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 1A historical perspective

A proximal femoral fracture, or more commonly known as a hip fracture, is an injury 
with millions of cases around the world each year. It is a condition that is as old as 
humanity itself. From ancient civilizations to the modern era, the treatment of hip frac-
tures has undergone significant transformations driven by advancements in understand-
ing of anatomy, vascularization, anesthesia, infection control, and surgical implants (1). 
Before focusing on more current developments it can be interesting to look back to 
where the level of modern care, we are now used to, started:

In antiquity and the middle ages, hip fractures were almost exclusively managed nonop-
eratively, with methods such as immobilization, traction, and traditional bone-setting 
techniques (Figure 1). Hippocrates, the famous Greek physician, already mentioned 
techniques of immobilization and provided reduction through traction of femoral 
fractures using splints and bandages in his Hippocratic Corpus (2). He also, accurately, 
assumed that anatomical reduction and fixation of, what he called, ‘micromovements’ 
improves fracture healing (2, 3). While some fractures may have been caused by 
(violent) high-energy trauma, age-related fractures were more common than one would 
expect based on the low crude life-expectancy figures (4, 5). While infant and child 
mortality was generally high, if childhood was survived many people lived well into 
their sixties and even seventies. This would make them susceptible to age-related disease 
such as osteoporosis and associated hip fractures, in a surprisingly similar fashion to our 
modern times (6). While for many patients a hip fracture could mean complete loss 
of mobility and often a death sentence, there are examples of patients surviving and 
regaining mobility. One such examples is archaeological evidence found at an ancient 
cemetery near Erculam in southern Italy. Archeologists found remains of an older man 
who sustained a hip fracture somewhere between the first and second century AD (7). 
This ‘patient’ shows a healed fracture of the femoral neck that resulted in significant leg 
shortening. The right foot shows bony alterations that appear to have developed as a 
consequence. The severity of degenerative joint disease in the knee and ankle suggests 
that the injury occurred years before the man’s death and he regained (restricted) mobil-
ity in the period after the fracture. This case and other similar findings show that people 
could adapt to impaired mobility in the past using only rudimentary tools and available 
pain medication. Fracture healing and return of mobility was possible but only if they 
had people that could care for them and assist them during recovery and later life. For 
the less fortunate a hip fracture would mean loss of occupation, extreme poverty, and in 
many cases death secondary to severe complications. One could imagine that this was 
a very painful and lengthy process that forever changed, not only the patient’s life, but 
also the lives of the people around them. It shows the possible impact of (untreated) 
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hip fractures and how far we have come in the previous millennia, but also that some 
problems still remain similar. 

Later, during the late Renaissance and Enlightenment era, there was a resurgence of 
interest in anatomy and surgery, leading to modest improvements in fracture manage-
ment (8). Surgeons began to explore more invasive procedures, albeit with rudimentary 
tools and very high rates of mortality and complications. Invasive surgery mainly lim-
ited itself to treatment of infections trough amputation and the opening and drainage 
of cysts and abscesses. It was not until the Victorian era and early modern age with the 
invention of narcosis (“rendering patients unconscious to torture”) and later antiseptics 
and antibiotics that more complex operations could be conducted and the first experi-
ments using the scientific method started to take place (1, 8, 9). After implementation 
of these advancements, progress moved in quicker succession and various types of 
implants were development since the start of the twentieth century. Many advances in 
orthopedic and trauma surgery were made during or shortly after both Worlds Wars. 
Examples are the first intramedullary nails by Gerhard Küntscher (1939), hemiarthro-

Figure 1: The Scamnum or Hippocratic bench.
It was used to treat various types of fractures, including femoral fractures and was a forerunner of more 
modern traction and bone setting devices. 
Painting by H.M. Hayman, 1923, Wellcome collection London
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 1plasty devices by Austin Moore (1939), sliding hip screws by Ernst Pohl (1951), and 
low friction total hip replacement by John Charnley (1962), eventually leading to the 
diverse hip fracture care we know today (10, 11). These historical changes show the 
constant drive for improvement and refinement of our hip fracture care, with each new 
finding creating new possibilities and shifting the goals of both care and research. 

The global hip fracture epidemic

Although hip fractures were already a common occurrence, the previous century saw 
a huge increase in life-expectancy in industrialized countries. As people aged, the in-
cidence rate of age-related diseases increased. This led to an increase of conditions like 
cancer, cardiovascular disease, and importantly osteoporosis (12, 13). Osteoporosis is 
characterized by a low bone density, microarchitectural disruptions, and skeletal fragil-
ity, resulting in decreased bone strength and an increased risk of fractures (14, 15). 
Osteoporosis and increased fall risk in older patients are the most important risk factors 
for hip fractures (16). Despite large scale fall prevention campaigns, and early treatment 
and detection of osteoporosis, hip fracture incidence rates worldwide increased to an 
estimated 182 per 100,000 person years in 2019, and Are expected to increase even 
further in many countries (17-19). Due to these large increases in incidence rates, hip 
fractures have become one of the leading causes of disability and mortality in the elderly 
population worldwide (19, 20). In the Netherlands specifically, the absolute number 
of hip fractures doubled between 1981 and 2008 in patients over 65 years (21). In 
addition to their effect on individual quality of life and mortality, hip fractures are a 
substantial drain on resources, in both health care costs and associated indirect costs 
(22, 23). Previous research also found a worrying increasing trend among the oldest age 
groups (80+ years) and forecasted a relative increase in the number of fractures among 
the male population (21). More than a decade later this poses the question whether we 
can expect the ‘global hip fracture epidemic’ to persist in the Netherlands or have we 
already passed its peak?
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Figure 3: Trochanteric fracture subtypes as classified by the AO classification
Copyright by AO Foundation, Switzerland.

The second most frequent type of hip fracture, about 40% of all hip fractures, is the 
trochanteric fracture (21, 24). This fracture is most commonly classified using the AO/
OTA classification. This classification distinguishes three types of trochanteric fractures 
(Figure 3). The stable two-part fracture (31-A1), unstable multi-fragmentary fracture 
(31-A2), and unstable intertrochanteric reverse obliquity fractures (31-A3). Treatment 
options include extramedullary fixation, using a type of sliding hip screw, or intramed-
ullary fixation, using one of the various types of intramedullary nails (Figure 4). While 
intramedullary fixation is the clinically and scientifically favored approach for type A3 
fractures (29), the best approach for type A1 and A2 fractures is less clear. Several inter-
national guidelines advise extramedullary fixation for A1 fractures and consider both 
extra- and intramedullary fixation as a viable option in A2 fractures (29-31). Intramed-
ullary devices can cost well over $1000 more than extramedullary options, depending 
on the specific device and individual hospital contracts. Extramedullary fixation, or 
more specifically dynamic/sliding hip screw is therefore likely the most cost-effective 
implant (32, 33). With the high volume of trochanteric fractures fixated each year, 
choosing a less expensive implant could make a significant difference. While the Dutch 
and British guidelines favor extramedullary fixation for A1 fractures for this reason, the 
American guideline considers both fixation types equally suitable. Older literature dis-
couraged intramedullary devices due to a higher failure and reoperation rates (34). 
While more recent studies report improving outcomes for intramedullary fixation, the 
increasing trend of intramedullary fixation may be caused by other factors than clinical 
data alone (35-39). Despite the fact that the optimal device for both type A1 and A2 
fractures remains a topic of debate, in recent years the use of intramedullary fixation has 
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even risen to up to 90% in the U.S. (37, 38). Although superiority of intramedullary 
devices remains questionable a similar increasing trend is expected in the Netherlands. 
This increase would be contrary to the current guidelines, that advise the most cost-ef-
fective approach: extramedullary fixation.

