intracapsular hip fracture in waiting time for surgery or LOS. However, patients 

with an intracapsular fracture had better SPPB (5.0 vs 4.0, p=0.007), pADL (17.0 vs. 16.0, 

p=0.007) and iADL (32.5 vs. 28.0, p=0.049) at four month follow-up, that did not persist at 

12 months follow-up.  

For the sub-group analyses, patients with an intracapsular fracture (operated with HA) had 

better median SPPB scores (4.0 vs. 3.0, p=0.014) and better median pADL scores (17.0 vs. 

16.0, p=0.014) than the extracapsular hip fracture patients at four month follow-up, that did 

not persist at 12 months follow-up.  

 

The difference in physical function in SPPB, BADL and NEADL at four months follow-up 

between the extracapsular hip fracture patients and intracapsular hip fracture patients, and for 

SPBB and BADL between the extracapsular fracture and intracapsular fracture (operated with 

HA) groups, is considered clinically relevant. There could be several reasons for the initial 

difference in physical function between the groups. Because of the anatomical site of the 

fracture, an extracapsular fracture will have more bleeding and soft tissue affection than the 

intracapsular fracture. In our sample the majority of patients suffering from an extracapsular 

hip fracture were operated with internal fixation (98.6%), and although minimally invasive 

internal fixation can lead to more pain and less weight bearing postoperatively because there 

is still a fracture and soft tissue damage that needs healing. Balanced weight bearing of both 

legs is important for gait function, which in turn will affect the patients’ mobility and 

therefore their rehabilitation. Pfeufer et al. found that patients with extracapsular fractures, 

operated with internal fixation, had more problems with fully loading their affected leg 

compared to patients suffering from an intracapsular fracture and operated with hip 

replacement surgery (39). This might explain the initial faster rehabilitation in the group of 

patients with an intracapsular fracture that were operated with HA, seeing as they are able to 

be more mobile earlier postoperatively. This is in line with previous literature, suggesting that 

patients with an intracapsular fracture have faster initial rehabilitation, but that the functional 

levels are similar one year postoperatively (201). This might imply different rehabilitation 

needs in the two patient groups (202, 203).  

 

Studies investigating different hip fracture types, have found that patients with extracapsular 

fractures have worse outcomes than those with intracapsular fractures in regards to mortality, 
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LOS, discharge destination and pADL (203-205). Most of these studies have not reported 

whether or not nursing home patients were included, or have excluded them. This complicates 

the comparison between our study and other studies. Traditionally the differences in outcomes 

between hip fracture types have been assigned to differences between groups in regards to 

baseline characteristics, with the extracapsular hip fracture patients being older and frailer, 

experiencing more blood loss before surgery (38, 206), and being more dependent at the time 

of fracture (202, 203, 207).  

This differs from the findings in our study where we found the hip fracture groups to be 

similar at baseline and have minimal differences in outcomes during hospital admission and 

after one year. Some differences in physical function were seen at four months follow-up, 

however this did not persist after one year. We hypothesized that the small difference in our 

study could be due to inclusion of nursing home patients. These patients are often frailer, 

older and are more dependent in ADL at admission, making our sample frailer than many of 

the populations previously studied. This could explain why the type of fracture could have 

less impact on outcomes in our sample as the population has less rehabilitation capacity and 

poorer outcomes in general. This is corroborated by another study including nursing home 

patients, in which they found similar results, with small short-term differences in function 

between groups that did not persist over time (201). We therefore performed  

sensitivity analyses. These showed, in contrary to the aforementioned hypothesis, that when 

hip fracture patients admitted from a nursing home were excluded, differences between 

extracapsular and intracapsular hip fracture patients were no longer significant. One might 

postulate that the home-dwelling population in our study is not directly comparable to home-

dwelling populations included in the other studies due to geographical differences in 

thresholds for nursing home admissions and the offer of home care in the community.  
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5.4 Methodological considerations  

5.4.1 Patient selection  

Patients studied in this thesis were initially included in two prospective RCTs, which 

decreases the risk of selection bias and increases the internal validity of this study. The 

combined database included a large number of patients, included independently of their 

cognitive status and there was also inclusion of nursing home patients. This makes the hip 

fracture population in this study heterogeneous and allows for generalizability, increasing the 

external validity. However, only the Oslo trial included patients admitted from a nursing 

home and therefore the number of patients admitted from a nursing home in this study is 

underrepresented in comparison to the hip fracture population as a whole. In Norway, it is 

reported that approximately 25% of hip fracture patients live in a nursing home at the time of 

fracture (200, 208), but in our sample only approximately 14% of the hip fracture patients 

were admitted from a nursing home. Thus, the proportion of hip fracture patients admitted 

from a nursing home was not entirely representative for the hip fracture population as a whole 

in Norway. Furthermore, the nursing home population are often frail and have cognitive 

impairment, making them less likely to benefit from an intervention and choosing other 

outcome measures than the ones we studied may be better to measure the effect. Still further, 

our sample of the hip fracture population might seem healthier than other samples, given the 

lower proportion of nursing home patients included, which might again affect the external 

validity.  

