
TURUN YLIOPISTON JULKAISUJA
ANNALES UNIVERSITATIS TURKUENSIS

SARJA - SER. D  OSA - TOM. 907

MEDICA - ODONTOLOGICA

TURUN YLIOPISTO
UNIVERSITY OF TURKU

Turku 2010

SURGICALLY TREATED HIP FRACTURE 
IN OLDER PEOPLE 

With Special Emphasis on Mortality Analysis

by

Jorma Panula



From the Department of Surgery, University of Turku, Turku University Hospital, Turku, 
Finland
and the Departments of Surgery, Satakunta Central Hospital and Pori City Hospital, Pori, 
Finland 

Supervised by 
Professor Pertti Aarnio MD, PhD
Department of Surgery, Turku University Hospital
Department of Surgery, Satakunta Central Hospital
University of Turku, Turku
Finland

Professor Sirkka-Liisa Kivelä MD, PhD
Unit of Family Medicine, Turku University Hospital
Satakunta Central Hospital
Institute of Clinical Medicine, Family Medicine
University of Turku, Turku
Finland

Reviewed by
Docent Jari Parkkari MD, PhD
University of Tampere, Tampere
Finland

Docent Tuomo Visuri MD, PhD
University of Helsinki, Helsinki
Finland

Dissertation Opponent
Professor Heikki Kröger MD, PhD
Department of Orthopaedics, Traumatology and Hand Surgery
Kuopio University Hospital
University of Kuopio, Kuopio
Finland

ISBN 978-951-29-4309-8 (PRINT)
ISBN 978-951-29-4310-4 (PDF)
ISSN 0355-9483
Painosalama Oy – Turku, Finland 2010



To the generations who made this possible



4 Abstract

AbSTRACT 

Jorma Panula

Surgically treated hip fracture in older people with special emphasis on mortality 
analysis

Department of Surgery, University of Turku, Turku University Hospital, Turku, Finland
Departments of Surgery, Satakunta Central Hospital and Pori City Hospital, Pori, 
Finland
Annales Universitatis Turkuensis
Painosalama Oy – Turku, Finland 2010

Hip fractures are associated with significant morbidity and mortality. Cervical and 
trochanteric fractures have a different morphometry, surgical treatment, and outcome. 
Polypharmacy, common in older people, is associated with increased mortality. The risk 
factors for mortality can be identified based on cause-of-death analysis.

In this population-based study, 461 older, surgically in 1999-2000 treated hip fracture 
patients were enrolled. Incidence, morphometry, medication, mortality, and cause-of-
death were analysed.

Hip fractures were most commonly sustained by women, occurred mostly indoors, and 
often in institutions. One in four patients had sustained a previous fracture. Routine 
clinical radiographs revealed no differences in the hip geometry between hip fracture 
types. Age-adjusted mortality was higher in men than in women during the follow-up. 
Chronic lung disease and male sex were predictors of mortality after cervical fracture. 
In men, potent anticholinergics were associated with excess age-adjusted mortality. Men 
were more likely to die from circulatory disease and dementia after hip fracture than 
women. Mortality after hip fracture was 3-fold higher than that of the general population, 
including every cause-of-death class.

Fracture prevention in institutions and homes, indoor safety measures, and treatment of 
chronic lung diseases should be encouraged. Hip morphometry analyses require more 
accurate measures than that provided by routine radiographs. Careful use of potent 
anticholinergics may reduce mortality. Compared to the general population, excess 
mortality after hip fracture was evident up to 9 years after hip fracture. Cause-of-death 
analysis indicates that all major comorbidities require optimal treatment after hip fracture 
surgery.

KEY WORDS: Hip fracture, older people, aged, population-based, incidence, bone 
geometry, radiography, sex distribution, cervical, mortality, medication, anticholinergics, 
cause-of-death
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TIIvISTELMä

Jorma Panula

vanhusten kirurgisesti hoidettu lonkkamurtuma, erityisesti kuolleisuuden tarkastelu

Kirurgia, Turun yliopisto, Turku
Kirurgia, Satakunnan keskussairaala ja Porin kaupunginsairaala, Pori
Annales Universitatis Turkuensis
Painosalama Oy – Turku 2010

Suuri ilmaantuvuus ja korkea kuolleisuus ovat tunnusomaisia lonkkamurtumalle. Van-
huksilla monien lääkkeiden yhtäaikainen käyttö on yleistä, ja siihen liittyy kohonnut 
kuolleisuuden riski. Kuolemansyyanalyysistä on hyötyä arvioitaessa kuolleisuuden ris-
kitekijöitä. Reisiluunkaulan ja sarvennoisalueen murtumatyyppien geometrinen muoto, 
kirurginen hoito ja sen tulokset eroavat toisistaan.

Tähän väestöpohjaiseen tutkimukseen kuului 461 iäkästä lonkkamurtumapotilasta, jotka 
hoidettiin leikkauksella vuosina 1999-2000.  Ilmaantuvuus, lonkan geometrinen muoto, 
lääkitys, kuolleisuus ja kuolemansyyt selvitettiin.

Naiset saivat lonkkamurtuman miehiä useammin, ja murtumat sattuivat useimmin sisäti-
loissa ja usein laitoksissa. Joka neljännellä potilaalla oli aiemmin ollut murtuma. Tavan-
omaisten kliinisten röntgenkuvien perusteella lonkkamurtumatyyppien välillä ei todettu 
lonkan geometrian eroja. Miesten ikävakioitu kuolleisuus oli korkeampi kuin naisilla 
seurannan aikana. Pitkäaikainen keuhkosairaus ja miessukupuoli ennustivat reisiluun-
kaulan murtuman jälkeistä kuolleisuutta. Miehillä vahvojen antikolinergien käytöllä oli 
yhteys ikävakioituun kohonneeseen kuolleisuuteen. Miesten kuolleisuus verenkierto-
sairauksiin ja dementiaan oli korkeampi kuin naisilla. Lonkkamurtumapotilailla ikä- ja 
sukupuolistandardisoitu kuolleisuus oli kolme kertaa suurempi kuin väestöllä, ja saman-
suuntainen ero todettiin kaikissa kuolemansyyryhmissä.

Murtumien ehkäisyä laitoksissa ja kotona, sisätilojen turvallisuutta ja pitkäaikaisten 
keuhkosairauksien hoitoa tulisi tehostaa. Rutiiniröntgenkuvausta tarkempia menetel-
miä tarvitaan lonkan geometrian arviointiin. Varovaisuus voimakkaiden antikolinergien 
käytössä saattaa alentaa kuolleisuutta etenkin miehillä. Väestöön verrattuna lonkkamur-
tuman jälkeinen kuolleisuus pysyi koholla jopa yhdeksän vuoden ajan leikkauksesta. 
Kuolemansyyanalyysin perusteella kaikkien tärkeimpien tautiryhmien mahdollisimman 
hyvä hoito on tärkeää lonkkamurtuman jälkeen.

AvAINSANAT: Lonkkamurtuma, vanhus, iäkäs, väestöpohjainen, ilmaantuvuus, luun 
geometria, röntgenkuvaus, sukupuolijakauma, reisiluunkaula, kuolleisuus, lääkitys, an-
tikolinergit, kuolemansyy
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BMI  Body mass index 

CI Confidence interval

CNS  Central nervous system 

COPD Chronic obstructive pulmonary disease
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FNAL Femoral neck axis length 

FNW  Femoral neck width 

HAL   Hip axis length 

HFx Hip fracture

HR Hazard ratio

ICD10 International Statistical Classification of Diseases and Related Health Problems, 
10th edition 

NSA  Femoral neck shaft angle

OR Odds ratio

PY  Person-year

RR Relative risk, risk ratio

SAS Statistical Analysis System 

SD  Standard deviation 

SPSS Statistical Package for Social Sciences 

SSRI  Selective serotonin reuptake inhibitor 
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10 Introduction

1. INTRODUCTION

Among all bone fractures, hip fractures in older people are associated with the highest 
degree of morbidity and mortality. In addition, the cost burden of hip fractures is 
substantial. Hip fracture patients usually require hospitalisation and surgery. After 
surgery, patients require additional support through the rehabilitation and recovery. One 
in three hip fracture patients dies within the first year after hip fracture;1 and one in three 
is admitted to a nursing home for the first time within 1 year of the hip fracture.2 Effective 
strategies are needed to reduce the burden on healthcare providers and to improve patient 
quality of life and outcome after hip fracture. For this purpose, guidelines for hip fracture 
treatment were published in Finland in 2006.3

Hip fractures commonly affect an already frail population. Most patients are women and 
the mean age at first presentation of hip fracture is 80 years.4 Osteoporosis is considered 
an important contributory factor to the incidence of bone fractures. Some studies report 
a levelling off and even a decrease in the incidence of hip fracture.5-8 

Assessment of the risk of hip fracture is essential toward preventing the fracture 
event. Most people with hip fracture have osteoporosis9 and more than 90% of all 
hip fractures are attributed to falls.10 Bone densitometry does not provide reliable 
estimates of a person’s true bone mineral density (BMD).11 The majority of hip 
fractures occur among people who are not classified as having osteoporosis based on 
the bone densitometry threshold values for osteoporosis.12 Therefore, new strategies for 
identifying individuals at increased risk of hip fracture are currently being investigated. 
Some evidence suggests that assessing hip geometry parameters can significantly 
improve the ability to identify people at risk for fracture. Cervical and trochanteric hip 
fractures differ from each other in their morphometric parameters, surgical treatments, 
and outcomes.

Older people with hip fractures are at considerable risk for subsequent osteoporotic 
fractures and premature death. Much of this mortality is related to underlying medical 
conditions that predate the fracture, rather than to the fracture itself. The hip fracture event, 
however, may increase the likelihood of dying from these comorbidities.13 In addition, 
polypharmacy, which is common in older people, is associated with an increased risk of 
mortality.14

In the present study, the incidence of surgically treated hip fractures was examined 
in Satakunta, Finland. Geometrical differences assessed by measuring femoral neck 
shaft angle (NSA) and femoral neck axis length (FNAL) between cervical and 
trochanteric hip fractures were also evaluated. In addition, the incidence and mortality 
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of cervical hip fractures were studied. The relationships between the use of sedatives, 
antipsychotics, and potent anticholinergics and mortality after hip fracture surgery 
were assessed. Both short-term and long-term mortality after hip fracture were 
analysed and compared with that in the general population, and cause-of-death was 
analysed. 
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2. REvIEW OF THE LITERATURE

This thesis focuses on hip fracture patients aged 65 years or older. In 1999, the Human 
Rights Commission of the United Nations proposed using the term ‘older people’ instead 
of the word ‘elderly’ as a more respectful way to reference this rapidly growing segment 
of the population.15 Following the recommendations of the European Summit on Age-
Related Disease in September 2008, the term ‘older’ is used throughout the summary of 
this thesis. This was a retrospective population-based study that included an observational 
analysis of mortality.

Older people usually sustain hip fractures with ‘low-energy trauma’ as a consequence 
of a fall to the floor from standing height or less,10 16 which is distinguishable from the 
fractures of younger people who usually sustain hip fracture in traffic accidents or falls 
from a greater height.17 In older people, these traumas are high-impact injuries to the 
specific injury site, often creating forces that clearly exceed the breaking strength of 
bone.10 16 Hence, fractures in older people should be termed ‘fall-induced high-impact 
injuries’.18

2.1 Short historical overview of hip fracture

The modern sedentary lifestyle relying on automation and mechanisation is associated 
with fall-induced fractures.19 Osteoporosis and its complications, however, have been 
present in human populations for thousands of years.20 Probably one of the oldest cases 
of hip fracture is described in a report of osteoporosis complicated by a femoral neck 
fracture in a female skeleton from Lisht, ancient Upper Egypt (1990-1786 B.C.).20 Until 
the 19th century, hip fracture was considered to be untreatable and surgeons followed the 
directive of Sir Astley Cooper, one of Britain’s surgical authorities, to ‘treat the patient 
and let the fracture go’.21 The era of surgical hip fracture treatment became popular in 
the 20th century: in 1902, Murphy began using nails to stabilize the femoral head22 
and in 1940, Austin T. Moore, in collaboration with Harold Bohlman, inserted the first 
Vitallium prosthesis to replace the upper portion of a femur.23

2.2 Epidemiology of hip fracture

Hip fracture is associated with significant morbidity, loss of independence, and 
diminished quality of life.24 Hip fractures rarely occur in those under the age of 50 years,  
with fractures below this age constituting only 2% of the total.25 In older people, even 
the mere fear of the consequences of hip fracture can cause significant mental suffering 
and psychological burden.26 Of women aged 75 years or older, 80% would rather be dead 
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than experience the loss of independence and quality of life that results from a ‘bad’ hip 
fracture with subsequent admission to a nursing home.26 Furthermore, hip fracture often 
triggers a series of problems and treatments at different levels of care.

Worldwide, the number of hip fractures is predicted to increase from 1.7 million in 1990 
to 6.26 million by the year 2050, mainly as a result of an increase in life expectancy 
and an increase in the population of older people in nearly all countries.27 Considerable 
geographic variations in hip fracture rates have been reported; rates are lowest in Africa, 
Asia, and Latin America, and in Europe, rates are higher in northern countries than in 
southern countries.28 The average age of hip fracture patients is 80 years, and nearly 80% 
are women.29 The life-time risk of suffering a hip fracture among women is estimated to 
be 20% in Sweden.30 

The three major components of a hip fracture event are falling and osteoporosis, alone or 
more frequently combined,31 and direct impact on the greater trochanter of the proximal 
femur.10 Approximately 30% of community-living people aged 65 years or older fall at 
least once a year.32 In older people, approximately 5% of falls result in fractures; nearly 
half of them are hip fractures.32 33 This is due mainly to the orientation of the fall; most 
hip fractures result from individuals falling sideways, failing to break their fall with an 
outstretched hand, and directly impacting on the greater trochanter.10 

The identification of risk factors for hip fracture has potential value. Treatable risk 
factors, such as impaired visual acuity, smoking, and low bone mass, are useful guides 
to interventions that can substantially reduce an individual’s risk of hip fracture.34 
Recognition of untreatable risk factors, such as maternal history of hip fracture, patient’s 
past history of hip or other fractures, and  his/her age or height, can be useful in making 
treatment decisions, because these factors identify people who are likely to derive benefit 
from interventional treatment, for example, drugs that maintain or increase bone mass.34 
From an individual’s point of view, the effect of eliminating or modifying solitary risk 
factors may be substantial, but the same interventions may have only modest effects on 
the fracture rates in a population.34

Hip fracture is the main source of osteoporosis-related health care costs.24 In 2000, the 
cost of treating hip, spine, and wrist fractures in Europe was 32 billion Euros, with hip 
fractures accounting for 890,000 (23%) of fracture cases.35 In the United States, adjusted 
first-year costs associated with hip fracture for patients aged 65 years or older were US 
$ 15,196, compared with the costs of US $ 6701 for vertebral fracture at the beginning 
of this millennium.36

Almost every hip fracture patient requires hospitalisation; furthermore, the majority of hip 
fracture patients are treated surgically, which is documented in hospital records. Although 
approximately 15% of femoral neck fractures may be impacted there is no consensus on 
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their treatment whether it should be conservative or operative.37 In general, conservative 
treatment of hip fracture is rare due to the potential complications, poor outcomes, and 
prolonged hospital stays. The occurrence of hip fracture is used as an international index 
of the frequency of osteoporosis38 and it reflects the efficacy of preventive efforts in the 
population.5 Because of its burden on mortality, morbidity, and socioeconomic costs, hip 
fracture is among the most thoroughly investigated consequence of osteoporosis.13

2.3 Circumstances and risk factors of hip fracture

Hip fracture is a general description for several different fracture types of fracture 
in the proximal part of the femur.30 The two main types are fractures of the femoral 
neck (cervical, intracapsular) and fractures through the muscle insertions distal to the 
femoral neck (pertrochanteric or intertrochanteric, together referred to as trochanteric or 
extracapsular) (Figure 1). 