Subtrochanteric fractures are located up to 5 cm distal from the lesser trochanter and 
occur in an area between trabecular and cortical bone where high levels of mechanical 
stress can occur (40, 41). Subtrochanteric fractures account for only 3-4% of all hip 
fractures in the Netherlands (42). They are a less frequently studied subtype of hip 
fractures and the few studies into their epidemiology mention a bimodal age distribu-
tion with a peak in adolescence, due to high energy trauma, and a peak at older age, 
due to osteoporosis related fractures (43, 44). These international studies also men-
tion increasing incidence rates and a possible association with bisphosphonate usage. 
Whether these findings are also true for the Dutch population is currently unknown. 

Intramedullary fixation using a dynamic hip screw (left) and intramedullary fixation using a type of 
intramedullary nail (right). 
Copyright by AO Foundation, Switzerland.
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 1Nonoperative management in frail older adults

For all these fracture types the best path of action has historically changed through 
the availability of new implants, operative techniques, and recovery pathways. These 
changes are set in motion by changes in the general paradigm of what we think is ‘qual-
ity of care’. From internal fixation of the fracture, minimizing complications, to regain-
ing pre-trauma function, and so on. The definition of quality of care is dynamic and 
changes based on scientific and technological advancement, time periods, or societal 
norms (45). Since the beginning of this millennium, authority-based practice changed 
to evidence-based practice. During this decade, one of the prominent changes is the 
change from a main focus on quality aspects central to the medical professional (e.g. 
complications, success rates, scientific evidence on a population basis/evidence-based 
practice, and professional expertise) towards including quality aspects central to the 
individual patient (e.g. individual needs/wishes, patient experiences, and perceived 
quality of life), and society as a whole (cost of treatment, environmental issues and 
relative shortage of health care personnel). What a healthcare provider thinks is the 
best treatment and associated outcome, can often differ entirely from what a patient 
prioritizes or what society can spend and deliver. The traditional quantitative research is 
supplemented with qualitative research, healthcare economics, and patient experiences. 
Scientific outcomes are becoming not only a basis for development of new treatment 
guidelines for doctors but also a basis for exploration and explanation of pro’s and cons 
of treatment options together with patients. Diagnosis with disease X does not mean 
treatment A, but a careful discussion of treatment A, B, and C. Where C can also mean 
conservative treatment or refraining from further treatment, despite this not being the 
scientifically proven ‘best’ treatment option with the longest survival or smallest chance 
of complications in large populations.

One of the major novelties in this paradigm within trauma surgery is the ascent of 
nonoperative management hip fractures in geriatric hip fractures patients with a short 
life-expectancy. While a frequent occurrence in older adults and a routine operation for 
many (orthopedic) trauma surgeons, complication rates and mortality are high after 
a geriatric hip fracture (46-48). A hip fracture in a frail older adult is often an indica-
tion for an approaching end of life. Advanced age, multiple comorbidities, and severe 
mobility limitations are important risk factors for early post-operative mortality after 
a hip fracture (49, 50). Studies show that >30% of patients die within one year post 
hip fracture, with six-month mortality rates in older adults with dementia exceeding 
55%, often with low quality of life in the months preceding death (47, 51, 52). These 
patients, in their final phase of life, do not benefit from an operative treatment that 
aims to restore mobility. Often they benefit far more from supportive (palliative) care in 
a familiar environment. Based on this insight, a shift is occurring in clinical approach, 
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emphasizing the importance of individualized care plans focused on optimal quality of 
life (53, 54).

Consequently, a relatively new development in the treatment of hip fractures is the re-
turn of nonoperative management. This is not the conservative treatment using traction 
and immobilization, from the ancient times mentioned in the first paragraphs of this 
introduction. Nonoperative treatment in modern medicine, is treatment focused on 
achieving the best possible quality of life and dying in frail older adults with hip frac-
tures. A recent study, the FRAIL-HIP study, has demonstrated that in a select group of 
very frail older adults, health-related quality of life is non-inferior for patients who opt 
for nonoperative treatment than in patients who opt for operative treatment (52, 55). 
While survival was shorter in the nonoperative group, proxies and caregivers reported 
a high treatment satisfaction and quality of dying in both groups. Though not the 
leading motive for development of this treatment option, nonoperative management 
was also associated with lower costs, leading to a lower burden for both the patient 
and society (56). However, this is not a good option for every frail patient. The key 
in choosing the right treatment after admission to the hospital lies in well conducted 
shared decision making. Previous research reported that some of the most important 
aspects in comfortable palliative care for hip fracture patients are control of pain, easy 
access to- and communication with your loved ones and a calm and peaceful moment 
of dying (57). Other studies also identified maintaining quality of life (over prolonging 
of life) and being with family as more important goals of care than hospital admission 
and intensive rehabilitation for frail patients (with dementia) (54, 58). It is important 
for medical professionals to be able to guide a patient and their family through the 
decision process. Combining information about treatment options with the expecta-
tions and wishes for the final stages of life. 

Until recently, a major limiting factor for this was the availability of a scientific basis for 
nonoperative management and the common perspective that ‘palliative surgery’ was the 
only ethical treatment option (59). Since the publication of the FRAIL-HIP study and 
linked projects, many hospitals have declared interest in- or started implementing non-
operative management in their regular hip fracture care for specific patients. However, 
there are still many hurdles towards effective and uniform nationwide implementation. 
Several of the many questions under consideration are: should some groups of very frail 
patients even be sent to the hospital or should nonoperative treatment be started with-
out the hassle of hospitalization and diagnostics if this does not align with their priori-
ties for the final phase of life or pre-existing advance care plans?; when these patients are 
admitted, what diagnostics should be performed to aid in the decision process?; and by 
who, how, and where should the shared-decision making process be conducted? 
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 1General aim 

In addition to providing an epidemiological overview of hip fractures in the Nether-
lands, this thesis aims to aid physicians in answering two questions often asked when 
treating patients with hip fractures: “What is the superior method of fixation for tro-
chanteric fractures?” and “How to best approach and treat a frail older patient with a 
hip fracture?”. 