 

Since the patients were included from two different hospitals, differences in local practices 

could have had an impact on the results in this study. However, the studies were planned in 

concert with similar orthogeriatric models in the intervention, minimizing to an extent the 

differences in local practices. Furthermore, this was adjusted for in the linear mixed model 

and the multinomial regression analyses in paper I and II by included site (Oslo vs. 

Trondheim) as a control variable.  

 

5.4.2 Assessment methods 

Both NEADL and BADL were collected using proxy-interview at baseline, where the proxy 

were asked to fill in the questionnaire based on the 14 previous days before the hip fracture 

occurred. This could be affected by the knowledge of the recent fracture and thus lead to 

recall bias. The value the value at both follow-ups were obtained by proxy interview and face-

to-face evaluations.  
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BADL is sensitive to differences in persons with severe or moderate disabilities, but has a 

floor effect in very frail populations and a ceiling effect in populations with higher function 

(180). NEADL has good sensitivity to changes in the upper part of the functional range, and 

has ceiling-effect in populations with higher functional levels (182). The floor effect in both 

NEADL and BADL in the frailer part of the population, and the ceiling effect in BADL in the 

more fit part of the population could have diluted the efficacy of the intervention.  

 

The face-to-face evaluations conducted at follow-ups is one of the strengths of this study, and 

allows for a more objective evaluation of outcome measures.  

 

5.4.3 Statistical considerations  

Missing values for the primary endpoints of iADL (NEADL) and pADL (BADL) in this study 

were imputated manually. Imputation was carried out by imputing the mean score for the 

remaining items that were answered, if at least 80% of the items on the scale were answered. 

If this was not the case, the items remained missing. Both linear mixed models and growth 

mixture models are valid, even with missing values.  

 

Due to the possibility of there being a cluster-effect present, due to the inclusion of patients 

from two different hospitals, statistical methods were used to account for this. In paper I 

hospital (Oslo vs. Trondheim) were included as a covariate, while in paper II it was assessed 

by intra-class correlation coefficient.  

 

In paper III we only conducted bivariate analyses on the outcomes, and the rationale for this 

were that the groups were similar at baseline. However, this could result in over- or under 

concluding, as bivariate analysis do not factor in possible confounding factors.   
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6. Conclusions 
Hip fractures are common and serious injuries in older adults, and can have devastating short- 

and long-term consequences for the patient. Among the outcomes affected are short- and 

long-term ADL levels. This work has provided information about functional decline after a 

hip fracture.  

 

6.1 Impact of hip fracture on long-term ADL (and strategies for preserving ADL 

after a hip fracture) 

Comprehensive geriatric care in a geriatric ward is beneficial, and has a positive effect on 

both iADL and pADL in hip fracture patients one year after surgery. However, the effect is 

stronger in home-dwelling patients, suggesting different rehabilitation potential and needs in 

different sub-groups of the hip fracture population.  

 

In our material, trajectory analysis showed that no group of hip fracture patients regained their 

pre-fracture iADL or pADL levels. Functional decline is steepest in the first four months 

following hip fracture surgery, which was particularly steep in one group for both iADL and 

pADL with relatively good pre-fracture ADL levels. Higher age, higher ASA score and more 

cognitive impairment were associated with belonging to the groups with worse trajectories in 

ADL. These groups are clinically interesting and relevant, and might show a potential for 

rehabilitation. Identifying patients belonging to different groups can be useful for resource 

and discharge planning, and when informing patients and next of kin of prognosis.  
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6.2 Short- and long-term outcomes in extracapsular vs. intracapsular fractures  

Patients with an extracapsular fracture and patients with an intracapsular fracture were found 

to be similar at baseline and have little differences between them at follow-up. There was a 

difference in SPPB and ADL at four months follow-up, which did not persist 12 months after 

hip fracture when comparing the extracapsular hip fracture patients to the intracapsular hip 

fracture patients. This might imply that the intracapsular fracture patients have a faster initial 

rehabilitation, but that both groups have the same functional rehabilitation capacity and will 

end up at the same functional level one year after surgery. Moreover, there seems to be a 

difference in rehabilitation needs early after surgery in these groups, with the extracapsular 

fracture group needing more time and/or intensified rehabilitation.  

 

The difference in surgical procedure between the hip fracture types, as well as the differences 

in the hip fractures themselves, might explain the difference in rehabilitation needs between 

these groups. Patients suffering from an extracapsular fracture might experience more pain, 

less weight bearing and have longer healing periods postoperatively, which might impede 

mobilization and rehabilitation.  
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7. Suggestion for future research  
Evidence suggests that orthogeriatric care is beneficial for hip fracture patients. Which 

orthogeriatric model is most effective still remains unclear. Future studies should aim at 

investigating which orthogeriatric model is most beneficial for hip fracture patients. 

Specifically, there is a need for more studies comparing the different models, perhaps by 

RCTs, to find if there is an orthogeriatric model that is superior in the care of hip fracture 

patients. Furthermore, which sub-groups of hip fracture patients that benefit the most from an 

orthogeriatric care model remains largely unexplored in the literature, and should be devoted 

more focus. Investigating this can be valuable for prioritizing resources and individualizing 

treatment.  

