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Lahtinen, Antti, Rehabilitation after hip fracture. Comparison of physical,
geriatric and conventional treatment
University of Oulu Graduate School; University of Oulu, Faculty of Medicine; Medical
Research Center Oulu
Acta Univ. Oul. D 1505, 2019
University of Oulu, P.O. Box 8000, FI-90014 University of Oulu, Finland

Abstract

Hip fracture causes substantial burden for individual and society, with increased mortality and loss
of function. The purpose of this study was to (1) examine the effects of specialized (physical and
geriatric) rehabilitation on home-dwelling hip fracture patients 50 years or older on recovery one
year after the fracture, (2) to evaluate the costs and cost-effectiveness of specialized rehabilitation
modalities, (3) to study the recovery after hip fracture between home-dwelling male and female
patients and (4) to determine recommendations for hip fracture rehabilitation concerning the
general rehabilitation practices in Finland.

A total of 538 consecutively, independently living patients with non-pathological hip fracture
treated in Oulu University hospital, were randomized to one of the three rehabilitation modalities:
privately-based rehabilitation unit (physical rehabilitation), geriatric department (geriatric
rehabilitation) and healthcare centre hospital (control group). Patients were evaluated on
admission, at 4 and 12 months for social status, residential status, walking ability, use of walking
aids, pain in the hip, activities of daily living and mortality. Costs were evaluated by recording the
use of healthcare service and the prices were obtained from Diagnosis Related Group (DRG) price
list for the hospital and from a publication of the National Research and Development Centre for
Welfare and Health.

Mortality was lower in the physical rehabilitation group 4 and 12 months after the fracture
compared to geriatric and the control rehabilitation group. Physical and geriatric rehabilitation
improved the ability of independent living after 4 months, but this effect could not be seen after
12 months. The rehabilitation costs were higher in the physical rehabilitation than in the control
group, but the total healthcare-related costs one year after the fracture were lower in the physical
rehabilitation group than in the control. Male and female patients recovered similarly after hip
fracture. Age, poor functional status before the fracture and high ASA-score increased the
mortality risk.

This thesis suggests that intensive mobilization and rehabilitation is a recommended practice
after the hip fracture, resulting in better functional recovery, survival and lower economic costs
compared to routine treatment. Poor recovery was predicted not by sex, but by prefracture function
and morbidity.

Keywords: cost of rehabilitation, cost-effectiveness, functional outcome, hip fracture,
hospital costs, rehabilitation





Lahtinen, Antti, Kuntoutus lonkkamurtuman jälkeen. Satunnaistettu kontrolloitu
vertailutkimus kolmen kuntoutusyksikön välillä
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Tiivistelmä

Lonkkamurtuma on yksi merkittävimmistä toimintakyvyn laskua ja kuolleisuutta aiheuttavista
vammoista. Tämän väitöskirjatutkimuksen tarkoituksena oli (1) tutkia tehostetun (fysikaalisen ja
geriatrisen) kuntoutuksen vaikutusta itsenäisesti asuvien, vähintään 50-vuotiaiden lonkkamurtu-
mapotilaiden kuntoutumiseen murtumaa seuraavan vuoden aikana, (2) arvioida lonkkamurtu-
man hoidon kustannuksia ja kustannusvaikuttavuutta tehostetussa kuntoutusyksikössä, (3) tutkia
lonkkamurtuman kuntoutumisen eroja mies- ja naispotilaiden välillä sekä (4) tarkentaa lonkka-
murtuman hoitoketjun yleisiä suosituksia Suomessa.

Tutkimuksessa seurattiin 538 lonkkamurtumapotilasta, jotka hoidettiin kirurgisesti Oulun yli-
opistollisessa sairaalassa. Valintakriteereihin kuului vähintään 50 vuoden ikä sekä kyky itsenäi-
seen asumiseen joko omassa kodissa tai kodinomaisessa ympäristössä ennen murtumaa. Lonkka-
leikkauksen jälkeen potilaat satunnaistettiin yhteen kolmesta kuntoutusryhmästä: fysikaaliseen
kuntoutusryhmään (Oulun Diakonissalaitos), geriatriseen kuntoutusryhmään (Oulun kaupungin-
sairaalan kuntoutusosasto) sekä kontrolliryhmään (terveyskeskussairaalassa tapahtuva kuntou-
tus). Seuranta-aika oli yksi vuosi. Potilaat haastateltiin ennen kuntoutusta, sekä neljän ja 12 kuu-
kauden kuluttua murtumasta, joiden yhteydessä aineisto kerättiin koskien yleistä terveydentilaa,
toiminta- ja kävelykykyä, asumismuotoa ja kuolleisuutta. Kustannukset arvioitiin terveyspalve-
luiden käytöstä ja näiden hintoina käytettiin sairaalan yksikköhintoja (DRG) ja sosiaali- ja terve-
ysalan tutkimus- ja kehittämiskeskuksen (STAKES) yksikköhintoja.

Fysikaalinen kuntoutus vähensi merkittävästi potilaiden kuolleisuutta neljän ja 12 kuukau-
den seurannoissa verrattuna geriatriseen kuntoutukseen sekä kontrolliryhmään. Lisäksi fysikaali-
nen ja geriatrinen kuntoutus lisäsivät lyhytaikaisesti potilaiden kykyä itsenäiseen asumiseen ver-
rattuna kontrolliryhmään. Taloudellisten vaikutusten osalta fysikaalinen kuntoutusjakso oli huo-
mattavasti tavanomaista kuntoutusta kalliimpi, mutta fysikaalisen kuntoutusryhmän kokonais-
kustannukset vuoden aikana olivat pienemmät kuin kontrolliryhmän potilailla. Sukupuolella ei
ollut vaikutusta potilaiden toimintakykyyn, laitostumiseen tai kuolleisuusriskiin murtuman jäl-
keen. Merkittäviksi kuolleisuutta ennustaviksi tekijöiksi osoittautuivat ikä, toimintakyky ennen
murtumaa sekä leikkauskelpoisuusluokitus.

Tulokset puoltavat tehostetun, erikoistuneessa kuntoutusyksikössä suoritetun hoidon käyttöä
lonkkamurtumapotilailla sekä terveydellisten että taloudellisten syiden osalta.

Asiasanat: kuntoutuksen kustannukset, kuntoutus, kustannus-hyötyanalyysi,
kustannustehokkuus, lonkkamurtuma, sairaalakustannukset, toimintakyky
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1 Introduction  
Hip fracture is the most common injury requiring hospitalization in elderly persons, 

with incidence rates that are expected to increase exponentially, up to 6.3 million 

in 2050 (Cooper, Campion & Melton, 1992). The greatest incidence rates 

concentrate in Nordic countries and North America (Johnell, Gullberg, Allander & 

Kanis, 1992; Kanis et al., 2002). In Finland, the number of hip fractures among 

people aged 50 or more rose sharply between 1970 and 1997 (to 7122 fractures) 

(Korhonen et al., 2013). The increase has since levelled off, however, and with 

4370 surgically treated hip fractures in 2015 (PERFECT, 2015). In the Finnish 

population, the lifetime risk of sustaining a hip fracture among people aged 50 is 

5.5% in men and 12.7% in women (Kanis et al., 2002).  

Hip fracture causes substantial burden for individual and society. Most patients 

do not gain their prefracture level of mobility and function (Penrod et al., 2008; 

Tang et al., 2017), and up to 20%–30% of them face potential institutionalization 

(Huusko, Karppi, Avikainen, Kautiainen & Sulkava, 2002; Koval, Aharonoff, Su 

& Zuckerman, 1998). In addition, excess mortality has been reported among hip 

fracture patients (Gregersen, Mørch, Hougaard & Damsgaard, 2012; Koval et al., 

1998; Naglie et al., 2002), and the risk of death following a hip fracture remains 

high up to 10–20 years compared to rest of the population (von Friesendorff et al., 

2016). 

Hip fractures are generally treated surgically, followed by rehabilitation to 

recover prefracture mobility. Countries vary considerably in the provision of 

rehabilitation, applying many different methods. Some studies have shown that a 

high frequency of mobilization exercises during rehabilitation improves post-

fracture function (Hagsten, Svensson & Gardulf,  2004) and that rehabilitation in a 

specialized, geriatric unit may improve the likelihood of independent living 

(Huusko et al., 2002). However, other studies have found no additional 

improvement with specialized rehabilitation settings (Naglie et al., 2002; Ponten et 

al., 2015; Röder et al., 2003). Comparison of results among studies is limited 

because of a lack of standardization of study design, follow-up, and recorded 

variables. 

In addition to major impacts on individual health, hip fracture also leads to 

excessive healthcare costs. An estimated one third of hip fracture costs accumulates 

during the first 6 months after the fracture is sustained (Braithwaite, Col & Wong, 

2003). One of the main causes for increased costs after the fracture is admission to 

a long-term care facility (Wiktorowicz, Goeree, Papaioannou, Adachi & 
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Papadimitropoulos, 2001). Few studies have compared the expenditures between 

different rehabilitation settings, and cost-reducing strategies often have focused on 

shortening the initial hospital stay (Farnworth, Kenny & Shiell, 1994; Polder, van 

Balen, Steyerberg, Cools & Habbema, 2003). However, this tactic may only shift 

the costs elsewhere, generating no additional savings (Polder et al., 2003). 

This thesis focuses on the impact of specialized rehabilitation on functional 

outcome, capacity for independent living, and mortality as well as economic costs 

and cost-effectiveness in home-dwelling hip fracture patients, using routine 

rehabilitation as a control. We also studied recovery in male compared to female 

patients after the fracture. 
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2 Review of literature  
This thesis focuses on hip fracture patients age 50 years or older. Hip fractures in 

this age group are often caused by low-energy trauma, usually by falling. In 

younger patients, hip fracture is associated with high-energy trauma, and these 

fracture types should be treated as separate entities (Damany, Parker & Chojnowski, 

2005). 

2.1 Anatomy and classification of hip fractures 

A hip fracture is a break in the upper quarter of the femur (thigh) bone. The 

diagnosis and classification of hip fracture are generally confirmed 

radiographically, by an X-ray (Zuckerman, 1996). In some cases the fracture may 

not be visible in radiographs, and the diagnosis is confirmed by computed 

tomography (CT) or magnetic resonance imaging (MRI) (Rizzo et al., 1993). 

Hip fractures are classified into intracapsular and extracapsular fractures based 

on their location (Zuckerman, 1996; Figure 1). Intracapsular fractures occur at the 

level of the neck and head of the femur, inside the capsule that surrounds the hip 

joint itself. Extracapsular fractures occur at a lower level of the femur than 

intracapsular fractures and outside the actual hip joint. They can be further divided 

into basicervical, trochanteric, and subtrochanteric fractures. Basicervical is a rare 

type of fracture occurring at the base of the femoral neck (Saarenpää, Partanen & 

Jalovaara, 2002). Trochanteric fracture occurs between the neck of the femur and 

the lesser trochanter. Subtrochanteric fracture occurs in the area below the lesser 

trochanter, up to 5 cm away.  

Fig. 1. Anatomical classification of hip fracture. 
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Fig. 2. Femoral neck fracture classification according to Garden (1961). 

A more detailed classification of hip fractures is used for planning operative 

treatment. The Garden classification, the most widely used system for categorizing 

intracapsular fractures (Garden, 1961), is based on displacement of the trabeculae 

within the femoral head from their normal alignment (Figure 2). The system 

consists of four grades, subdivided into undisplaced (Garden 1-2) and displaced 

(Garden 3-4) fractures. This division into undisplaced and displaced fractures has 

been proved to be clinically relevant (Eliasson, Hansson & Kärrholm, 1988). Other 

classification systems have also been described, such as the AO/ASIF classification 

(Müller, Nazarian, Koch & Schatzker, 1990) and the Pauwels (1935) classification 

based on mechanical stability of the fracture, but these have little clinical relevance 

(Parker, 1997). 

Many classifications exist for trochanteric fractures. The simplest approach is 

to categorize fractures based on stability, as first described in a system of 

classification by Evans (1949), later modified by Jensen and Michaelsen (1975). 

This system divides fractures into five categories, with types 1 and 2 regarded as 

stable and types 3–5 as multi-part or unstable (Figure 3). The AO/ASIF system uses 

 

Fig. 3. Trochanteric fracture classification according to Jensen and Michaelsen (1975). 



21 

nine different subgroups for trochanteric fractures (Müller et al., 1990). 

There are also many different classification systems for subtrochanteric 

fractures, but the categorization is difficult because the borderline between 

trochanteric and subtrochanteric fracture is controversial (Parker, 1997). The 

Fielding classification is a three-grade system based on the level of the region 

through which the fracture extends (Fielding & Magliato, 1966; Figure 4). A later 

Zickel classification (1976) divided subtrochanteric fractures into six groups. 

AO/ASIF classification is currently the most subdivided system, with nine different 

subgroups (Müller et al., 1990). However, it has been recommended that 

subtrochanteric fractures should be divided into undisplaced, two-part, and 

comminuted fractures because of their infrequency (Parker, 1997). The relative 

proportions of different fracture types are presented in Table 1. 

 

Fig. 4. Fielding classification for subtrochanteric fractures. 

Table 1. Relative proportion of different hip fracture types (Holt et al., 2008). 

Fracture type Male1 Female1 

Intracapsular 49 % 52 % 

Extracapsular/trochanteric 42 %  42 % 

Subtrochanteric 5 %  3 % 

Pathological 3 %  2 % 
1Based on hip fracture data in Scotland.   

2.2 Etiopathology of hip fractures 

Most hip fractures occur as a result of stumbling and falling and are multifactorial 

in nature (Hayes, Myers, Robinovitch & van den Kroonenberg, 1996). In elderly 

patients, several factors mediate the fall and subsequent hip fracture, such as 

balance impairment (Kulmala et al., 2007), neuromuscular and musculoskeletal 
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impairment (Myers et al., 1996), fall type (Greenspan et al., 1998), and fall speed 

(Hayes et al., 1996). Cummings and Nevitt (1989) described differences in falls: 

young people tend to fall onto their hands, while the elderly fall laterally onto their 

hip.  

Most hip fractures occur in women (Benetos, Babis, Zoubos, Benetou & 

Soucacos, 2007), and the risk increases with age (Kannus et al., 1996). Various risk 

factors associated with hip fracture have been studied. In their meta-analysis, Kanis 

et al. (2004) reported that genetic factors play a significant role and that having 

parents who experienced hip fracture increases risk for women. Other known risks 

range from nutritional factors such as vitamin D deficiency, malnutrition, and low 

body mass (Kanis et al. 1999) to chronic illnesses such as stroke (Kanis, Oden & 

Johnell, 2001), Parkinson disease (Marks, 2010), and poor vision (Ivers, Cumming, 

Mitchell, Simpson & Peduto, 2003). Smoking (Law & Hackshaw, 1997) and 

alcohol usage also have been reported to increase fracture risk (Kaukonen et al., 

2006). Medication such as benzodiazepines (Wang, Bohn, Glynn, Mogun & Avorn, 

2001), antidepressants (Liu et al., 1998), and sedatives (Wang et al., 2001) that may 

impair balance and motor functions are associated with increased risk of hip 

fracture. 

2.3 Epidemiology of hip fractures 

Hip fracture incidence rates are expected to increase exponentially because of 

population aging, from 1.6 million in 2000 up to 6.3 million in 2050 (Cooper et al., 

1992). Hip fracture incidence shows high geographical variation and is highest in 

Sweden and North America (Johnell et al., 1992) and lowest in Africa (Zebaze & 

Seeman, 2003). The incidence increases with poor economic status, reduced winter 

sunlight, and water fluoridation (Dhanwal, Dennison, Harvey & Cooper, 2011). 

However, the age-adjusted incidence of new hip fractures is projected to stabilize 

or decrease in the United States, Canada, Oceania, and some European countries 

while increasing especially in Asia (Cooper et al., 2011). 

According to Kanis et al. (2002), the Finnish population is in the high-risk 

category for sustaining hip fractures, with men having 5.5% and women 12.7% 

lifetime risks at the age of 50 years. These rates, however, are the lowest among the 

Nordic countries (Kanis et al., 2002). The respective lifetime risk rates for men and 

women are 13.1% and 28.5% in Sweden, 8.7% and 24.5% in Norway, and 5.8% 

and 16.5% in Denmark (Kanis et al., 2002).  The number of hip fractures in Finland 

among people aged 50 or more rose sharply between 1970 and 1997 (from 1857 to 
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7122 fractures), but the rise has since levelled off (4370 surgically treated fractures 

in 2015) (PERFECT, 2015). However, because the size of the population in the 50-

year or older range is increasing, it is possible that the number of hip fractures will 

continue to increase despite decreasing incidence (Korhonen et al., 2013).  

2.4 Surgical treatment 

2.4.1 Femoral neck fractures 

Intracapsular fractures (Figure 5) can be treated by fixing the fracture and 

preserving the femoral head, or in cases of displaced fractures, by hemiarthroplasty 

or total arthroplasty.  The internal fixation allows the patient to retain their own 

femoral head. Considering arthroplasty, three different types of arthroplasty are 

available: uni- and bipolar hemiarthroplasty and total arthroplasty.  

 

Fig. 5. X-ray image of femoral neck fracture. 

In undisplaced intracapsular fractures (Garden I and II), internal fixation is usually 

recommended (Conn & Parker, 2004; Cserhati, Kazar, Manninger, Fekete & 

Frenyó, 1996). Considering non-union rates, internal fixation with a non-union rate 

of 5%–10% is superior to conservative treatment with a rate of 15%–60% (Hansen, 

1994; Parker & Pryor, 1993; Raaymakers & Marti, 1991). Do, Kruke, Foss & Basso 

(2016) reported that screw fixation of undisplaced fractures is a relatively safe 
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procedure, with conversion to arthroplasty occurring in up to 25% in long-term 

survivors. 

In displaced femoral neck fractures (Garden III and IV), arthroplasty is 

considered the treatment of choice in elderly patients (Frihagen, Nordsletten & 

Madsen, 2007; Keating, Grant, Masson, Scott & Forbes, 2006; Rogmark & 

Leonardsson 2016; UK NICE Guidelines, 2017). A meta-analysis by Gao, Liu, 

Xing & Gong (2012) summarized the results of 20 randomized controlled trials 

with elderly (at least 60 years old) patients having had dislocated femoral neck 

fracture. These authors concluded that arthroplasty was associated with a lower risk 

of major surgical complications, fewer reoperations, and better pain relief 

compared to internal fixation. Also, function was found to be superior compared to 

internal fixation, and patients with arthroplasty also reported less pain, but no 

differences in mortality were observed. Internal fixation may constitute the best 

treatment option for younger patients (less than 60 years) or those without serious 

co-morbidities (Shah, Eissler & Radomisli, 2002). However, there are no 

randomized, controlled studies of internal fixation versus arthroplasty in patients 

under age 60 years. 

Both hemiarthroplasty and total hip arthroplasty are accepted methods for 

treating dislocated femoral hip fractures, but consensus is lacking regarding the 

optimal method. UK NICE Guidelines (2017) recommend that total hip 

arthroplasty should be favoured over hemiarthroplasty in patients who can walk 

independently outdoors before the fracture, have no cognitive impairments, and are 

otherwise fit for surgery. In a meta-analysis, Wang, Zhang, Zhang, Ma & Feng 

(2015) concluded that both reoperation and acetabular erosion rates were higher in 

bipolar hemiarthroplasty than in total arthroplasty after 4 years, while dislocation 

rate was higher in total hip arthroplasty. They found no differences in infection rate, 

general complications, one-year mortality, or functional outcome as measured by 

the Harris hip score. A meta-analysis by Jia et al. (2015) including 10 randomized 

controlled trials compared bipolar and unipolar hemiarthroplasty. They concluded 

that bipolar hemiarthroplasty has similar or slightly better functional outcome with 

less hip pain and better quality of life, but higher cost compared to unipolar 

hemiarthroplasty. Bipolar hemiarthroplasty was also associated with a lower 

incidence of short-term acetabular erosion (in one-year follow-up), while no 

differences were observed in longer follow-ups. 
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2.4.2 Trochanteric fractures 

Trochanteric fractures represent approximately half of all hip fractures caused by a 

low-energy mechanism (Ahn & Bernstein, 2010; Figure 6). The standard operative 

methods include the sliding hip screw, intramedullary nail, and fixed angle plate 

(Ahn & Bernstein, 2010), and proper fracture reduction is paramount. A Cochrane 

analysis (Parker & Handoll, 2010) concluded that a sliding hip screw was 

associated with a lower reoperation rate and later fracture of the femur than an 

intramedullary nail. However, intramedullary nail was associated with fewer 

fracture fixation complications in unstable fractures compared to fixed nail plates 

(Parker & Handoll, 2010). Internal fixation also has been reported to have a lower 

failure rate than sliding hip screws in reverse obliquity fractures (Haidukewych, 

Israel & Berry, 2001). 