Outline of  this thesis

Chapter 1 provides a general introduction to the topic. The current hip fracture care 
is placed in a historical perspective, the most prevalent types of fractures are explained, 
and the most common types of fixation are described, followed by an overview of recent 
developments in nonoperative treatment of frail older adults with hip fractures. 

Part I of this thesis focusses on the epidemiology of hip fractures. As our population 
ages the absolute number of hip fractures is expected to increase. Chapter 2 discusses 
the epidemiology and costs of femoral neck and trochanteric hip fractures in the Neth-
erlands between 2000 and 2019. It also describes changes over time in hospital length-
of-stay, trauma mechanism, and years lived with disability. This analysis is repeated in 
Chapter 3 for a less studied and less common type of hip fracture, the subtrochanteric 
fracture. 

Trochanteric fractures, one of the two most common subtypes, are usually fixated us-
ing an extramedullary or an intramedullary approach. The best approach for fixation 
of these fractures is a continuing point of discussion among surgeons. Part II of this 
thesis focusses on selecting the best approach for fixation of stable and unstable tro-
chanteric hip fractures. Chapter 4 compares recent literature on current extramedullary 
and intramedullary fixation devices in stable trochanteric fractures (AO type 31-A1). It 
makes this comparison for functional outcomes, complications, and surgical outcomes/
operation characteristics and determines which device category should be favored based 
on the pooled results. While the balance in recent studies seems to be leaning towards 
intramedullary fixation, the question of device superiority can also be asked for, specifi-
cally, unstable (AO type 31-A2) trochanteric fractures. Chapter 5 assesses this question 
with a systematic review and meta-analysis on functional outcomes, complications, and 
surgical outcomes/operation characteristics for unstable trochanteric fractures. On an 
international scale many surgeons opt for intramedullary fixation of stable trochanteric 
fractures. To assess the situation in the Netherlands, Chapter 6 compares device usage 
and outcomes for extramedullary and intramedullary fixation for stable trochanteric 
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fractures in several high volume Dutch hospitals using data from the Dutch Hip Frac-
ture Audit. 

Part III of this thesis focuses on the treatment of frail older adults with hip fractures. 
Often a decision has to be made between operative management or nonoperative (pal-
liative) management. For some institutionalized patients with a limited life expectancy 
the question remains whether they should be admitted to the emergency department 
with a suspected hip fracture for further diagnostics or if the decision for nonoperative 
treatment should take place in the institution where they are living. Chapter 7 com-
pares the treatment satisfaction and outcomes of nonoperatively treated patients that 
were admitted to the hospital with patients that remained in the institution where they 
resided and received nonoperative treatment for their suspected hip fracture there. 

 When patients are admitted, an extensive diagnostic process is frequently started. 
Chapter 8 describes the number of diagnostic tests performed and discusses the value 
of these tests after a frail hip fracture patient is admitted to the emergency department. 
After a hip fracture diagnosis, shared decision making is the corner stone in proving 
patients with the best care that fits their wishes and expectations for the final stages of 
life. It is often unknown how to best approach such a difficult discussion and in which 
patient population the option of nonoperative management should be discussed. To 
guide physicians and patients in this decision, Chapter 9 proposes a study protocol for 
a nationwide implementation of shared decision making on operative and nonoperative 
treatment for select frail hip fracture patients with a limited life expectancy. To bet-
ter tailor the decision making process and information provided to patients’ wishes, 
Chapter 10 describes a mixed-methods analysis of patients’ and proxies’ satisfaction 
and views on the shared decision making process around operative and nonoperative 
management after a hip fracture in frail older adults, parallel to the nationwide imple-
mentation efforts.

Part IV of this thesis contains Chapter 11 with the general discussion and future per-
spectives and Chapter 12, that summarizes the main findings of the included works in 
both Dutch and English. 
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Abstract

Purpose
The aim of this nationwide study was to provide an overview of the incidence rate and 
economic burden of acute femoral neck and trochanteric fractures in The Netherlands.

Methods 
Data of patients who sustained acute proximal femoral fractures in the period January 
1, 2000, to December 31, 2019, were extracted from the National Medical Registration 
of the Dutch Hospital Database. The incidence rate, hospital length of stay (HLOS), 
health care and lost productivity costs, and years lived with disability (YLD) were calcu-
lated for age- and sex-specific groups.

Results
A total of 357,073 patients were included. The overall incidence rate increased by 
22% over the 20-year study period from 16.4 to 27.1/100,000 person-years (py). 
The age-specific incidence rate in elderly > 65 years decreased by 16% (from 649.1 to 
547.6/100,000 py). The incidence rate in men aged > 90 has surpassed the incidence 
rate in women. HLOS decreased in all age groups, hip fracture subtypes, and sexes from 
a mean of 18.5 to 7.2 days. The mean health care costs, over the 2015-2019 period, 
were lower for men (€17,723) than for women (€23,351) and increased with age to 
€26,639 in women aged > 80. Annual cumulative costs reached €425M, of which 73% 
was spent on women.

Conclusion
The total incidence of hip fractures in The Netherlands has increased by 22%. Although 
incidence in the elderly population is decreasing and HLOS is at an all-time low, the 
burden of medical costs and crude numbers of proximal femoral fractures are still rising 
in our aging population. 
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Introduction

Proximal femoral fractures are one of the leading causes of disability and mortality in 
the elderly population worldwide (1, 2). Due to an aging population, the burden of 
disease is expected to increase further in the upcoming decades (3-5). 

Proximal femoral fractures are generally subdivided into three subcategories: femoral 
neck, trochanteric, and subtrochanteric/proximal shaft fractures (6, 7). Proximal 
femoral fractures are most common in female and elderly patients. The elderly mainly 
sustain a hip fracture after a simple fall and these fractures are often associated with 
osteoporosis. Less than 10% of hip fractures occur in adults aged <50 years (8, 9). 
Fractures in the younger population are often associated with chronic, endocrine or 
neurological diseases, or high-energy trauma (10).

Hartholt et al. reported that between 1981 and 2008, the absolute number of hip frac-
tures in the Netherlands doubled in patients aged 65 years or older (11). The incidence 
rates of hip fracture-related hospital admissions increased with age and the age-adjusted 
incidence rate increased from 52.0 to 67.6 per 10,000 persons per year. During the 25-
year study, the total number of hospital days was reduced by a fifth, due to a reduced 
admission duration in all age groups. This study, however, also showed a worrying 
increasing trend of fracture incidence in men over 80 years, one of the fastest growing 
segments of aging societies, and forecasted more growth in fractures in this segment of 
the population. More than a decade later, this poses the question of whether we have 
adequately stemmed the trend by providing better care and more effective prevention 
measures and having more experience treating an aging population. Can we expect this 
epidemic of hip fractures to continue or have we already passed the peak?