Line of the joint
capsule

Pertrochanteric

Intertrochanteric

Subtrochanteric 5 cm

Cervical or femoral neck

Figure 1. Classification of hip fractures into intracapsular (cervical or femoral neck) and 
extracapsular (trochanteric and subtrochanteric) fractures.
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2.3.1 Incidence of hip fractures

For primary treatment, 7083 hip fracture patients aged 50 years or older were admitted to 
hospitals in Finland in 2004.8 Several recent studies report a trend-break in the incidence 
of hip fracture. In Canada, nationwide hospitalisation data of all hip fracture patients 
for 1985 to 2005 were analysed.5 Age-adjusted hip fracture rates decreased by 31.8% 
in women and by 25.0% in men. A change in the decrease in linear slope was identified 
around 1996; prior to 1996, the average annual percentage decrease was 1.2%, and 
after 1996, it was 2.4%. Interestingly, the hip fracture incidence in Finland began to 
decline almost simultaneously from 1997.8 In the United States, the age-adjusted hip 
fracture incidence of both sexes increased from 1986 to 1995 and then steadily decreased 
from 1995 to 2005.6 At the same time, however, comorbidities of hip fracture patients 
increased. In Denmark, the incidence of hip fractures decreased by approximately 20% 
from 1997 to 2006 in both men and women aged 60 years or older.7 This decrease in hip 
fractures was much too large to be explained by an increase in the use of anti-osteoporotic 
medication. 

The reasons for the decreasing hip fracture rates are not clear. In Canada, trends toward 
decreasing fracture rates became evident before widespread BMD assessments and modern 
pharmacotherapy.5 A similar decreasing pattern in both sexes argues against the effects 
of hormone replacement therapy or oral contraception. In women, an increased number 
of reproductive years and exposure to circulating endogenous hormones are proposed 
as explanations.5 Lifestyle changes, such as calcium and vitamin D supplementation, 
avoidance of smoking, regular weight-bearing exercise, an awareness of falls, and 
moderating alcohol intake, may have also contributed to the decreased incidence of hip 
fractures.6 The nationwide decline in the incidence of hip fracture observed in Finland 
from 1997 to 2004 is assumed to be due to a cohort effect toward a healthier ageing 
population, increased average body weight, and improved functional ability among older 
people.8

A decrease in hip fracture rates is not reported in all countries. In Germany, a population-
based study observed an increased hip fracture incidence from 1995 to 2004, although the 
increase was not as large as in previous years.39 The decreasing trend of the hip fracture 
incidence is also not obvious throughout the whole population studied. In Finland, a 
nationwide decrease in the incidence of hip fractures was observed in both sexes aged 
50 years or older from 1997 to 2004  (in men, from 238/100,000 persons to 223/100,000 
persons; in women, from 494/100,000 persons to 412/100,000 persons).8 A population-
based study in Central Finland from 1992-1993 to 2002-2003,  comprising patients aged 
50 years or older, showed an increase in the age-adjusted incidence in both sexes (in 
men, from 2.0/1000 person year [PY] to 2.8/1000 PY; in women, from 3.9/1000 PY to 
5.6/1000 PY).40 In the Umeå area of Sweden, the age-adjusted incidence decreased in 
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the population older than 50 years, but absolute fracture rates and incidence increased in 
women older than 90 years.41

There is a substantial geographic variation in the hip fracture incidence.28 Hip fracture 
probabilities were assessed for 29 countries and the probabilities were expressed as 
a proportion of the probability in Sweden (defined as a probability of 1).42 Norway, 
Iceland, Sweden, Denmark, and the United States were classified as countries with a 
‘very high risk’ (probability range 1.24-0.78, respectively). Germany, Finland, the 
United Kingdom, and Australia were defined as ‘high risk’ countries (0.72-0.57); Japan 
and China as ‘medium risk’ countries (0.39 and 0.29); and Turkey, Korea, and Chile as 
‘low risk’ countries (0.18-0.08). The reasons for the geographic variation are not clear; 
possible explanations include geometrical parameters,43 hereditary factors, body stature, 
physical activity, and nutrition.30 The variation in the incidence of fractures between 
countries suggests a large heterogeneity in fracture risk.44 In addition to differences 
between countries, some studies report considerable variability within countries, with 
higher rates in urban than in rural areas.45 

Latitude and seasonal variation are also potential reasons for the high fracture incidence 
in Scandinavian countries.46 In the northern countries, there are slippery conditions during 
winter months with snow and ice; in addition, there are fewer hours of daylight, which 
may diminish outdoor activities and formation of vitamin D in older people. A seasonal 
variation in the hip fracture incidence, however, has also been found in countries with 
a subtropical climate.47 Although there is evidence for a seasonal effect on hip fracture 
incidence, this has not been a universal finding.44 46 

Understanding the variations in the hip fracture incidence is a vital step in planning 
health resources for older people. Despite the decrease in the hip fracture incidence 
rates, large age cohorts of those vulnerable to fracture will override the lower incidence 
trend and result in an overall increase of the number of hip fractures in the coming 
decades.30  The most rapidly growing segment of the United States population is persons 
85 years of age or older, and life expectancy of both men and women is projected to 
continually increase during the next several decades.13 In Central Finland, patients of 
both sexes aged 85 years or older were the fastest growing age group from 1992-1993 
to 2002-2003.40 Better health among the oldest of the old may also delay the age at 
which fractures occur.41 

2.3.2 Falling

The principal causal components of an osteoporotic fracture are a fall and a fragile 
skeleton. Both falling and osteoporosis are independent risk factors of older people’s 
fractures,18 but falling rather than osteoporosis is the strongest single risk factor.31 48 49 In 
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older people, approximately 5% to 10% of falls result in a major injury such as a fracture, 
serious soft tissue injury, or traumatic brain injury.32 50 Falls are major contributors to 
functional decline and health care utilisation; falling without serious injury increases 
the risk of admission to a nursing facility by 3-fold, and a serious fall injury increases 
the risk 10-fold.51 The consequences of falling are not only physical; diminished self-
confidence may explain functional losses following falls without serious injury.52 The 
risk of falling in residential care populations is reported to be 2- to 3-fold higher than 
in community-living older people.53 54 The prevalence of falls increases with advancing 
age, but it is generally higher in women than in men.55 

In older people, falling is strongly associated with sustaining a hip fracture. Although 
only about 1% of all falls results in a hip fracture,32 over 90% of hip fractures are due 
to a fall.10 There is also a clear relationship between the number of falls and hip fracture 
risk.56 The aetiology of falling is complex and multifactorial, and over 400 potential risk 
factors for falling have been identified.57  A number of factors identified as risk factors 
for falls are also associated with hip fracture.58 

There is no consistent classification of risk factors for falling, but they can be 
divided into intrinsic, extrinsic, or combined.59 Intrinsic factors are those related to 
neurosensorial impairment (e.g., visual or balance deficit, cognitive disorder), use of 
drugs known to facilitate falls (short- and long-acting benzodiazepines, neuroleptics, 
tricyclic antidepressants, selective serotonin reuptake inhibitors, diuretics, and other 
antihypertensives), or diseases associated with an increased risk of falling (e.g., 
depression, diabetes, osteoarthritis, and stroke). Extrinsic factors are unrelated to diseases 
or medication, but include environmental risks of slipping or tripping (e.g., slippery 
surfaces, poor lighting or weather conditions, loose carpets, or doorsteps). Combined 
risk factors include both intrinsic and extrinsic components. Medications are particularly 
complex risk factors of falling; diseases such as hypertension may increase the fall risk, 
but so do the drugs taken to treat these diseases.52

According to a recent systematic review, in community-living older people, the strongest 
risk factors for falling include previous falls; strength, gait, and balance impairments; and 
use of specific medications.52 The risk of falling increases with the number of risk factors 
present.32 The independent risk factors for falling in community-living circumstances, 
identified in a systematic review, are listed in Table 1. 
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Table 1. Independent risk factors for falling among community-living older adults according to a 
systematic review of 33 studies. Adapted from Tinetti et al.52

Risk factor N RR OR
Previous falls 16 1.9-6.6 1.5-6.7
Balance impairment 15 1.2-2.4 1.8-3.5
Decreased muscle strength 9 2.2-2.6 1.2-1.9
Visual impairment 8 1.5-2.3 1.7-2.3
Medications (>4 or psychoactive medication) 8 1.1-2.4 1.7-2.7
Gait impairment or walking difficulty 7 1.2-2.2 2.7
Depression 6 1.5-2.8 1.4-2.2
Dizziness or orthostasis 5 2.0 1.6-2.6
Functional limitations, ADL disabilities 5 1.5-6.2 1.3
Age >80 years 4 1.1-1.3 1.1
Female 3 2.1-3.9 2.3
Low body mass index 3 1.5-1.8 3.1
Urinary incontinence 3 1.3-1.8
Cognitive impairment 3 2.8 1.9-2.1
Arthritis 2 1.2-1.9
Diabetes 2 3.8 2.8
Pain 2 1.7

N=number of studies in which risk factor was significant, RR=relative risk, OR=odds ratio (ORs 
presented separately because they may overestimate the risk of the factor with a common outcome 
such as falling), ADL=activities of daily living

Although numerous studies show that, among older people, falling, not osteoporosis, is 
the strongest risk factor for fracture, the risk of falling remains overlooked in clinical 
practice.11 Proposed clinical measures include systematic assessment of the falling risk, 
strength and balance training, intake of vitamin D and calcium, prescribed medications, 
and smoking cessation, and referral of people with high falling risks for professional 
environmental assessment.11 Systematic reviews and meta-analyses of randomised trials 
show that at least 15% of falls in older people can be prevented, with individual trials 
reporting reductions of up to 50%.60 61 To emphasise the fatality of falling, the focus 
in fracture prevention should be shifted from osteoporosis and treating low BMD to 
preventing falls.11 In clinical practice, this is a question of resources as the multifactorial 
aetiology of falling necessitates multifactorial interventions. 

2.3.3 Osteoporosis

In 1842, Sir Astley Cooper described the original classical epidemiologic hallmarks of 
osteoporotic fractures: incidence rates that increase with age; rates that are higher among 
women than men; and fractures that are associated with only moderate trauma at sites 
containing large amounts of trabecular bone.62 The term ‘osteoporosis’ describes the 
porosity of the histological appearance of aged human bone.62 
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Osteoporosis is defined as a systematic skeletal disease characterised by low bone mass 
and microarchitectural deterioration of bone tissue with a consequent increase in bone 
fragility and susceptibility to fractures.63 According to the definition of the World Health 
Organization, BMD values (T score) lower than 2.5 standard deviations (SD) below the 
mean for young adults represent osteoporosis.64 Cut-off values of the definition were 
intended for epidemiologic studies and not as the clinical treatment thresholds they 
are being used for today.65 Classic osteoporotic fractures are hip, vertebral, and wrist 
fractures (Table 2). Although the characteristics of typical osteoporotic fractures were 
already described in the 19th century, there are problems in defining an osteoporotic 
fracture;66 i.e., the definition of ‘falling from the same level’ may not be adequate. 

Table 2. Impact of osteoporosis-related fractures. Adapted from Holroyd et al.62 

Hip vertebral Wrist
Lifetime risk (%)
Women
Men

14 28 13
3 12 2

Hospitalisation (%) 100 2-10 5
Relative survival 0.83 0.82 1.00

Osteoporosis is classified as primary (idiopathic) or secondary. Predictors of primary 
osteoporosis are female sex, increased age, oestrogen deficiency, white race, low weight, 
and body mass index (BMI), family history of osteoporosis, smoking, and history of 
prior fracture.67 Secondary osteoporosis can be a result of medications, diseases, or 
other factors.67 The clinical presentation of osteoporosis varies between men and 
women.68 Osteoporosis tends to develop about a decade later in men than in women. The 
incidence of osteoporosis-related fractures in men is lower than in women; osteoporotic 
fractures, however, are associated with greater morbidity and mortality in men.68 In 
addition, secondary causes of osteoporosis, such as alcoholism, glucocorticoid excess, 
and hypogonadism, are more frequently identified in men than in women and cause 
approximately 50% of cases.68 69

There is a strong inverse relationship between bone density and fracture risk, with a 2- 
to 3-fold increase in the fracture incidence for each SD reduction in BMD.70 In routine 
clinical use, measuring BMD is currently the best available non-invasive assessment of 
bone strength.38 Unfortunately, however, bone densitometry does not provide reliable 
estimates of the true BMD: more than 80% of low trauma fractures occur in people 
who do not have osteoporosis defined as a T score of -2.5 or less.11 Hence, a simple 
risk assessment tool based on clinical risk factors (age, previous fracture, maternal hip 
fracture, weight, smoking, and ability to rise from a chair without hands) can predict 
fractures in postmenopausal women as well as BMD.71 Even simpler, a Swedish twin 
study reported that asking the question ‘Do you have impaired balance?’ identified 



20 Review of the Literature

individuals aged ≥55 years at substantially increased risk of fracture, with approximately 
40% of hip fractures attributable to self-reported impaired balance.72 Furthermore, low 
calcaneal ultrasound measurement predicted early postmenopausal fractures as well as 
or even better than axial BMD.73

Management of osteoporosis is pharmaceutical and non-pharmaceutical. An adequate 
supply of vitamin D and calcium is essential for maintaining bone strength and, 
according to recent studies, for skeletal muscle function.74 75 A recent meta-analysis of 
randomised controlled trials showed that vitamin D given alone in doses of 10 to 20 
μg is not effective for preventing fractures; in contrast, calcium and vitamin D given 
together reduce hip fractures, irrespective of age, sex, or previous fractures.76 The 
evidence of benefits of specific anti-osteoporotic drugs (such as alendronate, risedronate, 
clodronate, teriparatide, and strontium ranelate) for reducing the risk of hip fracture 
remains scarce and is less consistent than that for their efficacy in reducing the risk 
of vertebral fractures.77 Oral dosing of biphosphonates is inconvenient (fasting before 
and after intake, taking with a full glass of water, remaining upright for 30-60 minutes 
after intake) and leads to generally poor compliance to anti-osteoporotic treatment.78 
Nevertheless, anti-osteoporotic medication is most effective in patients with reduced 
BMD and previous fractures; subsequently, the presence of specially educated personnel 
is suggested for hospitals that treat fractures to improve the secondary prevention of 
fractures.79