Fig. 6.  X-ray image of trochanteric fracture. 

2.4.3 Subtrochanteric fractures 

For subtrochanteric fractures, the most common surgical method is fixation with 

an intramedullary nail (Roberts, Brox, Jevsevar & Sevarino, 2015). Umer, Rashid, 

Shah and Qadir (2014) reported a healing of rate of 94% within 6 months after 

using a femoral nail with a spiral blade. Similarly, Borens et al. (2004) reported a 

success rate of 97% with a primary operation using a proximal femoral 

intramedullary nail. 
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2.4.4 Timing of surgery 

An early fixation performed within 24 hours substantially decreases the risk of non-

union (Papakostidis, Panagiotopoulos, Piccioli & Giannoudis, 2015), at least in 

young patients (Haidukewych, Rothwell, Jacofsky, Torchia & Berry, 2004). 

Manninger et al. (1989) suggested that an even earlier fixation performed within 6 

hours lowers the non-union rate while other studies found no differences in patients 

treated either within or after 12 hours from the time of the fracture (Jain et al., 2002; 

Karaeminogullari et al., 2004; Papakostidis et al., 2015). The timing of the surgical 

treatment does not seem to affect the avascular necrosis rate (Haidukewych et al., 

2004; Jain et al., 2002; Karaeminogullari et al., 2004; Loizou & Parker, 2009; 

Manninger et al., 1989). UK NICE Guidelines summarized the evidence for 

complications and mortality from delayed surgery, finding lower post-operative 

mortality among patients treated within 24 hours (vs patients treated after 24 hours) 

or 48 hours (vs patients treated after 48 hours) after the fracture. No definitive cut-

off point was found, however,  for where possible benefits ceased to exist. Early 

surgery also decreased the risk for pressure ulcers, prolongation of pain, and 

complications (UK NICE Guidelines, 2017). 

2.4.5 Anaesthesia 

A cohort study by Neuman, Rosenbaum, Ludwig, Zubizarreta and Silber (2014) 

found no differences in mortality between patients with general or regional 

anaesthesia, but the regional anaesthesia was associated with a slightly (0.6 days) 

shorter hospital stay. A Cochrane database review (Parker, Handoll & Griffths, 

2004) showed borderline statistical significance in mortality, with regional 

anaesthesia tied to a slightly better survival rate than general anaesthesia. 

2.5 Rehabilitation 

The purpose of hip fracture rehabilitation is to restore prefracture mobility and 

functional status and enable independent living and function. Countries vary 

considerably regarding the choice of rehabilitation protocol for hip fracture. In 

some countries, inpatient rehabilitation is conducted in the primary hospital, while 

in others. the conventional treatment is done in rehabilitation centres or nursing 

homes (Adunsky et al., 2010; Ponten et al., 2015; Röder et al., 2003). Direct 
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discharge to home is rare and depends on the patient’s general health, functional 

status, and living conditions (Handoll, Cameron, Mak & Finnegan, 2009). 

 

Fig. 7. Mobilization and strength exercises typically include treadmill gait, quadriceps 
training, and femoral abductor training.   

Mobilization is a major component of post-operative rehabilitation and aims to re-

establish ambulatory capacity with increasing levels of complexity, maintaining 

upright posture and speed (UK NICE Guidelines 2017). It is recommended that the 

mobilization should start early after the surgical treatment, usually the following 

day (Halbert et al., 2007). Proper pain treatment is paramount to support 

ambulatory functions (Hip fracture: Current Care Guidelines, 2011). The 

rehabilitation ward typically encourages mobility with the support of staff, which 

includes physicians, physiotherapists, occupational therapists, and nurses. Specific 

strategies include muscle strength training, weight-bearing exercises, bed exercises, 

and use of walking aids (UK NICE Guidelines, 2017; Handoll & Sherrington, 2007; 



28 

Figure 7). Occupational therapists assist in recovery of skills and functions required 

in daily living. Although a large number of interventions have been studied, they 

are difficult to compare because of lack of standardization of terms for naming and 

describing differences in rehabilitation types and for differences in control groups 

and heterogeneity in study populations (Table 2, Table 3). 

Table 2. Summary of studies with rehabilitation interventions. 

Study name Study type N Follow-up 

time 

(months) 

 Main outcome measurements 

Shyu et al. (2005)  RCT  137  3  Ambulation, mortality, ADL, pain, falls 

Naglie et al. (2002)  RCT  279  6  Mortality, ambulation, residence 

Tseng et al. (2012)  RCT  162  24  Function 

Vidan et al. (2005)  RCT  319  12  Mortality, hospital stay 

Khasraghi et al. (2005)  Nonrandomized  510  -  LOS, time to surgery, complications 

Gregersen et al. (2012)  Nonrandomized  495  Varied1  LOS 

Huusko et al. (2002)  RCT  243  12  LOS, mortality, residence 

Adunsky et al. (2010)  Nonrandomized  3114  12  Mortality 

Röder et al. (2003)  Nonrandomized  283  12  ADL 

Ponten et al. (2015)  Nonrandomized  173  12  LOS, length of rehabilitation 

Koval et al. (1998)  Nonrandomized  609  12  Ambulation, ADL, residence 

Kramer et al. (1997)  Nonrandomized    6  Function, discharge location 

Hoenig et al. (1997)  Nonrandomized  1880  6  LOS, ambulation 

Mitchell et al. (2001)  RCT  80  4  Function, muscle strength, QOL 

Hagsten et al. (2004)  RCT  100  2  Functional recovery 

Sylliaas et al. (2011)  RCT  150  3  Balance, ADL, ambulation 

Sylliaas et al. (2012)  RCT  95  9  Balance, ADL, ambulation 

Tsauo et al. (2005)  RCT  25  6  Ambulation, strength, QOL 

Binder et al., (2004)  RCT  90  6  Functional recovery 

Bischoff-Ferrari et al. 

(2010) 

 RCT  173  12  Falls rate 

Zidén et al. (2008)  RCT  102  1  ADL, ambulation 

Latham et al. (2014)  RCT  232  6  Function, mobility 

Kuisma (2002)  RCT  81  12  Ambulation 

Crotty et al. (2002)  RCT  66  12  Function, ambulation, balance 

van Balen et al. (2002)  RCT  208  4  Mortality, ADL, complications, QOL, 

residence 
1Depended on variable: 3 months (haemoglobin, readmission rate, mortality), 6 months (haemoglobin, 

readmission rate), 2 years (new fractures) 
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Table 3. Rehabilitation interventions and key results. 

Study  Intervention  Control group  Key results in intervention group 

Multidisciplina

ry 

rehabilitation 

     

Shyu et al. 

(2005) 

 Interdisciplinary 

rehabilitation team with 

geriatric consultations 

 Standard care (short 

rehabilitation period 

in orthopaedic ward) 

 Improved walking ability, ADL 

functions, muscle strength, mental 

health, and less pain 

Naglie et al. 

(2002) 

 

 Interdisciplinary care by 

specialized rehabilitation 

team 

 Standard care, 

possibility for 

geriatrician 

consultations 

 6 months postoperatively: no 

differences in mortality, place of 

residence, or ambulation 

Tseng et al. 

(2012) 

 Interdisciplinary program  Routine care in ward  Intervention decreased the likelihood 

of poor recovery 

Vidan et al. 

(2005) 

 Multidisciplinary 

rehabilitation 

(orthopaedic team and 

geriatric team) 

 Standard care 

(orthopaedic team) 

 Shorter hospital stay, lower in-hospital 

mortality, lower complication rate 

Better partial recovery at 3 months, 

but no differences at 6 and 12 months 

Khasraghi 

et al. (2005) 

 Multidisciplinary hip 

fracture service  

 Usual care  Shorter hospital stay, fewer 

complications, less delay to surgery 

Gregersen 

et al. (2012) 

 Geriatric 

multidisciplinary team 

 Standard care in 

orthopaedic ward 

 Shorter hospital-stay, no differences 

in in-hospital mortality and 

readmissions to the hospital 

Huusko et 

al. (2002) 

 Rehabilitation in geriatric 

ward 

 Rehabilitation in 

healthcare centre 

hospital 

 3 months postoperatively, more 

patients with mild or moderate 

dementia were able to live 

independently 

Adunsky et 

al. (2010) 

 Rehabilitation in geriatric 

unit 

 Rehabilitation in 

orthopaedic ward 

 Lower mortality at 1 and 3 months of 

follow-up 

Röder et al. 

(2003) 

 Rehabilitation in geriatric 

unit 

 Rehabilitation in 

orthopaedic ward 

 No differences in functional recovery 

Intensive 

rehabilitation 

     

Ponten et 

al. (2015) 

 Specialized rehabilitation 

unit, PT 2 times/day 

 Rehabilitation in 

nursing home 

 Shorter hospital stay, no difference in 

survival 

Koval et al. 

(1998) 

 Intensive inpatient 

rehabilitation, PT 2 

h/day, OT 1h/d 

 Inpatient 

rehabilitation in 

separate unit 

 No effect on walking ability, place of 

residence, need for home assistance 

or ADL functions 

Kramer et 

al. (1997) 

 Rehabilitation in 

specialized hospital 

rehabilitation unit 

 Nursing home  No differences in ADL functions or 

return to community rates 6 months 

postoperatively 
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Study  Intervention  Control group  Key results in intervention group 

Hoenig et 

al. (1997) 

 Physiotherapy more 

than 5 times/week 

 Physiotherapy less 

than 5 times/week 

 Increased the possibility for early 

ambulation 

Mitchell et 

al. (2001) 

 Inpatient rehabilitation, 

additional quadriceps 

training 5 times/week 

 Same rehabilitation 

but without 

quadriceps training 

 Better functional reach, leg extensor 

power and mobility 

Hagsten et 

al. (2004) 

 Inpatient rehabilitation, 

additional occupational 

therapy sessions/day 

 Same rehabilitation, 

but without 

additional therapy 

session 

 Improved ADL functions at discharge 

Extended 

home-based 

rehabilitation 

     

Sylliaas et 

al. (2011) 

 Inpatient rehabilitation 

followed by 3 months 

outpatient physiotherapy 

 Inpatient 

rehabilitation only 

 Better functional balance, mobility, 

and IADL functions 

Sylliaas et 

al. (2012) 

 Inpatient rehabilitation 

followed by 6–9 months 

outpatient physiotherapy 

 Intervention group in 

Sylliaas et al (2011)1 

 No differences in Berg Balance Scale 

(primary outcome); improved strength, 

gait speed, gait distance, self-rated 

health, and IADL 

Tsauo et al. 

(2005) 

      

Binder et al. 

(2004) 

 Supervised outpatient 

exercise training for 6 

months 

 Standard care with 

self-exercising and 

monthly 1-hour 

group exercise 

 Improvement in Physical Performance 

Test (PPT) and Functional Status 

Questionnaire physical function 

subscale (FSQ) and ADL 

Bischoff-

Ferrari et 

al. (2010) 

 60 min/day 

physiotherapy during 

acute care + 

unsupervised home 

program 

 30 min/day 

physiotherapy 

during acute care 

 

 Reduced rate of falls and hospital 

readmissions 

Zidén et al. 

(2008) 

 Geriatric ward 

rehabilitation followed 

with home-based 

rehabilitation up to 3 

weeks 

 Rehabilitation in 

ward only 

 One month after discharge, better 

self-care, mobility, domestic and 

instrumental activities, and confidence 

in balance 

Latham et 

al. (2014) 

 Self-exercises taught by 

a therapist 

 Cardiovascular 

nutrition education 

 Slight improvement in physical 

function 

Home-based 

rehabilitation 

     

Kuisma 

(2002) 

 Discharged home, 

physiotherapist visits 

 Rehabilitation centre  Higher ambulation one year 

postoperatively 
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Study  Intervention  Control group  Key results in intervention group 

Crotty et al. 

(2002) 

 Discharged home  Rehabilitation in 

hospital 

 At 4 months, better modified Barthel 

Index Score (independence), longer 

rehabilitation period; no differences in 

QOL or falls rate 

van Balen 

et al. (2002) 

 Early discharge (median 

stay at hospital 11 days) 

 Usual stay in 

hospital (18 days) 

 At 4 months, no differences in 

disabilities, quality of life, and 

cognition 

2.5.1 Multidisciplinary care 

Multidisciplinary rehabilitation emphasizes collaboration and cooperation of all 

participants in the rehabilitation process, with regular communication among the 

team members. Different levels of a multidisciplinary approach have been 

described: interdisciplinary (highest level of cooperation), multidisciplinary 

(professionals work with the same person, but within their own professional field), 

and transdisciplinary, where professionals cross borders into another team’s 

professionalism (Momsen, Rasmussen, Nielsen, Iversen & Lund, 2012). However, 

most of the published studies tend to use the term “multidisciplinary team” 

interchangeably (Neumann et al., 2010). A multidisciplinary approach in 

rehabilitation has been proved to result in superior outcomes in multiple studies 

(Cameron, 2005; Handoll et al., 2009; Momsen et al., 2012). Shyu et al. (2005) 

reported improved walking ability and ADL functions among patients treated in an 

interdisciplinary rehabilitation team. On the other hand, Naglie et al. (2002) 

compared the outcomes of elderly people with hip fracture in interdisciplinary care 

(with individual discharge planning, specialized education for nursing staff, 

multidisciplinary team led by internist-geriatrician) and conventional care. The 3 

and 6 months follow-ups showed no significant differences regarding mortality, 

place of residence, or ambulation. Tseng, Shyu and Liang (2012) found that hip 

fracture patients usually followed three distinctive trajectories concerning 

functional recovery: excellent (45% of the patients), moderate (47%), and poor 

recovery (7%). High age, low prefracture functional status, depression, and low 

cognitive functions were risk factors for poor and moderate recovery. Moreover, 

interdisciplinary care intervention significantly reduced the likelihood of poor 

recovery.  
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Ortho-geriatric model 

The ortho-geriatric care model emphasizes collaboration between orthopaedic 

surgeons and geriatricians, with interventions ranging from routine consultation to 

integrated rehabilitation teams (Grigoryan, Javedan & Rudolph, 2014). A 

randomized controlled trial by Vidán, Serra, Moreno, Riquelme and Ortiz (2005) 

randomized 319 hip fracture patients to either conventional care (orthopaedic team) 

or multidisciplinary rehabilitation (consisting of orthopaedic team and geriatric 

team). Patients in the intervention group were reported to have a shorter hospital 

stay, lower in-hospital mortality rate, and lower major complication rate. Patients 

in the intervention group were also more likely to achieve partial recovery at 3 

months (57% vs 44%) but the differences had disappeared at 6 and 12 months of 

follow-up. A shorter hospital stay in these models has also been suggested in other 

studies (Gregersen et al., 2012; Khasraghi, Christmas, Lee, Mears & Wenz, 2005). 

Geriatric rehabilitation 

Hip fracture rehabilitation conducted in specialized unit, run by a geriatrician and 

where staff are specialized in treating geriatric patients, has been reported to 

somewhat improve recovery in elderly patients. Huusko et al. (2002) evaluated the 

effect of intensive geriatric rehabilitation (in geriatric ward) on patients with 

dementia and hip fracture, with control patients receiving conventional care in 

healthcare centre hospital. Three months postoperatively, more patients with mild 

or moderate dementia treated in geriatric rehabilitation could live independently, 

compared to those in the control group. An Israeli study by Adunsky et al. (2010) 

reported a slightly lower mortality rate among patients in a geriatric unit compared 

to those in orthopaedic ward at short-term (1 and 3 months) follow-up. However, 

Röder et al. (2003) found no differences in functional recovery between those 

treated in geriatric ward and those in the control group (orthopaedic ward). 

2.5.2 Intensive rehabilitation 

Some studies have evaluated whether more intensive rehabilitation in a specialized 

rehabilitation unit with a higher frequency of physical and occupational therapy 

improves outcomes (Table 4). Ponten et al. (2015) found no differences in survival 

between intensive rehabilitation (specialized unit providing physiotherapy sessions 

two times a day) and regular rehabilitation in nursing home, although intensive 
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rehabilitation resulted in a significantly shorter hospital stay. Koval et al. (1998) 

compared two groups of patients in different rehabilitation units. The intervention 

group received intensive physical therapy 2 hours/day and occupational therapy 1 

hour/day, but no effect on intensive rehabilitation was seen regarding walking 

ability, place of residence, need for home assistance, or ADL functions up to 12 

months follow-up. However, the authors noted that the prefracture characteristics 

were not identical between the two groups. Kramer et al. (1997) studied the return-

to-home rates in hip fracture patients whose rehabilitation was based in either a 

specialized rehabilitation hospital unit or a nursing home. Six months 

postoperatively, no differences were observed in the ability to return to community 

or in ADL functions, but there were no specific details regarding the contents of 

these rehabilitations. 

A high frequency of occupational and physical therapy improves earlier 

ambulation (more than five sessions a week; Hoenig, Rubenstein, Sloane, Horner 

& Kahn, 1997), and additional quadriceps strength training may improve walking 

ability (Mitchell, Stott, Martin & Grant, 2001). Hagsten et al. (2004) reported better 

ADL function at discharge to home among patients who received additional daily 

occupational therapy during the rehabilitation, but these differences disappeared 

during the follow-up. 

2.5.3 Extended outpatient/home-based rehabilitation 

Prolonging rehabilitation and physical therapy at home after conventional 

rehabilitation in an institution may improve functional outcome (Table 4). Sylliaas, 

Brovold, Wyller and Bergland (2011) studied the effect of prolonged post-hip 

fracture rehabilitation, where home-dwelling patients received additional 

outpatient physiotherapy up to 3 months. This additional therapy resulted in better 

functional balance, mobility, and IADL functions. However, prolonging this 

rehabilitation even further (Sylliaas, Brovold, Wyller & Bergland, 2012) did not 

yield additional improvements in balance, although improvements in strength, 

walking, and instrumental activities were observed. Extended outpatient 

rehabilitation has resulted in similar improvements regarding physical function at 

3 (Tsauo, Leu, Chen & Yang, 2005) and 6 months of follow-up (Binder et al., 2004; 

Latham et al., 2014). One randomized controlled trial (Bischoff-Ferrari et al., 2010) 

found that extended physiotherapy significantly reduced the rate of falls. Zidén, 

Frändin and Kreuter (2008) reported that geriatric ward rehabilitation followed by 

home-based rehabilitation up to 3 weeks improved patient self-care, mobility, 
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domestic and instrumental activities, and confidence in balance when compared to 

care in a ward only. 

2.5.4 Early discharge and home-based rehabilitation 

In recent years, home-based rehabilitation has been presented as a viable option 

compared to institutional rehabilitation, emphasizing early discharge from the 

hospital and thus potentially reducing the financial burden (Table 4). A randomized 

controlled trial by Kuisma (2002) compared hip fracture patients discharged to 

home and those discharged to a rehabilitation centre (control). The results indicated 

that five physiotherapist visits per month at home resulted in better ambulation 

ability than one month in institution-based rehabilitation. Crotty, Whitehead, Gray 

and Finucane (2002) concluded that home-based rehabilitation with early discharge 

improved short-term independence compared with conventional care in a hospital 

unit. On the other hand, van Balen et al. (2002) found no differences in disabilities, 

quality of life, and cognition up to 4 months postoperatively between early-

discharge patients (11 hospital days) and control (18 days). 

Table 4. Summary of different rehabilitation settings and interventions. 

Intervention Description Potential benefits Potential drawbacks 

Multidisciplinary 

rehabilitation 

 Collaboration of all participants 

and professionals in 

rehabilitation team 

 May improve functional 

recovery 

 Time intensive, 

requires resources 

Ortho-geriatric 

modela 

 Multidisciplinary team including 

orthopaedics and geriatricians 

 Shorter LOS, less 

complications, lower 

mortality 

 “ 

Geriatric 

rehabilitationa 

 Multidisciplinary team led by 

geriatrician, staff specialized in 

treating geriatric patients 

 May improve ability to live 

independently and lower 

mortality 

 “ 

Intensive 

rehabilitation 

 High frequency of physical 

and/or occupational therapy 

during rehabilitation period 

 Shorter time in hospital, 

improvement in ADL and 

ambulation 

 Requires resources, 

early mobilization 

may not be suitable 

for frail patients 

Extended 

rehabilitation 

 Additional home-based 

rehabilitation following routine 

inpatient rehabilitation 

 May improve physical 

performance and balance 

 Requires more 

resources 

Home-based 

rehabilitation 

 Early discharge, home-based 

rehabilitation 

 Cost reduction  May not be suitable 

for all patients 
aSubsection of multidisciplinary rehabilitation.     
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2.5.5 Rehabilitation after hip fracture in Finland 

In Finland, conventional rehabilitation following surgical treatment is started in the 

orthopaedic ward and continued in the healthcare centre hospital ward (Figure 8). 