No recent epidemiological analysis of the Dutch hip fracture population, in the last 
decade, has been published and few studies publish data on specific fracture locations. 
Population-based knowledge on the occurrence of specific fracture types and age groups 
is essential for the allocation of health care services, optimization of preventive measures, 
and providing a more accurate forecast for the future. The aims of this study were to 
examine long-term population-based trends in the incidence rate, trauma mechanism, 
and hospital length of stay and to assess the current health care costs, lost productivity 
costs, and years lived with disability for patients with femoral neck or trochanteric hip 
fractures, admitted to a hospital in the Netherlands between 2000 and 2019.
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Methods

In this retrospective epidemiological study data were collected for patients admitted 
to a hospital in the Netherlands with a hip fracture in the period January 1, 2000, 
up to and including December 31, 2019. The methods are similar to previous studies 
(12-15). Injury cases were extracted from the National Medical Registration (LMR) of 
the Dutch Hospital Database (DHD), Utrecht, the Netherlands. The DHD collects 
hospital data from all hospitals in the Netherlands with a uniform classification system 
and has an almost complete national coverage (missing values < 5%, except in 2007 
12%). These figures were extrapolated by the Netherlands knowledge center for injury 
prevention (VeiligheidNL) to full national coverage for each year. An extrapolation fac-
tor was estimated by comparing the adherence population of the participating hospitals 
with the total Dutch population each year using the population data obtained from 
Statistics Netherlands (16). Patients are included in the LMR for their main diagnosis at 
discharge, defined by the International Classification of Diseases (ICD) 9th and (since 
2010) 10th revision. Codes for hip fractures are presented in Supplementary Table S1. 
Injuries include both traumatic and pathological fractures. This study mainly focused 
on the femoral neck and trochanteric fracture subtypes. Subtrochanteric fractures were 
considered a separate entity within the hip fracture population, with a different age 
distribution and larger proportion of high energy and pathological fractures (17). Sub-
trochanteric fractures, 3.9% of proximal femoral fracture in the 20-year study period, 
were therefore excluded from the analysis. 

The study was exempted by the local Medical Research Ethics Committee Erasmus MC 
(MEC-2022-0326)

Outcome measures and analysis

Incidence rates
Age- and sex-specific incidence rates were calculated in 5-year age groups for each year 
of the study. Due to low incidence rates in the age groups below 50 years, those groups 
were combined in 0-24 and 25-50 years. Incidence rates were standardized for age (per 
age group) and sex using a direct standardization method, as used in previous studies 
(12). In short, the age- and sex-specific incidence rates per 100,000 person years were 
calculated based on the Dutch mid-year standard population (calculated using the for-
mula ((N2005 + N2019)/2). In 2013 there was a change in diagnosis registration systems, 
leading to a decrease in registration numbers for this year and, to a lesser degree, the 
following 2 years.
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Trauma mechanism and hospital length of  stay
Data regarding hospital length of stay (HLOS) and trauma mechanism were extracted 
from the LMR database for the previously mentioned age groups. Trauma mechanisms 
were categorized as “fall due to all causes” versus “other”. Fall included both domes-
tic accidents (fall from person-height or fall from stairs) and non-domestic accidents 
such as fall from a bicycle or fall from height. To assess trends in HLOS and trauma 
mechanisms over time, the mean HLOS and percentage of trauma mechanisms were 
averaged over 5-year intervals from 2000 to 2019. Cumulative HLOS was calculated by 
multiplying the means per case with the total number of cases. 

Health care costs and loss of  productivity
To assess the current health care costs and loss of productivity, data on patient numbers 
and health care use were retrieved from the LMR database for 5-year age categories 
and males and females separately. These were supplemented with data from a patient 
follow-up survey with questions relating to health care use outside the hospital, work 
absence, and health-related quality of life (HRQoL) using the EQ-5D questionnaire, 
conducted in a random sample of patients at 2.5, 5, 9, and 24 months after injury 
(18). The Dutch Burden of Injury Model was used to assess the health care costs of 
injury (15, 19, 20). Health care costs of injuries were calculated by multiplication of 
the incidence, health care volumes (e.g., length of stay in hospital or institution, the 
number of outpatient visits, general practitioner visits, home care hours, and physical 
therapy treatments), and unit costs (e.g., costs per day in hospital). National guidelines 
for health care costing were used to estimate unit costs (21). Medical costs included 
ambulance care, in-hospital care, general practitioner (G.P.) care, home care, physical 
therapy, social support care, and rehabilitation/nursing home care.

Productivity costs were defined as the costs associated with production loss and replace-
ment due to illness, disability, and premature death (22). Loss of productivity costs were 
assessed using data from the LMR and a patient survey on health care use as described 
previously (15, 18, 23). To estimate costs for productivity loss for all patients aged 
15-64 years the absenteeism model was used. Additionally, the friction cost method 
was used because healthcare needs are most substantial in the first year after injury 
for the majority of injuries (24). To calculate the annual costs, data were averaged for 
the 2015-2019 period. For all cost calculations 2019 was used as the index year. Costs 
were calculated for the previously mentioned age-categories and for males and females 
separately. 

Years lived with disability
The number of years lived with disability (YLD) was calculated as described previously 
(12, 15, 21). HRQL was assessed using the EQ-5D questionnaire, mentioned above 
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(18). The YLD was obtained by linking the incidence data (subdivided into injury 
diagnosis groupings) with disability information which is the proportion of injury cases 
with lifelong consequences, and injury-specific disability weights of temporary and 
lifelong consequences. The disability weights were derived from empirical follow-up 
data on the health-related quality of life of individual trauma patients and adjusted for 
population norms, age, and gender (18, 25). The disability weight reflects the impact of 
a health condition in terms of health-related quality of life; it has a value ranging from 
1, indicating the worst imaginable health state, to 0, indicating full health (25). To 
assess the trends over time, data were averaged over 5-year intervals from 2000-2019. 
Data were calculated for the previously mentioned age categories and for males and 
females separately. 

Available data did not allow for extrapolation of costs and YLD for hip fracture sub-
types. Analyses for both costs and YLD were all performed for the combined fracture 
population including femoral neck and trochanteric fractures. 

Results

Incidence rates
Between 2000 and 2019, 357,073 patients were admitted with a femoral neck 
(224,307) or trochanteric fracture (132,766) in the Netherlands. Figure 1A,B shows 
the total number of femoral neck and trochanteric fractures per year. During the study 
period, the total number of femoral neck and trochanteric fractures shows an increasing 
trend for both sexes. 