2.3.4 Impact of falls 

The great majority of hip fractures are caused by a sideways fall with a direct impact on 
the greater trochanter of the proximal femur.10 The proximal part of the femur, with a more 
horizontal than vertical position, is the weakest part; moreover, primary bone loss is also 
greatest at this unusual loading direction.80 Hence, in addition to preventing osteoporosis 
and falling, prevention of fractures despite osteoporosis and falling is essential.18 For 
this purpose, external hip protectors incorporated into underwear have been designed to 
weaken and divert the impacting force and energy away from the greater trochanter at 
the time of the fall.18 The results of the first randomised controlled trials performed to 
evaluate the efficacy of padded, shield-type hip protectors were promising; the risk of 
hip fracture was 60% less in the protected group than in the control group, and the risk 
reduction was more than 80% if the protectors were actually worn at the time of falling.81 
Recent systematic reviews, however, have revealed that hip protectors are not effective 
in community-dwelling people.58 82 In institutions with high rates of hip fracture, the 
use of hip protectors may reduce hip fractures by 23% to 60% according to some meta-
analyses and systematic reviews.60 61 The most common problems with the use of hip 
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protectors are compliance deficits, mechanically insufficient and weak protectors, and 
lack of caregiver motivation.18  

2.4 Impact of hip geometry on the fracture type

The structure of the hip serves at least two remarkable functions; the angulated neck 
must carry the superimposed body and permit freedom of motion in the hip joint.22 The 
strength of an object is a function of its geometry.83 Other issues are the mechanical 
properties of the material, and the location and direction of the forces to which the 
structure is subjected. In addition to BMD, many other skeletal characteristics contribute 
to bone strength. These include bone macroarchitecture (shape and geometry), bone 
microarchitecture (trabecular and cortical), matrix and mineral composition, and the 
degree of microdamage accumulation and the rate of bone turnover.84 Together these 
measures are referred to as bone quality.38 Normal bone remodelling occurs when 
osteoblastic resorption and osteoclastic reconstruction are in balance with each other.85 
Under abnormal loading, the process of resorption, however, becomes dominant and 
may lead to microfractures in the bone and with continuing abnormal loading resulting 
in complete stress fractures.

The bone mass of an individual in later life is a result of the peak bone mass developing 
during intrauterine life, childhood, and puberty, as well as the subsequent rate of bone 
loss.38 86 For individuals of normal body weight, total skeletal mass peaks a few years 
after fusion of the long bone epiphyses.86 Thus, the amount and quality of an individual’s 
skeleton reflect everything that has happened from intrauterine life through the years of 
growth into young adulthood.86 Based on this continuum, encouraging to physical activity 
and adequate dietary calcium intake is essential during childhood and adolescence. 
Chronologically, preventive strategies against osteoporotic fractures should even include 
optimisation of maternal nutrition and intrauterine growth.86 

2.4.1 Measures of hip geometry

Several measures of hip geometry have been studied as possible risk factors for hip 
fracture.87 Mechanical strength of the proximal femur depends on the size of the bone and 
the distribution of mass within the bone.13 Hip axis length (HAL), the distance between 
the inner pelvic brim and the greater trochanter, is a measure of the length of the ‘lever 
arm’ of the femur.13 Femoral neck axis length (FNAL) is determined as HAL minus the 
pelvic portion (Figure 2).87 
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AC = HAL (hip axis length) = length 
along the femoral neck axis from below 
the lateral aspect of the greater trochanter 
through the femoral neck to the inner 
pelvic brim

BC = FNAL (femoral neck axis length) 
= length between the lateral border of 
the base of the greater trochanter and the 
femoral head

DE = FNW (femoral neck width) = shortest 
distance within the femoral neck

NSA (neck shaft angle) = angle between 
the femoral neck and the femoral shaft 
(angle between lines AC and L)

Figure 2. Geometrical parameters of the proximal femur.

The simplified mechanism of cervical fracture is bending of the femoral neck by the body 
weight. The bending moment that breaks the neck is the product of the FNAL and the 
bending component of the body weight. The bending component of the body weight is 
perpendicular to the femoral neck axis and is higher if the femoral neck shaft angle (NSA) 
is larger (Figure 3).88 The larger the NSA and the longer the FNAL, the higher is the bending 
moment applied to the femoral neck, which increases the risk of cervical fracture. 

Figure 3. Role of geometry of the upper part of the femur in the risk of cervical hip fracture.
A, Cervical fracture usually results from a fall on the side, when body weight (F) bends the 
femoral neck. b, The bending moment is the product of the bending component of body weight 
(Fb) and the femoral neck axis length (FNAL). Fb is lower when the neck shaft angle (NSA) is 
less open. C, Fb is higher when the NSA is larger. The femoral neck is also subject to Fc, the 
compressive component of F. With kind permission from Springer Science+Business Media.88
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The FNAL and the femoral neck width (FNW) are strongly positively correlated.89 Thus, 
subjects with cervical fracture may have longer femoral necks and, by chance, wider 
femoral necks. The distribution of mass within the proximal femur is described by FNW, 
NSA, cortical thickness, the cross-sectional moment of inertia of the femoral neck (a 
measure of bone’s resistance to bending), and femoral neck section modulus.90 Of these 
parameters, HAL has the greatest promise for enhancing the assessment of fracture risk 
and can be used to predict hip fractures independently of age and BMD in older women.91 
The mean HAL is reported to be 10.5 cm in women of mainly European decent and is 
positively related to height.92

The risk of hip fracture in white women is twice that of black women; the greater hip 
strength in black women than in white women is attributed to more favourable geometrical 
parameters, such as shorter HAL and greater cortical thickness of the femoral neck.43 In 
Japan, women have a lower incidence of hip fracture, about half that of white women; 
they also have a shorter HAL and a smaller NSA.93 Each centimeter increase in HAL 
increases the risk of hip fracture by 50% to 80% in older white women.87 HAL is a 
proposed marker for the ability of the femur and/or pelvis to absorb the impact of a 
fall.87 A longer HAL causes the greater trochanter to extend beyond the pelvis to a larger 
degree, which increases the risk of fracture on impact.91 Overall evidence suggests that 
assessing and measuring hip geometry can significantly improve the ability to identify 
people at risk for hip fracture. Although several studies in older women suggest that a 
longer HAL, a larger NSA, and a wider FNW all increase the risk of hip fracture, there 
are inconsistencies in the literature.87  

2.4.2 Measuring hip geometry

Prior to the launch of dual-energy X-ray absorptiometry (DXA) in the 1980s, 
radiographs were used to estimate the effects of hip geometry on fracture risk.87 
Since then, several techniques for in vivo assessment have been developed, including 
ultrasound, high resolution computed tomography, and magnetic resonance imaging. 
There are, however, some limitations to each method; inaccuracy (DXA, ultrasound), 
radiation dose (computed tomography), availability (DXA, computed tomography, 
magnetic resonance imaging), or cost (computed tomography, magnetic resonance 
imaging).94

2.4.3 Hip geometry and hip fracture type

The aetiologies of cervical and trochanteric hip fractures are likely different.95 Cortical 
thickness, trabecular structure, and bone size in the proximal femur and pelvis are 
important in the pathogenesis of these fracture types.96 Trochanteric fractures are 
related to severe osteoporosis mainly in the trabecular compartment, whereas cervical 
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fractures are related to pelvic and hip geometry.95 Hip geometry of the two fracture 
types varies, although the measures and patient materials studied have differed between 
reports.97 In a study setting with a standardised patient position and calibrated dimension 
measurements, NSA was larger in patients with a cervical hip fracture than in those 
with a trochanteric fracture.97 Decreased femoral shaft cortical thickness is predictive of 
trochanteric fractures, whereas increased acetabular width and decreased femoral neck 
cortical thickness are predictive of femoral neck fractures.96 

2.5 Incidence of cervical hip fractures and mortality of cervical hip 
fracture patients

There are several classifications of hip fractures. Cervical fractures are regarded as 
intracapsular and trochanteric fractures as extracapsular. The blood supply to the 
fractured fragment is more critical in intracapsular fractures, especially displaced 
fractures.98 Consequently, alterations in blood supply to the femoral head and 
tamponade effect may result in the femoral head aseptic necrosis.99 In trochanteric 
fractures, the circulation is good and healing complications are unusual.100 In the 
beginning of the 19th century, Sir Astley Cooper classified hip fractures as those that 
healed and those that did not; he was convinced that intracapsular hip fractures were 
incapable of healing.21 The best treatment for femoral neck (intracapsular) fractures 
remains under debate101 and the various treatment methods include a hip compression 
screw, percutaneous pinning, two or three parallel screws, or arthroplasty;102 or, in rare 
cases, no surgery.103

Many studies have ignored the two subtypes of hip fracture. Hip fracture patients, 
however, are not a homogeneous group; people who sustain a trochanteric fracture are 
older, smaller, and have a lower BMD than those who sustain a cervical fracture.104 As 
the BMD of the trochanteric region is lower in patients with trochanteric fractures than 
in those with cervical hip fractures,105 even a low-energy impact on the hip region caused 
by an indoor fall may result in a trochanteric fracture.106 Moreover, trochanteric fractures 
are associated with increased mortality compared with cervical fractures, and are related 
to more complications, poorer outcomes, and higher cost.107 

The trochanteric region has a greater proportion of trabecular bone (50%) than the 
femoral neck (25%);108 hence, the aetiology of each fracture type may also differ due 
to the differences in bone composition.109 Falling indoors is related to the occurrence 
of trochanteric fractures.106 The fall mechanisms may differ between falls occurring 
indoors and outdoors;106 although the potential energies of falls resulting in cervical 
and trochanteric fractures may be similar,105 associated kinetic energies may differ with 
regard to the type of fall.110 It has been proposed that the fall characteristics of older 
people may have changed during recent decades resulting in increasing numbers of 
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trochanteric fractures because the type of hip fracture also depends on the impact angle 
of the greater trochanter at the moment of contact with the floor.107

2.5.1 Incidence of cervical hip fractures 

In women, the ratio of cervical to trochanteric fractures differs across three periods: 
before the age of 50 years, the incidence of both fractures is almost equal; between 
the ages of 50 and 60 years, cervical fractures increase markedly; and after 60, this 
imbalance progressively diminishes due to an increase in trochanteric fractures.111 In 
men, cervical fractures are progressively more common with increasing age, with the 
ratio cervical/trochanteric exceeding unity after 70 years of age. Hence, the incidence 
of cervical fractures is greater than that of trochanteric in both sexes during a limited 
period of time.111 Some geographic variation in the incidences also exists: in Sweden and 
Norway, the ratio is approximately 1:1; in Finland and Iceland, the proportion of cervical 
fractures is higher.100 

2.5.2 Mortality of cervical hip fracture patients 

Several studies have investigated the factors associated with high rates of morbidity 
and mortality following surgery for a displaced cervical hip fracture.112 According to a 
recent systematic literature review, 1-year mortality after hip fracture, in general, varies 
from 6% to 50%.113 Most survival studies in hip fracture patients, however, have not 
distinguished between different fracture types.114 In a 1-year prospective cohort study 
of women, the mortality risk after intertrochanteric (extracapsular) hip fracture was 
2.5-fold higher than that after femoral neck (intracapsular) fracture, despite a similar 
long-term functional outcome in both groups.114 The study also found that differences 
in mortality between hip fracture types could not be entirely explained by differences 
in age or comorbidities; hence, the conclusion was that fracture type is an independent 
predictor of mortality in hip fracture patients.

2.6 Use of potent anticholinergics, sedatives, and antipsychotics in hip 
fracture patients 

In older people, lean body mass and total body water decrease, whereas total body fat 
relatively increases.115 These changes lead to a decreased volume of distribution for 
hydrophilic drugs, such as digoxin.116 Hepatic mass and blood flow are reduced with 
ageing; drugs such as tricyclic depressants, which have a first-pass effect in liver, may 
have a higher bioavailability in older people and thus, may be effective at lower doses.116 
Furthermore, renal excretion is altered as a result of age-related changes in kidney 
structure and reduced renal blood flow, which affects the clearance of many drugs.115  
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Ageing is also associated with changes in the end-organ responsiveness to drugs at the 
receptor or postreceptor level.116 In addition to distribution, metabolism, and excretion, 
drug absorption may be altered in older people.117 Serum albumin concentrations are 15% 
to 25% lower in individuals aged 65 years or older than in young adults.118 Therefore, 
protein-bound drugs, such as warfarin and digoxin, have greater physiological effects at 
smaller doses in older people.

Medication use increases with age; polypharmacy, the use of multiple medications and/or 
the administration of more medications than are clinically indicated, is common among 
older people.119 In the United States, 12% of uninstitutionalised women aged 65 years 
or older took 10 or more medications and 23% took at least 5 prescription drugs.120  For 
certain diseases, such as tuberculosis and hypertension, a polypharmacological approach 
improves the therapeutic response; on the other hand, polypharmacy may induce 
iatrogenic complications.117 Furthermore, polypharmacy is a risk factor for falling52 and, 
overall, inappropriate prescribing in older people is associated with significant morbidity, 
mortality, and financial costs.116 

2.6.1 Potent anticholinergics 

Cholinergic dysfunction is involved in the pathogenesis of many delirious states.121 
Anticholinergic drugs are frequently prescribed in older people.122 Drugs such as 
tricyclic antidepressants, antipsychotics, antispasmodics, anti-Parkinson agents, and 
antiarrythmics possess anticholinergic activity and produce adverse central nervous 
system (CNS) effects.123 Their use in older people should be carefully considered and 
monitored.