The treatment period in the orthopaedic ward is usually short (Huusko et al., 2002). 

Elderly patients with poor physical function are preferably treated in specialized 

geriatric units, which may improve function especially among patients with 

dementia (Hip fracture: Current Care Guidelines, 2011).  A small number of 

patients may be discharged straight to the prefracture place of residence with 

outpatient rehabilitation program, but no Finnish studies have addressed the 

possible benefits in this kind of treatment (Hip fracture: Current Care Guidelines, 

2011). In 2015, the mean length of rehabilitation period after hip fracture was 40.7 

days (PERFECT, 2015).  

Fig. 8. Finnish national recommendations for care pathway (Hip fracture: Current Care 
Guidelines, 2011). 

Finnish national recommendations emphasize a multidisciplinary approach, with a 

rehabilitation team that includes a physician, registered and practical nurses, 

physical therapist, occupational therapist, and social worker. The rehabilitation 

period includes mobilization and occupational therapy, aiming for a return to 

prefracture functional status and independent living. Various aids are in use to 
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support maintaining balance and posture during ambulatory exercises (Figure 9). 

The prevention of new falls and secondary fractures is also emphasized, and 

individual risk of falling is evaluated in accordance with general health status and 

medication (Hip fracture: Current Care Guidelines, 2011). The patient and the 

patient’s family are actively encouraged to participate in the decisions and 

rehabilitation.  

Fig. 9.  Various aids used in walking exercises. 

Although Finnish hip fracture rehabilitation practises are based on national 

recommendations (Current Care Guidelines), the rehabilitation periods tend to be 

long, and the therapy received in post-fracture rehabilitation may not be intensive 

enough (Panula et al., 2011). Some local or sub-national projects have been 

undertaken that have successfully implemented the national recommendations for 

practical care.  One of the recent innovations is the Lonkkaliukumäki-project (lit. 

hip slide project) conducted in Jorvi hospital in Southern Finland (Hagfors & 

Korhola, 2012). The project aimed to improve the outcomes for hip fracture 

treatment by emphasizing the collaboration between different organizations,  and 

by providing clear aims and standardization for the total hip fracture care pathway 

(Hagfors & Korhola, 2012; Komulainen et al., 2014). This approach resulted in a 

shorter overall hospital stay and shortened the overall rehabilitation period. 
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2.6 Outcomes 

2.6.1 Mortality 

Hip fracture causes excess mortality and is one of the most frequently studied 

outcomes. In earlier studies, the mortality rate range was 7%–16% at 3 months of 

follow-up (Gregersen et al., 2012; Naglie et al., 2002), 5%–15% at 6 months (Koval 

et al., 1998; Naglie et al., 2002), and 3%–21% at one year after the fracture 

(Gjertsen, Fevang, Matre, Vinje & Engesæter, 2011; Koval et al., 1998). The most 

common cause of death in elderly patients (over 65 years old) postoperatively is 

circulatory system disease (Panula et al., 2011). In a long-term follow-up (22 years), 

excess mortality remained high for women up to 10 years and for men up to 20 

years, with cardiovascular disease and pneumonia being the leading causes of death 

(von Friesendorff et al., 2016). Risk factors for post-fracture mortality include older 

age (Endo, Aharonoff, Zuckerman, Egol & Koval, 2005), ASA score (Endo et al., 

2005; Swanson et al., 1998) and comorbidities (Endo et al., 2005).  

Survival between men and women differs among studies. Male sex has often 

been associated with poor survival (Endo et al., 2005; Fransen et al., 2002; Hawkes, 

Wehren, Orwig, Hebel & Magaziner, 2006), while others have reported higher 

mortality among women (Nurmi-Lüthje, Lüthje, Kaukonen & Kataja, 2015) or no 

differences at all between men and women (Lieberman & Lieverman, 2004). 

However, it also has been reported that men often have more chronic illnesses at 

the time of the fracture and been suggested that other factors explain the differences 

in mortality between male and female patients (Aharonoff, Koval, Skovron & 

Zuckerman, 1997; Jensen, 1984). 

2.6.2 Activities of daily living 

Function is usually evaluated by specific ADL functions, divided into two 

subcategories: basic activities of daily living (feeding, bathing, dressing, using a 

toilet) and instrumental activities of daily living (shopping, preparing meals, 

managing finances, laundry and housework, using public transportation) 

(Zuckerman, 1996). Zuckerman, Koval, Aharonoff, Hiebert & Skovron (2000) later 

developed and validated a Functional Recovery Score based on these ADL 

functions and walking ability. Another widely used method of measurement is the 

Barthel Index, a 10-item scale examining ADL functions (Hutchings, Fox & 

Chesser, 2011; Mahoney & Barthel, 1965). Other evaluation methods are the Katz 
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Index of Independence in Activities of Daily living, a dichotomous scoring for 

various functional (Katz, Ford, Moskowitz, Jackson & Jaffe, 1963) and Functional 

Independence Measure (Linacre, Heinemann, Wright, Granger & Hamilton, 1994). 

Most of the patients do not regain their prefracture functional status. High age, 

dementia, and stroke have been associated with poor ADL function recovery 

(Penrod et al., 2008). Heikkinen and Jalovaara (2005a) summarized in their study 

that recovery in ADL functions concentrates in the first 6 months post-fracture, 

with no major gain observed afterwards. Tang et al. (2017) reported that among 

elderly patients, only 31% regained their prefracture ADL functional ability. Rosell 

and Parker (2003) found that among hip fracture patients over age 50 years, the 

mean loss of function was 21% one year after the fracture. 

2.6.3 Mobility 

Most patients recover their walking ability during the first 4 to 6 months, with 

minor improvements accruing afterwards (Borgquist, Ceder & Thorngren, 1990; 

Heikkinen & Jalovaara 2005a; Magaziner et al., 2000). Tang et al. (2017) found 

that prefracture walking ability was achieved in only 34% of patients. Reported 

predictive variables for poor post-fracture walking ability are high age, dementia, 

and arrhythmia (Penrod et al., 2008). The use of walking aids is seldom reported. 

Magaziner et al. (2000) found that 26% of patients could walk unaided at 2 months 

and 54% at 12 months. Heikkinen and Jalovaara (2005a) found these respective 

numbers to be 21% at 4 months and 27% at 12 months. 

2.6.4 Residential status 

While residential status is not clearly a functional variable, it reflects the patient’s 

functional capabilities. The change in independent living among previously home-

dwelling patients 50 years or older has been reported to decrease to 68.7% after one 

year post-fracture (Rosell & Parker, 2003). Ariza-Vega, Jiménez-Moleón & 

Kristensen (2014) reported that among patients 65 years or older, 73% of patients 

were living independently before the fracture and 58% at one year after the fracture. 

Other studies have reported community-dwelling rates of 67%–96% at 3 months 

(Huusko et al., 2002; Koval et al., 1998) and 17%–90% at 12 months (Huusko et 

al., 2002; Koval et al., 1998), but there is great heterogeneity among the study 

populations. 
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2.7 Costs 

The analyses of the economic impact of hip fractures carry numerous challenges, 

mainly because of the wide range of long-lasting consequences of this type of 

fracture (Haentjens, Lamraski & Boonen, 2005). Methods and measurements also 

vary greatly (Haentjens & Annemans, 2003). The conventional methods of 

treatment and rehabilitation differ among countries, and comparison of study 

results is limited because of different follow-up times, general cost levels, exchange 

rates, and inflation rates. 

2.7.1 Initial costs 

Most studies have focused on the short-term costs of the hip fracture (Haentjens et 

al., 2005). The costs usually include expenditures from initial hospitalization, such 

as operational costs, hospital ward costs, and the costs related to healthcare 

personnel, usually derived from hospital invoices (Finnern & Sykes, 2003; 

Haentjens et al., 2005). Finnern and Sykes (2003) reported primary hip fracture 

treatment expenses within the EU countries using European Commission cost data. 

The costs were lowest in Ireland (3714€) and highest in Germany (13,776€). The 

average cost per patient in the EU was 8125€, while the treatment cost in Finland 

was 4086€. The most important factor for the primary hospital costs is the length 

of stay, while the operational costs are relatively low (Hollingworth, Todd, Parker, 

Roberts & Williams, 1993; Beck, Brinker & Daum, 1996). Ioro et al. (2001) 

reported that operating room supplies and implants totalled 6%–17% of the total 

hospital cost, depending on the used materials. 

The reported costs of rehabilitation vary greatly, depending on whether post-

fracture rehabilitation is conducted in a primary hospital, other institution, or at 

home. A French study by Duclos et al. (2010) reported costs in the rehabilitation 

ward to be 5673€. Haentjens, Autier, Barette & Boonen (2001) reported the 

rehabilitation centre admission costs in female hip fracture patients to be 2735$. In 

a Norwegian study (Prestmo et al., 2015), rehabilitation stay costs were 8105€ in 

comprehensive geriatric care and 9633€ in orthopaedic care. Few studies have 

compared costs among different rehabilitation settings. Kramer et al. (1997) 

compared the costs between rehabilitation hospital, a subacute nursing home, and 

a traditional nursing home. As expected, the costs were higher in the hospital setting 

with more physical, recreational, and occupational therapy. 
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2.7.2 Long-term costs 

Reported long-term costs of hip fracture again vary widely, depending on the 

follow-up time and the recorded expenses (Haentjens et al., 2005; Nurmi, Narinen, 

Lüthje & Tanninen, 2003; Wiktorowicz et al., 2001). Usually these costs include 

all healthcare expenditures required post-fracture. Braithwaite et al. (2003) 

estimated that of the total hip fracture costs, 33% occurred in the first 6 months, 

11% in the second 6 months, and 56% after the first year. Admittance to a long-

term care facility (in previously community-dwelling patients) after the fracture has 

been reported to double the costs during the year following the hip fracture 

(Wiktorowicz et al., 2001). A Finnish study by Nurmi et al. (2003) reported total 

hip fracture costs (including the use of healthcare services) during the first post-

operative year to be 14410€ per patient. Similarly, Borgström et al. (2006) reported 

one-year cost to be 14221€ in Sweden and Autier et al. (2000) reported costs of 

15151€ for each patient in Belgium. At least two studies, by Brainsky et al. (1997) 

and Zethraeus, Strömberg, Jönsson, Svensson & Öhlén (1997), compared the one-

year healthcare costs after hip fracture to healthcare usage in the year before the 

fracture, reporting excess costs to be 18727$ and 17704$, respectively. 

2.7.3 Cost-reduction strategies 

Various cost-reducing strategies have been studied, usually focussing on shortening 

the initial hospital-stay. Polder et al. (2003) compared costs between patients with 

early hospital discharge to a nursing home (including rehabilitation facilities) and 

patients in conventional treatment. They reported that early discharge results in 

lower initial hospital costs but a higher rate of later institutionalization, resulting in 

no overall benefit with regard to total treatment costs. On the other hand, Cameron, 

Lyle and Quine (1994) reported that accelerated rehabilitation and early discharge 

decreased costs by 17% compared to conventional treatment in short-term (4 

months) follow-up. Farnworth et al. (1994) reported similar cost-savings in 

multidisciplinary care and earlier discharge, but the authors noted that the 

expenditures were calculated from the point of view of the freed resources in the 

hospital and that the discharge may shift costs to patients’ families. Hollingworth 

et al. (1993) found a smaller total cost with a “hospital at home” program in the UK 

(providing nursing care, social services, and rehabilitation at patients’ home), but 

only about 40% of the patients were eligible for this program.  
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2.7.4 Organization of healthcare services in Finland 

The Finnish healthcare system strongly resembles healthcare organizations in other 

Nordic countries but is more decentralized (Teperi, Porter, Vuorenkoski & Baron, 

2009). Primary healthcare services are provided in municipal healthcare centre 

hospitals, which are legally obligated to provide adequate healthcare services 

(including rehabilitation) for residents (Teperi et al., 2009). Specialized healthcare 

services are provided in district, central, and university hospitals. Most of the 

Finnish healthcare costs are covered by the Finnish Social Insurance Institution 

funded by taxation, with patients paying only a minority of costs. Patients 

themselves pay a fee, which depends on quantity of uses of healthcare services (i.e., 

number of visits to a doctor and number of days in hospital). From an economic 

perspective, healthcare-related costs are usually calculated using DRG (diagnosis-

related group) price lists, where patients are grouped by diagnosis, comorbidities, 

and treatments (Mikkola, Keskimäki & Häkkinen, 2002). Resource consumption is 

calculated for each DRG group, based on average treatment costs in that group, as 

the cases are expected to undergo similar evolution (Mikkola et al., 2002; 

Mihailovic, Kocic & Jakovljevic, 2016). Nationwide one-year costs after hip 

fracture were 30,258 € for each patient in 2011–2013 (PERFECT, 2015).  
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3 Aims 
1. To examine the effects of physical and geriatric rehabilitation on home-

dwelling hip fracture patients age 50 years or older in terms of mortality, 

residential status, and function following the year after the fracture 

2. To evaluate the costs and cost-effectiveness of physical and geriatric 

rehabilitation during one year following hip fracture. 

3. To study the recovery after hip fracture between home-dwelling female 

and male patients in terms of functional status, residential status, and 

mortality. 

4. To determine recommendations for hip fracture rehabilitation concerning 

the general rehabilitation practices in Finland. 
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4 Patients and methods 

4.1 Patients 

The patients included in this study were 538 consecutively admitted non-

pathological hip fracture patients treated in Oulu University hospital between 1997 

and 2000. The patients were aged 50 years or older and were living in their own 

home or in sheltered housing (comparable to own home but some assistance 

available) at the time of sustaining fracture.  

The hip fracture patients were transferred to orthopaedic ward following the 

surgery and randomized to one of the three rehabilitation modalities, based on the 

following conditions. About half of the patients treated were admitted from city of 

Oulu while the other half of the patients came from the surrounding towns and 

municipalities. There were two randomization lines based on the patients' place of 

residence: two thirds of the Oulu residents were randomized to geriatric department 

(geriatric rehabilitation group) and one third to the privately-based rehabilitation 

unit (physical rehabilitation group). Considering the patients coming from 

surrounding municipalities, two thirds were randomized to rehabilitation in 

healthcare center hospital (control group, a standard procedure in Finland) and one 

third to the physical rehabilitation group (Figure 10). 

Physically oriented rehabilitation occured in the rehabilitation unit (36 beds) 

of a private hospital, Oulu Deaconess Institute. It was chaired and run by a 

neurologist with a special qualification in rehabilitation of disabilities in locomotor 

function. There was also a general practitioner and part-time (50%) physiatrist. 

Consultations with a psychiatrist were available daily and with other specialists as 

required. There were five physiotherapists on the ward, three occupational 

therapists, one hospital attendant, 18 registered and practical nurses and three 

rehabilitation attendants. The patients were given assistance in activities of daily 

living (ADL), mobilization therapy, occupational therapy and rehabilitation 

physiotherapy including physical, balance and gym exercises. The patients were 

evaluated by a physician, physiotherapist and rehabilitation attendant on admission. 

The duration of the rehabilitation was restricted to about a maximum of three weeks 

by the payers for the services, the City of Oulu and the counties and towns of the 

surroundings. In some cases, the rehabilitation could not be continued until the 

patient was able to return to the original place of living, and therefore such patients 
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Fig. 10. Flow chart and follow-up protocol. 

had to be discharged to their respective healthcare centre hospitals. 

The geriatric rehabilitation took place at the geriatric department of Oulu city 

hospital containing 28 beds.  The unit was chaired by a geriatrician and was focused 

on both the physical training as well as the associated geriatric problems.  There 

was also a general practitioner. The remaining staff consisted of one physiotherapist, 

one hospital attendant, 17 registered and practical nurses and one rehabilitation 

attendant. Consultations with a psychiatrist were available daily and with other 

specialists as required. A physiotherapist provided physiotherapy and group therapy, 

and with assistance of the nurses, ADL training and mobilisation. In some cases, 

the rehabilitation could not be continued until the patient was able to return to their 

original place of living, and such patients were discharged to healthcare centre ward.  

 The control group received routine basic level of rehabilitation which took 

place in the local health centre hospitals, considered the standard rehabilitation 

method for the majority of hip fracture patients in Finland.  In this group there were 

33 health centre hospitals, which are similar in regard to administrative structure, 

resources, and treatment protocols.  The mean number of beds per ward was 32 

(Standard Deviation = SD 12). The wards were run by general practitioners and 

mostly attended by registered and practical nurses. The availability of 

physiotherapists and consultations with other specialists was minimal and variable. 
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The average staff of a ward consisted of one physiotherapist (SD 1), four hospital 

attendants (SD 2), 17 registered and practical nurses (SD 4) and one part-time (60%) 

rehabilitation attendant. The patients were given mobilization therapy and 

assistance in ADL. The active rehabilitation continued until the patient could be 

discharged to the prefracture place of living or when the responsible general 

practitioner considered that the rehabilitation did not have any response in the 

patient after which the patient received only basic care in the same hospital.  

4.2 Methods 

4.2.1 Function, residential status and mortality 

On admission, the data were collected using Standardized Audit of Hip Fractures 

in Europe (SAHFE) forms (Heikkinen, Partanen, Ristiniemi & Jalovaara, 2005b; 

Appendix I), providing data concerning the patients' age, sex, place of residence, 

locomotor ability, use of walking aids, use of home help services, type of fracture, 

any pathological fractures, primary operation, ADL functions, social status, 

psychological status,  cognition (Mini-Mental State Examination, Short Portable 

Mental Status Questionnaire), associated diseases (cardiovascular diseases, 

paralysis, respiratory diseases, urological diseases, diabetes, rheumatism, 

Parkinson´s disease, malignomas, Paget´s disease, dizziness, use of corticosteroids), 

alcohol abuse, smoking and ASA (American Society of Anesthesiologists, 1963) 

grade (Table 5).   

Data concerning rehabilitation was recorded using a special form. It included 

the number events and time used in ADL-exercises as well as number and time 

used in walking and mobility exercises (Appendix I).  

The four-month follow-up was performed using an inquiry form (Heikkinen et 

al., 2005b) to be filled in by the patient and completed by the nurse by means of a 

telephone interview in the event of missing data. Data concerning the place of 

residence four months postoperatively, locomotor ability, use of walking aids, the 

patients' own evaluation of his/her walking ability and pain in the hip, use of home 

help services and ADL functions were recorded. At 12 months postoperatively, the 

patients were examined by an orthopaedic surgeon and interviewed by a study 

nurse and the same data were recorded as above for four months. ADL functions 

(dressing, bathing or showering, eating, toileting, shopping, household chores, 

laundry, preparation of meals, banking/finances, use of transportation) were 
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recorded and analysed using a five-step classification according to Zuckerman et 

al. (2000). Mortality and re-operations (type and reason) up to 12 months 

postoperatively were recorded on a special form. 

Table 5. Prefracture characteristics. 