Figure 1C,D shows the incidence rates per 100,000 person years (py) for both fracture 
locations. In femoral neck fractures, men showed an increasing trend (35.7/100,000 
py in 2000 to 53.0/100,000 py in 2019), while the incidence in women remained 
relatively constant over time (96.8/100,000 py in 2000 to 96.2/100,000 py in 2019). 
Trochanteric fracture incidence increased both in men (from 16.4 to 27.1/100,00 py) 
and in women (from 48.4 to 64.1/100,000 py). Overall this amounts to an increase of 
22% in incidence rate across both subtypes of fractures over the 20-year period (99.1 to 
120.5/100,000 py). 

Despite this overall increase in incidence rate, the elderly of 65 years and older (Table 
1) display a different trend. In this subgroup, incidence even decreased by 16% overall 
(from 649.2 per 100,000 py in 2000 to 547.6 per 100,000 py in 2019). This can pri-
marily be attributed to a decrease in female >65 years fracture incidence 850.0 to 706.5 
per 100,000 py (-17%) versus 358.5 to 362.5 per 100,000 py (0.1% increase) for males. 
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Figure 1: Patient numbers (A and B), incidence rate (per 100,000 person-years) (C and D), and age-
related incidence (per 100,000 person-years) (E and F) of femoral neck fractures (A, C, and E) and 
trochanteric fractures (B, D, and F) in the Netherlands in the years 2000-2019
Data are shown for all patients (green) and for males (blue) and females (red) separately. For Figures E and 
F, data are averaged over 5-year periods (i.e., 2000-2004, 2005-2009, 2010-2014, and 2015-2019) and are 
shown for 0-24 years, 25-50 years, and subsequently in 5-year age groups up to and including 90+.
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In the same time period the incidence rates of femoral neck fractures in all patients >65 
years decreased by 23% (431.5 to 332.4 per 100,000 py), where trochanteric fracture 
rate decreased by only 1.1% (217.7 to 215.2 per 100,000 py).

Figure 1E,F shows the age-specific incidence rate for the four consecutive 5-year time 
periods of the study. Incidence rates increase with age for both fracture types, but 
the increase becomes less prominent over time. However, in femoral neck fractures, 
incidence rates for men in the highest age group (2015-2019; 90+ years) have sur-
passed incidence in women (men 1,470/100,000 py versus women 1,386/100,000 py). 
While age specific incidence rates have decreased over time in femoral neck fractures, 
in trochanteric fractures, an increase in incidence rate could be seen up to 2010 in the 
highest age group in men, after which incidence rates stop increasing and seem to have 
plateaued in the most recent years. The overall incidence in trochanteric fractures has 
slightly decreased in the most recent five-year period in both sexes. 

Trauma mechanism
The proportion of patients sustaining a femoral neck or trochanteric fracture due to 
a fall increased with age from 65.0% and 62.5% in the 0-24 age group to 97.3% and 
98.0% in the 90+ age group for femoral neck and trochanteric fractures, respectively 
(Supplementary Figure S1). This effect remained fairly constant over time in the 4 study 
periods. During the entire study period, the proportion of falls was consistently slightly 
higher in women than in men, except for the youngest age group. In the 0-24 year age 
group in 2015-2019, men show a notably larger fall percentage than women for both 
fracture types (femoral neck: 73.8% versus 67.9%, trochanteric: 65.5% versus 42.9%).

Table 1: Age related incidence rates (per 100,000 person-years) of femoral neck and trochanteric frac-
tures for both sexes in 2000 and 2019

Age group Femoral neck Trochanteric

2000 2019 2000 2019

Males Females Total Males Females Total Males Females Total Males Females Total

Incidence rate1

< 50 years 5.2 2.9 4.0 5.7 2.5 4.1 2.2 0.9 1.6 2.5 0.9 1.7

> 50 years 111.2 289.9 207.3 127.6 230.0 180.6 51.3 146.0 102.2 65.7 154.4 111.6

> 65 years 245.8 559.7 431.5 239.2 412.5 332.4 112.7 290.3 217.7 123.4 294.0 215.2

> 80 years 759.8 1,239.0 1,094.1 673.8 911.3 819.7 353.5 751.9 631.4 357.2 769.7 610.7

Total 35.7 96.8 66.6 53.0 96.2 74.8 16.4 48.4 32.5 27.1 64.1 45.7

1Incidence rates per 100,000 person-years
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Figure 2: Age-related hospital length of stay per case (A and B), total hospital length of stay (C and 
D), direct medical costs, indirect medical costs, and loss of productivity costs per case (E and F), and 
total population costs (G and H)
Data are averaged over 5-year periods (i.e., 2000-2004, 2005-2009, 2010-2014, and 2015-2019) and are 
shown for 0-24 years, 25-50 years, and subsequently in 5-year age groups up to and including 90+. HLOS 
data is shown for the cervical neck (A and C) and trochanteric (B and D) fracture subgroups separately with 
blue for male and red for female patients. Costs data is shown for the combination of both fracture types 
and is split between males (E and G) and females (F and H). Costs described are mean annual costs per case 
(E and F) and annual total population costs (G and H) over the 2015-2019 period. 
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Hospital length of  stay 
Hospital length of stay in four consecutive five-year periods for both fracture categories 
is shown in Figure 2. Mean HLOS per patient (Figure 2 A,B) has decreased over time 
for both fracture types, from an overall mean of 18.4 days in 2000-2004 to 7.2 days 
in 2015-2019. The magnitude of this decrease is declining in the more recent time 
periods. In the most recent time period (2015-2019), the mean HLOS per case was 
similar in femoral neck fractures (7.0 days) and in trochanteric fractures (7.5 days). For 
both fracture types, HLOS increased with age up to the 85-89 age group and decreased 
slightly in the 90+ age group. The mean HLOS per patient in 2015-2019 is similar in 
men (7.3 days) and in women (7.2 days). 

Total HLOS due to femoral neck and trochanteric fractures (Figures 2C,D) increased 
with age following the incidence trends and, correspondingly, decreases in more recent 
cohorts. Total HLOS per year (Table 2) in the 2015-2019 cohort is higher in femoral 
neck fractures (86,439 days), than in trochanteric fractures (56,363 days). In this time 
period, total HLOS per year for women (95,478 days) was two times higher than in 
men (47,324 days).