 

There is a need for more research on ADL after hip fracture surgery; more specifically, it 

should be studied more in relation to the effect of orthogeriatrics. When it is studied, it should 

include longer follow-up periods (for up to one year, or possibly longer) to ascertain the true 

effects of a hip fracture, and the potential benefits from an intervention.  

 

Loss in iADL and pADL functions have a major impact on hip fracture patients’ life, and 

most patients do not regain their pre-fracture levels. Future research should target identifying 

different groups of hip fracture patients with different rehabilitation needs, and subsequently 

finding what the rehabilitation need is within each group. There seems to be a group of hip 

fracture patients with relatively good pre-fracture function, who are at high risk of large 

functional decline after a hip fracture, and who should be dedicated more investigation. 

Finding what characterizes them of being at risk and how to treat and rehabilitate them 

optimally can lead to decreasing the functional decline after hip fracture.  

 

Patients with an intracapsular fracture operated with HA have faster initial recovery in regards 

to mobility and ADL compared to extracapsular hip fracture patients. Future studies should 

focus on how to optimize the postoperative conditions for the extracapsular hip fracture 

patients, aiding them in more weight bearing and perhaps better pain management to facilitate 

this. Furthermore, there is a need for more studies investigating the difference between the 

groups in a systematic manner, including nursing home patients.  

 

Including hip fracture patients that live in a nursing home at the time of fracture is important 

for generalizability of studies, seeing as they make up a significant proportion of the hip 
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fracture population. Studying these hip fracture patients might require other measurements 

than LOS, mortality, ADL and mobility.  
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Abstract 
Background: The incidence of hip fractures are expected to increase in the following years. Hip fracture 
patients have in addition to their fracture often complex medical problems, which constitute a substantial 
burden on society and health care systems. It is thus important to optimize the treatment of these patients to 
reduce negative outcomes. The aim of this study was to assess the effect of comprehensive orthogeriatric 
care (CGC) on basic and instrumental activities of daily living (B-ADL and I-ADL). 

Methods: This study is based on two randomized controlled trials; the Oslo Orthogeriatric Trial and the 
Trondheim Hip Fracture Trial. The two studies were planned in concert, and data were pooled and analyzed 
using linear mixed models. I-ADL function was assessed by the Nottingham Extended ADL Scale (NEADL) and 
B-ADL by the Barthel ADL (BADL) at four and twelve months after surgery.

Results: Seven hundred twenty-six patients were included in the combined database, of which 365 patients 
received OC and 361 patients received CGC. For the primary endpoint, I-ADL at four months was better in the 
CGC group, with a between-group difference of 3.56 points (95 % CI 0.93 to 6.20, p = 0.008). The between-
group difference at 12 months was 4.28 points (95 % CI 1.57 to 7.00, p = 0.002). For B-ADL, between-group 
difference scores were only statistically significant at 12 months. When excluding the patients living at a 
nursing home at admission, both I-ADL and B-ADL function was significantly better in the CGC group 
compared to the OC group at all time points. 

Conclusions: Merged data of two randomized controlled trials showed that admitting hip fracture patients to 
an orthogeriatric care unit directly from the emergency department had a positive effect on ADL up to twelve 
months after surgery. 
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Background 
Patients suffering from a hip fracture are often frail; 

suffering multiple comorbidities, and are often subjected to 

polypharmacy [1]. The prefracture functional level of hip 

fracture patients has been found to be a strong and 

consistent predictor of short- and long-term rehabilitation 

outcome [2]. Only one third of patients return to their 

prefracture function, and one third will require further 

nursing home care [3]. Since the incidence is expected to 

increase, hip fractures will become a progressively larger 

public health burden [4–6]. 
Hip fracture patients are a large and resourcedemanding 

group. Several studies have shown that orthogeriatric care 

is beneficial regarding length of stay in hospital, waiting 

time to surgery, fewer surgical and medical complications 

and survival [7–15]. There are several different 

orthogeriatric models; ranging from orthopedic wards with 

a geriatric consultant service to an integrated care ward [7]. 

However, due to the heterogeneity of the different studies 

both in measured outcomes and study design, it is 

challenging to draw conclusions on what type of 

orthogeriatric care model is superior. In addition, most 

studies have evaluated the effect based on register data 

(mortality, length of stay, readmissions) and very few have 

assessed the effect based on a face-to-face evaluation of the 

patients in the months following discharge.

It has been argued that hip fracture patients benefit from 

an admission to a geriatric ward instead of an orthopedic 

ward [8, 16–19]. In such a model, “Geriatric and 

rehabilitation ward and orthopedic consultant service” 

according to Kammerlander [7], the patient is admitted 

directly from the emergency department to the geriatric 

ward. The patient has the entire stay (except for surgery) in 

the geriatric ward, and the orthopedics serve as consultants. 

Several studies have evaluated the effect of the 

implementation of such a model and the overall impression 

is that it is beneficial [20–24]. However, due to the 

heterogeneity in study design and outcomes, there is a need 

for multi-center studies which will allow for increased 

generalizability and give more precise estimates of the 

effect of such models.