The cumulative burden of several drugs with mild to moderate anticholinergic activity 
has the potential to induce anticholinergic toxicity. Hence, ranitidine, codeine, warfarin, 
isosorbide dinitrate, digoxin, and prednisolone possess anticholinergic activity sufficient 
to cause significant impairment of recent memory and attention in healthy older people.122 
Avoiding adverse drug effects is not always achieved by replacing a previous medication 
with a new one. Tricyclic antidepressants were first introduced in the late 1950s; at 
present, selective serotonin reuptake inhibitors (SSRI) are preferentially prescribed 
for older people instead because of an assumed reduction in the potential for adverse 
effects.124 The increased risk for hip fracture, however, is similar for both drug types.125 
In addition, SSRIs are associated with lower BMD.126 

Drugs possessing anticholinergic activity present a risk for cognitive impairment, 
which is a risk factor for falling.52 High anticholinergic burden is also associated with 
reduced physical function and even low anticholinergic serum levels cause mild but 
measurable cognitive impairment in older people.127 The CNS effects of medications 
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depend on dosage, pharmacokinetics (including possible differences in distribution into 
the CNS), and pharmacodynamics.123 Moreover, blood-brain barrier permeability can 
increase with age,128 illness, stress, and specific drugs, which may further affect the risk 
for developing adverse CNS effects following anticholinergic drug exposure.129 Older 
people are particularly vulnerable to anticholinergic drug intoxication, even from the 
therapeutic doses of medications.121

2.6.2 Sedatives  

Ageing increases sensitivity to the CNS effects of benzodiazepines and sedation is 
subsequently induced by diazepam at lower doses and lower plasma concentrations in 
older adults than in young adults.130 Due to a relative increase in total body fat with ageing, 
benzodiazepines, which are lipid-soluble drugs, have an increased distribution volume, 
thereby their maximal effects are delayed resulting in accumulation with continued 
use.116 Data regarding the relationship between benzodiazepine use and the incidence 
of hip fracture are conflicting. Benzodiazepine use may directly increase the risk of 
hip fracture in older people by increasing susceptibility to falls.131 On the other hand, 
benzodiazepine use among older people may be a marker of conditions that substantially 
increase fracture risk, such as poor health, frailty, impaired cognition, weight loss, and 
low BMD.125  

A cohort study of more than 125,000 enrollees aged 65 years or older reported an 
association between benzodiazepine use and the incidence of hip fracture.132 The results 
also suggested that the short half-life benzodiazepines, which are often considered the best 
choice for older patients among this class of drugs, carry a significant risk of hip fracture. 
Hip fracture risk was highest during the first few weeks after the start of benzodiazepine 
use.132 A prospective study of more than 8000 community-living women aged 65 years or 
older, however, reported that benzodiazepine use was not independently associated with 
an increased risk of hip fracture.125 Early studies noted that zolpidem, a nonbenzodiazepine 
hypnotic, might have potential advantages compared to benzodiazepines and therefore 
promoted zolpidem as having a favorable safety profile.133 The use of zolpidem by older 
people, however, was associated with nearly twice the risk for hip fracture in a case-
control study compared with non-use.133

2.6.3 Antipsychotics 

Chlorpromazine, thioridazine, and haloperidol are conventional or typical antipsychotics. 
These drugs have significant anticholinergic activity at therapeutic doses administered 
to older adults.123 Before the introduction of atypical antipsychotics, such as olanzapine 
and risperidone, conventional antipsychotics were commonly used for behavioural and 
psychological symptoms of dementia.134 In recent years, there has been a shift in the 
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recommendations to treat this difficult syndrome in favour of the atypical antipsychotics, 
largely due to the positive efficacy and apparent safety.135 A critical review, however, 
stated that an increased risk of anticholinergic adverse effects and falls must be considered 
with both typical and atypical antipsychotics.134

Osteoporosis affects individuals with schizophrenia, but the relationship is 
complex and is attributed to both antipsychotic medications and the illness itself.136 
Schizophrenia patients often have comorbidities and take multiple medications 
resulting in an increased risk of falling. Decreased BMD has been noted among 
patients with schizophrenia,137 and may be mediated by elevated homocysteine levels 
disturbing collagen cross-linkage.138 In a case-control study of more than 16,000 
hip fractures, use of typical prolactin-raising antipsychotics was an independent 
risk factor for hip fracture, but schizophrenia was not.139 Long-term antipsychotic-
induced hyperprolactinaemia is associated with BMD loss, which may be mediated 
by secondary hypogonadism.140 

2.7 Mortality and causes of death of hip fracture patients 

An association between hip fracture and mortality was shown as early as 1959, in 
the era after which surgery became the standard of care.141 There is, however, debate 
about the magnitude of the increased mortality and the length of its duration. The 
community mortality rates associated with hip fracture are higher than for other, 
better known life-threatening conditions such as pancreatic or stomach cancer and 
myocardial infarction.142 143 In addition, survival after stroke and myocardial infarction, 
for example, has improved without any obvious improvement in survival after hip 
fracture.144 

The excess mortality after hip fracture can be attributed to comorbid conditions, the 
acute effect of the trauma, or their combination.145 Short-term high mortality may be 
explained by a combination of comorbid conditions and the acute effects of the injury.146 
Nonetheless, there is an increased early mortality even among patients with no apparent 
comorbidity suggesting that at least some of the excess mortality is due to the immediate 
consequences of the fracture, i.e., results of trauma and surgery.147 Long-term excess 
mortality after hip fracture, on the other hand, may be due to comorbid conditions.148 
Because of the excess mortality in patients with hip fracture and the high incidence of hip 
fractures in older people,149 hip fractures may contribute to a relatively large proportion 
of deaths in the population. Any change in mortality after a hip fracture may thus have a 
significant effect on a population level.144
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2.7.1 Mortality studies 

A review of all published articles on the mortality after hip fracture in 1959-1998 showed 
that the mean age of people sustaining hip fracture steadily increased at a rate of 1 year 
of age for every 5-year time period.1 The incidence of intracapsular fractures showed a 
definite downward trend. Although the mean age of hip fracture patients increased, the 
mortality at 6 months (11%-23%) and 12 months (22%-29%) after hip fracture remained 
essentially unchanged over the four decades.1   The reasons for this may be improved 
medical and surgical treatment, awareness of need for early surgery, better nursing 
and community care, and an older population more medically fit and not as frail as in 
earlier years.1 Geographical variations in mortality after hip fracture were also observed; 
mortality at 6 months and 1 year were higher in the United Kingdom (23% and 28%) 
than in the United States and Scandinavia (18% and 24%). In the United States and 
Scandinavia, patients were 3 years younger and the proportion of men was lower than in 
the United Kingdom, which may explain the differences.1 

A recent systematic epidemiological review of 63 studies reported that both excess and 
unadjusted mortality rates among hip fracture patients indicated that the greatest risk 
of death was within the first 6 months after the fracture.113 Older patients had higher 
mortality following hip fracture in absolute terms, but the RR of death was greater in 
younger age groups where the expected risk of all-cause-death was lower.113 The review 
did not determine whether hip fracture-related mortality had increased or decreased in 
recent years. Even with a stable rate of death following hip fracture, however, the actual 
number of deaths after hip fracture can be expected to increase consistent with a growing 
and increasingly older global population.113

Summaries of the mortality studies with their main results, published between January 
1, 2005 and December 31, 2009, are presented in Tables 3 and 4.
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Table 3. Summary of studies published in 2005-2009 and reporting mortality after hip fracture in 
short-term and long-term.
Reference, year, country
Study design

Demography of 
material

Duration of follow-
up (Fu) or catchment 
period 

Mortality Other results 

Studies on mortality at 0-2 years after HFx
Penrod JD 150, 2008, USA

Prospective

2692 HFx, ≥50y (95% 
≥65y),  
♀ 79%

Fu 6 mo 6 mo
Men 19%
Women 9%

Whites and women more likely 
to survive 6 months after HFx 
than nonwhites and men.

Pioli G 151, 2006, Italy

Prospective, cohort

252 HFx, ≥70y, 
♀ 85.5%

Fu 1 y In-hospital 4.8%
3 mo 12.5%
6 mo 18.9%
1 y 24%

Low serum albumin level 
(<3g/dL) a strong predictor of 
early and late mortality.

Vestergaard P 144, 2007, 
Denmark

Retrospective, register-
based, cohort

163,313 HFx, 87% 
≥65y, 
♀ 72.1%

HFx sustained 1981-
2001

1-y survival compared 
to the general population 
1981-2001:
Men 72%-68%
Women 82%-78%

Mortality increased in HFx 
patients, whereas it decreased 
among controls.
Mortality RR of 1.05 for 
arthroplasty compared to 
osteosynthesis.

Bass E 152, 2007, USA

Retrospective, cohort

43,165 HFx, ≥65y, 
♂ 87%

Fu 1 y 1 mo 8.9%
3 mo 15.6%
6 mo 21.8%
1 y 29.9% 
    1 y men 32%
    1 y women 18%

Predominantly male sample

de Luise C 153, 2008, 
Denmark

Population-based, cohort, 
population controls

11,985 HFx, 90% ≥65y, 
♀ 71% 

Fu 22 mo Mortality risk by age:
1 mo 3.02-7.15
3 mo 2.50-5.97
1 y 2.26-4.93

COPD, cardiac failure, 
dementia, tumor, and 
malignancy were significantly 
associated with mortality after 
HFx.

Hindmarsh DM 154, 2009, 
Australia

Population-based

16,836 Hfx, ≥65y, 
♀ 75%

Fu 3 y 1-y survival
Men 65-74y 82%
        ≥85y 65%
Women 65-74y 90%
             ≥85y 80%

For patients ≥85y excess 
mortality persisted for only 3 
months.

Brauer CA 6, 2009, USA

Observational, register-
based

786,717 Hfx, ≥65y, 
♀ 77.2%

HFx sustained 1986-
2005

Decrease of mortality 
between 1986 and 2005:
Men
1 mo 21.8%
6 mo 25.4%
1 y 20.0%
Women
1 mo 11.9%
6 mo 14.9%
1 y 8.8%

Mortality after HFx among 
patients ≥65y was declining.

Bentler SE 155, 2009, USA

Prospective

495 Hfx, ≥69y, white 
♀ 73%

1993-2005 In-hospital 2.7%
6 mo 19%
1 y 26%

Sex, age, dementia, and frailty 
were significantly associated 
with mortality. Declines in 
functional status after HFx 
prospectively captured.

Söderqvist A 156, 2009, 
Sweden

Prospective cohort

1944 HFx, ≥66y, ♀ 75% Fu 2 y In-hospital 4%
4 mo 16%
2 y 38%

Predictive model assessing 
physical health and cognitive 
function identified HFx patients 
with an increased mortality risk.

Studies on mortality at more than 2 years after HFx
Vestergaard P 157, 2009, 
Denmark

Retrospective, population-
based, register-based, cohort

169,145 Hfx, ≥64 y, 
♀ 72%

1977-2001 Loss of life years
Men ≤50y 18%
        >80y 58%
Women ≤50y 27%
              >80y 38%

A large proportion of the 
excess mortality  occurred 
within the first year after HFx.
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Reference, year, country
Study design

Demography of 
material

Duration of follow-
up (Fu) or catchment 
period 

Mortality Other results 

Tosteson AN 158, 2007, 
USA

Prospective, register-based

730 HFx (25,178 
enrollees), ≥65y, ♀ 74%

Median fu 1.5 y Mortality risk for HFx 6.28 
compared to controls at 6 
months after HFx.
No increased mortality for HFx 
after 6 months after adjustment 
for demographic and health 
variables.

Robbins JA 141, 2006, USA

Prospective, cohort

379 HFx (5888 
enrollees), ≥65 y, ♀ 74%

Mean fu 3.7 y Excess mortality
Men
1 y 24%
5 y 26%
Women
1 y 9%
5 y 24%

Risk of mortality was highest 
in the first 6 months after 
HFx. In men, the risk of death 
approximated that of men 
without HFx after 6 months. In 
women, a moderately greater risk 
persisted through the fourth year.

Farahmand BY 147, 2005, 
Sweden

Population-based, case-
control

2245 HFx, ≥50 y, 
♀ 100%

Mean fu 5 y Hfx 40%
Controls 13%

Mortality risk highest in the 
first 6 months after HFx. 
Mortality risk increased for at 
least 6 years independently of 
HFx risk factors.

Tsuboi M 159, 2007, Japan

Prospective

753 HFx, ≥50 y, ♀ 75% 10 y 1 y 19%
2 y 33%
5 y 51%
10 y 74%

The survival rate decreased 
dramatically for 2 years after 
HFx and mortality risk remained 
higher for 10 years compared to 
the general population.

Paksima N 160, 2008, USA

Prospective

1109 HFx (ambulatory, 
cognitive intact, living 
in their own homes), 
≥65 y, ♀ 79%

>16 y In-hospital 2.7%
1 y 11.9%
2 y 18.5%
5 y 41.2%
10 y 75.3%

The increased mortality risk 
was highest during the first year 
after HFx and returned to the 
risk of the standard population 
3 years postoperatively. 

von Friesendorff M 161, 
2008, Sweden

Retrospective, 
observational

766 HFx, >20 y 
(91%≥65y), ♀ 100%

22 y Survival
Overall 22-y  6%
1 y  79%
5 y  48%
10 y  33%

The residual lifetime risk for 
any fracture was 45%. Age 
and survival were the most 
important factors for future 
fracture risk.

HFx=hip fracture, Fu=follow-up, y=year, mo=month, RR=risk ratio, COPD=chronic obstructive pulmonary disease 

Table 4. Summary of studies published in 2005-2009 and reporting effects of enhanced cocare 
on mortality.
Reference, year, country
Study design

Demography of 
material

Duration of follow-up 
or catchment period

Mortality Other results

Thwaites JH 162, 2005, New 
Zealand

Retrospective

150 HFx, ≥65 y, 
♀ 77%

23 days (median 
of length of stay in 
hospital)

In-hospital 0.7% Shared care between 
geriatricians and orthopaedic 
surgeons was associated with 
a low in-hospital mortality.

Fisher AA 163, 2006, Australia

Prospective cohort 
observational with a 
retrospective control

951 HFx, ≥60 y, 
♀ 75%

In-hospital mortality:
Without geriatric 
consultation 7.7%
With geriatric consultation 
4.7% (p<0.01)

Shared care between 
geriatricians and orthopaedic 
surgeons was associated with 
a significant reduction in 
in-hospital mortality.

McGinn T 164, 2005, USA

Prospective cohorts prior to 
corrective treatment protocol 
and after the implementation 
of the protocol.

185 HFx (preprotocol 
group), ≥65y, ♀ 72%

644 HFx (postprotocol 
group), ≥65y, ♀ 77%

2000-2003 30-day mortality
Preprotocol group 4.9%
Postprotocol group
0.8%

Mortality rates can be 
reduced by systematic 
application of 
comprehensive preoperative 
assessment when 
implemented by specially 
trained and privileged staff.