Parameter  Physical 

rehabilitati

on 

%  Geriatric 

rehabilitat

ion 

%  Control 

group 

%  p-value 

Age           p=0.226 

Mean (SD)   77,5  (9,4)  79,1 (9,4)  77.7(9,1)   

Range  53,1–94,5  50,0–99,6  53.7–98,2   

Sex           p=0.560 

Males  41 21,9  30 17,5  34 18,9   

Females  146 78,1  141 82,5  146 81,1   

Side of fracture           p=0.454 

Right  86 46,0  90 52,6  88 48,9   

Left  101 54,0  81 47,4  92 51,1   

Type of fracture           p=0.733 

Undisplaced intracapsular  25 13,4  25 14,6  23 12,8   

Displaced intracapsular  99 52,9  75 43,9  99 55,0   

Basocervical  3 1,6  2 1,2  2 1,1   

Trochanteric two-fragment  26 13,9  30 17,5  22 12,2   

Trochanteric multi-fragment  27 14,4  34 19,9  30 16,7   

Subtrochanteric  7 3,7  5 2,9  4 2,2   

Primary operation           p=0.358 

Three screws  42 22,5  38 22,3  39 21,6   

Single screw with slide plate  25 13,3  24 14,0  21 11,7   

Intramedullary nail  41 21,9  50 29,2  42 23,4   

Hemiarthroplasty  70 37,4  56 32,7  65 36,1   

Total hip arthroplasty  9 4,8  3 1,8  13 7,2   

ASA grade           p=0.825 

I  3 1,6  5 2,9  5 2,8   

II  39 21,1  32 18,7  29 16,3   

III  117 63,2  113 66,1  113 63,5   

IV  25 13,5  21 12,3  30 16,9   

V  1 0,5  0 0  1 0,6   

Associated diseases            

Cardiovascular diseases  136 72,7  125 73,1  144 80,0  p=0.197 

Paralysis  27 14,4  30 17,5  23 12,8  p=0.446 

Respiratory organ diseases  31 16,6  37 21,6  29 16,1  p=0.329 

Urinary organ diseases  45 24,1  41 24,0  40 22,2  p=0.897 

Diabetes mellitus  36 19,3  37 21,6  34 18,9  p=0.783 
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Parameter  Physical 

rehabilitati

on 

%  Geriatric 

rehabilitat

ion 

%  Control 

group 

%  p-value 

Rheumatism  23 12,3  24 14,0  22 12,2  p=0.848 

Parkinson’s disease  9 4,8  4 2,3  9 5,0  p=0.374 

Malignant tumour or 

haemopathy 

 25 13,4  22 12,9  20 11,1  p=0.791 

4.2.2 The costs and cost-effectiveness 

Baseline equality of different rehabilitation groups and cost-effectiveness was 

evaluated by recording the numbers of visits to a healthcare centre, visits to a 

private doctor, days in a hospital (healthcare centre, district hospital, private 

hospital, or central hospital), drugs used in the six months prior to fracture and 15D-

instrument of health-related quality of life (Sintonen, 2001). 15D score was 

calculated based on questionnaire on 15 different areas of life (mobility, vision, 

hearing, breathing, sleeping, eating, speech, excretion, usual activities, mental 

function, discomfort and symptoms, depression, distress, vitality and sexual 

activity), with five ordinal levels on each dimension, and the total score scaled 

between 0 (being dead) to 1 (no problems in any dimension). To assess the costs of 

institutional treatment, special forms were used to collect the following data during 

the hospital stay and rehabilitation: inpatient stay at primary hospital, days in 

rehabilitation, and days of hospital treatment after rehabilitation. At 12 months, a 

study nurse collected the following data from the patients: visits to an outpatient 

clinic, visits to the hospital or a doctor’s office, number of re-operations, home 

medical treatment, number of physiotherapy visits, taxi usage by patient, taxi usage 

by relatives, hours of home help services, help provided by a relative and 15D score 

(Appendix II). 

For the basic cost calculations, we used prices from 2001, which were adjusted 

to prices of 2012 by multiplying all values by a factor of 1.466, obtained from the 

Finnish Hospital Cost Index (2009).The cost of the primary hospital treatment—

including both the costs of the operation and of treatment in the surgical ward 

(emergency room, operating theatre, intensive care unit, nursing care, and 

medication)—was obtained from the Diagnosis Related Group (DRG) price list for 

the hospital. To provide a fiscal estimation of the usually unreimbursed cost to 

society, the help provided by a relative was calculated as a different proportions of 

a home aid’s salary (30%, 50% or 100%). The information for these calculations 
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was obtained from a publication of the National Research and Development Centre 

for Welfare and Health (STAKES; Hujanen, 2003). 

4.2.3 Comparison of recovery between male and female patients 

The patients were assessed on admission by a surgeon and by a study nurse who 

were involved in the research. A standardized form (SAHFE) was completed for 

each patient on admission (Appendix I). The forms recorded the following 

information: patient age, sex, place of residence, locomotor ability, use of walking 

aids, use of home help services, type of fracture, any pathological fractures, primary 

operation, ADL functioning, social status, associated diseases (cardiovascular 

diseases, paralysis, respiratory diseases, urological diseases, diabetes, rheumatism, 

Parkinson’s disease, malignancies, Paget’s disease, dizziness, use of 

corticosteroids), alcohol abuse, smoking and ASA grade.  

The 4- and 12-month follow-ups were performed using an inquiry form that 

was completed by the patient and, if there were missing data, by the nurse via a 

telephone interview. The following information was recorded at 4 and 12 months 

postoperatively: the place of residence, locomotor ability, the use of walking aids, 

the patient’s own evaluation of his or her walking ability and hip pain, the use of 

home help services and ADL functions. ADL functions (dressing, bathing or 

showering, eating, using the toilet, shopping, household chores, laundry, 

preparation of meals, banking/finances, use of transportation) were recorded and 

analysed using a five-point scale classification according to Zuckerman et al 

(Heikkinen et al., 2005b). The ADL score was calculated based on this 

classification so that each separate function was scored from 1 (best function) to 5 

(worst function) and the total score was calculated by summing the scores for all 

ten ADL functions. The maximum score was 50 points. Mortality and re-operations 

(type and reason) up to 12 months postoperatively were recorded on a special form. 

A separate matched-pair analysis was conducted to eliminate the possible effect 

of age differences on recovery. Pairs were formed manually by pairing all male 

patients with a female patient having the smallest age difference. 

4.2.4 Statistics 

The statistical analysis was performed using SPSS for Windows version 20 (SPSS 

Inc., Chicago, IL, USA). The chi-square (χ²) test was used to analyse the categorical 

variables, and Kruskal-Wallis and Mann-Whitney U-test for continuous variables. 
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Cox Regression analysis was used for the evaluation of an estimate of the treatment 

effect on survival after adjustment for explanatory variables. In matched-pair 

analysis, McNemar test was used for dichotomic and Wilcoxon test for categorical 

or continuous variables. P-value < 0.05 was considered statistically significant. The 

evaluation of the sample size was based on an estimate that 20% of the patients are 

in danger of being institutionalized. We postulated that a reduction in the 

institutionalization rate to 10% would be clinically important. A reduction of this 

size with a two tailed P-value of 0.01 and a power of 0.80 required a minimum 

sample size of 160 for each group. Due to possible loss of cases,  the sample size 

was increased to 180. 
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5 Results 

5.1 The effect of specialised rehabilitation on recovery after hip 
fracture  

No significant differences were observed between the groups in the demographic 

data, 15D (Health-Related Quality of Life), social status, psychological status, 

cognition (MMSE, SPMSQ), associated diseases or other background data except 

for one ADL function – the use of toilet (P<0.003, Kruskal-Wallis test) in favour of 

the physical rehabilitation group (Table 5, Appendix III).  

Patients in physical rehabilitation had more exercises per day (both ADL-

exercises and mobilisation exercises) and used more time in these exercises than 

geriatric rehabilitation and control group patients (p<0.001, Table 6). Geriatric 

rehabilitation patients received more mobilisation exercises per day (p=0.001) and 

used more time in these exercises (p=0.015) than control group (Table 6). Control 

group patients used more time in ADL-exercises than the geriatric rehabilitation 

patients (p=0.005, Table 6). Mortality was lower in the physical rehabilitation 

group at four months compared to geriatric rehabilitation group at (p=0.026) or 

control group (p=0.006) and at 12 months (p=0.005 and p=0.004, respectively, 

Table 7). Significant differences remained the same when only patients older than 

64 years were analysed. 

Significantly more patients in the physical rehabilitation group (p=0.012) and 

geriatric rehabilitation group (p<0.001) were able to live in their own homes or 

sheltered housing (independent living) at four months than in the control group 

(Table 7). Subgroup analysis of femoral neck and trochanteric fractures between 

different rehabilitation modalities showed that the significant difference was true 

only for femoral neck fractures (physical rehabilitation group vs geriatric 

rehabilitation group p=0.308, physical rehabilitation group versus control group 

p<0.001 and geriatric rehabilitation group versus control group p<0.001) but not 

for trochanteric fractures (p=0.299). The differences in residential status 

considering the whole groups or femoral neck fracture were, however, no longer 

visible at 12 months. We also analysed the results excluding the patients under 65 

years of age but this did not change the result. There were no significant differences 

between the groups in any ADL function at 4 or 12 months of follow-up. (Appendix 

III). There were no statistically significant differences between the groups 
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regarding walking ability, walking aids, pain in the injured hip or re-operation rate 

at four or 12 months of follow-up (Table 7).  

Table 6. Hospital days, number of exercise events and time used in exercises. 

Parameter  Physical 

rehabilitation 

 Geriatric 

rehabilitation 

 Control group  p-value 

 n Mean (SEM)  n Mean (SEM)  n Mean (SEM)   

Primary hospital 187 7.4 (0.3)  171 8.9 (0.4)  180 6.3 (0.2)   

Rehabilitation clinic 176  20.8 (1.3)  145 31.4 (1.7)      

Healthcare centre hospital        157 31.0 (1.9)   

Healthcare centre hospital            

after rehabilitation 98 37.4 (3.6)  61 57.8 (5.8)  66 58.1 (5.3)   

Total 187 46.5 (2.7)  171 56.1 (3.6)  180 56.7 (3.5)   

           

Total number of exercises 

per day 

 5,46 (0,231)   3,00 (0,185)   3,25 (0,283)  p<0.0011 

ADL-exercises           

Number per day  4,69 (0,236)   2,42 (0,169)   2,85 (0,282)  p<0.0012 

Time used (min) per day  50,21 (2,976)   12,99 (1,134)   24,96 (2,055)  p<0.0013 

Mobilization and walking 

exercises 

          

Number per day  0,72 (0,035)   0,61 (0,045)   0,41 (0,038)  p<0.0014 

Time used (min) per day  20,06 (0,925)   12,06 (0,864)   8,95 (0,957)  p<0.0015 

           
1Physical vs geriatric p<0.001; physical vs control p<0.001; geriatric vs control p=0.952 
2Physical vs geriatric p<0.001; physical vs control p<0.001; geriatric vs control p=0.568 

3Physical vs geriatric p<0.001; physical vs control p<0.001; geriatric vs control p=0.005 

4Physical vs geriatric p=0.005; physical vs control p<0.001; geriatric vs control p=0.001 

5Physical vs geriatric p=0.005; physical vs control p<0.001; geriatric vs control p=0.015 
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Table 7. Comparison of functional status and mortality between rehabilitation groups. 

Parameter 

  

Physical 

rehabilitation 

Geriatric 

rehabilitation 
Control group 

 
 p-value 

 n %  n %  n %   

Place of residence prefracture          p=0.897 

Own home 163 87,2  147 86  154 85,6   

Sheltered housing 24 12,8  24 14  26 14,4   

Total 187 100  171 100  180 100   

Residential status 4 months          p<0.001 

Own home 131 72.8  100 64,5  100 62,5   

Sheltered housing 19 11,6  21 13,5  15 9,4   

Health centre hospital 9 5,0  5 3,2  11 6,9   

Permanent institutional  inpatient 10 5,6  16 10,3  8 5,0   

Rehabilitation unit 2 1,1  5 3,2  0 0   

Temporary stay in acute hospital 9 5,0  8 5,2  26 16,3   

Total 180 100  155 100  160 100   

Residential status 12 months          p=0.673 

Own home 118 69,4  90 65,2  97 66,9   

Sheltered housing 20 11,8  15 10,9  20 13,8   

Health centre hospital 15 8,8  16 11,6  18 12,4   

Permanent institutional  inpatient 10 5,9  9 6,5  7 4,8   

Rehabilitation unit 3 1,8  2 1,4  0 0   

Temporary stay  in acute hospital 4 2,4  6 4,3  3 2,1   

Total 170 100  138 100  144 100   

Walking ability prefracture          p=0.124 

Alone outdoors 156 83,4  121 70,8  133 73,9   

Outdoors only if accompanied 5 2,7  9 5,3  10 5,6   

Alone indoors but not outdoors 26 13,9  40 23,4  36 20,0   

Indoors only if accompanied 0 0  0 0  1 0,6   

Unable to walk 0 0  1 0,6  0 0   

Total 187 100  171 100  180 100   

Walking ability 4 months          p=0.169 

Alone outdoors 87 48,3  57 36,8  69 43,1   

Outdoors only if accompanied 20 11,1  17 11,0  10 6,3   

Alone indoors but not outdoors 49 27,2  50 32,3  50 31,3   

Indoors only if accompanied 16 8,9  17 11,0  23 14,4   

Unable to walk 8 4,4  14 9,0  8 5,0   

Total 180 100  155 100  160 100   

Walking ability 12 months          p=0.775 

Alone outdoors 94 55,3  80 58,0  78 54,2   
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Parameter 

  

Physical 

rehabilitation 

Geriatric 

rehabilitation 
Control group 

 
 p-value 

 n %  n %  n %   

Outdoors only if accompanied 16 9,4  14 10,1  15 10,4   

Alone indoors but not outdoors 40 23,5  28 20,3  34 23,6   

Indoors only if accompanied 14 8,2  6 4,3  8 5,6   

Unable to walk 6 3,5  10 7,2  9 6,3   

Total 170 100  138 100  144 100   

Walking aids prefracture          p=0.496 

Can walk without aids 104 55,6  97 56,7  97 53,9   

One aid 39 20,9  23 13,5  30 16,7   

Two aids 3 1,6  1 0,6  4 2,2   

Frame 41 21,9  49 28,7  48 26,7   

Wheelchair/Bedbound 0 0  1 0,6  1 0,6   

Total 187 100  171 100  180 100   

Walking aids 4 months          p=0.323 

No aids 27 15,0  22 14,2  23 14,4   

One aid 36 20,0  18 11,6  23 14,4   

Two aids 7 3,9  5 3,2  12 7,5   

Frame 100 55,6  98 63,2  90 56,3   

Wheelchair/bedbound 10 5,6  12 7,7  12 7,5   

Total 180 100  155 100  160 100   

Walking aids 12 months          p=0.657 

No aids 42 24,7  28 20,3  30 20,8   

One aid 31 18,2  23 16,7  26 18,1   

Two aids 2 1,2  3 2,2  7 4,9   

Frame 83 48,8  72 52,2  68 47,2   

Wheelchair/bedbound 12 7,1  12 8,7  13 9,0   

Total 170 100  138 100  144 100   

Pain in the injured hip 4 months          p=0.966 

Severe and spontaneous, even at rest 5 2,8  2 1,3  3 1,9   

Severe when walking and prevents all 

activity 

10 5,6  7 4,5  13 8,1   

Tolerable, permitting limited activity 28 15,6  25 16,1  29 18,1   

Occurs only after some activity, 

disappears quickly at rest 

28 15,6  26 16,8  23 14,4   

Slight or intermittent, alleviated in 

normal activity 

48 26,7  37 23,9  42 26,3   

No hip pain 56 31,1  52 33,5  45 28,1   

Unable to answer 5 2,8  6 3,9  5 3,1   
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Parameter 

  

Physical 

rehabilitation 

Geriatric 

rehabilitation 
Control group 

 
 p-value 

 n %  n %  n %   

Total 180 100  155 100  160 100   

Pain in the injured hip 12 months          p=0.116 

Severe and spontaneous, even at rest 0 0  0 0  2 1,4   

Severe when walking and prevents all 

activity 

5 2,9  1 0,7  6 4,2   

Tolerable, permitting limited activity 17 10,0  11 8,0  18 12,5   

Occurs only after some activity, 

disappears quickly at rest 

18 10,6  6 4,3  13 9,0   

Slight or intermittent, alleviated in 

normal activity 

37 21,8  42 30,4  29 20,1   

No hip pain 92 54,1  75 54,3  74 51,4   

Unable to answer 1 0,6  3 2,2  2 1,4   

Total 170 100  138 100  144 100   

Mortality           

Mortality at 4 months 6 3,2  16 9,6  19 10,6  p=0.017 

Mortality at 12 months 16 8.6  32 18,7  35 19,4  p=0.005 

5.2 The costs and cost-effectiveness in different rehabilitation 
settings 

No significant differences were seen between the groups with regards to use of 

healthcare services six months prior to fracture (Table 8). The cost of primary 

treatment was significantly higher in the physical and geriatric rehabilitation groups, 

than in the control group (Table 9). This cost was also significantly higher in the 

geriatric than in the physical rehabilitation group. Similarly, the expenditures of 

rehabilitation were significantly higher in the physical rehabilitation and geriatric 

rehabilitation compared to control group. Costs of institutional care after 

rehabilitation were significantly higher in the physical rehabilitation group than the 

control group, but no other differences were observed. Total expenditures for 

institutional treatment (including primary treatment, rehabilitation, and post-

rehabilitation treatment in the healthcare center hospital) were higher in the 

geriatric rehabilitation than in the control group, but no significant differences were 

seen between physical rehabilitation group and other groups. 
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Table 8.  Use of healthcare and related costs 6 months prior the fracture. 

Parameter  Physical rehabilitation  Geriatric rehabilitation  Control group 

 Mean times 

(SEM) 

Euros  Mean times 

(SEM) 

Euros  Mean times 

(SEM) 

Euros 

Visits to healthcare centre 0.99 (0.19) 110.4  0.62 (0.10) 68.8  0.93 (0.15) 103.4 

Visits to private doctor 0.08 (0.03) 6.1  0.10 (0.03) 7.6  0.01 (0.01) 1.0 

Hospital treatment         

Healthcare centre 

hospital 

1.44 (0.33)1 286.6  1.44 (0.60) 

1 

286.6  2.39 (0.51) 

1 

476.3 

District hospital 0.44 (0.28) 1 87.4  0.94 (0.47) 

1 

187.6  0.36 (0.21) 

1 

72.5 

Private hospital 0.01 (0.00) 1 1.1  0.04 (0.03) 

1 

7.0  - - 

Central hospital 1.84 (0.41) 1 367.6  3.64 (0.69) 

1 

724.7  1.44 (0.38) 

1 

287.1 

Number of drugs 5.25 (0.24)   5.73 (0.30)   5.49 (0.24) 

1 

 

Total  859.12 

(122.0) 

  1282.32 

(214.8) 

  940.32 

(149.7) 
1Mean hospital days 
2Physical vs geriatric p=0.424; physical vs control p=0.638; geriatric vs control p=0.197. 

Table 9. Costs of primary treatment, rehabilitation and post-rehabilitation treatment at 
the healthcare centre hospital. 

Parameter Physical 

rehabilitation 

Geriatric 

rehabilitation 

Control group p-value 

 Mean euros  

(SEM) 

Mean euros 

(SEM) 

Mean euros 

(SEM) 

 

Primary hospital 5105.1 (94.4) 5597.9 (129.1) 4779.3 (54.2) p < 0.0011 

Rehabilitation 6609.0 (272.1) 7034.7 (439.1) 4945.2 (331.2) p = 0.006 2 

Post-rehabilitation treatment 

at healthcare centre hospital 

3944.9 (486.4) 4569.1 (655.7) 3713.8 (489.7) p = 0.068 3 

     

Total 15,659.1 (561.2) 17,201.7 (826.2) 13,438.4 (667.8) p < 0.001 4 

     
1Physical vs geriatric p=0.047; physical vs control p=0.001; geriatric vs control p<0.001 
2Physical vs geriatric p=0.666; physical vs control p=0.002; geriatric vs control p<0.001 

3Physical vs geriatric p=0.058; physical vs control p=0.043; geriatric vs control p=0.900 

4Physical vs geriatric p<0.001; physical vs control p=0.252; geriatric vs control p=0.055 
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The non-institutional costs are presented in Table 10. Patients in control group had 

more doctor visits compared to geriatric rehabilitation group, while the physical 

rehabilitation group had significantly lower costs compared to geriatric 

rehabilitation. Outpatient hospital visits cost significantly less in the control group 

compared to physical and geriatric rehabilitation groups. The physical 

rehabilitation group used significantly more physiotherapy than the geriatric 

rehabilitation group. Taxi usage costs were lowest in the geriatric rehabilitation 

group compared to physical rehabilitation and the control group. No other 

significant differences were observed. There were no significant between-group 

differences regarding the costs of reoperation, home medical treatment, home help 

services, or travel expenses for a patient’s relative. Total costs did not significantly 

differ between any of the groups.  

The cost of help provided by a relative was estimated as a proportion of a home 

aid’s salary (30%, 50%, or 100%, Table 10). Physical rehabilitation was less 

expensive than control rehabilitation but more costly than geriatric rehabilitation in 

all proportions of the salary. We found no difference between geriatric 

rehabilitation and the control group. Total costs of post-rehabilitation healthcare 

services, including help from a relative, were significantly higher in the physical 

rehabilitation group than in the geriatric rehabilitation group when using the 30%, 

50% and 100% proportions of a home aid’s salary. When using the 100% 

proportion, the total cost for the physical rehabilitation group was significantly 

lower than that of the control group. No differences were found between the 

geriatric rehabilitation group and the control group at any salary percentage. 

Total treatment costs, when excluding help by a relative, were significantly 

smaller in the control group than in the physical rehabilitation and geriatric 

rehabilitation groups (Table 11). When considering the costs of home help from a 

relative estimated as 30% of a home aid’s salary, the significances of these 

differences disappeared (Table 11). When the costs of home help from a relative 

were estimated as 50% and 100% of a home aid’s salary, the total costs of hip 

fracture treatment with physical rehabilitation were significantly lower than in the 

control group, but no significant difference was observed between the geriatric 

rehabilitation (the distribution was very skewed in this group) and physical 

rehabilitation groups or the geriatric rehabilitation and control groups  (Table 11). 