Recently there have been two randomized controlled 

trials (RCTs) in Norway assessing the effect of this model; 

The Trondheim Hip Fracture Trial [25] and the Oslo 

Orthogeriatric Trial [1]. In both studies, the control group 

received traditional orthopedic care. The Oslo and 

Trondheim studies were planned in concert, and we have 

now merged data from these studies. This pooled data set 

will yield information from a larger and more 

heterogeneous group of hip fracture patients and increased 

statistical power will give more precise estimates of the 

effect of the model. The aim of the current study was to 

assess the effect of our orthogeriatric model on Activities 

of Daily Living (ADL) – both instrumental ADL (I-ADL) 

and basic ADL (B-ADL) - four and twelve months after 

surgery.

Methods 
Inclusion and randomization took place in the emergency 

department in the respective hospitals in both trials. In Oslo 

randomization was based on computergenerated random 

numbers (blocks of variable and unknown size) and was 

carried out by a statistician not involved in the clinical 

service. Randomization was also stratified according to 

whether or not the patients were admitted from nursing 

homes. In Trondheim patients were randomly assigned in a 

1:1 ratio by a nurse. In both hospitals patients were 

transferred to the allocated wards directly from the 

emergency department. The intervention group received a 

CGC service preoperatively as well as postoperatively. 

Surgical and anesthesiologic procedures were similar in 

both groups. Four- and twelvemonth follow-up 

assessments were carried out at the hospital by study nurses 

blinded to group allocation. If the patients were unable to 

visit the hospitals the study nurses visited the patients 

where they were living at the specific time point and 

conducted the follow-up interview face to face. Since the 

intervention was at ward level, data collection during the 

index stay could not be blinded.

Oslo orthogeriatric trial

Recruitment lasted from September 2009 to January 2012 

at Oslo University Hospital. All hip fracture patients were 

eligible for the trial, unless if the fracture was due to a high-

energy trauma or if the patient was moribund at admission. 

Both home-dwelling patients and patients living in a 

nursing home at admission, at all ages were included, in 

total 329 patients [1].

Patients randomized to intervention were treated in the 

acute geriatric ward; both pre- and postoperatively. A team 

consisting of a geriatrician, nurse, physiotherapist and 

occupational therapist were responsible for delivering the 

CGC service. They were expected to assess patients during 

their first day on the ward, as well as conducting daily 

meetings to coordinate treatment and to plan discharge. The 

CGC service included medication reviews, early and 

intensive mobilization, optimizing pre- and postoperative 



nutrition and early discharge planning. Details about the 

clinical routines have been published [26].

The primary outcome for this study was cognitive 

function four months after surgery, and the secondary 

outcomes included delirium, delirium severity, length of 

stay, mortality, mobility, place of residence, Instrumental

(I-ADL) and basic (B-ADL) function, and weight changes. 

The intervention had no impact on the primary outcome. 

However, better mobility (measured by the Short Physical 

Performance Battery (SPPB [27]) was found in home-

dwelling patients [1].

Trondheim hip fracture trial

Recruitment lasted from April 2008 to December 2010 at 

St. Olavs Hospital, Trondheim University hospital. All 

home-dwelling patients above the age of 70, and who were 

able to walk 10 m or more before the fracture were included 

(n = 397). Patients that had suffered a pathological fracture, 

undergone multiple traumas, or had a short life expectancy, 

as well as patients already living in a nursing home were 

excluded [25].

Patients randomized to intervention were treated in the 

geriatric ward with CGC service; both pre- and 

postoperatively. The CGC service included comprehensive 

medical assessment and treatment, early rehabilitation and 

early planning of discharge. Details about the clinical 

routines have been published [28].

For this study the primary outcome was mobility after 

four months measured by the SPPB, and secondary 

outcomes included I-ADL, B-ADL, cognition, quality of 

life, fear of falling, depression, gait control and daily 

physical activity. The study found a positive effect of the 

intervention on the primary outcome, and also on several 

of the secondary outcomes (I-ADL, B-ADL, fear of 

falling, quality of life, gait control and daily physical 

activity) [25].

TOO HIP (the OslO and Trondheim HIP fracture trial) database

The Trondheim Hip Fracture Trial and the Oslo 

Orthogeriatrics Trial were planned in concert, and similar 

design and outcomes were chosen for future pooling of data 

as described in their protocols [26, 29]. The goal was to 



make a larger and more heterogeneous database to provide 

the opportunity for more precise estimates on outcomes 

(Fig. 1). For assessing the effect of intervention on I-ADL 

and B-ADL function in the combined dataset, Nottingham 

Extended Activities of Daily Living Scale (NEADL) 

(range 0–66, higher scores indicate better function) [30] 

four months after surgery was chosen as the primary 

outcome. Secondary outcomes included NEADL at twelve 

months postoperatively, The Barthel ADL Index (BADL) 

(measures degree of independence



 

 
 

in ten basic ADL functions (range 0–20), higher scores 

indicate better function) [31] score at four and twelve 

months postoperatively, intra-hospital mortality and 

cumulative mortality at four and twelve months 

postoperatively, and new nursing home admissions. 