HFx=hip fracture
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2.7.1.1 Sex differences in mortality
Several studies have reported higher mortality in men than in women after hip fracture.141 

144 150 152 154 The reasons for this are not clear. In a recent registery-based Danish study 
of more than 41,000 hip fracture patients, excess mortality among men compared 
to women could not be explained by controlling comorbidities and medications.165 
It has been suggested, however, that the difference in mortality risk is due to poorer 
health in men with hip fractures than in women with hip fractures and, in addition, the 
increased mortality in men is secondary to increased infections, such as septicemia and 
pneumonia.166

 It is possible that to develop weak bones, other disease processes may be operating in men 
than in women, who lose bone naturally throughout their adult life and at an accelerated 
rate after menopause. These disease processes may increase comorbidity, promote falls, 
and lead to fractures and a poorer survival rate in men.9 The excess mortality in men may 
be explained by the interaction of the fracture with the underlying comorbidity status 
because survival is poorer among male hip fracture patients compared with age-matched 
controls with any level of comorbidity.145 One study reported that male sex was associated 
with an increased risk of postoperative complications, including pneumonia, arrhythmia, 
delirium, and pulmonary embolism, even after controlling for age and surgical risk.167

2.7.1.2 Operative delay and mortality
The Royal College of Physicians’ guidelines recommend that hip fracture surgery be 
performed within 24 hours after admission because early versus late surgical repair is 
believed to be associated with increased survival; decreased  risk of infection, venous 
tromboembolism or decubitus ulceration; shorter hospital stay; and lower cost.168 
Conflicting results however, have been reported.168 To estimate the current evidence of 
effects of delayed surgery on mortality after hip fracture, a systematic review, meta-
analysis, and metaregression of 16 studies was performed.168 According to the study, 
surgery delayed beyond 48 hours after admission may increase the odds of 30-day all-
cause mortality by 41% and of 1-year all-cause mortality by 32%. In addition, an undue 
delay may be harmful to hip fracture patients with a relatively low mortality risk and to 
those who are young.168 

The reasons for delayed surgery can be classified as medical-related or system-related 
including several factors, such as waiting for routine medical consultation or clearance, 
unavailability of an operating room or surgeon, waiting for family discussion or laboratory 
results, waiting for stabilisation of a medical problem, admission too late in the day, 
and others.169 It has also been argued that delayed surgery itself is not responsible for 
mortality; patients for whom surgery was delayed could have been sicker on admission 
than those for whom surgery was not delayed.168
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2.7.1.3 Postoperative medication and mortality
In a randomised double-blinded placebo-controlled study, all patients received vitamin 
D and calcium and, in addition, the treatment group received intravenous infusion of 
zoledronic acid within 90 days after hip fracture surgery.170 During median follow-up of 
1.9 years, mortality was lower in the treatment group than in the placebo group (9.6% 
and 13.3%, p=0.01). A Finnish prospective study of 221 hip fracture patients also showed 
a potential relationship between reduced mortality and daily post-fracture administration 
of prescribed dose of 500-1000 mg calcium and 400-800 IU vitamin D.171

2.7.1.4 Hip fracture types and mortality
The effects of hip fracture type on mortality are controversial. A prospective Greek 
study of 499 hip fracture patients (33% cervical and 67% trochanteric fractures) reported 
excess mortality at 5 and 10 years after surgery in patients with trochanteric fracture 
compared to patients with cervical hip fracture.172 The conclusion was that hip fracture 
type was an independent predictor of long-term mortality after hip fracture. In contrast, 
a retrospective Danish register study of 2674 hip fractures (64% cervical and 30% 
pertrochanteric fractures) showed no differences in mortality between hip fracture types 
during a mean follow-up of 2.6 years.173

2.7.1.5 Complications after hip fracture and mortality
According to a prospective observational study of 2448 hip fracture patients, the most 
common postoperative complications were chest infection and heart failure. Both 
complications were associated with substantial mortality risk: one-year mortality was 
71% after chest infection and 92% after heart failure.174 A prospective Finnish survey of 
2276 hip fracture patients observed deep infection rate of 1.3% 175. One-year mortality 
was slightly increased after deep infection.

2.7.2 Causes of death 

Sex differences in the predisposing factors and causes of death have not been 
systematically studied. Analysis of mortality and cause-of-death, however, is an important 
procedure for identifying risk factors for death following trauma and for anticipating 
complications.176  

In a longitudinal study with a 2-year follow-up of 173 men and 631 women with hip 
fracture, men were twice as likely as women to die, but prefracture medical comorbidity, 
type of fracture, type of surgical procedure, and postoperative complications did not explain 
the observed difference.166 Although increases in cause-of-death were comparable for 
both sexes for most major causes, such as cardiovascular diseases and cancer, the greatest 
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increases in mortality after hip fracture for men versus women were due to infectious 
causes of death (e.g., septicaemia, influenza, and pneumonia). This finding suggests that 
after a hip facture, a new process, which differs in men and women, is set in motion.9 The 
role of infection was also highlighted in a report indicating that 39% of inpatient deaths 
among patients with isolated limb and pelvic fractures were due to bronchopneumonia.176

In Denmark, a cohort study of 163,313 hip fracture patients and 505,960 controls showed 
that within the first year after hip fracture cancer, cerebrovascular, and cardiovascular deaths 
were the most common causes of death in both fracture patients and controls, but these 
causes were rarer in fracture patients than in controls.144 Moreover, the proportion of deaths 
due to lung diseases and psychiatric causes increased in patients and controls from 1981 
to 2001, which calls for measures to improve the treatment of these diseases. Cause-of-
death related to the trauma that caused the fracture explained most of the deaths (68%-76%) 
within the first 30 days after the fracture. Complications, such as pulmonary embolism, fat 
embolism, lung infections, and other infections increase mortality after hip fracture.174

According to an Australian population-based study, the underlying causes of death after 
hip fracture are diseases of the circulatory system in nearly 45%, diseases of the respiratory 
system in 10.8%, and neoplasms in 10.7%.154 Based on death certificates, mortality due to 
hip fracture can be underestimated: hip fracture was mentioned as a contributing cause of 
death in 21% of deaths and as an underlying cause of death in fewer than 2% of deaths.154 
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3. AIMS OF THE PRESENT STUDY

1.  To define the incidence of surgically treated hip fractures in patients aged 65 years 
or older in Satakunta, Finland, and the circumstances related to these fractures.

2.  To evaluate the geometrical differences between cervical and trochanteric hip 
fractures by measuring the NSA and the FNAL, and to compare the distributions 
of these parameters and the distributions of fracture type by sex.

3.  To describe the incidence of cervical hip fractures and the relationships between 
selected background variables and mortality at 30 days, 6 months, and 3 years 
postoperatively.

4.  To describe the relationships between use of potent anticholinergics, sedatives, 
and antipsychotics and postoperative mortality in patients with hip fracture.

5.  To evaluate mortality and cause-of-death over both the short- and long-term 
in patients sustaining hip fracture and to evaluate mortality after hip fracture 
compared to the general population with a special focus on cause-of-death.
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4. THE PRESENT STUDY

4.1 Patients and methods

In 1999-2000, the Satakunta Hospital District comprised 25 municipalities and 
approximately 4.6% (December 31, 2000; population of 237,661) of the Finnish 
population lived in the area.177 People aged 65 years or older comprised 17.4% (41,408 
persons) of the population.177 Hip fracture patients were referred to three hospitals in 
the Satakunta Hospital District (Satakunta Central Hospital, Rauma Hospital, and Pori 
City Hospital) and to two hospitals related to the Satakunta Hospital District (Vammala 
Hospital and Loimaa Hospital).

Study I. Hip fracture patients aged 65 years or older were identified based on the 
Hospital Discharge Register in Finland. This register was screened using the codes of 
the International Statistical Classification of Diseases and Related Health Problems, 10th 
edition (ICD10)178 for proximal femur fractures (S72.0-S72.2) as search terms. All hip 
fractures that were sustained and surgically treated from January 1, 1999, to December 
31, 2000, were enrolled in the study. All patients living in Satakunta and surgically treated 
for hip fracture in the five local hospitals were included in the study. Patients not residing 
in Satakunta were excluded. A total of 461 patients were identified (Table 5). Age-
specific incidences were calculated based on the population of Satakunta in December 
31, 2000, retrieved from Statistics Finland.177 The distributions of hip fracture subjects 
in Studies I-V are shown in Figure 4. Original medical records of the identified patients 
were reviewed and information was collected on 18 variables that were not included in 
the Finnish Hospital Discharge Register. Of these variables, data on patient age, sex, 
month of sustaining the hip fracture, prefracture residential status and information on 
previous fractures were included in Study I.

Table 5. Sex and age distributions of hip fracture patients surgically treated in Satakunta in 1999-
2000.

Number of patients
Age (years) Men Women Total
65-69 10 14 24
70-74 22 32 54
75-79 32 61 93
80-84 17 83 100
85-89 27 98 125
≥90 5 60 65

113 (24.5%) 348 (75.5%) 461 (100%)
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Study I, Study IV 

461 hip fractures 

348 women, 113 men 

 

Study II 

428 hip fractures 

323 women, 105 men 

Study III 

266 cervical hip fractures

198 women, 68 men 

Study V 

428 hip fractures 

325 women, 103 men 

Figure 4. The distributions of the hip fracture subjects in Studies I-V.

Study II. For the analysis of hip geometry in Study II, valid information was collected 
for 428 of the 461 patients described in Study I (Figure 4). Of these, 323 patients 
(75.5%) were female and 105 patients (24.5%) were male. In routine clinical settings, 
anteroposterior plain pelvic radiographs were obtained prior to surgical treatment with two 
perpendicular radiographs from the injured hip; and postoperatively, two perpendicular 
radiographs of the operated hip were taken.  Hip fractures were classified as cervical and 
trochanteric (including pertrochanteric, intertrochanteric, and subtrochanteric fractures). 
Measurements of NSA and FNAL were made manually by one observer with a plastic 
ruler (precision: 1 mm) and a goniometer (precision: 1°) as shown in Figure 2, and the 
fracture type was determined at that time. Fracture type could be assessed in 428 patients, 
NSA in 407 patients, and FNAL in 404 patients. The magnification error was corrected 
based on the actual size of the implant as filed in the medical records and by measuring 
the implant in postoperative radiographs. Mean magnification was 15.2%. 

Study III. Of the 461 patients described in Study I, 266 sustained a cervical hip fracture 
(Figure 4). In Study II, cervical hip fractures were classified according to Garden (I, 
II, III, and IV).179 Data on 20 baseline characteristics of cervical fracture patients were 
identified from the original medical records. Some essential variables were as follows: 
medical comorbidities (cardiovascular and neurological diseases, chronic lung diseases, 
diabetes, and dementia); types of surgical treatment (internal fixation methods including 
cannulated screws and dynamic hip screws, and arthroplasties including cemented 
unipolar or bipolar hemiarthroplasties and total hip arthroplasties); and delay to surgical 
treatment. 

Data on population numbers for Satakunta and Finland were retrieved from Statistics 
Finland,177 and age-adjusted and age-standardised incidences were calculated.  Data on 
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deaths of cervical hip fracture patients were obtained from the Official Cause-of-Death 
Statistics of Finland.177 The mortality of cervical hip fracture patients over the short-term 
(30 days and 6 months postoperatively) and long-term (3 years postoperatively) was 
analysed. The Finnish Official Cause-of-Death Register is an extensive medico-legal 
death investigation system that is in practice 100% complete, because each death, its 
certificate, and the corresponding personal information are cross-checked.180

Study Iv. Among the 461 patients identified in Study I, use of psychotropic medications 
and potent anticholinergics during the occurrence of hip fracture was analysed in Study IV 
(Figure 4). Data on medications, patient pre-injury ability to ambulate, and comorbidities 
(with the same classification as in Study III) were collected from the original medical 
records. The Anatomical Therapeutic Chemical (ATC) classification system181 was applied 
to define the main groups of medications including sedatives (benzodiazepines and related 
drugs, meprobamate, and barbiturates), antipsychotics, and potent anticholinergics. 
Potent anticholinergics were further divided into drugs for chronic obstructive pulmonary 
disease (COPD), drugs for urinary incontinence, typical antipsychotics (chlorpromazine, 
levomepromazine, perfenazine, prochlorperazine, periciazine, thioridazine, flupentixol, 
melperone, zuclopenthixol), tricyclic antidepressants, and ‘other anticholinergics’ (e.g., 
metoclopramide, antiparkinson biperiden, and hydroxyzine).

Mortality was evaluated over both the short-term (30 days, 3 months, and 6 months after 
surgery) and long-term (3 years after surgery). Data on deaths of hip fracture patients 
were obtained from the Official Cause-of-Death Statistics of Finland.177

Study v. For the mortality and cause-of-death analysis in Study V, a cohort of 428 
patients with available death information was identified among the hip fracture patients 
described in Study I (Figure 4). Mortality and cause-of-death in hip fracture patients 
were compared with the general population which comprised people who resided in 
Finland in 1999-2000 and were 65 years of age or older during this period. The hip 
fracture patients and the general population were stratified by sex and age (65-74, 75-84, 
and ≥85 years). Hip fractures were classified as cervical or trochanteric by examining 
the original radiographs. Data on deaths of hip fracture patients were obtained from the 
Official Cause-of-Death Statistics of Finland.177

Mortality of the hip fracture patients was evaluated at 30 days, 6 months, 1 year, 3 
years, and 7 years after hip fracture surgery and at the end of 2007; and mortality of the 
general population was assessed at the end of each year from 1999 through 2007. Cause-
of-death for the patients and population was classified according to ICD10 diagnostic 
main classes178 (Table 6). For the patients, preoperative comorbidities were similarly 
classified.
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Table 6. Cause-of-death classification according to ICD10.

Disease class Code
Malignant neoplasms C00-C97
Dementia (including Alzheimer’s disease) F01, F03, G30, R54
Diseases of the circulatory system
(cerebrovascular diseases included)

I00-I42.5, I42.7-I99

Diseases of the respiratory system J00-J64, J66-J99
Diseases of the digestive system (alcohol-
related diseases excluded)

K00-K93, excluding K70, K86.0, K86.01, 
K86.08

Others Codes not before-mentioned

4.2 Statistical analysis

Study I. Hip fracture patients were stratified by sex and age (65-69, 70-74, 75-79, 80-
84, 85-89, and ≥90 years). Data on population numbers for Satakunta were retrieved 
from Statistics Finland177 and age-specific incidences were calculated. Data on variables 
obtained from the hospital discharge register and original medical records were entered 
into a matrix file of the Statistical Package for Social Sciences (SPSS). Statistical 
significances of linear distributions and cross-tabulations of the selected variables were 
evaluated using chi-square and Fisher’s exact tests. 

Study II.  Hip fracture patients were stratified by sex and age into 5-year age groups 
or into two age groups (65-79 years and ≥80 years). A t-test was used to compare mean 
values of continuous variables and their differences of these were also assessed with 
Pearson’s correlation coefficient or a linear regression coefficient. A chi-square test and 
Fisher’s exact test were used for assessing p-values of nominal and ordinal variables.