The total treatment costs with the cost of home help from a relative estimated 

as 100% of a home aid’s salary minus costs before the fracture significantly  

differed between the physical rehabilitation group and the control group, but not 

between the physical and geriatric rehabilitation groups or the geriatric 
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rehabilitation and control groups (Table 11). Pre-fracture 15D scores did not differ 

between groups. At one year post-fracture, the 15D score was significantly higher 

in the physical rehabilitation group than the geriatric rehabilitation group and the 

control group (Table 11). Post-fracture 15D score did not significantly differ 

between the geriatric rehabilitation and the control group. We observed a similar 

pattern in differences between pre-fracture and one-year follow-up scores, with the 

physical rehabilitation group showing a smaller change in score than geriatric 

rehabilitation group and the control group. 
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Table 11. Total costs and incremental cost-effectiveness analysis. 

Parameter   Physical 

rehabilitation 

Geriatric 

rehabilitation 

Control group p-value 

  Mean SD  Mean SD  Mean SD   

Total costs excluding home help 

from relatives 

 

21,693 1028.2  22,595 1162.0  19,005 984.0 

 

p = 0.0121 

Total costs including home help 

from relatives (30% of the salary) 

 

30,478 1994.7  28,833 1813.6  30,397 2494.9 

 

p = 0.137 

Total costs including home help 

from relatives (50% of the salary) 

 

36,356 3002.8  33,006 2650.3  38,018 3954.8 

 

p = 0.0882 

Total costs including home help 

from relatives (100% of the salary) 

 

51,018 5688.8  43,417 4986.4  57,031 7729.9 

 

p = 0.0413 

Costs before the fracture  859 122.0  1282 214.8  940 149.7   

Difference in cost  50,159 5691.4  42,135 4916.2  55,965 7725.4  p=0.0554 

            

15D score before the fracture  0.780 0.010  0.790 0.032  0.755 0.010  p=0.296 

15D score at one year follow-up  0.697 0.018  0.586 0.025  0.594 0.025  p=0.0095 

Difference in 15D score  0.083 0.015  0.205 0.037  0.161 0.021  p=0.0186 

            
1Physical vs geriatric p=0.971; physical vs control p=0.009; geriatric vs control p=0.011 
2Physical vs geriatric p=0.476; physical vs control p=0.032; geriatric vs control p=0.144 
3Physical vs geriatric p=0.324; physical vs control p=0.014; geriatric vs control p=0.115 
4Physical vs geriatric p=0.305; physical vs control p=0.018; geriatric vs control p=0.161 
5Physical vs geriatric p=0.008; physical vs control p=0.009; geriatric vs control p=0.938 
6Physical vs geriatric p=0.009; physical vs control p=0.028; geriatric vs control p=0.667 

5.3 Recovery after hip fracture in male and female patients 

Table 12 summarizes the prefracture characteristics. Male patients (mean 73.3 

years) were significantly younger than female patients (mean 79.2 years, p<0.001) 

at the time of the fracture. Men were more often treated with three screws or a 

single screw with a slide plate while female patients had more operations with 

intramedullary nail and hemiarthroplasty (p<0.001). ADL functions are described 

in detail in Appendix IV. Male patients were more likely to have better prefracture 

walking ability than female patients (p<0.001) and were more able to shop 

independently (p=0.001), manage finances (p<0.001) and travel independently 

before the fracture (p<0.001). Female patients had better prefracture ADL-

functions in housework chores (p<0.001) and preparing meals (p=0.035) than male 

patients.  No differences were observed regarding other ADL functions. There were 
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no differences between genders regarding distribution to different rehabilitation 

modalities (p=0.563), side of fracture (p=0.277), type of fracture (p=0.656) or 

associated diseases. In matched-pair analysis, there were no significant differences 

in any prefracture parameters (Table 13). 

Table 12. Prefracture characteristics between male and female patients. 

Parameter  Male (%) Female (%)  p-value 

Age     

Mean (SD) 73.3 (10.1) 79.2 (8.7)  p<0.001 

Range 52.9-91.2 50.0-99.6   

     

Rehabilitation modality    p=0.563 

Physical rehabilitation 41 (39.0%) 146 (33.7%)   

Geriatric rehabilitation 30 (28.6%) 141 (32.6%)   

Healthcare centre hospital 34 (32.4%) 146 (33.7%)   

Side of fracture    p=0.277 

Right 48 (45.7%) 226 (52.2%)   

Left 57 (54.3%) 207 (47.8%)   

Type of fracture    p=0.656 

Undisplaced intracapsular 17 (16.2%) 56 (12.9%)   

Displaced intracapsular 51 (48.6%) 222 (51.3%)   

Basocervical 2 (1.9%) 5 (1.2%)   

Trochanteric two-fragment 11 (10.5%) 67 (15.5%)   

Trochanteric multi-fragment 21 (20.0%) 70 (16.2%)   

Subtrochanteric 3 (2.9%) 13 (3.0%)   

Primary operation    p<0.001 

Three screws 38 (36.2%) 81 (18.7%)   

Single screw with slide plate 19 (18.1%) 51 (11.8%)   

Intramedullary nial 17 (16.2%) 116 (26.8%)   

Hemiarthroplasty 27 (25.7%) 164 (37.9%)   

Total hip arthroplasty 4 (3.8%) 21 (4.8%)   

Associated diseases     

Cardiovascular diseases 72 (68.6%) 333 (76.9%)  p=0.079 

Paralysis 16 (15.2%) 64 (14.8%)  p=1.000 

Respiratory organ diseases 19 (18.1%) 78 (18.0%)  p=1.000 

Urinary organ diseases 23 (21.9%) 103 (23.8%)  p=0.703 

Diabetes mellitus 17 (16.2%) 90 (20.8%)  p=0.341 

Rheumatism 10 (9.5%) 59 (13.6%)  p=0.329 

Parkinson’s disease 5 (4.8%) 17 (3.9%)  p=0.783 

Malignant tumour or haemopathy 15 (14.3%) 52 (12.0%)  p=0.621 
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Table 13. Matched-pair analysis. 

Parameter  Male Female  p-value 

 (n=1051) (n=1051)   

Mortality     

4 months 5 6  p=0.763 

12 months 17 13  p=0.433 

Rehabilitation modality    P=0.6582 

Physically oriented rehabilitation 41 30   

Geriatrically oriented rehabilitation 30 37   

Control group 34 38   

Side of fracture    P=0.199 

Left 48 57   

Right 57 48   

Associated diseases     

Cardiovascular diseases 72 76  P=0.516 

Paralysis 16 16  P=1.000 

Respiratory organ diseases 19 15  P=0.450 

Urinary organ diseases 23 20  P=0.564 

Diabetes mellitus 17 17  P=1.000 

Rheumatism 10 12  P=0.670 

Parkinson's disease 5 4  P=0.705 

Malignant tumor or haemopathy 15 13  P=0.695 

Residential status prefracture    P=0.2503 

Own house 90 94   

Sheltered housing 15 11   

Total 105 105   

Residential status 4 months    P=1.0003 

Own house 74 71   

Sheltered housing 9 9   

Permanent institutional patient 2 6   

Hospital 5 8   

Rehabilitation unit 2 0   

Temporary stay in acute hospital 8 5   

Total 100 99   

Residential status 12 months    P=1.0003 

Own house 60 63   

Sheltered housing 10 12   

Permanent institutional patient 8 9   

Hospital 5 3   

Rehabilitation unit 1 1   

Temporary stay in acute hospital 3 3   

Total 87 91   
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Parameter  Male Female  p-value 

 (n=1051) (n=1051)   

Walking ability prefracture    P=0.077 

Alone outdoors 92 81   

Outdoors only if accompanied 2 6   

Alone indoors but not outdoors 10 17   

Indoors only if accompanied 0 1   

Unable to walk 1 0   

Total 105 105   

Walking ability 4 months    P=0.550 

Alone outdoors 59 50   

Outdoors only if accompanied 4 9   

Alone indoors but not outdoors 21 24   

Indoors only if accompanied 10 10   

Unable to walk 6 6   

Total 100 99   

Walking ability 12 months    P=0.622 

Alone outdoors 59 54   

Outdoors only if accompanied 8 11   

Alone indoors but not outdoors 12 17   

Indoors only if accompanied 3 5   

Unable to walk 5 4   

Total 87 91   

Walking aids prefracture    P=0.485 

No aids 65 70   

One aid 17 14   

Two aids 1 2   

Frame 21 18   

Wheelchair/bedbound 1 1   

Total 105 105   

Walking aids 4 months    P=0.354 

No aids 21 22   

One aid 20 19   

Two aids 6 8   

Frame 44 43   

Wheelchair/bedbound 9 7   

Total 100 99   

Walking aids 12 months    P=0.419 

No aids 30 28   

One aid 22 19   

Two aids 2 6   

Frame 28 31   

Wheelchair/bedbound 5 7   
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Parameter  Male Female  p-value 

 (n=1051) (n=1051)   

Total 87 91   

Pain 4 months    P=0.004 

Severe and spontaneous, even at rest 2 4   

Severe when walking and prevents all activity 14 2   

Tolerable, permitting limited activity 29 10   

Occurs only after some activity, diseappears 

quickly at rest 
14 17 

 
 

Slight or intermittent, alleviated in normal 

activity 
19 27 

 
 

No hip pain 21 34   

Unable to answer 1 5   

Total 100 99   

Pain 12 months    P=0.018 

Severe and spontaneous, even at rest 1 2   

Severe when walking and prevents all activity 4 9   

Tolerable, permitting limited activity 8 6   

Occurs only after some activity, diseappears 

quickly at rest 
6 21 

 
 

Slight or intermittent, alleviated in normal 

activity 
34 52 

 
 

No hip pain 0 1   

Total 87 91   

     

ADL-score     

Mean score prefracture (SD) 20.13 (11.020) 18.16 (9.413) P=0.145 

Mean score at 4 months (SD) 26.87 (12.305) 24.69 (12.108) P=0.132 

Mean score at 12 months (SD) 25.16 (12.172) 23.29 (12.697) P=0.389 
1One male and one female patient were lost during the follow-up 
2McNemar test, specialized rehabilitation (physical or geriatric) vs standard rehabilitation (control) 
3McNemar test, independent living (own house or sheltered housing) vs institutionalized 

Pain in the injured hip was less common among female than male patients at 4 and 

at 12 months follow-up (p=0.001, p=0.005, respectively, Table 14). No differences 

were found between the groups in residential status (p=0.181, p=0.883 at 4 and 12 

months, respectively) or mortality (p=0.232, p=0.880, Table 14). An analysis of 

matched pairs showed significant differences in postoperative pain at 4 and at 12 

months in favor of female patients (p=0.004 vs. p=0.018), but no gender differences 

were found regarding mortality (p=0.763 vs. p=0.433) or residential status 

(p=1.000 vs. p=1.000, Table 13). 
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Male patients had better walking ability at 4 (p<0.001) and at 12 months 

(p=0.031) after the fracture and needed less walking aids at 12 months (p=0.008) 

than their female counterparts (Table 14). The walking ability was decreased more 

among women at 4 months compared to prefracture walking (p=0.046, Table 14),  

but no differences were observed at 12 months (p=0.052, Table 14). In an analysis 

of matched-pairs, no differences in walking ability were observed prefracture 

(p=0.077) or at 4 (p=0.550) and 12 (p=0.622) months after the fracture. Similarly, 

no differences regarding the use of walking aids were observed (Table 13). 

Table 14. Mortality, residential status, functional capacity and complication rate. 

Parameter  Male (%) Female (%)  p-value 

Mortality     

4 months 5 (4.8%) 36 (8.3%)  p=0.232 

12 months 17 (16.2%) 66 (15.2%)  p=0.880 

Residential status prefracture    p=0.529 

Own house 93 (88.6%) 371 (85.7%)   

Sheltered housing 12 (11.4%) 62 (14.3%)   

Total 105 433   

Residential status 4 months    p=0.181 

Own house 74 (74.0%) 257 (65.1%)   

Sheltered housing 9 (9.0%) 46 (11.6%)   

Permanent institutional patient 2 (2.0%) 23 (5.8%)   

Hospital 5 (5.0%) 29 (7.3%)   

Rehabilitation unit 2 (2.0%) 5 (1.3%)   

Temporary stay in acute hospital 8 (8.0%) 35 (8.9%)   

Total 100 395   

Residential status 12 months    p=0.883 

Own house 60 (69.0%) 245 (66.9%)   

Sheltered housing 10 (11.5%) 45 (12.3%)   

Permanent institutional patient 8 (9.2%) 41 (11.2%)   

Hospital 5 (5.7%) 21 (5.7%)   

Rehabilitation unit 1 (1.1%) 4 (1.1%)   

Temporary stay in acute hospital 3 (3.4%) 10 (2.7%)   

Total 87 366   

Walking ability prefracture    p<0.001 

Alone outdoors 92 (87.6%) 318 (73.4%)   

Outdoors only if accompanied 2 (1.9%) 22 (5.1%)   

Alone indoors but not outdoors 10 (9.5%) 92 (21.2%)   

Indoors only if accompanied 0 1 (0.2%)   

Unable to walk 1 (1.0%) 0   

Total 105 433   
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Parameter  Male (%) Female (%)  p-value 

Walking ability 4 months    p<0.001 

Alone outdoors 59 (59.0%) 154 (38.9%)   

Outdoors only if accompanied 4 (4.0%) 43 (10.9%)   

Alone indoors but not outdoors 21 (21.0%) 128 (32.3%)   

Indoors only if accompanied 10 (10.0%) 47 (11.9%)   

Unable to walk 6 (6.0%) 24 (6.1%)   

Total 100 396   

Walking ability 12 months     

Alone outdoors 59 (67.8%) 193 (52.9%)  p=0.031 

Outdoors only if accompanied 8 (9.2%) 37 (10.1%)   

Alone indoors but not outdoors 12 (13.8%) 90 (24.7%)   

Indoors only if accompanied 3 (3.4%) 25 (6.8%)   

Unable to walk 5 (5.7%) 20 (5.5%)   

Total 87 365   

Walking aids prefracture    p=0.108 

No aids 65 (61.9%) 233 (53.8%)   

One aid 17 (16.2%) 75 (17.3%)   

Two aids 1 (1.0%) 7 (1.6%)   

Frame 21 (20.0%) 117 (27.0%)   

Wheelchair/bedbound 1 (1.0%) 1 (0.2%)   

Total 105 433   

Walking aids 4 months    p=0.059 

No aids 21 (21.0%) 51 (12.9%)   

One aid 20 (20.0%) 57 (14.4%)   

Two aids 6 (6.0%) 18 (4.5%)   

Frame 44 (44.0%) 245 (61.9%)   

Wheelchair/bedbound 9 (9.0%) 25 (6.3%)   

Total 100 396   

Walking aids 12 months    p=0.008 

No aids 30 (34.5%) 70 (19.2%)   

One aid 22 (25.3%) 58 (15.9%)   

Two aids 2 (2.3%) 10 (2.7%)   

Frame 28 (32.2%) 195 (53.4%)   

Wheelchair/bedbound 5 (5.7%) 32 (8.8%)   

Total 87 365   

Pain in the injured hip 4 months    p=0.001 

Severe and spontaneous, even at rest 2 (2.0%) 8 (2.0%)   

Severe when walking and prevents all activity 14 (14.0%) 16 (4.0%)   

Tolerable, permitting limited activity 29 (29.0%) 53 (13.4%)   

Occurs only after some activity, diseappears quickly at rest 14 (14.0%) 63 (15.9%)   

Slight or intermittent, alleviated in normal activity 19 (19.0%) 108 (27.3%)   

No hip pain 21 (21.0%) 133 (33.6%)   
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Parameter  Male (%) Female (%)  p-value 

Unable to answer 1 (1.0%) 15 (3.8%)   

Total 100 396   

Pain in the injured hip 12 months    p=0.005 

Severe and spontaneous, even at rest 1 (1.1%) 1 (0.3%)   

Severe when walking and prevents all activity 4 (4.6%) 8 (2.2%)   

Tolerable, permitting limited activity 8 (9.2%) 38 (10.4%)   

Occurs only after some activity, diseappears quickly at rest 6 (6.9%) 31 (8.5%)   

Slight or intermittent, alleviated in normal activity 34 (39.1%) 74 (20.3%)   

No hip pain 34 (39.1%) 207 (56.7%)   

Unable to answer 0 6 (1.6%)   

Total 87 365   

Change  in walking ability at 4 months    p=0.046 

Walking ability increased 2 (2.0%) 11 (2.8%)   

Stayed same 61 (61.0%) 187 (47.2%)   

Walking ability decreased 37 (37.0%) 198 (50.0%)   

Total 100 396   

Change  in walking ability at 12 months    p=0.052 

Walking ability increased 2 (2.3%) 17 (4.7%)   

Stayed same 63 (72.4%) 214 (58.6%)   

Walking ability decreased 22 (25.3%) 134 (36.7%)   

Total 87 365   

Reoperations     

No of patients 19 (18.1%) 65 (15.0%)   

No of reoperations 26 112   

Post-operative complications     

Pneumonia 9 (8.6%) 33 (7.6%)  p=0.839 

Cardiac failure 3 (2.9%) 2 (0.5%)  p=0.054 

Deep vein thrombosis 1 (1.0%) 2 (0.5%)  p=0.480 

Pulmonary embolism 1 (1.0%) 2 (0.5%)  p=0.480 

Superficial infection 3 (2.9%) 8 (1.9%)  p=0.457 

Deep infection 0 3 (0.7%)  p=1.000 

Haematoma 1 (1.0%) 14 (3.2%)  p=0.324 

Urinary retention 11 (10.5%) 23 (5.3%)  p=0.071 

Urinary tract infection 10 (9.5%) 98 (22.7%)  p=0.003 

Renal insufficiency 0 3 (0.7%)  p=1.000 

Gastrointestinal bleeding 1 (1.0%) 6 (1.4%)  p=1.000 

Myocardial infarction 1 (1.0%) 11 (2.5%)  p=0.476 

Stroke 1 (1.0%) 2 (0.5%)  p=0.480 

Other 24 (22.9%) 92 (21.3%)  p=0.791 
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Male patients were more able to shop independently at 4 (p<0.001) and 12 months 

(p=0.013), use transportation (p<0.001, p=0.038, respectively) and manage 

banking/finances 4 months (p=0.010) after the fracture (Appendix IV). Female 

patients were more able to prepare meals independently at 4 (p=0.021) and 12 

months (p=0.002), do household chores (p=0.030, p=0.016, respectively) and do 

laundry at 12 months (p=0.029). No other significant differences were observed in 

ADL functions. There were no significant differences in total ADL-scores between 

genders at 4 (p=0.546) and 12 months (p=0.435). More detailed outcomes can be 

seen in Appendix IV. The matched-pair analysis did not show significant 

differences in total ADL-scores (Table 13).  

A Cox regression analysis (Table 15) of survival 12 months after the fracture 

showed that the following significantly increased the risk of death: age (hazard ratio 

[HR] 1.028, 95% confidence interval [CI] 1.001–1.059), prefracture ADL score 

(HR 1.047, 95% CI 1.020–1.074), ASA score 4–5 compared to ASA score 1–3 (HR 

1.880, 95% CI 1.135–3.113), and physical rehabilitation compared to geriatric (HR 

2.019, 95% CI 1.092-3.733) and standard rehabilitation (HR 2.151, 95% CI 1.167-

3.965). Sex (p=0.236), type of fracture (p=0.559), prefracture walking ability 

(p=0.068), living alone (p=0.321), and cardiovascular disease (p=0.629) were 

factors that did not affect the mortality rate. 

We also compared male and female patients separately in each different 

rehabilitation settings (Appendix V). At 4 and 12 months, no differences in 

mortality between genders was observed in physical (p=0.342, p=0.755 

respectively), geriatric (p=0.741, p=0.456) or control rehabilitation (p=1.000, 

p=0.355). Similarly, we found no differences regarding ADL-score at 4 and 12 

months follow-up in physical (p=0.757, p=0.639, respectively), geriatric (p=0.436, 

p=0.920) and control group (p=0.213, p=0.523). 
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Table 15. Cox regression analysis on mortality. 