Statistical methods 
A statistical analysis plan was completed prior to any 

analyses [32]. The primary efficacy analysis was carried 

out using linear mixed model with NEADL as dependent 

variable, patient as random factor, time point (baseline, 

four months and twelve months) as fixed factor, and 

treatment group, site (Oslo versus Trondheim), age, sex, 

fracture type (extracapsular versus intracapsular), dwelling 

at home (versus nursing home), and the interaction between 

time points after inclusion and treatment group as 

covariates. Similar mixed model analyses were carried out 

with BADL score as the dependent variable. Dichotomous 

outcomes were analysed unadjusted, comparing 

proportions in the two treatment groups. In addition, they 

were compared using logistic regression, unadjusted, and 

adjusted for site, age, sex, fracture type and dwelling at 

home. 
A two-sided p-value below 0.05 was taken as an indicator 

of statistical significance, and 95 % confidence intervals 

(CI) are reported where relevant. Missing items within the 

NEADL and BADL scales were imputed by the mean score 

for the remaining items that were answered, if at least 80 % 

of the items on the scale were answered. Normality of 

residuals was checked by visual inspection of Q-Q-plots. 

All statistical analyses were done using IBM SPSS 

statistics 22–25. 

Results 
In total 726 patients were included in the combined 

database, of which 365 patients received traditional OC and 

361 patients received CGC. Baseline characteristics did not 

differ between the groups (Table 1). Mean age was 83.0 

years (SD 7.7), 542 (74.7 %) were women, and 102 (14.0 

%) were living in a nursing home at admission. The groups 

were similar in function as measured by NEADL and 

BADL at baseline. 

At four months the CGC group had better mean NEADL 

scores than the OC group with a betweengroup difference 

of 3.56 points (CI 0.93 to 6.20, p = 0.008; Table 2). The 

between-group difference at twelve months was 4.28 points 

(CI 1.57 to 7.00, p = 0.002; 
Table 2). 

For BADL; between-group difference scores were in 

favor of CGC on four and twelve months, but were only 

statistically significant at 12 months (4 month: 

betweengroup difference at 0.34 and CI 0.25 to 0.94, p = 

0.26, 

Table 1 Baseline characteristics 

 Comprehensive 
geriatric care 
(N = 361) 

Orthopedic 
care 
(N = 365) 

Age, mean (SD) 83.0 (7.3) 83.0 (8.0) 

Male (%) 95 (26.3) 89 (24.4) 

Living in a nursing home at admission 
(%)a 

52 (14.4) 50 (13.7) 

Barthel Index, mean (SD)b 17.2 (3.7) 17.4 (3.6) 

NEADL, mean (SD)c 37.1 (20.6) 37.5 (19.9) 

Type of fracture - 
Extracapsular (%) 

144 (39.9) 141 (38.6) 

- Intracapsular (%) 217 (60.1) 224 (61.4) 

Surgical treatmentd - 
Hemiarthroplasty (%) 

148 (41.2) 155 (42.8) 

- Osteosynthesis (%) 208 (57.95) 199 (55.0) 

- Total hip replacement (%) 2 (0.6) 5 (1.4) 

- Girdlestone (%) 1 (0.3) 0 (0) 

- Not operated (%) 0 (0) 3 (0.8) 

- Died before surgery 2 (0.6) 3 (0.8) 

Injury occurred indoors (%)e 270 (77.6) 279 (78.8) 

SD standard deviation, Barthel Index Barthel Index for Activities of Daily Living, 

NEADL Nottingham Extended Activities of Daily Living aPatients admitted from 

nursing homes were excluded in Trondheim bBarthel Index was missing from 10 in 

the orthopedic care group and 6 patients in the comprehensive geriatric care 

group cNEADL was missing from 12 patients in the orthopedic care group and 9 
patients in the comprehensive geriatric care group dInformation about surgical 

treatment was missing/unknown in 3 patients in the orthopedic care group and 

2 patients in the comprehensive geriatric care group 
eInformation about where the injury occurred (inside/outside) was unknown in 11 

patients in the orthopedic care group and 13 patients in the comprehensive 

geriatric care group 

and 12 months: between-group difference at 0.68 and CI 

0.05 to 1.31, p = 0.034; Table 2). 
When excluding the patients living at a nursing home at 

baseline, the ADL function was better in the intervention 

group at all time points; both for NEADL (4 months: 

between-group difference at 4.56 and CI 1.61 to 7.52, p = 



 

 
 

0.003 and twelve months: between-group difference at 5.41 

and CI 2.38 to 8.44, p < 0.001; Table 3) and for BADL (four 

months: between-group difference at 0.67 and CI 0.06 to 

1.28, p = 0.030 and twelve months: between-group 

difference at 0.97 and CI 0.34 to 1.60, p = 0.003; Table 3). 

The mean preoperative waiting time was not different 

between groups (30.5 vs. 29.2 h, p = 0.76; Table 4). Length 

of hospital stay was longer in the CGC group (mean 12.8 

vs. 9.8 days p < 0.001; Table 4). In-hospital mortality was 

the same between the groups (2.2 vs. 2.2 %, p = 0.98; Table 

4). Also, there was no significant difference in number of 

deaths at 4 months (13.0 vs. 

12.3 %, p = 0.78) or 12 months (20.8 vs. 21.6 %, p = 0.78) 

after surgery. There was a trend towards fewer new nursing 

home admissions in the CGC group at 4 months (16.9 vs. 

20.9 %, p = 0.23) and 12 months (19.2 vs. 25.3 %, p = 0.11; 

Table 4). 