Study III. Cervical hip fracture patients were stratified by sex and age (65-69, 70-74, 
75-79, 80-84, 85-89, and ≥90 years). Cervical hip fracture incidences were calculated 
using population data for the hospital district and Finland retrieved from databases of  
Statistics Finland.177 Age-standardised incidences were calculated using a direct method; 
95% confidence intervals (95% CI) for sex- and age-specific incidences were calculated 
based on the Poisson distribution. Results are presented as hazard ratios (HR) with 
95% CIs. Baseline characteristics between sexes were compared using a two-sample 
t-test and chi-square test. The Kaplan-Meier method was used to calculate and illustrate 
the cumulative probability of survival. Age-adjusted proportional hazards regression 
models (Cox regression model) were first used to analyze the associations of 20 selected 
background variables with mortality. Variables significantly associated with mortality 
were further entered into the multivariate models. Statistical analyses were performed 
using the Statistical Analysis System (SAS) for Windows®.
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Study Iv. Baseline characteristics between sexes were evaluated using a chi-square test 
to assess the significance of categorical variables and a two-sample t-test for continuous 
variables. The associations between taking psychotropic medicines and potent 
anticholinergics, comorbidities or functional variables with mortality were first analysed 
using an age-adjusted Cox proportional hazards model. Variables that were significantly 
associated with increased mortality were subsequently entered into the multivariate 
models. Results are presented as HR with 95% CIs. 

Study v. The hip fracture patients and the general population were stratified by sex and 
age (65-74, 75-84, and ≥85 years). Baseline characteristics between sexes were evaluated 
using a chi-square test to assess the significance of categorical variables and two-sample 
t-test for continuous variables. Between sexes, the age-adjusted differences in mortality 
were evaluated with a Cox proportional hazards regression model. Between hip fracture 
types, the age- and sex-adjusted differences of mortality were analysed with a Cox 
proportional hazards regression model. Results are presented as HRs with 95% CIs. 
Annual age- and sex-standardised mortality of hip fracture patients was calculated for 
the three age groups with a direct method based on the general population in Finland. 

Data in Studies I-II were analysed with SPSS for Windows® and data in Studies III-V 
were analysed with SAS for Windows®. P-values less than 0.05 were considered 
significant.

4.3 Ethical considerations

Studies I-V were approved by the Ethics Committee of the Satakunta Hospital District. 
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5. RESULTS

5.1 Incidence of hip fractures in Satakunta in 1999-2000 (Study I)

5.1.1 Incidence of hip fractures in patients aged 65 years or older

A total of 461 surgically treated hip fractures (348 women, 113 men) were identified in 
Satakunta in 1999-2000. The age-specific incidence was higher in women (688/100,000) 
than in men (350/100,000) and it steadily increased with age (Figure 5). In women, the 
age-specific incidence of hip fractures was highest in the oldest patients (≥90 years). In 
men, the highest occurrence was slightly earlier (85-89 years).
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Figure 5. Age-specific incidences of hip fractures by sex in 1999-2000 in Satakunta.

5.1.2 Circumstances related to hip fractures

Residential status (living alone or with a companion) of 300 (65.1%) patients prior to 
hip fracture was verified. The majority of them (n=174, 58.0%) lived alone and one-
third (n=98, 32.7%) lived with a spouse. The majority of men lived with a spouse (n=70, 
62.0%), whereas the majority of women lived alone (n=228, 65.5%). Most of the hip 
fracture patients were home-dwelling (n=292, 63.3%); with the remaining living in 
retirement homes (n=129, 28.0%) and in service homes or hospitals (n=40, 8.7%). Of 
the hip fracture patients, approximately 1 in 10 (n=51, 11.1%) had been granted long-
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term care compensation, which they are entitled to after 3 months institutional care in 
Finland. 

Women were more likely to sustain hip fracture indoors than men (91.1% vs. 75.7%, 
p<0.001). Of hip fractures, 49.1% (n=225) occurred in homes and 41.9% (n=192) in 
institutions. Older people living alone at home were more likely to sustain a hip fracture 
at home (72.3%) than in institutions (14.5%) compared with those living with another 
person (35.1% and 58.6% respectively, p<0.001). Prior to hip fracture, the majority 
of patients (n=300, 65.1%) did not need a walking aid and 90.7% (n=418) managed 
activities of daily living independently. According to the medical records, more than 
one-fourth of hip fracture patients (n=124, 26.9%) had sustained a previous fracture. The 
most common fracture sites were an upper extremity (n=49) and hip or pelvis (n=42). 
No obvious seasonal variation was detected; 46.6% of fractures (n=215) were sustained 
during the months with slippery conditions (November-March), whereas 40.1% of 
fractures (n=185) were sustained from May to September.

5.2 Impact of hip geometry on the fracture type (Study II)

In fracture type analyses, NSA and FNAL were similar between cervical and trochanteric 
hip fractures. Mean NSA was larger in men (136°) than in women (133°, p<0.001); mean 
FNAL was longer in men (101 mm) than in women (93 mm, p<0.001; Figures 6 and 
7).  
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Figure 6. Femoral neck shaft angle (NSA) with standard deviations in hip fracture patients 
stratified by fracture type.
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Figure 7. Femoral neck axis length (FNAL) with standard deviations in hip fracture patients 
stratified by fracture type.

The proportions of cervical (women 61.3%, men 64.8%) and trochanteric (women 
38.7%, men 35.2%) hip fractures were similar between both sexes. In women, patients 
with trochanteric hip fracture were older than patients with cervical hip fracture (mean 
age 84.2 and 82.0 years, p=0.003). In men, patients with cervical hip fracture were older 
than patients with trochanteric hip fracture (mean age 79.6 and 76.8 years, p=0.048). In 
both sexes, the parameters of hip geometry remained unchanged with increasing age.

5.3 Incidence of cervical hip fractures and mortality of cervical hip 
fracture patients (Study III)

5.3.1 baseline characteristics of cervical hip fracture patients

Of the 266 surgically treated cervical hip fracture patients, the majority were women 
(n=198, 74.4%), and the women were older than the men (mean ages 82.0 vs 79.6 
years, p=0.018). The majority of the patients (n=179, 67.3%) were able to walk 
without walking aid and the majority of the patients (n=144, 58.1%) had only 0-1 
comorbidity. One-year mortality was 22.6% (n=60 patients). The proportion of Garden 
type I-II fractures was 5.3% (n=14) and that of Garden type III-IV fractures was 94.7% 
(n=252). Hip fractures were treated with arthroplasty in 215 patients (80.8%) and with 
open reduction and internal fixation in 51 patients (19.2%). Surgery was performed a 
mean of 2 days after admission to the hospital and the mean hospital stay was 9.1 days 
(SD 6.1).

Men were more likely to have chronic lung disease (n=12, 19.4%) than women (n=14, 
7.5%; p=0.008). Of women, 44.4% (n=88) lived alone, whereas only 16.2% of men 
(n=11) lived alone (p<0.001). In addition, there was a seasonal difference in the hip 
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fracture occurrence between sexes; 63.3% of men (n=38) sustained a hip fracture during 
slippery season (November-March) and 52.0% of women (n=91) during the non-slippery 
season (May-September, p=0.04). No seasonal variation was detected among home-
dwelling people, but a seasonal variation was observed among institutionalised patients, 
72.2% of men (n=13) and 37.7% of women (n=20) sustained a hip fracture during the 
slippery months (p=0.011).

5.3.2 Incidence of cervical hip fractures

The crude incidence of cervical hip fractures in women (404/100,000) was higher 
than that in men (223/100,000). Age-adjusted incidence of cervical hip fractures in 
women (364/100,000) was 1.3-fold (95% CI: 1.0-1.8; p=0.04) higher than that of men 
(271/100,000). After standardisation according to the entire Finnish population, the 
incidences were 359/100,000 in women and 267/100,000 in men.

5.3.3 Mortality of cervical hip fracture patients

Short-term mortality of cervical hip fracture patients after surgery was 9.4% at 30 days 
and 19.9% at 6 months. In age-adjusted analysis at 30 days, chronic lung disease, male 
sex, and presence of 2 to 5 comorbidities were associated with increased mortality, but 
only chronic lung disease and male sex remained independent risk factors for increased 
mortality after multivariate analysis. In age-adjusted analysis at 6 months, cardiovascular 
disease, chronic lung disease, presence of 2 to 5 comorbidities, male sex, and the need 
for postoperative mobility assistance were associated with increased mortality. After 
multivariate analysis, all these factors except for the number of comorbidities remained 
significant predictors for increased mortality.

Long-term mortality at 3 years was 39.5%. In age-adjusted analysis at 3 years, chronic 
lung disease, presence of 2 to 5 comorbidities, male sex, need for postoperative mobility 
assistance, and poor postoperative ambulation were predictors of excess mortality. 
Except for the number of comorbidities, these factors remained independent predictors 
of mortality after multivariate analysis.

In conclusion, chronic lung disease and male sex were independent predictors for 
increased mortality during the entire follow-up.
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5.4 Effects of potent anticholinergics, sedatives, and antipsychotics on 
mortality after hip fracture surgery (Study Iv)

5.4.1 Patient characteristics and use of medications

As in Study I, 461 patients (348 women, 76% and 113 men, 24%) were identified. At 
the time of sustaining the hip fracture, the women were older than the men (mean age 
82.9 and 79.0 years, respectively, p<0.001). Regarding comorbidities, two significant 
differences between sexes were noted: women were more likely to have dementia (n=102, 
29%) than men (n=17, 15%; p=0.003) but men were more likely to have chronic lung 
disease (n=23, 20% vs n=29, 8%; p<0.001). Regarding the use of the main groups of 
medications (potent anticholinergics, sedatives, and antipsychotics), the only significant 
difference between sexes was that women took more sedatives (n=144, 41%) than men 
(n=35, 31%; p=0.049). Regarding the use of potent anticholinergics, the only significant 
difference between sexes was that men were less likely to use ‘other anticholinergics’ 
than women (n=3, 14% vs n=28, 36%; p=0.046).

5.4.2 Relationships between medications and mortality  

Cumulative mortality was higher in men than in women over both the short-term (30 
days, 3 months, and 6 months) and long-term (3 years). Based on age-adjusted univariate 
analysis, mortality in women was not associated with the use of any of the main groups of 
medications, whereas in men, taking potent anticholinergics was associated with excess 
mortality at every timepoint (Table 7). Furthermore, age-adjusted univariate analysis 
revealed that the presence of cardiovascular disease and the presence of chronic lung 
disease were predictors of excess mortality (Table 7). Predictors of excess mortality 
identified in the age-adjusted univariate analysis were further entered into the multivariate 
models. The use of potent anticholinergics emerged as an independent predictor of 
excess mortality in men at 3 months and 3 years (Table 7). In addition, the presence of 
cardiovascular disease and chronic lung disease were independent risk factors for excess 
mortality after hip fracture surgery in men (Table 7).
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Table 7. Relationship between mortality after hip fracture surgery and use of potent anticholinergics 
and comorbidities in men (n=113)

variable 30 days 3 months 6 months 3 years
HR (95% CI)  p-value HR (95% CI)  p-value HR (95% CI)  p-value HR (95% CI)  p-value

Age-adjusted univariate analysis
Potent 
anticholinergic 
vs no potent 
anticholinergic

3.37                  0.014
(1.28-8.88)

3.14                  0.007
(1.38-7.15)

2.91                  0.006
(1.35-6.26)

2.50                  0.002
(1.41-4.41)

Cardiovascular 
disease

2.71                  0.082
(0.88-8.34)

2.22                  0.073
(0.93-5.33)

2.46                  0.029
(1.10-5.54)

2.07                  0.006
(1.23-3.47)

Chronic lung 
disease

3.67                  0.011
(1.35-10.00)

2.27                  0.075
(0.92-5.60)

2.54                  0.024
(1.13-5.68)

2.18                  0.007
(1.24-3.82)

Multivariate Cox proportional hazards regression analysis 
Potent 
anticholinergic 
vs no potent 
anticholinergic

2.19                  0.145
(0.76-6.29)

2.52                  0.038
(1.05-6.03)

2.22                  0.053
(0.99-5.01)

1.99                  0.025
(1.09-3.63)

Cardiovascular 
disease

2.63                  0.096
(0.84-8.18)

2.25                  0.074
(0.92-5.46)

2.65                  0.021
(1.16-6.06)

2.13                  0.006
(1.25-3.63)

Chronic lung 
disease

3.07                  0.046
(1.02-9.26)

1.98                  0.168
(0.75-5.24)

2.46                  0.044
(1.02-5.93)

2.35                  0.005
(1.30-4.23)

n=number, HR=hazard ratio, CI=confidence interval

5.5 Mortality and cause-of-death of hip fracture patients (Study v)

5.5.1 Patient characteristics

Of the baseline population of 461 surgically treated hip fracture patients, 428 hip fracture 
patients were identified for Study V. The majority of patients were women (n=325, 
75.9%). Women were older (mean age 82.7 years) than men (79.0, p<0.001). In both 
sexes, the proportion of cervical to trochanteric hip fractures was approximately 3:2. The 
mean follow-up period was 3.7 years (range 0-9 years). Cumulative numbers of deaths 
after surgery were as follows: 30 days, n=45 (10.5%); 6 months, n=92 (21.5%); 1 year, 
n=117 (27.3%); 3 years, n=209 (48.8%); 7 years, n=315 (73.6%); and on December 31, 
2007 (end of follow-up), n=338 (79.0%).

5.5.2 Mortality and cause-of-death of hip fracture patients: differences between 
sexes 

In age-adjusted models, the HR of death for men was significantly higher than that in 
women at each timepoint (Figure 8).
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Figure 8. Age-adjusted risk of mortality in men after hip fracture surgery compared to women 
as hazard ratios (HR) and 95% confidence intervals. d=day, mo=month, y=year, end=December 
31, 2007

In cause-of-death analyses, circulatory system disease was more commonly a cause of 
death in men than in women at 30 days (HR 3.35, 95% CI 1.12-9.98, p=0.030), 6 months 
(HR 3.14, 95% CI 1.47-6.70, p=0.003), 1 year (HR 2.58, 95% CI 1.31-5.07, p=0.006), 
and 3 years (HR 2.34, 95% CI 1.41-3.88, p=0.001). The risk of men dying from dementia 
and Alzheimer’s disease was higher than that of women at 3 years (HR 2.67, 95% CI 
1.07-6.65, p=0.035), 7 years (HR 3.41, 95% CI 1.54-7.54, p=0.003), and at the end of 
the follow-up (HR 3.43, 1.55-7.56, p=0.002).

5.5.3 Mortality and cause-of-death of hip fracture patients: differences between 
fracture types  

In age- and sex-adjusted analyses, the mortality risk for cervical hip fracture patients 
was higher than that for trochanteric hip fracture patients at 6 months (HR 1.89, 95% CI 
1.11-3.09, p=0.018) and mortality tended to increase in cervical hip fracture patients at 
30 days (HR 2.09, 95% CI 0.95-4.60, p=0.067). In  age- and sex-adjusted analyses of 
cause-of-death, circulatory system disease was less likely the cause of death in cervical 
hip fracture patients compared to trochanteric hip fracture patients at the end of the 
follow-up (HR 0.70, 95% CI 0.49-0.99, p=0.005) and the trend was similar at 7 years 
(HR 0.73, 95% CI 0.51-1.04, p=0.080).
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5.5.4 Mortality and cause-of-death: comparisons between hip fracture patients 
and the general population  

Age- and sex-standardised mortality in hip fracture patients was approximately 3-fold 
higher than that in the general population during the follow-up in 1999-2007. Cause-of-
death analyses showed that age- and sex-standardised mortality of hip fracture patients 
was 2.5 to 8.4-fold higher than that in the general population in each cause-of-death 
category (Figure 9).