Table 2: Age related yearly hospital length-of-stay (HLOS) per case and total yearly HLOS for femoral 
neck and trochanteric fractures for both sexes in 2015-2019

Age group Femoral neck Trochanteric

Males Females Total Males Females Total

HLOS per case

< 50 years 3.90 4.18 3.98 4.83 5.06 4.88

> 50 years 7.36 7.05 7.16 7.72 7.51 7.57

> 65 years 7.83 7.32 7.48 7.97 7.59 7.69

> 80 years 8.43 7.78 7.98 8.37 7.70 7.85

Total 7.12 7.01 7.05 7.54 7.49 7.50

HLOS total

< 50 years 1,205 510 1,715 686 204 890

> 50 years 29,649 55,074 84,723 15,784 39,690 55,473

> 65 years 26,639 51,264 77,903 14,039 37,910 51,949

> 80 years 16,317 33,986 50,303 8,728 28,203 36,932

Total 30,855 55,584 86,439 16,470 39,894 56,363

HLOS, Hospital length-of-stay
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Health care costs and lost productivity
The annual health care costs in the period 2015-2019 were €425M. These costs can 
be split into €116M (27%) for men and €310M (73%) for women. An overview of 
costs per case (E-F) and total population costs (G-H) is shown in Figure 2. The mean 
health care costs per case are €17,723 for men and €23,351 for women (Table 3). For 
both sexes costs per patient increased with age, this increase was more prominent in 
women (up to a maximum at >80 years of €21,162 for men and €26,639 for women). 
Total healthcare costs also increase with age and peak at 85-89 years for both sexes. 
The main cost driver is rehabilitation/nursing care, with up to €7,958 per case for men 
versus up to €12,789 per case for women (Table 4). Costs per case <50 years were 
substantially lower for both sexes (mean €7,638) than in the >50 year age groups, and 
increase evenly with increasing age. Costs in the <50 age group make up only 1.1% 
(€4.6M) of the cumulative yearly costs, with patients >80 making up 65.1% (€277M) 
of the cumulative yearly costs.

Between 2015 and 2019, an annual average of 860 (13.1% of total) men and 641 
(4.8% of total) women suffered work absenteeism due to their hip fracture, with a 
mean duration of absence per case of 402 days in males and 472 days in females. Costs 
per case due to lost productivity were slightly higher for females (Figure 2E, F), with a 
mean of €20,366 for men and €21,240 for women. The total costs of lost productivity, 
due to both types of fracture were higher in men (annual total of €17.5M) than in 
women (annual total of €13.6M) (Table 4). The total combined health care and loss of 
productivity costs amounted to €456M and increased with age following the pattern of 
incidence (Figure 2G,H). Loss of productivity makes up only 6.8% of this total num-
ber. Men have a lower total combined cost per patient than women (€20,408 versus 
€24,379). Due to higher incidence rates, women also had substantially higher total 
costs for health care and lost productivity combined (€323M) than men (€133M).
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Years lived with disability

YLD per case declined approximately linearly with age from 4.2 years in the 0-24 age 
group to 0.59 years in the 90+ age group, with a mean of 1.3 years (Supplementary 
Figure S2). This decline seemed unrelated to sex, although YLD for women was higher 
than for men, especially in the 0-24 age group (5.1 versus 3.7). Total YLD increased 

Table 4: Direct and indirect costs per case and for complete population by gender

Cost determinant
Costs/case (€)

Male Female 

Total Costs (€) Costs/case (€) Total costs (€)

Direct costs Ambulance care 777 5,046,216 812 10,768,460

Hospital care 6,236 40,672,488 6,367 84,397,984

Rehabilitation/Nursing care 7,958 51,897,250 12,789 169,533,298

Home care 2,105 13,730,496 2,654 35,175,664

Physical therapy 560 3,651,784 635 8,420,506

G.P. care 87 566,492 94 1,247,210

Total direct costs 17,723 115,582,726 23,351 309,543,122

Indirect costs Productivity loss1 20,366 17,511,129 21,240 13,618,093

Total costs Total costs2 20,408 133,093,855 24,379 323,161,215

1Only for population with loss of productivity
2Average for the complete population including patient with and without loss of productivity
GP, general practitioner

Table 3: Yearly age related medical costs per case and cumulative medical costs for femoral neck and 
trochanteric hip fractures in males and females in 2015-2019

Age group Males Females Total

Costs per case (€)

< 50 years 7,366 8,394 7,638

> 50 years 18,492 23,537 21,939

> 65 years 19,886 24,652 23,218

> 80 years 21,162 26,639 25,158

Total 17,723 23,351 21,495

Cumulative costs (€)

< 50 years 3,333,144 1,363,150 4,685,294

> 50 years 112,260,582 308,179,972 420,440,554

> 65 years 102,706,682 295,921,622 398,628,304

> 80 years 63,006,286 214,014,216 277,020,502

Total 115,582,726 309,543,122 425,125,848



41

Trends in incidence, health care consumption, and costs for proximal femoral fractures in the Netherlands 
between 2000-2019; a nationwide study

C
ha

pt
er

 2

with age following the overall hip fracture incidence pattern and peaks at the 75-79 
age group for men (1,057 years) and the 80-84 age group for women (2,596 years). 
The total cumulative annual YLD due to femoral neck and trochanteric fractures was 
24,764 years. 

Discussion

Between 2000 and 2019 a total of 357,073 patients sustained a femoral neck or 
trochanteric fracture in the Netherlands. Across the study period, the data show an 
increase in combined femoral neck and trochanteric fracture incidence, while it shows 
a decrease in fracture incidence in the elderly (>65) population. It further shows that 
while HLOS is decreasing, total health care costs due to hip fractures continue to rise in 
the aging Dutch population.

During this 20-year period, the overall incidence rate of femoral neck and trochanteric 
fractures increased by 22%. This increase can be mostly attributed to an increase in 
femoral neck fractures in men and an increase in trochanteric fractures in both sexes. A 
study by Hartholt et al. (11) reported an increase of 20.6% over the years 1981-2008 
in patients > 65 years in a similar nationwide study. They reported an incidence rate 
of 66.5/10,000 py in the elderly. The current study shows an incidence rate of 62.9 
/10,000 for patients > 65 years in 2008, which decreased to 54.8/10,000 py in 2019 
(13% decrease). This effect was strongest in women. So while the overall incidence rate 
has increased, the incidence rate in elderly patients is decreasing. Answering the ques-
tion posed by Hartholt et al.; “Are we on the right track?”, in terms of incidence in the 
elderly population, we are. This change in incidence, however, can largely be explained 
by population dynamics. While the current study finds an increasing number of hip 
fractures each year, an increase of 18% in absolute numbers from 2008 to 2019, the 
>65 population has increased by 37% in the same time period. Other factors, outside 
the scope of this study, that are likely lowering hip fracture incidence in the elderly are 
the increase in anti-osteoporosis drug use, more awareness of nutritional deficiencies 
(specifically calcium and vitamin D), exercise, fall prevention, and other fracture pre-
vention and awareness programs (26-29). This study’s findings of decreasing incidence 
in the elderly, in contrast with increasing crude numbers, are also consistent with other 
recent European and Japanese studies (30-34).

This study also found that the incidence rate of femoral neck fractures in men, in the 
highest age group (>90 years), while decreasing over time, has surpassed incidence in 
women. Incidence is decreasing faster in women than in men. This trend was already 
described by Hartholt et al. and has persisted in the previous decade (11). Possible 
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explanations are more effective diagnosis and treatment of osteoporosis in women and 
faster growth of this age segment (approximate 1000% increase for men versus 700% 
for women) of the male population in the previous two decades (16, 35). More atten-
tion should be paid to the subpopulation of elderly men in future fracture prevention 
campaigns to prevent further expansion of this trend. 