Discussion 
The present study merged data from two Norwegian RCTs 

evaluating impact of CGC performed in acute geriatric 

wards compared to usual care in orthopaedic wards in 

treatment of hip-fracture patients. Our main result is that I-

ADL was better in hip fracture patients treated with CGC 

as compared to usual care four and twelve months post-

operatively. B-ADL as well, was better in the intervention 

group after twelve months. The effect of intervention on I-

ADL and B-ADL was stronger when excluding patients 

admitted from a nursing home. A difference of 2.4 points 

on NEADL is considered to be clinically significant [33] 

and one point on BADL is the difference between being 

independent or not in basic ADL functions (walking, 

feeding, toilet use etc.). We therefore believe that the 

effects we find in our study is clinically relevant. 
Our findings are in line with other studies conducted on 

a similar orthogeriatric care model as ours. In a quasi-RCT, 

Adunsky et al. showed that patients allocated to the 

intervention arm had almost a two-fold chance of 

successful rehabilitation outcome defined as more than 50 

% increase in “relative functional gain” [23]. Stenvall et al., 

conducted a prospective RCT and showed that significantly 

more patients allocated to intervention had regained 

independence in both I-ADL and B-ADL performance both 

four and twelve months after surgery, measured by the Katz 

Index of Independence in ADL [24]. To our knowledge 

these are the only other studies conducted in a geriatric 

ward with ADL as an end point. Other studies conducted in 

an orthopedic ward with varying geriatric liaison service 

have also evaluated the 

Table 3 ADL excluding nursing home patients 

 Comprehensive geriatric care Mean (SE) Orthopedic care Mean (SE) Difference  

Table 2 Linear mixed model with NEADL and Barthel Index 

 Comprehensive geriatric care 

 
N Mean (SE) 

Orthopedic care 

 
N Mean (SE) 

Difference  

Estimate (95 % CI) p-
value 

4 months 295  291    

NEADLa 281 30.34 (0.95) 276 26.77 (0.95) 3.56 (0.93 to 6.20) 0.008 

Barthel Indexb 286 15.44 (0.22) 284 15.09 (0.22) 0.34 (-0.25 to 0.94) 0.26 

12 months 260  245    

NEADLc 253 30.59 (0.97) 234 26.31 (0.99) 4.28 (1.57 to 7.00) 0.002 

Barthel Indexd 251 15.46 (0.22) 234 14.78 (0.23) 0.68 (0.05 to 1.31) 0.034 

Linear mixed model with NEADL and Barthel Index, respectively, as dependent variable, patient as random factor, time point (baseline, 4 months and 12 months after 
surgery) as fixed factor, and treatment group, site (Oslo versus Trondheim), age, sex, fracture type, dwelling at home (versus nursing home), and the interaction between 
time and treatment as covariates 
SE standard error, CI confidence interval, NEADL Nottingham Extended Activities of Daily Living scale, Barthel Index Barthel Activities of Daily Living index 
a 
NEADL at 4 months missing from 15 patients in the orthopedic care group and 14 patients in the comprehensive geriatric care group 

b Barthel Index at 4 months missing from 7 patients in the orthopedic care group and from 9 patients in the comprehensive geriatric care group 
c 
NEADL at 12 months missing from 11 patients in the orthopedic care group and 7 patients in the comprehensive geriatric care group 

d Barthel Index at 12 months missing from 11 patients in the orthopedic care group and missing 9 patients in the comprehensive geriatric care group 



 

 
 

 
N 

 
N 

Estimate (95 % CI) p-
value 

4 months 260  253    

NEADLa 247 33.88 (1.06) 241 29.31 (1.07) 4.56 (1.61 to 7.52) 0.003 

Barthel Indexb 251 16.54 (0.22) 247 15.87 (0.22) 0.67 (0.06 to 1.28) 0.030 

12 months 234  217    

NEADLc 227 34.33 (1.08) 208 28.92 (1.10) 5.41 (2.38 to 8.44) < 
0.001 

Barthel Indexd 226 16.59 (0.23) 207 15.62 (0.23) 0.97 (0.34 to 1.60) 0.003 

Linear mixed model with NEADL and Barthel Index, respectively, as dependent variable, patient as random factor, time point (baseline, 4 months and 12 months after 

surgery) as fixed factor, and treatment group, site (Oslo versus Trondheim), age, sex, fracture type, dwelling at home (versus nursing home), and the interaction between 

time and treatment as covariates 
SE standard error, 95 % CI 95 % confidence interval, NEADL Nottingham Extended Activities of Daily Living scale, Barthel Index Barthel Activities of Daily Living 

index 
a 
NEADL at 4 months missing from 12 patients in the orthopedic care group and 13 patients in the comprehensive geriatric care group 
b Barthel Index at 4 months missing from 6 patients in the orthopedic care group and from 9 patients in the comprehensive geriatric care group 
c 
NEADL at 12 months missing from 9 patients in the orthopedic care group and 7 patients in the comprehensive geriatric care group 
d Barthel Index at 12 months missing from 10 patients in the orthopedic care group and missing 8 patients in the comprehensive geriatric care group 

Table 4 Impact of intervention during hospital stay, and 4 months and 12 months after 
hospital stay 