Variable Hazard ratio Confidence interval  p-value 

  Lower Upper   

Age 1.028 1.001 1.059  p=0.050 

Prefracture ADL-score 1.047 1.020 1.074  p=0.001 

Rehabilitation     p=0.034 

Physical rehabilitation 1.0     

Geriatric rehabilitation 2.019 1.092 3.733   

Control/standard 

rehabilitation 

2.151 1.167 3.965   

ASA-score     p=0.014 

1-3 1.0     

4-5 1.880 1.135 3.113   

Sex1 n/a n/a n/a  p=0.236 

Type of fracture1 n/a n/a n/a  p=0.559 

Prefracture walking ability1 n/a n/a n/a  p=0.068 

Living alone1 n/a n/a n/a  p=0.321 

Cardiovascular disease1 n/a n/a n/a  p=0.629 
1HR and CI not calculated.      
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6 Discussion 

6.1 The effect of specialised rehabilitation to recovery after hip 
fracture 

Both specialized rehabilitation modalities significantly increased the number of 

patients able to live independently (at 4 months follow-up), reducing the need for 

institutional care relative to routine after-treatment. This phenomenon might be 

explained by the effective physical therapy provided at these two specialised 

rehabilitation settings, as seen in the both quantities of exercise events and the used 

time. This also realizes the generally known concern (regarding the control group 

patients) that the patients with minimal remaining walking ability are in danger of 

losing their mobility, personal independence, social connectedness and physical 

and mental health when treated in a hospital setting where maintaining basic 

functional mobility is overlooked (Bertheussen et al., 2011; Boltz, Resnick, 

Capezuti, Shuluk & Secic, 2012; Brown, Friedkin & Inouye, 2004; Salguero, 

Martínez-García, Molinero & Márquez, 2011). This effect was transient, however, 

and had disappeared by 12 months. Earlier, similar effect has been seen in patients 

with mild or moderate dementia treated in geriatric ward (Huusko et al., 2010), 

while no such effect has been reported in some other studies that have considered 

location of residence after 3 and 6 months of follow-up (Kramer et al., 1997; Naglie 

et al., 2002). One explanation to this discrepancy might be the fact that the scale of 

places of independent living used here was quite extensive allowing to record even 

small effects in the ability to live independently.  It should be noted that patients 

with femoral neck fracture benefitted more of the rehabilitation than those with 

trochanteric fracture, probably due the fact that the hemiarthroplasty used in most 

cases with femoral neck fracture allows more efficient rehabilitation than the 

internal fixation of trochanteric fractures because of earlier full-weight bearing. 

Physically oriented rehabilitation reduced mortality, an effect that has not been 

seen in other studies at three (Naglie et al., 2002), four (Cameron et al., 1994), six 

(Koval et al., 1998; Naglie et al., 2002) or 12 months (Huusko et al., 2010; Koval 

et al., 1998) after the fracture, although the Cochrane meta-analysis performed in 

2004 showed a tendency for a decrease in mortality in rehabilitation groups. A 

single study found lower mortality on patients treated in geriatric ward (compared 

to orthopaedic ward) at 1 and 3 months follow-up (Adunsky et al., 2010). It is 

unlikely that the background factors influenced these results as the factors recorded 
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here were very similar between groups.  It is probable that the emphasized role of 

mobilisation observed in the physically weighed rehabilitation group explains the 

impact on the mortality. Similar decrease in mortality by even minimal physical 

exercise has been observed in some earlier studies (Franco et al., 2005; Sabia et al., 

2012; Wen et al., 2011). 

The treatment period at the primary hospital was shorter in the control group 

than in the intervention groups, as was also the case in the study by Naglie et al. 

(2002), but in some other reports (Cameron et al., 1994; Huusko et al., 2002) the 

stay in the primay hospital was shorter in the intervention groups, due the reason 

that rehabilitation took place in the primary hospital. Our finding is explained by 

differences in the capacities of the rehabilitation centers and healthcare centre 

hospitals to admit patients from the primary hospital. The health care centre 

hospitals are sufficiently well equipped and the network sufficiently dense so that 

they were able to admit patients at a very early postoperative phase without queuing, 

whereas 1–2 days of waiting of admission to the rehabilitation was a problem that 

affected the geriatric rehabilitation in particular. 

On the other hand, the mean stays in the different rehabilitations varied, with 

the physical rehabilitation group showing the shortest. This can be explained by the 

high cost of privately arranged physical rehabilitation. The local authorities paid an 

individual fee that covered a limited period of time, usually 2–3 weeks, although 

this could be extended on request when needed. Such limitations did not apply to 

the geriatric and standard rehabilitation, which was paid for out of public funds. 

The long periods of the stays in the institutional care (hospitals and rehabilitation 

units) in all groups is explained by the fact that the home rehabilitation system was 

not used and developed at the time of this study but the rehabilitation of hip 

fractures as well as rehabilitation in general was based on institutional rehabilitation. 

We did not find any significant differences in ADL functions or walking ability 

at either 4 months or 12 months postoperatively. The results as well as settings 

considering hip fracture rehabilitation vary considerably in literature. While it has 

been generally suggested that outcomes are improved with rehabilitation, the best 

approach is not clear (Sherrington et al., 2011; Stott et al., 2011). Hagsten et al. 

(2004) observed that early postoperative occupational training improved ADL 

functions, but these differences disappeared during the follow-up. Similar 

transitional effect in intensive rehabilitation program was reported by Koval et al. 

(1998), while Kramer et al. (1997) found no effect regarding functional status. 

Some studies have found that rehabilitation in geriatric ward improves short-term 

ADL functions (Huusko et al., 2002; Adunsky et al., 2010), while other studies 
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have reported no differences (Röder et al., 2003). Extended rehabilitation after 

inpatient period has been proved to improve ADL-functions (Sylliaas et al., 2011; 

Binder et al., 2004). In recent years, home-based rehabilitation has been presented 

as a viable option compared to institutional rehabilitation, but there is a great 

variation in reported results. Some have reported similar results to outpatient 

exercise training (Binder et al. 2004) while at least one study found that home-

based rehabilitation with early discharge from hospital improved patients’ 

functional status compared to care in ward only (Zidén et al., 2008). 

All the patients came from a geographically limited, and relatively small area, 

ensuring that the total study population was homogenous. However, due 

administrative reasons, all the patients of the geriatric rehabilitation were residents 

of the City of Oulu whereas the control group patients consisted of people from the 

surrounding 33 towns and counties. Physical rehabilitation group admitted patients 

regardless of the place of residence. More than 75% of the city residents live in 

suburban area, comparable to central areas of towns and counties. This is supported 

also by the fact that there are no significant differences in the life expectancy 

between people living in rural like or urban like conditions in Finland (81,01years 

for females, 74,50 years for males and 77,76 years for all in rural like, and 81,08 

years, 74,20 years and 77,85 years in urban like living, respectively) (Population 

statistics of the year 2000). Despite these considerations, our data showed that 

physical and geriatric rehabilitation modalities increased the number of patients 

able to live independently at short follow-up. Physical rehabilitation also decreased 

mortality. 

6.2 The costs and cost-effectiveness in different rehabilitation 
settings 

Our results showed that specialised rehabilitations (physical rehabilitation and 

geriatric rehabilitation) were significantly more expensive than standard 

rehabilitation following hip fracture. The high costs were expected due the high 

resource demand in both physical and geriatric rehabilitation, reflected in high day 

prices and the total cost of rehabilitation. It must be considered that the local 

authorities paid an individual fee that covered a limited period of physical 

rehabilitation—usually two to three weeks—which influenced the rehabilitation 

duration in this patient group. Such limitations did not apply to geriatric and 

standard rehabilitation, which were paid for by public funds. Our present study 

enabled the separate evaluation of rehabilitation costs, in contrast to many earlier 
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papers in which rehabilitation costs were combined with other hospital costs. While 

a wide range of rehabilitation strategies have been investigated (Cameron, 2005), 

few studies have compared the costs between different rehabilitation settings. To 

our knowledge, no previously published study has used a design similar to our 

present investigation. In a group of hip fracture and stroke patients, Kramer et al. 

(1997) compared the effectiveness and costs of rehabilitation in three different 

settings: rehabilitation hospital, subacute nursing home, and a traditional nursing 

home. As expected, the medicare costs were greater in the rehabilitation hospital 

setting, which involved more physical, occupational and recreational therapy, 

compared to the subacute nursing home setting. Moreover, and the costs for 

subacute nursing home patients were greater than for traditional nursing home 

patients at the 6-month follow-up. However, it is difficult to compare their results 

to our present findings due to inflation, exchange rates, and differences in 

rehabilitation practices and healthcare. In fact, we identified no clear comparisons 

for our presently examined specialised rehabilitation settings.  

We also found that specialised rehabilitation settings were associated with a 

longer stay in the primary hospital, thus increasing the primary treatment costs. 

This was because the rehabilitation centres and healthcare centre hospitals have 

different capacities to admit patients from the primary hospital, which directly 

affected the initial hospitalization cost. The healthcare centre hospitals are 

sufficiently well equipped and have a dense enough network to allow patient 

admission at a very early postoperative phase and without queuing, which was a 

problem that particularly affected the geriatric rehabilitation centre. Initial hip 

fracture treatment costs vary substantially between different countries. Finnern and 

Sykes (2003) reported primary hip fracture treatment expenses within the EU 

countries using European Commission cost data. The costs were lowest in Ireland 

(3714€) and highest in Germany (13,776€). The average cost per patient in the EU 

was 8125€, while the treatment cost in Finland was 4086€. This great variance in 

primary hospital costs related to healthcare system differences among different 

countries. In some countries, rehabilitation occurs in the primary hospitals, whereas 

early discharge and rehabilitation in other institutions is the routine practice in other 

countries. Our estimates of the initial hospitalization costs are well within the 

previously reported range of values when costs are adjusted for present day prices.  

The total costs of institutional hip fracture treatment (primary hospital, 

rehabilitation, and post-rehabilitation healthcare centre hospital costs) were 17% 

higher in the physically oriented rehabilitation and 28% higher in the geriatrically 

oriented rehabilitation groups compared to in the control group. In all groups, 
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rehabilitation constituted a major share of the total costs, while post-rehabilitation 

hospital care was the smallest component of the expenditures. Studies comparing 

total hip fracture costs between different rehabilitation methods have mainly 

focused on the effects of early discharge and the costs of the intensified 

rehabilitation period (Cameron et al., 1994; Hollingworth et al., 1993; Polder et al., 

2003). Polder et al. (2003) compared costs between patients with early hospital 

discharge to a nursing home (including rehabilitation facilities) and patients in 

conventional treatment. They reported that early discharge results in lower initial 

hospital costs, but a higher rate of later institutionalization, resulting in no overall 

benefit with regards to total treatment costs. On the other hand, Hollingworth et al. 

(1993) found smaller total costs with the “hospital at home” program in UK, which 

provided nursing care, social services, and rehabilitation in the patient’s home. 

However, only 40% of patients benefitted from the “hospital at home” program, 

and these patients were more mobile and younger prior to hip fracture. Similarly, 

an Australian study concluded that accelerated rehabilitation reduced costs by 17% 

compared to conventional care, but these savings were relatively modest (Cameron 

et al., 1994). Again, these results are not fully comparable to our present findings, 

as the reported rehabilitation methods and study designs were somewhat different 

from our specialised rehabilitation settings. 

Use of other healthcare services—including visits to a doctor or outpatient 

hospital, physiotherapy, home help services, taxi usage, home medical treatment, 

travel expenses for patients’ relatives, reoperations, and help from a relative—and 

the costs generated following hip fracture were lower in the geriatric rehabilitation 

group than in the physical rehabilitation group. This was mainly attributed to the 

costs estimated for home help provided by relatives, as other expenditures had 

relatively small impacts on the costs. The costs of home help from relatives were 

estimated as different percentages of a home aid’s salary. Even at the lowest 

proportion (30% of the salary), these costs constituted over half of the total costs 

during the year after the fracture. The methods for calculating post-rehabilitation 

costs of hip fracture vary considerably in the literature (Cameron et al., 1994; 

Haentjens et al., 2001; Nurmi et al., 2003). Kondo, Zierler, Isokawa, Hagino & Ito 

(2009) estimated the loss of salary in cases where a patient’s relatives took a leave 

of absence from work; however, these costs were very low (150 dollars on average) 

and the use of an elderly care services was the routine practice. A Finnish study by 

Nurmi et al. (2003) reported non-institutional costs of 3013€ during the one-year 

follow-up after hip fracture. This was significantly lower than in our present results; 

however, their study didn’t account for some of the expenditures we included in 
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our study, such as help from a relative, reoperations, relatives’ travel expenses, and 

physiotherapy. Again, the great variance in methods for cost calculations made it 

difficult to clearly compare our results to previous findings, with the main 

difference being the costs of help from a relative. 

Intensive physical and geriatric rehabilitation are usually considered to be 

costly to society. However, our present results showed that the total hip fracture 

treatment costs over one year following fracture were similar between 

rehabilitation groups when accounting for the estimated cost of help given by 

relatives as 30% of a home aid’s salary. When this cost estimate was made using 

50% and 100% of the home aid’s salary, the mean cost of routine treatment 

exceeded that of the physical rehabilitation modality. These results suggest that, 

although routine treatment is viewed as the least costly method, it may actually 

only serve to shift the costs, such that the expenditures of the hospital are carried 

by the patients’ relatives. This possibility has also been suggested in other studies 

(van Balen et al., 2002; Polder et al., 2003; Haentjens et al., 2005). 

6.3 Recovery after hip fracture in male and female patients 

We found no difference in mortality between home-dwelling male and female hip 

fracture patients during the 12-month post-fracture follow-up period. This finding 

differs from many earlier studies that found that male patients have a higher 

mortality risk after hip fracture than female patients (Endo et al., 2005; Fransen et 

al., 2002; Hawkes et al., 2006; Schroder & Erlandsen, 1993). However, one 

previous study (Lieberman & Lieverman, 2004) found no difference in mortality 

and an earlier Finnish study reported higher mortality among female patients 

(Nurmi-Lüthje et al., 2015). Notably, only a few of these studies focused on home-

dwelling patients (Endo et al., 2005; Fransen et al., 2002; Hawkes et al., 2006) as 

in our study. In these three studies, the statistical methods differed from our direct 

comparison between male and female sex as they did not take into account other 

factors that affect mortality using either regression analysis or generalized 

estimating equations. This makes it difficult to compare them to our study. The 

patients were also generally older in these earlier studies, i.e. 60 years old (Fransen 

et al., 2002) or 65 years old (Endo et al., 2005; Hawkes et al., 2006) or older.  

Because of the difference in age between the men and women in this study, we 

also conducted a Cox regression analysis on survival and found that age, ASA score 

and prefracture ADL score were independent risk factors for mortality. Sex alone 

did not predict mortality. Previous studies reported that the prefracture risk factors 
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for post-fracture mortality include comorbidities (Endo et al., 2005), ASA score 

(Endo et al., 2005; Swanson et al., 1998) and age (Endo et al., 2005); our findings 

are consistent with most of these studies. Men have often been reported to have a 

higher ASA rating or preoperative risk, suggesting that they have more severe 

medical comorbidities at the time of surgery than women (Diamond, Thornley, 

Sekel & Smerdely, 1997; Fisher et al., 1991). Men have also been reported to have 

a higher risk of postoperative complications (Endo et al., 2005). Myers et al. (1991) 

found that men were 10 times more likely to develop pneumonia than women. 

Some studies have reported that male sex is an independent factor for mortality 

after surgery for hip fracture in home-dwelling patients. Endo et al. (2005) 

conducted a study of 983 independently-living hip fracture patients with one year 

of follow-up and reported an increased risk of death among men after considering 

age, ASA rating, comorbidities and postoperative complications. Similarly, Fransen 

et al. (2002) studied patients age 65 years or older and concluded that male sex was 

a risk factor for mortality after taking into account baseline characteristics; these 

authors noted that the mostly two-level measurement (diseases and function often 

reported as yes-no answers instead of larger rating scale) of prefracture health status 

may have overestimated the effect of male gender on mortality. Hawkes et al. (2006) 

also found higher mortality in previously community-dwelling male patients one 

year post-fracture. Our Cox regression analysis results suggested the opposite, 

indicating that other pre-existing factors explain the gender differences rather than 

gender itself, a view that has been proposed by some earlier studies (Aharonoff et 

al., 1997; Jensen, 1984). The reasons underlying the conflicting results remain 

unclear, but they may be related to the use of different covariates in the analyses as 

well as differences in inclusion criteria or differences in postoperative rehabilitation 

that were not controlled for in the analysis.  

There were no major differences in functional recovery between men and 

women. Male patients had better outcomes for mobility-requiring tasks and for 

walking, while female patients had better results for housework-related tasks. Quite 

often the differences were present before the fracture. It seems likely that these 

differences in specific ADL functions may be due to conformity to traditional 

gender roles that are imposed by society rather than to better physical function per 

se. Men seemed to have significantly better walking ability than women even 

before the fracture. We found no differences between men and women in terms of 

the change in walking ability from before fracture versus one year after. Our 

findings are in line with numerous earlier studies that found no significant 

differences in functional recovery between men and women (Beaupre, Carson, 
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Noveck & Magaziner, 2015; Endo et al., 2005; Hawkes et al., 2006; Lieberman & 

Lieverman, 2004; Penrod et al., 2008). At least one study found that female gender 

was a risk factor for lower functional recovery after hip fracture (Alegre-López, 

Cordero-Guevara, Alonso-Valdivielso & Fernández-Melón, 2005). It has been 

suggested that patients who survive the initial post-fracture period are similar in 

terms of the factors that influence functional status in the later post-fracture period 

(Penrod et al., 2008). 

We observed no differences in residential status between men and women after 

the fracture. After 12 months, approximately 80% of both male and female patients 

were able to live independently or in sheltered housing that was comparable to 

living at home. The ability to live independently requires a certain level of mobility 

and function, which explains the similar results in both residential status as well as 

mobility and ADL function. It was reported previously that hip fracture 

significantly increases the risk of being institutionalized regardless of gender 

(Fransen et al., 2002), with age, low level of mobility and dementia identified as 

known risk factors for institutionalization (Vochteloo et al., 2012). While some 

studies have reported a higher risk of institutionalization in men (Fransen et al., 

2002; Holt et al., 2008), others found no difference between men and women 

(Beaupre et al., 2015; Alegre-López et al., 2005; Vochteloo et al., 2012). A study 

by Holt et al. (2008) conducted in Scotland found that men and women were similar 

in their ability to return home at a 120-day follow-up, but they also found that men 

had a greater risk of institutionalization when the prefracture characteristics were 

considered. We did not consider prefracture characteristics in our direct chi-square 

tests, making it hard to compare their study with ours; in addition, in the Scottish 

study, only two-thirds of the patients were living at home prior to hip fracture. 

Vochteloo et al. (2012) studied the risk factors for failure to return to the prefracture 

place of residence and found that female sex was associated with higher risk at 

discharge but that there were no differences between men and women 3 and 12 

months later. However, the authors noted that the data involving residential status 

was greatly limited (66 patients at the 12-month follow-up). Fransen et al. (2002) 

compared previously community-dwelling hip fracture patients to randomly 

selected controls and found that hip fracture increased the risk of 

institutionalization and mortality in both men and women, but the effect was 

markedly greater in men. However, the study used institutionalization and mortality 

rate as a single variable, so it may not be comparable to other studies. In general, it 

is difficult to compare studies in this field in terms of determining the risk of 
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institutionalization because there is great variation regarding the methods that are 

used and in the study populations. 

These results show that home-dwelling men and women have similar risk of 

mortality, institutionalization and functional decline after hip fracture. High ASA 

score, age and low prefracture functional status predict mortality. More attention 

should be directed towards patients with these attributes in order to minimize poor 

treatment outcomes. 

6.4 Strengths and limitations of the study 

There are several strengths in this study. The major strength was a clear, 

randomized, controlled trial design with conventional hip fracture treatment in 

Finland as a control. The outcome factors were recorded in detail, especially ADL 

functions and place of residence, allowing us to observe even small changes in 

functional recovery. Although we did not validate the tests used in our study, they 

have been widely applied as outcome factors in many earlier trials. We also 

recorded a wide range of data during admission regarding patient prefracture health, 

functional abilities, and living status. The rehabilitation settings were also well-

defined. We collected data concerning mobilization and training exercises during 

the rehabilitation periods, which allowed us to reflect the underlying causes of 

different outcomes between patient groups after post-fracture rehabilitation. Our 

study population was also sufficiently large, with more than 500 patients, and only 

three patients were lost during the follow-up.  

One weakness of our study was that the patients’ residences influenced their 

randomization to rehabilitation groups, potentially affecting the results. This effect 

was the result of administrative factors because the geriatric rehabilitation group in 

the city of Oulu accepted only residents of the city, while healthcare centre hospitals 

could take only patients in their respective municipalities. However, we found no 

significant differences regarding health and function in the prefracture status of the 

patients between different rehabilitation groups. We also compared patients 

separately based on the place of residence and found on effect on the results. It 

should also be noted that the place of residence affected economic costs. Some 

healthcare services had higher prices in the city than in the surrounding areas 

(included the healthcare centre hospital prices), resulting in higher costs in the 

specialized rehabilitation groups. However, this distinction actually highlights 

rather than diminishes our results  because specialized rehabilitation settings were 

still less costly than conventional treatment. 
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There was sometimes a great difference in the rehabilitation unit capacities, 

particularly among patients undergoing geriatric rehabilitation. These patients 

often had to wait in the primary hospital before being admitted to the rehabilitation 

centre, which increased costs in this group. However, although these factors 

influenced the results by increasing the costs of specialized rehabilitation 

modalities, they again highlight our findings because conventional treatment was 

more expensive than physical rehabilitation treatment. 