This study shows a gradual decrease in both mean and total HLOS over time, a decrease 
that is shrinking in size and seems to be moving towards a plateau. Hartholt et al. (11) 
reported decreasing HLOS since 1981 and presented a mean HLOS of 14 days in 2008. 
Current data showed a mean of 7.2 days over the 2015-2019 period, which indicates 
that the downward trend has persisted, at least until recently. While crude numbers 
of hip fractures and overall incidence are increasing, the total burden on hospital oc-
cupancy for this group is decreasing and now constitutes 1.7% of total yearly hospital 
occupancy based on data from Statistics Netherlands (16). This trend can be explained 
by several developments in the past decades including the implementation of dedicated 
clinical pathways, improved surgical techniques and revalidation, and changes in health 
care organizations that moved a large proportion of revalidation and treatment outside 
the initial hospital stay (36, 37). 

The average health care cost per patient, is €17,723 for men and €23,351 for women. 
This difference is even more evident when comparing the total cumulative costs, where 
women make up 73% of total health care costs, mainly due to the large difference in in-
cidence rate between the sexes. In 2007 the Dutch National institute for public health 
and the environment reported a total healthcare cost for hip fractures of €102M for 
men and €276M for women (0.39% of the total yearly health care expenditure) (38). 
This increased to €130M and €331M in 2017 (0.48% of total expenditure), an increase 
of 17% (39). Findings of the current study, using the average costs over the 2015-2019 
period are consistent with these numbers and those found in other studies, and show 
an increasing trend in health care costs of hip fractures (39, 40). The costs per patient 
are higher than those of other fracture types and hip fracture is the most costly fracture 
subtype in total health care cost, and poses a significant strain on national healthcare 
expenditure (14, 15, 23, 39, 41). Loss of productivity plays a marginal role in the total 
cumulative costs due to the mainly geriatric population, costing only 6.8% of the total 
yearly economic burden. Relatively low productivity costs with a long average work 
absence of 431 days can be explained by the use of the friction cost method for cost 
calculation, as employers generally replace long absent workers to reduce productivity 
loss (22).

The mean YLD per case in patients with a proximal femoral fracture in the Netherlands 
is 1.3 years, and this decreases with advancing age. This is likely caused by decreased 
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life expectancy for elderly patients with hip fractures and lower baseline life expectancy 
before fracture for elderly patients. Hagen et al., in a 2020 Norwegian study, reports 
an average YLD of 0.83 years for women and 0.92 for men in the 55+ age group (42). 
While our mean YLD is higher, the current data included the complete population 
including younger patients with higher expected YLD values. Cultural differences may 
also have attributed to this difference. 

The strength of this study is that it provides a nationwide overview of femoral neck 
and trochanteric hip fracture incidence rates, HLOS, costs for health care and lost 
productivity, and YLD, and provides a continuation of previous epidemiological re-
search in the Dutch population. Secondly, it is the first nationwide study providing 
incidence numbers on specific hip fracture subtypes with long-term trends and reliable 
population-based data. Like any population-based study, however, the current study 
also has limitations. Due to a change in registration systems, the crude numbers and 
incidence rates for the year 2014 and to a lesser degree adjacent years are lower than 
expected, as most likely cases have not been registered (correctly). These numbers 
should be interpreted with care. Registration quality was restored in the following years 
which still allowed an accurate analysis of fracture trends and incidence over the two-
decade period. Patient selection using ICD codes in the LMR uses only patients’ main 
diagnosis at discharge, usually the most severe injury. Patients with more severe injuries 
than hip fractures could be missing. Another limitation is the lack of clinical informa-
tion about patients and injury mechanisms. Most injuries, however, can be expected 
to be low-energy traumatic hip fractures in elderly (osteoporotic) patients with relative 
certainty. The diversity in trauma mechanism and patient characteristics will be higher 
in the younger population, although the incidence in this group is much lower. Sec-
ondary injuries could affect HLOS and YLD. This study was specifically focused on the 
Dutch population and the Dutch healthcare system. This makes the extrapolation of 
results to other countries challenging, especially concerning costs, as most countries use 
different valuations and healthcare frameworks. Trends in incidence, HLOS, and costs 
can however be compared to assess the international changes in the burden of disease 
and the progress of the hip fracture epidemic. 
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Conclusion

This study shows an increase in the femoral neck and trochanteric fracture incidence of 
22% across the 2000-2019 study period, although the age-specific incidence >65 years 
is decreasing in recent years. This trend was strongest in elderly female patients with 
femoral neck fractures and affirms the effect of improved operation techniques, health-
care organization and (pharmacological) prevention campaigns of the past decades. In 
contrast, male incidence rates of femoral neck fractures in the 90+ age category have 
surpassed female incidence. This subpopulation could benefit from more attention in 
future hip fracture prevention and management campaigns. In the past 20 years, HLOS 
has decreased in all age groups, hip fracture subtypes, and sexes from an average of 
18.4 to 7.2 days. The average healthcare costs over the 2015-2019 period are higher in 
women, costing €17,723 for men versus €23,351 for women, and rise with increasing 
age. Yearly cumulative costs in the same period reach €425M, with women account-
ing for 73% of these costs. The total costs for lost productivity is €31M (€20,366 for 
men versus €21,240 for women), and makes up only 6.8% of the total combined cost 
burden. YLD decreases with age and is similar between sexes. Although hip fracture 
incidence in the elderly population is decreasing and HLOS is at an all-time low, the 
societal burden of costs and crude numbers of hip fractures are still rising in our aging 
population. 



45

Trends in incidence, health care consumption, and costs for proximal femoral fractures in the Netherlands 
between 2000-2019; a nationwide study

C
ha

pt
er

 2

References
1.	 Fakhry SM, Shen Y, Biswas S, Duane TM, McBride KM, Elkbuli A, et al. The public health burden 

of geriatric trauma: Analysis of 2,688,008 hospitalizations from Centers for Medicare and Medicaid 
Services inpatient claims. J Trauma Acute Care Surg. 2022;92(6):984-9. https://doi.org/10.1097/
TA.0000000000003572

2.	 Kanis JA, Oden A, McCloskey EV, Johansson H, Wahl DA, Cooper C, et al. A systematic review of 
hip fracture incidence and probability of fracture worldwide. Osteoporos Int. 2012;23(9):2239-56. 
https://doi.org/10.1007/s00198-012-1964-3.

3.	 Jennison T, Brinsden M. Fracture admission trends in England over a ten-year period. Ann R Coll 
Surg Engl. 2019;101(3):208-14. https://doi.org/10.1308/rcsann.2019.0002.