 
Hospital stay Comprehensive geriatric care (N = 361) Orthopedic care (N = 365) p-value 
Waiting time for surgery in hours, mean (SD)a 30.5 (26.8) 29.2 (19.1) 0.761 
Length of stay in days, mean (SD) 12.8 (7.9) 9.8 (6.7) < 

0.0011 
In-hospital mortality (%) 8 (2.2) 8 (2.2) 0.982 

4 months after surgery Comprehensive geriatric care (N = 
295) 

Orthopedic care (N 
= 291) 

 

New nursing home admissions (%)b 44 (16.9) 53 (20.9) 0.232 

12 months after surgery Comprehensive geriatric care (N = 
260) 

Orthopedic care (N 
= 245) 

 

New nursing home admissions (%)b 45 (19.2) 55 (25.3) 0.112 

 
SD standard deviation 
a 
Waiting time for surgery in hours, defined as hours from admission to start of anesthesia, missing from 7 patients in the orthopaedic care group and 2 patients in the 

comprehensive geriatric care group b Information about new nursing home admissions missing/unknown in 2 patients in the orthopedic care group at 4 months, and 1 

patient in the orthopedic care group at 12 months. Fifty patients from the orthopedic care group and fifty-two patients from the geriatric care group lived in a nursing 

home before the 



 

hip fracture 
1Mann-Whitney U Test 
2Pearson Chi-Square test 

effect of intervention on ADL; some have shown an effect of intervention [9, 19, 34–37], while others have only 

shown a trend [38] or no effect [39, 40]. 
The mean length of hospital stay was significantly longer in the intervention group in our study. A reduction of 

length of stay is often considered costeffective [41–44]. However, in addition to costs of the initial hospitalization 

there are several other aspects, such as re-admissions and need of rehabilitation and nursing homes. If longer length 

of stay results in increased ADL function it might therefore be beneficial for the society in the long run, as was 

also the conclusion in the Trondheim Hip Fracture Trial that calculated the full cost the first year after the hip 

fracture. 
No other secondary outcome was significantly different between treatment groups in our study, including 

mortality, preoperative waiting time, and number of patients living in a nursing home four and twelve months after 

surgery. Some studies have reported reduced mortality after the introduction of orthogeriatric care [8, 10–16]. The 

lack of effect on mortality in our study can be due to the fact that the mortality, compared to other studies, was 

already low before implementation of the orthogeriatric model [16]. 
Due to inclusion criteria, the Oslo study included more frail patients than the Trondheim study. We thus chose 

to include site (Oslo vs. Trondheim) as a covariate in the statistical analysis to correct for this. 
When excluding the patients admitted from a nursing home, the effect of the intervention on ADL was stronger. 

One possible explanation is that the frailest patients already have lost much function and the potential for reduction 

of further decline therefore is limited. This does not mean that these patients do not benefit of orthogeriatric care, 

but other instruments than the ADL scales we have used might be better to evaluate the effect (quality of life, 

satisfaction among patients/carers). The more fit patients in our study benefitted the most. An interpretation is that 

those with best function are most prone to functional decline and that optimized care therefore is particularly 

important in this group. A concrete strategy based on these findings would be to categorize hip fracture patients 

already at admission into groups based on where they realistically could be discharged (e.g. (1) Home, (2) 

Rehabilitation. (3) Nursing home). Tailored intervention based on these groups might be a way to optimize use of 

resources and at the same time secure that patients with the largest potential for rehabilitation are prioritized, a 

strategy in line with recommendations based on register data on hip fracture patients in Norway [45]. 

Strengths and limitations 
A strength of this study is the randomized controlled design of the included studies and the large sample size. 

Furthermore, both studies were planned in concert with future pooling of data in mind. Another strength is that 

patients were evaluated face to face by research nurses blinded to allocation four and twelve months after surgery. 

The wide inclusion criteria allowed for a heterogeneous study population and increase the generalizability of our 

findings. The different age distribution and differences regarding nursing home residents were accounted for by 

adjusting for these variables in the analyses, so we do not regard this as a limitation in the study. A limitation of 

the study is the lack of masking of both the patients and the staff delivering the treatment. 

Conclusions 
Merged data of two RCTs conducted in Norway showed that administration of comprehensive geriatric care to hip 

fracture patients in an acute geriatric ward had a positive effect on I-ADL and B-ADL up to twelve months after 

surgery. The effect was strongest in homedwelling patients. 
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Abstract 

 

 
Background 

There is limited evidence regarding predictors of functional trajectories after hip fracture. We 

aimed to identify groups with different trajectories of functional recovery the first year after 

hip fracture, and to determine predictors for belonging to such groups. 

 
 

Methods 

This longitudinal study combined data from two large randomized controlled trials including 

patients with hip fracture. Participants were assessed at baseline, four and 12 months. We 

used the Nottingham Extended Activities of Daily Living (NEADL) as a measure of instru- 

mental ADL (iADL) and Barthel Index for personal ADL (pADL). A growth mixture model 

was estimated to identify groups of patients following distinct trajectories of functioning. 

Baseline characteristics potentially predicting group-belonging were assessed by multiple 

nominal regression. 