Standardised mortality/1000 PY

0

50

100

150

200

250

Ann
ua

l a
ve

rag
e

Circ
ula

tory

M
ali

gna
ncy

Resp
ira

tory

Dem
en

tia

Digest
ive

Other

Population

Hip fracture patients

Standardised mortality/1000 PY

0

50

100

150

200

250

Ann
ua

l a
ve

rag
e

Circ
ula

tory

M
ali

gna
ncy

Resp
ira

tory

Dem
en

tia

Digest
ive

Other

Population

Hip fracture patients

Figure 9. Age- and sex-standardised annual mortality and cause of death in hip fracture patients 
and the general population in 1999-2007 per 1000 person-years (with 95% confidence intervals 
in patients). 
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6. DISCUSSION

6.1 General considerations

The present population-based study describes the incidence of surgically treated hip 
fractures in patients aged 65 years or older and circumstances related to these fractures. 
In addition, the geometrical differences between cervical and trochanteric hip fractures 
and sexes were evaluated. The incidence of cervical hip fractures – the most common 
hip fracture type – was also determined. Finally, mortality was analysed from various 
points of view: by describing the relationships between selected background variables 
and mortality after cervical hip fracture; by describing the relationships between the use 
of psychoactive medications and mortality after hip fracture; and by evaluating mortality 
and cause of death after hip fracture compared to the general population.

From 1999 to 2000, 461 surgically treated hip fracture patients (348 women, 113 
men) were identified in Satakunta. The age-specific incidence was higher in women 
(688/100,000) than in men (350/100,000) and steadily increased with age. In both sexes, 
the proportion of cervical to trochanteric hip fractures was approximately 3:2. The age-
adjusted incidence of cervical hip fractures was 1.3-fold higher in women than in men. 
No significant differences of geometrical parameters (NSA and FNAL) were noted in 
either sex in plain pelvic radiographs taken in a routine clinical setting. Before sustaining 
hip fracture, the majority of hip fracture patients functioned well: most of the patients 
(91.4%) were home-dwelling or lived in retirement homes; and 90.7% managed activities 
of daily living independently. More than one in four, however, had sustained a previous 
fracture. A substantial proportion of hip fractures (41.9%) occurred in institutions while 
the majority of patients (79.2%) were there for short-term care.

In mortality analyses of the present study, chronic lung disease and male sex emerged as 
independent predictors of increased mortality after cervical hip fracture, both over the 
short- (30 days and 6 months) and long-term (3 years). In women, the use of psychoactive 
drugs was not associated with mortality. In contrast, use of potent anticholinergics was 
associated with excess male mortality from 30 days up to 3 years after surgery. During 
the mortality follow-up of 7 to 9 years, the risk of mortality was 3-fold higher in hip 
fracture patients than in the general population and included every major cause-of-death. 
After hip fracture, the overall 1-year postoperative mortality was 27.3% and at the end 
of the follow-up (December 31, 2007) mortality was 79.0%. The mortality risk for men 
after hip fracture was higher than that for women and the difference persisted over the 
entire follow-up.
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6.1.1 Limitations of the present study

The basic survey design of the present study was retrospective. In descriptive studies in 
general, it is difficult to establish the direction of an association, i.e., cause and effect: 
retrospective studies can only point to statistical associations between variables; these 
studies cannot alone establish causality.182 Retrospective studies are frequently criticised 
because they involve collecting data of past phenomena and have the potential for 
selectivity in recall and hence recall bias. 

Retrospective studies rely on the accuracy of written records without a primary research 
purpose and important data may not always be available; therefore, it is difficult to control 
confounding variables.183 In the present study, data relating to patient comorbidities and 
medications were collected from the original medical records, which are usually based on 
the information received from previous hospital records, referral documents, and patient 
and/or proxy interviews. These are not always reliable, however, or fully comprehensive. 
Similar problems are encountered in analysing geometrical measures of hip anatomy 
because pelvic radiographs were taken in a routine clinical setting in contrast to a strictly 
standardised and calibrated setting. Nevertheless, a retrospective study can help to focus 
the study question, clarify the hypothesis, determine an appropriate sample size, and 
identify feasibility issues for a prospective study.183 In the mortality studies of the present 
paper, retrospective longitudinal surveys were performed which enabled analytic, rather 
than descriptive, data interpretation. 

6.1.2 Strengths of the present study

The sampling frame for population-based cohort studies includes any well-defined 
population; in the present study, the population encompassed those that were defined by 
the geographic boundaries of Satakunta. In general, the most important justification for 
conducting a population-based study is its external validity – that is, the applicability of 
its results to a defined population.184

As for cohort studies in general,184 data collection of this population-based survey relied 
both on available databases (the Finnish Hospital Discharge Register and the Official 
Cause-of-Death Statistics of Finland) and on information collected from the original 
patient records. In the cause-of-death study, the age-matched control cohort included 
the whole Finnish population and its mortality was registered comprehensively. The 
older population in Finland is quite homogeneous and e.g. ethnic differences are rare. 
Furthermore, the population-based study setup enhances the generalisability of the results 
of the present study. On the other hand, the study population represents only 4.6% of the 
total population in Finland which may limit the generalisation of the results.
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Despite the inevitable limitations of the retrospective study design, the subjects of the 
present study collected from one central hospital district represent ‘the real life’. All the 
patients aged 65 years or older that sustained a surgically treated hip fracture during the 
2-year period were enrolled in the study. In Finland, even those who sustain a hip fracture 
while travelling are usually transferred to a hospital in their health care district for the 
surgical treatment.40 A few patients may have died before referral to a hospital, and some 
impacted cervical fractures in sedentary patients may have gone undiagnosed.

The accuracy of registering severe injuries like hip fractures is generally good in Finland. 
The completeness and accuracy of data from the Finnish Health Care Register and the 
Cause-of-Death Register are suitable for assessing hip fracture treatment.185 The coverage 
of the Official Cause-of-Death Statistics of Finland is 100% and the accuracy of the data 
is ensured by triple-checking.180 The National Hospital Discharge Register, the oldest 
established nationwide discharge register in the world, has been operating since 1967 
and its accuracy is well-established.186

6.2 Incidence of hip fractures  

On December 31, 2000, the population of Satakunta was 237,661 and, in 1999-2000, 
461 surgically treated hip fractures occurred in the population aged 65 years or older. 
The age-specific incidence of hip fractures in 1999-2000 was 557/100,000 in the area 
and it was 2-fold higher in women (688/100,000) than in men (350/100,000). This 
difference may be explained by age; women live longer than men and thus, a greater 
number of women reach “the hip fracture age”.187 Prior to the hip fracture, the majority 
of older people were home-dwelling (63.4%), were able to ambulate without a mobility 
device or help (65.1%), and 90.7% of them independently managed activities of daily 
living. Approximately one in four hip fracture patients (26.9%) had sustained a previous 
fracture, which may indicate an increased tendency to fall and impaired bone strength.

The majority of hip fractures occurred indoors (91.1% in women, 75.7% in men), 
consistent with previous findings.188 Men may be more likely to ambulate outdoors 
and it has been postulated that those who can go outside have greater muscle strength 
and better neuromuscular function than those that stay indoors.189 Men also fall less 
often than women.107 When sustaining a hip fracture, 63.5% of the patients were home-
dwelling and 28.0% of the patients lived retirement homes. More than a third (41.9%) of 
hip fractures occurred while patients were in an institution, and the majority of patients 
(79.2%) were in short-term care. It is plausible that orientating to a new environment 
(toilet, furniture, lighting) is not easy for older people and may be associated with an 
increased risk of falling. A German cohort-study of more than 69,000 women and men 
recently admitted to nursing homes showed that the hip fracture incidence rates were 
highest in the first months after admission to the nursing homes.190 In the present study, 
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there was a slight tendency towards an increased risk of sustaining a hip fracture during 
the slippery season in November-March. The impact of seasonal variation, however, was 
not substantial, because the majority of hip fractures (87.3%) occurred indoors.

The Finnish National Hospital Discharge Register has proved to be a useful data source for 
epidemiological studies of hip fractures.8 185 191 The annual number of first hip fractures in 
the Finnish population aged 50 years and older was reported to be 5618 in 2002-2003.192 
In 2002, the age-adjusted incidences were 408/100,000 PY for women and 190/100,000 
PY for men. Another Finnish study estimated the number of hip fractures to be 7083 
in 2004, and the adjusted incidences were reported to be 412/100,000 for women and 
223/100,000 for men.8 The differences in these results are mainly due to methodological 
issues of selecting and evaluating the data from the Hospital Discharge Register.187 In 
addition, the standard populations at risk of the studies were based on different time 
periods 1998-2002192 vs 1970-2004.8 The higher incidence rates in the present study than 
in the national surveys may be due to the fact that the results of the present study were 
not adjusted according to the general Finnish population. 

In Finland, the alarming increase in the incidence of hip fracture noted in 1970-1997149 
levelled off in 1998-2004.8 In 1998-2004, a nationwide decline in the incidence of hip 
fracture was obvious in women and a tendency toward a decline was also observed in 
men. The exact reasons for the change in the trend are unknown. Possible explanations 
are a cohort effect toward a healthier ageing population, increased average body weight, 
and improved functional ability among older people.8 Some minor reasons for the 
decline may be specific actions taken to prevent and treat osteoporosis and changes 
in lifestyle factors: smoking cessation, increased exercise, taking calcium and vitamin 
D, hormone replacement therapy, and anti-osteoporotic medication.8 In addition, 
the effects of interventions to prevent falling, such as strength and balance training, 
reduction of psychotropic medications, correction of visual impairment, modification 
of environmental hazards, and use of hip protectors and gait-stabilising devices may 
have contributed to the decline in hip fracture incidence.8 Contrary to the results of a 
nationwide survey in Finland, the age-adjusted incidence rates increased for both sexes 
in Central Finland between 1992-1993 and 2002-2003 but no evident reasons for this 
trend could be presented.40

As in many previous studies, the incidence of hip fractures was higher in women than 
in men in the present study. The increased risk of sustaining hip fractures indoors and 
in institutions, even during a short stay, was also clear. Fall and fracture prevention 
programmes in institutions must be intensified because fracture rates in these settings 
were especially high. There is evidence that people with low care needs are mobile, 
and by default, expose themselves to riskier situations that result in falls.190 Hence, 
prevention should be focused on institutionalised older people requiring  lower levels 



 Discussion 53

of care, and measures should be implemented immediately after admission, because the 
risk of a hip fracture is highest during the first 3 months.190 Several means to prevent falls 
have been suggested, such as an adjustable bed height, antislip stockings, walking stick, 
appropriate lighting, pressure mats, and hip protectors.

6.3 Hip geometry and hip fracture type

In addition to BMD measurement, several variables of hip geometry are proposed 
to provide prognostic information on the risk of future fractures. The geometrical 
parameters of proximal femur in hip fracture patients were analysed in the present 
study. Trochanteric hip fractures may be related to severe osteoporosis mainly in the 
trabecular compartment, whereas cervical fractures may be associated with pelvic and 
hip geometry.95 NSA and FNAL were measured separately for cervical and trochanteric 
fractures from preoperative plain pelvic radiographs taken in clinical settings. Distributions 
of parameters and distributions of fracture types were also compared between sexes. No 
significant differences in NSA or FNAL were noted between the two hip fracture types 
in either sex. The ratio of cervical to trochanteric hip fracture was approximately 3:2 in 
both sexes. NSA was higher in men (mean 136°) than in women (mean 133º, p<0.001), 
and FNAL was longer in men (mean 101 mm) than in women (mean 93 mm, p<0.001). 
In theory, these geometrical findings are unfavourable for men when assessing the hip 
fracture risk; nevertheless, it is probable that other risk factors of hip fracture overcome 
this sex difference in hip geometry.

The clinical assessment of bone strength and hip fracture risk is currently based on 
measuring BMD with DXA. In a prospective population-based study, most fractures 
occurred in people without osteoporosis as defined by DXA (i.e., T score less than -2.5). 
12 Hence, it is necessary to develop more accurate tools and parameters for assessing hip 
fracture risk. In accurately standardised and calibrated circumstances, the combination 
of BMD and radiological measures of upper femur geometry improved the assessment 
of the risk of hip fracture and hip fracture type compared to BMD alone.193 In those 
settings, NSA was significantly larger in cervical hip fracture patients than in controls. 
HAL predicts hip fractures independently of age and BMD in older women.92 194 Unlike 
HAL, FNAL does not include the acetabular component of the pelvis. Although FNAL is 
the major component of HAL, its role as a risk factor for hip fracture is controversial.195 
FNAL was longer in cervical fractures of women than in trochanteric fractures in one 
study,196 but some other reports showed no difference.97 197 In clinical settings, there is 
yet no standardised method of measuring hip geometry and accurate measurements are 
difficult to obtain because the apparent femur neck length is position-dependent.197

Increased HAL and NSA are often considered independent risk factors for osteoporosis, 
but studies have demonstrated that this is not always the case. The exact mechanism 
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of how an increased HAL predicts a hip fracture is not clear, although it is thought to 
relate specifically to the shape and structure of the hip.87 194 One hypothesis is that HAL 
is a marker for the ability of the femur and/or pelvis to absorb the impact of a fall.91 
The contribution of NSA to the risk of hip fracture and fracture type may be caused by 
variations in the biomechanical environment.97 198 In primates (including humans), one 
study on the structural design of the femoral neck indicated that primates with a larger 
NSA have relatively lower cortical thickness in the inferior than in the superior part of 
the neck when compared to primates with a smaller NSA.199 This structural weakness 
combined with disadvantageous hip geometry results in a situation in which the thinned 
femoral neck cortex with high NSA is unable to resist bending stress, predisposing the 
neck to a greater fracture risk.199

Although the present study did not show an association between patient age and hip 
geometry, it has been reported that NSA tends to decrease during ageing.200 Interestingly, 
changes in hip geometry have been noted over time; medieval and contemporary hip 
anatomies were compared and, within approximately the last 1000 years, remarkable 
alterations of proximal femur macroanatomy (e.g., elongated femoral neck axis) were 
detected.201 These changes over time increase hip fracture risk especially when combined 
with osteoporosis.

Bone densitometry does not provide reliable estimates of a person’s true BMD. Hence, 
using BMD (measured by DXA) alone has been criticized to be a poor predictor of fractures 
in individuals.11 Overall evidence suggests that assessing hip geometry parameters can 
significantly improve the ability of identifying people at risk of fracture, but improved 
measurement software and more research are necessary to make measurements of hip 
geometry applicable in clinical settings.