The method we used to evaluate hip fracture treatment costs (by using DRG 

prices) should also be considered. In general, the treatment costs can be calculated 

from many different viewpoints, namely the patient, the hospital, or the third-party 

payer (such as health maintenance organization). Usually however, the 

expenditures are calculated from a societal perspective (Haentjens et al., 2005), and 

the use of national DRG prices is a common approach for determining the 

approximate costs in the use of healthcare services. Therefore, our study methods 

are line with earlier studies. Few of these earlier studies have calculated the 

treatment costs more accurately by recording the amount and type of specific 

procedures, such as time used in operation room, need for healthcare personnel, 

and the use of medicine in the hospital, but these studies focus on the allocation of 

resources from the point of view of the hospital instead of general costs of treatment.  

Another limitation of our study is that there were more women than men, with 

a 4 to 1 ratio. This skew is common in hip fracture studies because most hip 

fractures occur in women. Although not a particular weakness, our results for these 

home-dwelling patients may not be generalizable to patients in institutions. 

It should also be noted that the present study material is quite old, which raises 

the question how these findings reflect current practice. Over the years, hip fracture 

rehabilitation practices in Finland have changed very little. The greatest change has 

been that the stay in the primary/orthopaedic ward has shortened. Although some 

recent interventions (such as Lonkkaliukumäki-project) regarding overall hip 

fracture treatment pathway have shown promising outcomes, most rehabilitation is 

still conducted in healthcare centre hospital wards, with planned and supported 

discharge later to home where outpatient rehabilitation can be continued. 

6.5 Summary and future aspects for studies in rehabilitation after 
hip fracture 

This study found superior clinical outcomes in specialized, physically oriented 

rehabilitation (focused especially on mobilization therapy) by reducing mortality 
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and increasing the capacity for independent living, in contrast to conventional 

rehabilitation. Rehabilitation conducted in a geriatrically oriented unit also resulted 

in improvements regarding short-term ability to live in the patient’s own home after 

the fracture. Although some earlier studies showed that more intensive 

mobilization, physiotherapy, and occupational therapy may improve short-term 

functional independence and earlier ambulation, our study is the first to report a 

significant improved survival among patients. Thus, we can conclude that an 

intensive rehabilitation and mobilization strategy is recommended after hip fracture. 

We also found that although rehabilitation was more costly in specialized 

rehabilitation units, the total costs at one year after the fracture were smaller in 

patient groups treated in a physically oriented rehabilitation unit compared to 

conventional treatment in Finland. This cost was mostly attributed to the fact that 

patients who received conventional rehabilitation needed more help from their 

relatives after discharge. This factor, when proportioned to a regular home aide’s 

salary, significantly increased the total expenditures. Similarly, earlier studies have 

suggested that cost-reduction strategies including early discharge from the hospital 

may save costs only for the hospital and shift these costs elsewhere, generating no 

additional benefits. 

The results of this study also suggest that men and women recover similarly 

after hip fracture. Poor prefracture functional status, high age, and poor fitness to 

surgery (ASA grade) were risk factors for mortality during the year after the 

fracture. Earlier studies have reported that men have a higher risk of mortality and 

functional decline than women after sustaining a fracture, while other studies have 

suggested that the sex differences are explained by differences in prefracture health. 

Our findings suggest the latter, as we found no major differences in outcome 

between male and female patients, not even when taking into account other risk 

factors for poor recovery. 

As the population ages and elderly hip fractures become more frequent, various 

rehabilitation practices have been studied in the search for an optimal treatment and 

rehabilitation method. In recent years, home-based hip fracture rehabilitation has 

gained more attention, but knowledge of this area is quite limited, with few 

randomized controlled trials evaluating it. Early supported discharge and 

subsequent rehabilitation at home could potentially reduce overall healthcare costs 

and possibly result in similar outcomes compared to institutional rehabilitation. 

Thus, one future research recommendation is to evaluate the role and outcomes of 

hip fracture rehabilitation involving early discharge and home-based rehabilitation 

compared to usual care in institution.  
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Another potential aspect for future research would be the identification and 

proper individualized rehabilitation of high-risk patients in danger of losing 

remaining mobility and facing permanent institutionalization, in order to minimize 

these worst outcomes. Most studies of hip fracture rehabilitation interventions tend 

to centre on relatively healthy, independently living, elderly patients (usually over 

age 50 or 65 years), while high-risk patients living in nursing homes have attracted 

less attention. Functional recovery after hip fracture tends to follow three 

distinctive paths, with a minority of patients having poor outcomes. These patients 

could potentially benefit most from multidisciplinary, intensive rehabilitation. 
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7 Conclusions 

1. Physical rehabilitation reduced mortality. Physical and geriatric rehabilitation 

significantly improved the capacity for independent living (at short term) after 

4 months, especially among patients with femoral neck fracture, but this effect 

could not be seen after 12 months.  

2. Physical rehabilitation was significantly more cost-effective than routine 

treatment when considering total costs during the year after the hip fracture. 

This finding was mainly attributed to less need for help at home after a 

rehabilitation period in physical rehabilitation group. The quality of life at one 

year after the fracture was considered to be better among patients in the 

physical rehabilitation group compared to the geriatric rehabilitation group and 

the control group patients. 

3. Home-dwelling male and female patients recover similarly from hip fracture 

regarding functional status, residential status, and mortality. High age, ASA 

score, and poor prefracture function predict mortality after hip fracture. 

4. Treatment after hip fracture surgery should include a sufficient amount of 

mobilization to be effective. Hospital-based hip fracture rehabilitation in 

Finland may not include enough mobilization, although there are recent local 

interventions aiming to improve the hip fracture care pathway. This finding 

should be considered in general rehabilitation practices and national guidelines. 
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Appendix I. Following are the SAHFE patient 
registration forms and the form for recording 
quantity and type of rehabilitation exercises  
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Appendix II. Following are the forms used in 
cost-benefit analysis (in Finnish) 
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Appendix III. ADL functions in different 
rehabilitation groups. 

 
Parameter  Physical 

rehabilitation 

Geriatric 

rehabilitation 

Control group p-value 

 n %   n %   n %    

Dressing             p=0.447 

Able to dress completely without help 168 89,8   149 87,1   149 82,8    

Needs some help with buttons or zippers 4 2,1   5 2,9   10 5,6    

Needs assistance with shoes and stockings 7 3,7   4 2,3   5 2,8    

Needs assistance with up to 3 items 6 3,2   8 4,7   11 6,1    

Needs to be dressed by others 2 1,1   5 2,9   5 2,8    

Total 187 100   171 100   180 100    

              

Dressing 4 months             p=0.708 

Able to dress completely without help 107 59,8   91 59,5   81 50,9    

Needs some help with buttons or zippers 6 3,4   5 3,3   6 3,8    

Needs assistance with shoes and stockings 32 17,9   22 14,4   32 20,1    

Needs assistance with up to 3 items 19 10,6   16 10,5   18 11,3    

Needs to be dressed by others 15 8,4   19 12,4   22 13,8    

Total 179 100   153 100   159 100    

              

Dressing 12 months             p=0,519 

Able to dress completely without help 113 66,5   95 68,8   93 64,6    

Needs some help with buttons or zippers 9 5,3   2 1,4   3 2,1    

Needs assistance with shoes and stockings 17 10,0   15 10,9   22 15,3    

Needs assistance with up to 3 items 10 5,9   7 5,1   6 4,2    

Needs to be dressed by others 21 12,4   19 13,8   20 13,9    

Total 170 100   138 100   144 100    

              

Bathing or showering             p=0.076 

Able to bath or shower 129 69,0   110 64,3   111 61,7    

Needs some help in washing a single part of 

the body, such as back or feet, or needs a 

bystander 

20 10,7   22 12,9   14 7,8    

Needs assistance in getting in and out of the 

bathtub 

10 5,3   4 2,3   4 2,2    

Needs assistance in washing one or several 

parts of the body 

17 9,1   21 12,3   31 17,2    

Always needs to be bathed by others 11 5,9   14 8,2   20 11,1    

Total 187 100   171 100   180 100    
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Parameter  Physical 

rehabilitation 

Geriatric 

rehabilitation 

Control group p-value 

 n %   n %   n %    

              

Bathing or showering 4 months             p=0.653 

Able to bath or shower 73 40,8   59 38,6   50 31,4    

Needs some help in washing a single part of 

the body, such as back or feet, or needs a 

bystander 

39 21,8   30 19,6   34 21,4    

Needs assistance in getting in and out of the 

bathtub 

10 5,6   5 3,3   9 5,7    

Needs assistance in washing one or several 

parts of the body 

24 13,4   27 17,6   30 18,9    

Always needs to be bathed by others 33 18,4   32 20,9   36 22,6    

Total 179 100   153 100   159 100    

              

Bathing or showering 12 months             p=0,343 

Able to bath or shower 76 44,7   67 64,3   55 38,7    

Needs some help in washing a single part of 

the body, such as back or feet, or needs a 

bystander 

25 14,7   11 12,9   17 12,0    

Needs assistance in getting in and out of the 

bathtub 

10 5,9   4 2,3   10 7,0    

Needs assistance in washing one or several 

parts of the body 

21 12,4   19 12,3   17 12,0    

Always needs to be bathed by others 38 22,4   37 8,2   43 30,3    

Total 170 100   138 100   142 100    

              

Eating             p=0.684 

Able to cut food and eat without help 184 98,4   169 98,8   174 96,7    

Needs help from others to cut hard food 1 0,5   1 0,6   3 1,7    

Needs assistance in handling food, e.g. 

buttering bread 

2 1,1   1 0,6   2 1,1    

Needs a lot of help to eat 0 0   0 0   1 0,6    

Has to be completely fed by others              

Total 187 100   171 100   180 100    

              

Eating 4 months             p=0.565 

Able to cut food and eat without help 156 87,2   131 85,6   134 84,3    

Needs help from others to cut hard food 10 5,6   8 5,2   5 3,1    

Needs assistance in handling food, e.g. 

buttering bread 

8 4,5   4 2,6   8 5,0    

Needs a lot of help to eat 3 1,7   6 3,9   6 3,8    
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Parameter  Physical 

rehabilitation 

Geriatric 

rehabilitation 

Control group p-value 

 n %   n %   n %    

Has to be completely fed by others 2 1,1   4 2,6   6 3,8    

Total 179 100   153 100   159 100    

              

Eating 12 months             p=0.545 

Able to cut food and eat without help 157 92,4   122 88,4   131 91,0    

Needs help from others to cut hard food 3 1,8   2 1,4   2 1,4    

Needs assistance in handling food, e.g. 

buttering bread 

7 4,1   6 4,3   6 4,2    

Needs a lot of help to eat 1 0,6   7 5,1   3 2,1    

Has to be completely fed by others 2 1,2   1 0,7   2 1,4    

Total 170 100   138 100   144 100    

              

Toileting             p=0.011 

Able to get to the toilet, get on and off, 

manage clothing, etc. 

185 98,9   164 95,9   165 91,7    

Needs assistance in getting to and from 

toilet 

0 0   2 1,2   4 2,2    

Needs assistance in getting on and off the 

toilet and adjusting clothing 

2 1,1   0 0   2 1,1    

Needs assistance in cleaning organs of 

excretion 

0 0   0 0   4 2,2    

Wears pads or uses a catheter or bedpan at 

all times 

0 0   5 2,9   5 2,8    

Total 187 100   171 100   180 100    

              

Toileting 4 months             p=0.055 

Able to get to the toilet, get on and off, 

manage clothing, etc. 

148 82,7   118 77,1   115 72,3    

Needs assistance in getting to and from 

toilet 

4 2,2   3 2,0   5 3,1    

Needs assistance in getting on and off the 

toilet and adjusting clothing 

5 2,8   10 6,5   11 6,9    

Needs assistance in cleaning organs of 

excretion 

15 8,4   5 3,3   14 8,8    

Wears pads or uses a catheter or bedpan at 

all times 

7 3,9   17 11,1   14 8,8    

Total 179 100   153 100   159 100    
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Parameter  Physical 

rehabilitation 

Geriatric 

rehabilitation 

Control group p-value 

 n %   n %   n %    

Toileting 12 months             p=0,288 

Able to get to the toilet, get on and off, 

manage clothing, etc. 

141 82,9   113 81,9   111 77,1    

Needs assistance in getting to and from 

toilet 

1 0,6   2 1,4   3 2,1    

Needs assistance in getting on and off the 

toilet and adjusting clothing 

5 2,9   2 1,4   4 2,8    

Needs assistance in cleaning organs of 

excretion 

3 1,8   3 2,2   10 6,9    

Wears pads or uses a catheter or bedpan at 

all times 

20 11,8   18 13,0   16 11,1    

Total 170 100   138 100   144 100    

              

Shopping             p=0.188 

Able to do all shopping without assistance  84 44,9   67 39,2   62 34,4    

Needs assistance in getting to or returning 

from shops, can only shop independently for 

small purchases or is able to shop but gets 

someone else to do it 

41 21,9   39 22,8   56 31,1    

Needs assistance with selecting shopping, is 

unsure what he/she needs to buy or must 

always be accompanied due to physical, 

psychological or visual impairment 

11 5,9   6 3,5   9 5,0    

Needs help with two or more tasks 

associated with grocery shopping 

8 4,3   4 2,3   5 2,8    

Completely unable to shop 43 23,0   55 32,2   48 26,7    

Total 187 100   171 100   180 100    

              

Shopping 4 months             p=0.616 

Able to do all shopping without assistance  24 13,4   19 12,4   24 15,1    

Needs assistance in getting to or returning 

from shops, can only shop independently for 

small purchases or is able to shop but gets 

someone else to do it 

67 37,4   53 34,6   51 32,1    

Needs assistance with selecting shopping, is 

unsure what he/she needs to buy or must 

always be accompanied due to physical, 

psychological or visual impairment 

4 2,2   2 1,3   5 3,1    

Needs help with two or more tasks 

associated with grocery shopping 

10 5,6   3 2,0   7 4,4    
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Parameter  Physical 

rehabilitation 

Geriatric 

rehabilitation 

Control group p-value 

 n %   n %   n %    

Completely unable to shop 74 41,3   76 49,7   72 45,3    

Total 179 100   153 100   159 100    

              

Shopping 12 months             p=0.470 

Able to do all shopping without assistance  39 22,9   36 26,1   32 22,2    

Needs assistance in getting to or returning 

from shops, can only shop independently for 

small purchases or is able to shop but gets 

someone else to do it 

49 28,8   41 29,7   32 22,2    

Needs assistance with selecting shopping, is 

unsure what he/she needs to buy or must 

always be accompanied due to physical, 

psychological or visual impairment 

4 2,4   7 5,1   6 4,2    

Needs help with two or more tasks 

associated with grocery shopping 

9 5,3   3 2,2   6 4,2    

Completely unable to shop 69 40,6   51 37,0   68 47,2    

Total 170 100   138 100   144 100    

              

Household chores             p=0.188 

Able to manage housekeeping alone or with 

only occasional assistance 

68 36,4   55 32,2   51 28,3    

Able to perform all home maintenance tasks 

but needs some assistance with, e.g., lifting 

or is able to do housework but has someone 

else do it  

23 12,3   17 9,9   23 12,8    

Able to perform only light daily tasks 49 26,2   33 19,3   45 25,0    

Needs assistance with light household 

duties 

12 6,4   21 12,3   14 7,8    

Unable to do housework 35 18,7   45 26,3   47 26,1    

Total 187 100   171 100   180 100    

              

Household chores 4 months             p=0.579 

Able to manage housekeeping alone or with 

only occasional assistance 

26 14,5   25 16,3   26 16,4    

Able to perform all home maintenance tasks 

but needs some assistance with, e.g., lifting 

or is able to do housework but has someone 

else do it  

24 13,4   17 11,1   13 8,2    

Able to perform only light daily tasks 47 26,3   35 22,9   34 21,4    
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Parameter  Physical 

rehabilitation 

Geriatric 

rehabilitation 

Control group p-value 

 n %   n %   n %    

Needs assistance with light household 

duties 

12 6,7   11 7,2   7 4,4    

Unable to do housework 70 39,1   65 42,5   79 49,7    

Total 179 100   153 100   159 100    

              

Household chores 12 months             p=0.527 

Able to manage housekeeping alone or with 

only occasional assistance 

31 18,2   20 14,5   26 18,1    

Able to perform all home maintenance tasks 

but needs some assistance with, e.g., lifting 

or is able to do housework but has someone 

else do it  

18 10,6   17 12,3   8 5,6    

Able to perform only light daily tasks 37 21,8   34 24,6   29 20,1    

Needs assistance with light household 

duties 

13 7,6   13 9,4   11 7,6    

Unable to do housework 71 41,8   54 39,1   70 48,6    

Total 170 100   138 100   144 100    

              

Laundry             p=0.058 

Able to do laundry 95 50,8   66 38,6   73 40,6    

Needs assistance in doing or hanging up 

laundry or is able to do it but somebody else 

does it or would be able to do laundry if 

there were a machine at home 

25 13,4   19 11,1   23 12,8    

Able to wash delicates and personals by 

hand or needs some assistance in loading or 

unloading the machine 

7 3,7   14 8,2   6 3,3    

Needs a lot of help to do laundry 15 8,0   10 5,8   15 8,3    

Unable to do laundry 45 24,1   62 36,3   63 35,0    

Total 187 100   171 100   180 100    

              

Laundry 4 months             p=0.412 

Able to do laundry 46 25,7   41 26,8   38 23,9    

Needs assistance in doing or hanging up 

laundry or is able to do it but somebody else 

does it or would be able to do laundry if 

there were a machine at home 

32 17,9   13 8,5   21 13,2    

Able to wash delicates and personals by 

hand or needs some assistance in loading or 

unloading the machine 

8 4,5   8 5,2   7 4,4    
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Parameter  Physical 

rehabilitation 

Geriatric 

rehabilitation 

Control group p-value 

 n %   n %   n %    

Needs a lot of help to do laundry 13 7,3   17 11,1   12 7,5    

Unable to do laundry 80 44,7   74 48,4   81 50,9    

Total 179 100   153 100   159 100    

              

Laundry 12 months             p=0.752 

Able to do laundry 47 27,6   37 26,8   41 28,5    

Needs assistance in doing or hanging up 

laundry or is able to do it but somebody else 

does it or would be able to do laundry if 

there were a machine at home 

25 14,7   16 11,6   19 13,2    

Able to wash delicates and personals by 

hand or needs some assistance in loading or 

unloading the machine 

6 3,5   12 8,7   6 4,2    

Needs a lot of help to do laundry 7 4,1   5 3,6   6 4,2    

Unable to do laundry 85 50,0   68 49,3   72 50,0    

Total 170 100   138 100   144 100    

              

Preparation of meals             p=0.324 

Able to prepare meals 108 57,8   87 50,9   86 47,8    

Able to prepare meals but someone else 

does it 

15 8,0   13 7,6   11 6,1    

Able to prepare a small meal or sandwich if 

supplied with ingredients 

21 11,2   16 9,4   21 11,7    

Able only to reheat meals 16 8,6   22 12,9   18 10,0    

Must have all meals prepared 27 14,4   33 19,3   44 24,4    

Total 187 100   171 100   180 100    

              

Preparation of meals 4 months             p=0.219 

Able to prepare meals 57 31,8   53 34,6   46 28,9    

Able to prepare meals but someone else 

does it 

22 12,3   9 5,9   13 8,2    

Able to prepare a small meal or sandwich if 

supplied with ingredients 

23 12,8   14 9,2   25 15,7    

Able only to reheat meals 19 10,6   21 13,7   13 8,2    

Must have all meals prepared 58 32,4   56 36,6   62 39,0    

Total 179 100   153 100   159 100    

              

Preparation of meals 12 months             p=0.870 

Able to prepare meals 71 42,0   56 40,6   55 38,2    
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Parameter  Physical 

rehabilitation 

Geriatric 

rehabilitation 

Control group p-value 

 n %   n %   n %    

Able to prepare meals but someone else 

does it 

11 6,5   10 7,2   11 7,6    

Able to prepare a small meal or sandwich if 

supplied with ingredients 

17 10,1   19 13,8   14 9,7    

Able only to reheat meals 15 8,9   8 5,8   9 6,3    

Must have all meals prepared 55 32,5   45 32,6   55 38,2    

Total 169 100   138 100   144 100    

              

Banking/finances             p=0.120 

Able to manage all financial matters 84 44,9   78 45,6   67 37,2    

Needs assistance in going to bank or does 

billing and banking by mail or cannot go to 

bank but is able to perform all other financial 

tasks or is able to do it but someone else 

does it  

46 24,6   27 15,8   50 27,8    

Able to manage day-to-day purchases, but 

needs assistance with banking and major 

purchases 

1 0,5   4 2,3   1 0,6    

Needs to be taken to the bank and requires 

someone to handle the transactions and all 

other financial needs 

15 8,0   13 7,6   15 8,3    

Unable to handle financial matters 41 21,9   49 28,7   47 26,1    

Total 187 100   171 100   180 100    

              

Banking/finances 4 months             p=0.905 

Able to manage all financial matters 34 19,0   23 15,0   31 19,5    

Needs assistance in going to bank or does 

billing and banking by mail or cannot go to 

bank but is able to perform all other financial 

tasks or is able to do it but someone else 

does it  

54 30,2   44 28,8   39 24,5    

Able to manage day-to-day purchases, but 

needs assistance with banking and major 

purchases 

4 2,2   3 2,0   4 2,5    

Needs to be taken to the bank and requires 

someone to handle the transactions and all 

other financial needs 

24 13,4   25 16,3   21 13,2    

Unable to handle financial matters 63 35,2   58 37,9   64 40,3    

Total 179 100   153 100   159 100    
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Parameter  Physical 

rehabilitation 

Geriatric 

rehabilitation 

Control group p-value 

 n %   n %   n %    

              

Banking/finances 12 months             p=0.355 

Able to manage all financial matters 46 27,1   41 29,7   34 23,6    

Needs assistance in going to bank or does 

billing and banking by mail or cannot go to 

bank but is able to perform all other financial 

tasks or is able to do it but someone else 

does it  

44 25,9   40 29,0   32 22,2    

Able to manage day-to-day purchases, but 

needs assistance with banking and major 

purchases 

0 0   1 0,7   3 2,1    

Needs to be taken to the bank and requires 

someone to handle the transactions and all 

other financial needs 

11 6,5   7 5,1   13 9,0    

Unable to handle financial matters 69 40,6   49 35,5   62 43,1    

Total 170 100   138 100   144 100    

              

Use of transportation             p=0.561 

Able to travel independently on public 

transportation or drive a car. 