 
 

Results 

Among 726 participants (mean age 83.0; 74.7% women), we identified four groups of 

patients following distinct ADL trajectories. None of the groups regained their pre-fracture 

ADL. For one of the groups identified in both ADL outcomes, a steep decline in function was 

shown the first four months after surgery, and none of the groups showed functional recov- 

ery between four and 12 months after surgery. 

https://doi.org/10.1371/journal.pone.0283551
http://creativecommons.org/licenses/by/4.0/
mailto:post@helseforsikring.etikkom
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Conclusions 

No groups regained their pre-fracture ADL. Some of the patients with relatively high pre- 

fracture function, had a steep ADL decline. For this group there is a potential for recovery, 

but more knowledge and research is needed in this group. These findings could be useful in 

uncovering groups of patients with different functioning after a hip fracture, and aid in dis- 

charge planning. 
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Results 

< <

Table 1. Baseline characteristics. 

SD Standard Deviation. NEADL Nottingham Extended Activities of Daily Living. BADL Barthel Index for Activities of 

Daily Living. CDR Clinical Dementia rating Scale. Preop. waiting time Preoperative waiting time. ASA American 

Society of Anaesthesiologists Physical Status Classification system. CGC Comprehensive Geriatric Care. 
a Patients admitted from a nursing home was excluded in Trondheim. 
b Baseline NEADL was based on pre-fracture function, and was obtained by proxy-interview. It was missing from 21 

patients. 
c Baseline BADL was based on pre-fracture function, and was obtained by proxy-interview. It was missing from 16 

patients. 
d Baseline CDR sum of boxes was obtained during hospital and was, in part based on proxy-interview. It was missing 

in 52 patients. 
e Outlier, 235h. 
f Information about preoperative waiting time was missing in 9 patients. 
g ASA score was missing in 25 patients. 

https://doi.org/10.1371/journal.pone.0283551.t001 
 

https://doi.org/10.1371/journal.pone.0283551.t001


 
 

 

Fig 1. Growth mixture models for instrumental activities of Daily Living (NEADL) and personal activities of Daily Living (BADL) with corresponding confidence 
intervals. 

https://doi.org/10.1371/journal.pone.0283551.g001 
 

 
 
 

Table 2. Results of the growth mixture model. 
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Growth mixture models for instrumental Activities of Daily and personal Activities of Daily Living. SD Standard deviation. SE Standard error. NEADL Nottingham 

Extended Activities of Daily Living. BADL Barthel Index for Activities of Daily Living. 

https://doi.org/10.1371/journal.pone.0283551.t002 
 

https://doi.org/10.1371/journal.pone.0283551.g001
https://doi.org/10.1371/journal.pone.0283551.t002


 
 

Table 3. Characteristics of patients according to trajectories. 

      

       

       

Characteristics of patients according to trajectories. 

SD Standard deviation. ASA score American Society of Anaesthesiologists Physical Status Classification system. iADL Instrumental Activities of Daily Living. NEADL 

Nottingham Extended Activities of Daily Living. pADL Personal Activities of Daily Living. BADL Barthel Index for Activities of Daily Living 

https://doi.org/10.1371/journal.pone.0283551.t003 
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https://doi.org/10.1371/journal.pone.0283551.t003


Table 4. Results of the multiple nominal regression model. 
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Table 4. (Continued) 

< <

Multiple nominal regression model with CGC or OC as control variable. The analysis included patients with no missing values on considered characteristics. OR = 1 

indicates odds ratios for the reference (largest) group. 

iADL Instrumental Activities of Daily Living. NEADL Nottingham Extended Activities of Daily Living. pADL Personal Activities of Daily Living. BADL Barthel Index for 

Activities of Daily Living. OR Odds ratio. CI Confidence interval. OC Orthopedic care. CGC Comprehensive Geriatric Care. Preop. waiting time Preoperative waiting 

time. ASA score American Society of Anaesthesiologists Physical Status Classification system. CDR sum of boxes Clinical Dementia rating Scale sum of boxes. 

https://doi.org/10.1371/journal.pone.0283551.t004 
 

 

Discussion 

Table 5. Crosstabulation between iADL and pADL groups. 

  

 

Crosstabulation presenting agreement between group-belonging, which is consistent with moderate agreement across groups (kappa 0.46). 

iADL Instrumental Activities of Daily Living. pADL Personal Activities of Daily Living. NEADL Nottingham Extended Activities of Daily Living. BADL Barthel Index for 

Activities of Daily Living. 

G1 Very poor function. G2 Poor function. G3 Good function. G4 Very good function. 

https://doi.org/10.1371/journal.pone.0283551.t005 
 

https://doi.org/10.1371/journal.pone.0283551.t004
https://doi.org/10.1371/journal.pone.0283551.t005
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Errataliste 

Navn kandidat: Shams Dakhil 

Avhandlingstittel: Functional decline after a hip fracture - Long-term trajectories and the 

impact of orthogeriatric care and of fracture type 

Forkortelser for type rettelser: 

Cor – korrektur 

Side Sted Originaltekst Type rettelse Korrigert tekst 

55 Figur 3, boks med 

oversikt over 

Excluded i 

Trondheim 

Aged >70 years 
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Cor Aged <70 years 

(n=154) 
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