6.4 Incidence of cervical hip fractures and mortality of cervical hip 
fracture patients

The vast majority of hip fractures occur in people aged 65 years or older; however, hip 
fracture patients are not a homogeneous group. Cervical and trochanteric hip fractures 
should be evaluated separately to increase both the knowledge and the future likelihood 
of preventing hip fractures.95 In the present study, the age-adjusted incidence of cervical 
hip fractures was 1.3-fold higher in women (364/100,000) than in men (271/100,000). 
Consistent with the present findings, the ratio of cervical to trochanteric hip fractures 
is commonly reported to be 3:2.40 202 In Central Finland, the proportion of cervical 
hip fractures constantly decreased over two decades: 75.4% in 1982-1983, 65.5% in 
1992-1993, and 60.5% in 2002-2003 and a similar trend was reported from Sweden 
and Norway.40 This changing epidemiology of hip fracture types may reflect a cohort 
effect where the exposure to site-specific aetiologic factors differs over time, because 
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the two fracture types have different risk factors; or it may simply be a consequence of 
the increasing mean age at hip fracture, because trochanteric fractures on average occur 
later in life than cervical fractures.203 

The overall mortality of cervical hip fracture patients in the present study increased from 
9.4% at 30 days after surgery to 39.5% at 3 years after surgery. The 1-year mortality of 
22.6% is quite similar to recent reports of rates of any type of hip fracture.159 The 10-
year survival rates are 42% in patients with cervical hip fractures and 24% in those with 
intertrochanteric fractures.172 The increased mortality immediately after hip fracture may 
result from a combination of comorbidity and the acute effects of the injury. The long-
term increased mortality is proposed to be largely due to comorbidity.204 The patients 
of the present study were mostly functioning well before sustaining a hip fracture: the 
majority of the patients (67.3%) were able to walk without a walking aid; furthermore, 
majority of the patients (58.1%) had only 0-1 comorbidity. Consistent with previous 
findings,152 higher mortality rates in men than in women were obvious in the present 
study. The reasons for this sex difference are unclear. In Satakunta, the mean life span of 
men is shorter than that of women and, in addition, men are more likely to suffer chronic 
lung disease, which was an independent predictor of excess mortality.  

Of the two risk factors of excess mortality identified in the present study, chronic lung 
disease is modifiable, but sex is not. Hence, any intervention should focus on patients 
with lung diseases. Such measures could include optimisation of lung physiotherapy and 
intensified broncholytic medication in patients with asthma, chronic obstructive lung 
disease, and emphysema. In Finland, smoking is more common in older men than in 
older women.205 Smoking cessation campaigns should be promoted, because smoking 
may have a particular role with regard to lung disease and postoperative complications, 
such as infection and wound healing. Also, smoking is associated with osteoporosis.206 
Smoking is considered a risk factor for hip fracture, because in addition to lowering 
the BMD and body weight, smoking decreases the levels of parathyroid hormone and 
25-hydroxyvitamin.207

Most of the hip fracture patients (65.8%) in the present study underwent surgery within 
2 days of admission. Delaying surgery did not influence mortality during the follow-
up. The effect of a surgical delay on mortality is controversial. The timing of surgery 
is typically decided on the basis of several factors including the patient’s pre-existing 
medical condition, the orthopaedic surgeon’s preference, and operating room availability. 
The results of a recent systematic review and meta-analysis indicated that delaying hip 
fracture surgery is especially harmful to patients at relatively low risk and to young 
patients.168 Definitive conclusions, however, were limited due to potential confounding 
factors in the observational studies. Moreover, it has been argued that surgical delay 
itself is not responsible for the increase in mortality. Patients whose surgery was delayed 



56 Discussion

could have been sicker on admission than others and they may have required more 
preoperative examinations to stabilise their medical condition; subsequently, they may 
have been more likely to die.168

Most of the cervical hip fractures (94.7%) in the present study were classified as displaced 
and 80% of the fractures were treated with arthroplasty. The type of surgical treatment 
was not associated with mortality during the follow-up. At present, there are a number 
of controversies concerning the methods used to treat displaced femoral neck fractures 
and the main problem is whether to reduce the fracture and to use internal fixation or to 
perform total or partial hip replacement arthroplasty.208 209 For displaced fractures, the 
results of hemiarthroplasty in worst cases are better than those of internal fixation in best 
cases.210 In Denmark, however, a register-based cohort study of more than 160,000 hip 
fracture patients showed significantly greater mortality in patients undergoing arthroplasty 
than in those undergoing osteosynthesis.144 Reasons for the difference were not clear, but 
arthroplasty is considered to be a potentially more extensive and complex procedure 
than osteosynthesis. Hemiarthroplasty is usually not as a complex procedure as total hip 
arthroplasty. On the other hand, according to a recent review, randomised trials showed 
that total hip arthroplasty is a cost-effective treatment with lower revision rates than 
internal fixation in patients with concomitant osteoarthritis, rheumatoid arthritis, or renal 
failure.211 In addition, total hip arthroplasty may also be superior to hemiarthroplasty in 
specific subgroups, but larger trials are needed to confirm this observation.

6.5 Effects of potent anticholinergics, sedatives, and antipsychotics on 
mortality after hip fracture surgery

Use of several cognition-impairing medications for somatic and mental disorders is 
common in older people: in the present study, 56% of women and 46% of men with 
hip fracture were using sedatives, antipsychotics, or potent anticholinergics. Taking 
potent anticholinergics was associated with excess mortality over both the short-term 
(30 days, 3 months, and 6 months) and long-term (3 years) in men, but not in women at 
any time-point. Use of these drugs was an independent predictor of excess mortality in 
men at 3 months and 3 years. Anticholinergic drugs in the present study included drugs 
for COPD (ipratropium bromide); urinary incontinence (oxybutynin and tolterodine); 
antipsychotics (e.g., chlorpromazine, thioridazine, melperone); tricyclic antidepressants 
(clomipramine, amitriptyline, doxepin); and other anticholinergics (e.g., metoclopramide 
and hydroxyzine).

Anticholinergic drugs block muscarinic receptors and thus reduce the effects of 
acetylcholine on the CNS and other target organs. Older people are particularly 
vulnerable, because of the mild but definite decline in cortical cholinergic 
neurotransmission associated with advancing age. The therapeutic potency of some 
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drugs (e.g., atropine for bradycardia, ipratropium bromide for bronchodilatation, 
and oxybutynin for overactive bladder) is based on their anticholinergic effects, 
but anticholinergic adverse activity is the most common cause of drug-induced 
confusion.212 In clinical settings, medication of older people should be very carefully 
managed, because many drugs other than classical anticholinergics have anticholinergic 
effects.213 Pharmacokinetics and pharmacodynamics change with advancing age; the 
half-life of many drugs is prolonged and drugs tend to accumulate, making older 
people particularly sensitive to the adverse effects of drugs.214 Moreover, the toxicity 
of anticholinergics and psychotropics in the CNS may be facilitated by the increased 
blood-brain barrier permeability in older age.215

Anticholinergic delirium is characteristically associated with agitated behaviour and 
visual hallucinations, and signs of peripheral autonomic anticholinergic toxicity (e.g., 
pupil dilatation, reddish dry skin, muscle twitches). Delirium is associated with a 
prolonged hospital stay and a high rate of discharge to institutional care; furthermore, 
hip fracture patients with cognitive disorders have an increased risk of death.216 The 
proportion of men with dementia in the present study was relatively low (15%). The 
diagnosis of dementia is, however, challenging and time-consuming which may result in 
oversight of the symptoms of dementia.217

The exact reasons for men’s susceptibility to potent anticholinergics remained unclear 
in the present study. Chronic lung diseases were more common in men (20%) than in 
women (8%). In men, chronic lung disease was an independent risk factor for excess 
mortality over both the short- and long-term. In general, smoking is more common 
in older men than in older women in Finland.205 One possible explanation for the 
excess male mortality is that men are more susceptible to the adverse anticholinergic 
effects in the peripheral system (decreased secretion in the airways) as well as in the 
CNS (impaired activities of daily living), leading to subsequent chest infection. After 
hip fracture surgery, infections, including pneumonia have been proposed to explain 
the higher mortality in men than in women.166 In addition to chronic lung disease, 
cardiovascular diseases predicted excess mortality in men at 6 months and 3 years 
after hip fracture surgery. Coronary heart disease may be more severe in older men 
than in older women which may partly explain men’s vulnerability to the adverse 
effects anticholinergics.

Cognitive disorders are common in older people and are often drug-induced.  
Combinations of both somatic and psychiatric medications can result in a significant 
anticholinergic burden. Hence, careful use of potent anticholinergics may reduce adverse 
outcomes, including mortality, and improve functional recovery after hip fracture surgery, 
especially in men. Drug-induced problems can be prevented by avoiding polypharmacy 
and adhering to the maxim of ‘start low and go slow’.213
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6.6 Mortality and cause-of-death in hip fracture patients

Hip fracture is considered an ‘international barometer of osteoporosis’, because hip 
fracture patients worldwide are almost always referred to hospitals and fracture, which 
is extremely unlikely to go unnoticed, is therefore routinely and accurately counted.218 
Hence, mortality after hip fracture represents the ultimate burden of osteoporosis for 
both the individual and society. In the present study, the overall 1-year postoperative 
mortality was 27.3%. Age-adjusted mortality after hip fracture surgery was higher in 
men than in women over the entire follow-up, up to 9 years. In the first half of the follow-
up, circulatory system disease was more commonly the cause of death in men than in 
women; in the latter half, dementia and Alzheimer’s disease were more commonly the 
cause of death in men. All-cause age- and sex-standardised mortality after hip fracture 
was 3-fold higher than that in the general population and the difference was obvious 
for each cause of death (i.e., malignant neoplasm, dementia, circulatory system disease, 
respiratory system disease, digestive system disease, and other).

Several studies report a sudden rise in mortality in the first 30 days after hip fracture, 
followed by a gradual decrease in the mortality rate. The exact moment when and 
whether the excess mortality (i.e., deaths due to hip fracture that might be prevented) 
related to hip fracture disappears and becomes similar to the general population’s rate is 
controversial and ranges from 3 months to as long as 10 years after the index fracture.219 
The difficulty in attributing excess death to the hip fracture per se relates to the fact that 
hip fractures tend to occur among older people who already have an increased risk of 
death from other causes.158 Hence, it is difficult to control for characteristics such as 
frailty and impaired health and functional status.

In the present study, circulatory system diseases were a more common cause of death in 
men than in women from 30 days to 3 years after hip fracture; dementia and Alzheimer’s 
disease were more likely the cause of death in men than in women at 7 years after 
hip fracture and at the end of follow-up. Preoperatively, however, circulatory system 
diseases were as common in men (62.1%) as in women (69.9%); women were more 
likely (28.6%) to suffer dementia and Alzheimer’s disease than men (14.6%). 

The role of comorbidities in hip fracture mortality is controversial. Regarding 
comorbidities, two different patterns of mortality were observed in a prospective study of 
hip fractures in women aged 70 years and older.220 Patients with pre-existing comorbidities 
and functional impairments experienced greater excess mortality soon after the fracture, 
which decreased significantly after 2 years and disappeared after 4 years. For patients 
without pre-existing comorbidities, the initial impact on mortality after the fracture was 
less pronounced; however, the excess mortality increased steadily for up to 5 years. One 
problem in defining the relation of comorbidities to excess mortality is that ascertaining 
how much the fracture and previous chronic illnesses contributed to the morbid sequence 
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of events that ultimately led to death depends on the pathophysiological models adopted 
by the researchers.219

The present study clearly showed the general long-term fragility of hip fracture patients, 
emphasising the importance of optimal long-term treatment of all major comorbidities 
postoperatively. In general, reducing mortality after hip fracture should begin with 
prevention. Efforts should be put into preventing falls instead of treating low BMD. 
Patients experiencing one fragility-related fracture are at increased risk for subsequent 
fractures.221 To reduce the morbidity and mortality after hip fracture, efforts are needed to 
identify the patients at increased risk (in the present study, men with circulatory system 
disease and dementia and patients with a cervical hip fracture) and to improve the treatment 
after discharge from the hospital. Specialist medical assessment and management of 
older people with hip fracture before and after surgery are also recommended.174 

Interventions such as nutritional supplementation and dietetic assessment, comprehensive 
multidisciplinary intervention programs, and in-hospital programs may improve 
outcomes, including mortality.222 223 The United States Office of the Surgeon General has 
stated that unless preventive interventions are undertaken, the number of hip fractures 
and their associated costs are projected to increase dramatically due to the ageing ‘baby-
boomer’ population.224 A similar trend is also probable in Finland, as the large post-war 
generations reach the age of increased risk for hip fracture. Although hip fracture is 
generally associated with poor outcomes, appropriate management can ensure optimal 
recovery and survival. 
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7. CONCLUSIONS

1. The age-specific incidence of surgically treated hip fractures was 2-fold higher in 
women than in men. Prior to the fracture, 91% of the patients managed activities 
of daily living independently and two in three patients lived at home. More than 
one in four hip fracture patients had sustained a previous fracture, which highlights 
the need for overall fracture prevention. Hip fractures occurred mostly indoors 
and often in institutions, even during short-term care. Measures for indoor safety, 
especially in institutions, should be implemented.

2. Using radiographs taken in routine clinical settings, NSA and FNAL were similar 
in both cervical and trochanteric hip fracture patients. Men had significantly 
higher NSA and FNAL than women, but age was not related to NSA or FNAL. 
The ratio of cervical to trochanteric hip fractures was approximately 3:2 in both 
sexes. To assess the role of hip geometry in fracture patterns, a more accurate 
and standardised measurement method than routine plain pelvic radiographs is 
needed.

3. The age-adjusted incidence of cervical hip fractures in women was 1.3-fold higher 
than that in men. Delayed hip fracture surgery was not related to mortality over 
the short-term or long-term. Chronic lung disease and male sex were independent 
predictors of excess mortality after hip fracture surgery. Of these, chronic lung 
disease is modifiable. Hence, chronic lung disease should be addressed in cervical 
hip fracture patients, especially in men.

4. Approximately half of the hip fracture patients were taking potent anticholinergics, 
sedatives, or antipsychotics when the fracture was sustained. In men, but not in 
women, taking potent anticholinergics was associated with excess age-adjusted 
mortality during the follow-up of 3 years. Cardiovascular disease and chronic 
lung disease were independent risk factors for excess mortality after hip fracture 
surgery in men. 

5. Almost one in three hip fracture patients died within 1 year after surgery. Age-
adjusted mortality was higher in men than in women during the follow-up of 7 
to 9 years. Men were more likely to die from circulatory disease and dementia 
than women. All-cause age- and sex-adjusted mortality after hip fracture surgery 
was 3-fold higher than that of the general population and excess mortality was 
related to every cause-of-death class. Optimal treatment of all major comorbidities 
postoperatively is essential to reduce mortality.
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