73 39,0   61 35,7   62 34,4    

Arranges his/her own travel by taxi but does 

not use bus or train 

65 34,8   49 28,7   62 34,4    

Must always be accompanied due to 

physical, psychological or visual impairment 

19 10,2   20 11,7   15 8,3    

Travels in taxi or car only with assistance 19 10,2   30 17,5   28 15,6    

Unable to travel 11 5,9   11 6,4   13 7,2    

Total 187 100   171 100   221 100    

              

Use of transportation 4 months             p=0.359 

Able to travel independently on public 

transportation or drive a car. 

24 13,4   17 11,1   22 13,8    

Arranges his/her own travel by taxi but does 

not use bus or train 

63 35,2   47 30,7   44 27,7    

Must always be accompanied due to 

physical, psychological or visual impairment 

20 11,2   15 9,8   21 13,2    

Travels in taxi or car only with assistance 42 23,5   34 22,2   45 28,3    

Unable to travel 30 16,8   40 26,1   27 17,0    

Total 179 100   153 100   159 100    
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Parameter  Physical 

rehabilitation 

Geriatric 

rehabilitation 

Control group p-value 

 n %   n %   n %    

Use of transportation 12 months             p=0.778 

Able to travel independently on public 

transportation or drive a car. 

30 17,8   26 18,8   30 21,0    

Arranges his/her own travel by taxi but does 

not use bus or train 

78 46,2   62 44,9   53 37,1    

Must always be accompanied due to 

physical, psychological or visual impairment 

12 7,1   12 8,7   12 8,4    

Travels in taxi or car only with assistance 37 21,9   27 19,6   31 21,7    

Unable to travel 12 7,1   11 8,0   17 11,9    

Total 169 100   138 100   143 100    
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Appendix IV. Comparison of ADL-functions 
between male and female patients. 
 

Parameter Male (%) Female (%)  p-value 

     

Dressing    p=0.788 

Able to dress completely without help 89 (84.8%) 377 (87.1%)   

Needs some help with buttons or zippers 4 (3.8%) 15 (3.5%)   

Needs assistance with shoes and stockings 4 (3.8%) 12 (2.8%)   

Needs assistance with up to 3 items 5 (4.8%) 20 (4.6%)   

Needs to be dressed by others 3 (2.9%) 9 (2.1%)   

Total 105 433   

     

Dressing 4 months    p=0.658 

Able to dress completely without help 56 (56.6%) 223 (56.9%)   

Needs some help with buttons or zippers 4 (4.0%) 13 (3.3%)   

Needs assistance with shoes and stockings 19 (19.2%) 67 (17.1%)   

Needs assistance with up to 3 items 11 (11.1%) 42 (10.7%)   

Needs to be dressed by others 9 (9.1%) 47 (12.0%)   

Total 99 392   

     

Dressing 12 months    p=0.200 

Able to dress completely without help 57 (64.8%) 244 (66.5%)   

Needs some help with buttons or zippers 2 (2.3%) 12 (3.3%)   

Needs assistance with shoes and stockings 16 (18.2%) 40 (10.9%)   

Needs assistance with up to 3 items 5 (5.7%) 18 (4.9%)   

Needs to be dressed by others 8 (9.1%) 53 (14.4%)   

Total 88 367   

     
Bathing or showering    p=0.380 

Able to bath or shower 71 (67.6%) 279 (64.4%)   

Needs some help in washing a single part of the body, such 

as back or feet, or needs a bystander 
9 (8.6%) 47 (10.9%)   

Needs assistance in getting in and out of the bathtub 3 (2.9%) 15 (3.5%)   

Needs assistance in washing one or several parts of the 

body 
11 (10.5%) 58 (13.4%)   
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Parameter Male (%) Female (%)  p-value 

Always needs to be bathed by others 11 (10.5%) 34 (7.9%)   

Total 105 433   

     

Bathing or showering 4 months    p=0.741 

Able to bath or shower 40 (40.4%) 142 (36.2%)   

Needs some help in washing a single part of the body, such 

as back or feet, or needs a bystander 
20 (20.2%) 83 (21.2%)   

Needs assistance in getting in and out of the bathtub 9 (9.1%) 15 (3.8%)   

Needs assistance in washing one or several parts of the 

body 
11 (11.1%) 70 (17.9%)   

Always needs to be bathed by others 19 (19.2%) 82 (20.9%)   

Total 99 392   

     

Bathing or showering 12 months    p=0.286 

Able to bath or shower 45 (51.1%) 153 (41.9%)   

Needs some help in washing a single part of the body, such 

as back or feet, or needs a bystander 
7 (8.0%) 46 (12.6%)   

Needs assistance in getting in and out of the bathtub 5 (5.7%) 19 (5.2%)   

Needs assistance in washing one or several parts of the 

body 
10 (11.4%) 48 (13.2%)   

Always needs to be bathed by others 21 (23.9%) 99 (27.1%)   

Total 88 365   

     

Eating    p=1.000 

Able to cut food and eat without help 103 (98.1%) 424 (97.9%)   

Needs help from others to cut hard food 1 (1.0%) 4 (0.9%)   

Needs assistance in handling food, e.g. buttering bread 1 (1.0%) 4 (0.9%)   

Needs a lot of help to eat 0 1 (0.2%)   

Has to be completely fed by others 0 0   

Total 105 433   

     

Eating 4 months    p=0.574 

Able to cut food and eat without help 85 (85.9%) 336 (85.7%)   

Needs help from others to cut hard food 4 (4.0%) 19 (4.8%)   

Needs assistance in handling food, e.g. buttering bread 4 (4.0%) 16 (4.1%)   

Needs a lot of help to eat 5 (5.1%) 10 (2.6%)   

Has to be completely fed by others 1 (1.0%) 11 (2.8%)   
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Parameter Male (%) Female (%)  p-value 

Total 99 392   

     

Eating 12 months    p=0.483 

Able to cut food and eat without help 81 (92.0%) 329 (89.6%)   

Needs help from others to cut hard food 0 7 (1.9%)   

Needs assistance in handling food, e.g. buttering bread 4 (4.5%) 16 (4.4%)   

Needs a lot of help to eat 3 (3.4%) 8 (2.2%)   

Has to be completely fed by others 0 7 (1.9%)   

Total 88 367   

     

Toileting    p=0.381 

Able to get to the toilet, get on and off, manage clothing, etc. 101 (96.2%) 413 (95.4%)   

Needs assistance in getting to and from toilet 0 6 (1.4%)   

Needs assistance in getting on and off the toilet and 

adjusting clothing 
1 (1.0%) 3 (0.7%)   

Needs assistance in cleaning organs of excretion 0 4 (0.9%)   

Wears pads or uses a catheter or bedpan at all times 3 (2.9%) 7 (1.6%)   

Total 105 433   

     

Toileting 4 months    p=0.266 

Able to get to the toilet, get on and off, manage clothing, etc. 79 (79.8%) 302 (77.0%)   

Needs assistance in getting to and from toilet 0 12 (3.1%)   

Needs assistance in getting on and off the toilet and 

adjusting clothing 
3 (3.0%) 23 (5.9%)   

Needs assistance in cleaning organs of excretion 7 (7.1%) 27 (6.9%)   

Wears pads or uses a catheter or bedpan at all times 10 (10.1%) 28 (7.1%)   

Total 99 392   

     

Toileting 12 months    p=0.301 

Able to get to the toilet, get on and off, manage clothing, etc. 73 (83.0%) 292 (79.6%)   

Needs assistance in getting to and from toilet 0 6 (1.6%)   

Needs assistance in getting on and off the toilet and 

adjusting clothing 
0 11 (3.0%)   

Needs assistance in cleaning organs of excretion 3 (3.4%) 13 (3.5%)   

Wears pads or uses a catheter or bedpan at all times 12 (13.6%) 45 (12.3%)   

Total 88 367   
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Parameter Male (%) Female (%)  p-value 

     

Shopping    p=0.001 

Able to do all shopping without assistance  58 (55.2%) 155 (35.8%)   

Needs assistance in getting to or returning from shops, can 

only shop independently for small purchases or is able to 

shop but gets someone else to do it 

14 (13.3%) 122 (28.2%)   

Needs assistance with selecting shopping, is unsure what 

he/she needs to buy or must always be accompanied due to 

physical, psychological or visual impairment 

5 (4.8%) 21 (4.8%)   

Needs help with two or more tasks associated with grocery 

shopping 
3 (2.9%) 14 (3.2%)   

Completely unable to shop 25 (23.8%) 121 (27.9%)   

Total 105 433   

     

Shopping 4 months    p<0.001 

Able to do all shopping without assistance  27 (27.3%) 40 (10.2%)   

Needs assistance in getting to or returning from shops, can 

only shop independently for small purchases or is able to 

shop but gets someone else to do it 

28 (28.3%) 143 (36.5%)   

Needs assistance with selecting shopping, is unsure what 

he/she needs to buy or must always be accompanied due to 

physical, psychological or visual impairment 

0 11 (2.8%)   

Needs help with two or more tasks associated with grocery 

shopping 
5 (5.1%) 15 (3.8%)   

Completely unable to shop 39 (39.4%) 183 (46.7%)   

Total 99 392   

     

Shopping 12 months    p=0.013 

Able to do all shopping without assistance  31 (35.2%) 76 (20.7%)   

Needs assistance in getting to or returning from shops, can 

only shop independently for small purchases or is able to 

shop but gets someone else to do it 

20 (22.7%) 102 (27.8%)   

Needs assistance with selecting shopping, is unsure what 

he/she needs to buy or must always be accompanied due to 

physical, psychological or visual impairment 

1 (1.1%) 16 (4.4%)   

Needs help with two or more tasks associated with grocery 

shopping 
3 (3.4%) 15 (4.1%)   

Completely unable to shop 33 (37.5%) 158 (43.1%)   

Total 88 367   
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Parameter Male (%) Female (%)  p-value 

     

Household chores    p<0.001 

Able to manage housekeeping alone or with only occasional 

assistance 
35 (33.3%) 139 (32.1%)   

Able to perform all home maintenance tasks but needs some 

assistance with, e.g., lifting or is able to do housework but 

has someone else do it  

22 (21.0%) 41 (9.5%)   

Able to perform only light daily tasks 10 (9.5%) 117 (27.0%)   

Needs assistance with light household duties 4 (3.8%) 43 (9.9%)   

Unable to do housework 34 (32.4%) 93 (21.5%)   

Total 105 433   

     

Household chores 4 months    p=0.030 

Able to manage housekeeping alone or with only occasional 

assistance 
17 (17.2%) 60 (15.3%)   

Able to perform all home maintenance tasks but needs some 

assistance with, e.g., lifting or is able to do housework but 

has someone else do it  

15 (15.2%) 39 (9.9%)   

Able to perform only light daily tasks 12 (12.1%) 104 (26.5%)   

Needs assistance with light household duties 5 (5.1%) 25 (6.4%)   

Unable to do housework 50 (50.5%) 164 (41.8%)   

Total 99 392   

     

Household chores 12 months    p=0.016 

Able to manage housekeeping alone or with only occasional 

assistance 
20 (22.7%) 57 (15.5%)   

Able to perform all home maintenance tasks but needs some 

assistance with, e.g., lifting or is able to do housework but 

has someone else do it  

9 (10.2%) 34 (9.3%)   

Able to perform only light daily tasks 8 (9.1%) 92 (25.1%)   

Needs assistance with light household duties 6 (6.8%) 31 (8.4%)   

Unable to do housework 45 (51.1%) 153 (41.7%)   

Total 88 367   

     

Laundry    p=0.082 

Able to do laundry 36 (34.3%) 198 (45.7%)   

Needs assistance in doing or hanging up laundry or is able to 

do it but somebody else does it or would be able to do 

laundry if there were a machine at home 

25 (23.8%) 42 (9.7%)   
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Parameter Male (%) Female (%)  p-value 

Able to wash delicates and personals by hand or needs 

some assistance in loading or unloading the machine 

0 27 (6.2%)   

Needs a lot of help to do laundry 3 (2.9%) 37 (8.5%)   

Unable to do laundry 41 (39.0%) 129 (29.8%)   

Total 105 433   

     

Laundry 4 months    p=0.180 

Able to do laundry 18 (18.2%) 107 (27.3%)   

Needs assistance in doing or hanging up laundry or is able to 

do it but somebody else does it or would be able to do 

laundry if there were a machine at home 

20 (20.2%) 46 (11.7%)   

Able to wash delicates and personals by hand or needs 

some assistance in loading or unloading the machine 

1 (1.0%) 22 (5.6%)   

Needs a lot of help to do laundry 7 (7.1%) 35 (8.9%)   

Unable to do laundry 53 (53.5%) 182 (46.4%)   

Total 99 392   

     

Laundry 12 months    p=0.029 

Able to do laundry 15 (17.0%) 110 (30.0%)   

Needs assistance in doing or hanging up laundry or is able to 

do it but somebody else does it or would be able to do 

laundry if there were a machine at home 

24 (27.3%) 36 (9.8%)   

Able to wash delicates and personals by hand or needs 

some assistance in loading or unloading the machine 

2 (2.3%) 22 (6.0%)   

Needs a lot of help to do laundry 0 18 (4.9%)   

Unable to do laundry 47 (53.4%) 181 (49.3%)   

Total 88 367   

     

Preparation of meals    p=0.035 

Able to prepare meals 44 (41.9%) 237 (54.7%)   

Able to prepare meals but someone else does it 15 (14.3%) 24 (5.5%)   

Able to prepare a small meal or sandwich if supplied with 

ingredients 

6 (5.7%) 52 (12.0%)   

Able only to reheat meals 12 (11.4%) 44 (10.2%)   

Must have all meals prepared 28 (26.7%) 76 (17.6%)   

Total 105 433   

     

Preparation of meals 4 months    p=0.021 

Able to prepare meals 20 (20.2%) 136 (34.7%)   

Able to prepare meals but someone else does it 18 (18.2%) 26 (6.6%)   

Able to prepare a small meal or sandwich if supplied with 

ingredients 

11 (11.1%) 51 (13.0%)   
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Parameter Male (%) Female (%)  p-value 

Able only to reheat meals 9 (9.1%) 44 (11.2%)   

Must have all meals prepared 41 (41.4%) 135 (34.4%)   

Total 99 392   

     

Preparation of meals 12 months    p=0.002 

Able to prepare meals 24 (27.3%) 158 (43.2%)   

Able to prepare meals but someone else does it 17 (19.3%) 15 (4.1%)   

Able to prepare a small meal or sandwich if supplied with 

ingredients 

8 (9.1%) 42 (11.5%)   

Able only to reheat meals 9 (10.2%) 23 (6.3%)   

Must have all meals prepared 30 (34.1%) 128 (35.0%)   

Total 88 366   

     

Banking/finances    p<0.001 

Able to manage all financial matters 63 (60.0%) 166 (38.3%)   

Needs assistance in going to bank or does billing and 

banking by mail or cannot go to bank but is able to perform 

all other financial tasks or is able to do it but someone else 

does it  

13 (12.4%) 110 (25.4%)   

Able to manage day-to-day purchases, but needs assistance 

with banking and major purchases 

0 6 (1.4%)   

Needs to be taken to the bank and requires someone to 

handle the transactions and all other financial needs 

4 (3.8%) 39 (9.0%)   

Unable to handle financial matters 25 (23.8%) 112 (25.9%)   

Total 105 433   

     

Banking/finances 4 months    p=0.010 

Able to manage all financial matters 28 (28.3%) 60 (15.3%)   

Needs assistance in going to bank or does billing and 

banking by mail or cannot go to bank but is able to perform 

all other financial tasks or is able to do it but someone else 

does it  

19 (19.2%) 118 (30.1%)   

Able to manage day-to-day purchases, but needs assistance 

with banking and major purchases 

5 (5.1%) 6 (1.5%)   

Needs to be taken to the bank and requires someone to 

handle the transactions and all other financial needs 

14 (14.1%) 56 (14.3%)   

Unable to handle financial matters 33 (33.3%) 152 (38.8%)   

Total 99 392   

     

Banking/finances 12 months    p=0.088 

Able to manage all financial matters 30 (34.1%) 91 (24.8%)   
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Parameter Male (%) Female (%)  p-value 

Needs assistance in going to bank or does billing and 

banking by mail or cannot go to bank but is able to perform 

all other financial tasks or is able to do it but someone else 

does it  

27 (30.7%) 89 (24.3%)   

Able to manage day-to-day purchases, but needs assistance 

with banking and major purchases 

1 (1.1%) 3 (0.8%)   

Needs to be taken to the bank and requires someone to 

handle the transactions and all other financial needs 

3 (3.4%) 28 (7.6%)   

Unable to handle financial matters 27 (30.7%) 156 (42.5%)   

Total 88 367   

     

Use of transportation    p<0.001 

Able to travel independently on public transportation or drive 

a car. 

61 (58.1%) 135 (31.2%)   

Arranges his/her own travel by taxi but does not use bus or 

train 

15 (14.3%) 161 (37.2%)   

Must always be accompanied due to physical, psychological 

or visual impairment 

10 (9.5%) 44 (10.2%)   

Travels in taxi or car only with assistance 16 (15.2%) 61 (14.1%)   

Unable to travel 3 (2.9%) 32 (7.4%)   

Total 105 433   

     

Use of transportation 4 months    p<0.001 

Able to travel independently on public transportation or drive 

a car. 

26 (26.3%) 37 (9.4%)   

Arranges his/her own travel by taxi but does not use bus or 

train 

29 (29.3%) 125 (31.9%)   

Must always be accompanied due to physical, psychological 

or visual impairment 

4 (4.0%) 52 (13.3%)   

Travels in taxi or car only with assistance 25 (25.3%) 96 (24.5%)   

Unable to travel 15 (15.2%) 82 (20.9%)   

Total 99 392   

     

Use of transportation 12 months    p=0.038 

Able to travel independently on public transportation or drive 

a car. 

25 (28.4%) 61 (16.7%)   

Arranges his/her own travel by taxi but does not use bus or 

train 

34 (38.6%) 159 (43.6%)   

Must always be accompanied due to physical, psychological 

or visual impairment 

7 (8.0%) 29 (7.9%)   

Travels in taxi or car only with assistance 16 (18.2%) 80 (21.9%)   

Unable to travel 6 (6.8%) 36 (9.9%)   
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Parameter Male (%) Female (%)  p-value 

Total 88 365   

     

ADL-score prefracture 19.33 (10.90) 19.30 (9.49)  p=0.451 

ADL-score 4 months 26.57 (12.32) 26.70 (11.47)  p=0.546 

ADL-score 12 months 25.29 (12.18) 26.22 (12.52)  p=0.435 

     

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

146 

Appendix V. Comparison of male and female 
patients in specific rehabilitation settings. 
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