4.	 Rosengren BE, Karlsson MK. The annual number of hip fractures in Sweden will double from year 
2002 to 2050: projections based on local and nationwide data. Acta Orthop. 2014;85(3):234-7. 
https://doi.org/10.3109/17453674.2014.916491.

5.	 Cooper C, Campion G, Melton LJ, 3rd. Hip fractures in the elderly: a world-wide projection. 
Osteoporos Int. 1992;2(6):285-9. https://doi.org/10.1007/BF01623184.

6.	 AO foundation. AO classification proximal femur fractures: Arbeitsgemeinschaft für Osteosynthe-
sefragen (AO); 2023 [updated 2020. Available from: https://surgeryreference.aofoundation.org/
orthopedic-trauma/adult-trauma/proximal-femur.

7.	 WHO. International Statistical Classification of Diseases and Related Health Problems 10th 
Revision, version 2019: WHO; 2019 [updated 2019. Available from: https://icd.who.int/
browse10/2019/en#/.

8.	 Lin JC, Wu CC, Lo C, Liang WM, Cheng CF, Wang CB, et al. Mortality and complications of hip 
fracture in young adults: a nationwide population-based cohort study. BMC Musculoskelet Disord. 
2014;15:362. https://doi.org/10.1186/1471-2474-15-362.

9.	 Omari A, Madsen CM, Lauritzen JB, Jorgensen HL, Vojdeman FJ. Comorbidity and mortality af-
ter hip fracture in nineteen thousand six hundred and eighty two patients aged eighteen to sixty five 
years in Denmark from 1996 to 2012. Int Orthop. 2019;43(11):2621-7. https://doi.org/10.1007/
s00264-019-04323-z.

10.	 Wang MT, Yao SH, Wong P, Trinh A, Ebeling PR, Tran T, et al. Hip fractures in young adults: a 
retrospective cross-sectional study of characteristics, injury mechanism, risk factors, complications 
and follow-up. Arch Osteoporos. 2017;12(1):46. https://doi.org/10.1007/s11657-017-0339-y.

11.	 Hartholt KA, Oudshoorn C, Zielinski SM, Burgers PT, Panneman MJ, van Beeck EF, et al. The 
epidemic of hip fractures: are we on the right track? PLoS One. 2011;6(7):e22227. https://doi.
org/10.1371/journal.pone.0022227.

12.	 Leliveld MS, Polinder S, Panneman MJM, Verhofstad MHJ, Van Lieshout EMM. Epidemiologic 
trends for isolated tibia shaft fracture admissions in The Netherlands between 1991 and 2012. Eur 
J Trauma Emerg Surg. 2020;46(5):1115-22. https://doi.org/10.1007/s00068-018-01072-3.

13.	 De Boer AS, Schepers T, Panneman MJM, Van Beeck EF, Van Lieshout EMM. Health care con-
sumption and costs due to foot and ankle injuries in the Netherlands, 1986-2010. BMC Musculo-
skelet Disord. 2014;15:128. https://doi.org/10.1186/1471-2474-15-128.

14.	 Mahabier KC, Den Hartog D, Van Veldhuizen J, Panneman MJM, Polinder S, Verhofstad MHJ, 
et al. Trends in incidence rate, health care consumption, and costs for patients admitted with a 
humeral fracture in The Netherlands between 1986 and 2012. Injury. 2015;46(10):1930-7. https://
doi.org/10.1016/j.injury.2015.07.025.



46

Chapter 2

15.	 Polinder S, Iordens GIT, Panneman MJM, Eygendaal D, Patka P, Den Hartog D, et al. Trends in 
incidence and costs of injuries to the shoulder, arm and wrist in The Netherlands between 1986 and 
2008. BMC Public Health. 2013;13:531. https://doi.org/10.1186/1471-2458-13-531.

16.	 Statistics Netherlands: Dutch Demographics and Population Prognosis.: Statistics Netherlands 
(CBS); 2022 [Available from: https://opendata.cbs.nl/statline/#/CBS/en/dataset/83474ENG/
table?ts=1659532503170.

17.	 Garrison I, Domingue G, Honeycutt MW. Subtrochanteric femur fractures: current review of man-
agement. EFORT Open Rev. 2021;6(2):145-51. https://doi.org/10.1302/2058-5241.6.200048.

18.	 Polinder S, van Beeck EF, Essink-Bot ML, Toet H, Looman CW, Mulder S, et al. Functional out-
come at 2.5, 5, 9, and 24 months after injury in the Netherlands. J Trauma. 2007;62(1):133-41. 
https://doi.org/10.1097/TA.0b013e31802b71c9.

19.	 Meerding WJ, Mulder S, van Beeck EF. Incidence and costs of injuries in The Netherlands. Eur J 
Public Health. 2006;16(3):272-8. https://doi.org/10.1093/eurpub/ckl006.

20.	 Polinder S, Meerding WJ, van Baar ME, Toet H, Mulder S, van Beeck EF, et al. Cost estimation 
of injury-related hospital admissions in 10 European countries. J Trauma. 2005;59(6):1283-90; 
discussion 90-1. https://doi.org/10.1097/01.ta.0000195998.11304.5b.

21.	 Polinder S, Haagsma JA, Toet H, van Beeck EF. Epidemiological burden of minor, major and fatal 
trauma in a national injury pyramid. Br J Surg. 2012;99 Suppl 1:114-21. https://doi.org/10.1002/
bjs.7708.

22.	 Koopmanschap MA, Rutten FF, van Ineveld BM, van Roijen L. The friction cost method for mea-
suring indirect costs of disease. J Health Econ. 1995;14(2):171-89. https://doi.org/10.1016/0167-
6296(94)00044-5.

23.	 Leliveld MS, Polinder S, Panneman MJM, Verhofstad MHJ, van Lieshout EMM. Health care and 
productivity costs for isolated tibia shaft fracture admissions in The Netherlands. Acta Orthop Belg. 
2020;86(2):320-6. 

24.	 Van Beeck EF, Van Roijen L, Mackenbach JP. Medical costs and economic production losses due 
to injuries in the Netherlands. J Trauma. 1997;42(6):1116-23. https://doi.org/10.1097/00005373-
199706000-00023.

25.	 Haagsma JA, Polinder S, Lyons RA, Lund J, Ditsuwan V, Prinsloo M, et al. Improved and stan-
dardized method for assessing years lived with disability after injury. Bull World Health Organ. 
2012;90(7):513-21. https://doi.org/10.2471/BLT.11.095109.

26.	 Van der Burgh AC, de Keyser CE, Zillikens MC, Stricker BH. The Effects of Osteoporotic and Non-
osteoporotic Medications on Fracture Risk and Bone Mineral Density. Drugs. 2021;81(16):1831-
58. https://doi.org/10.1007/s40265-021-01625-8.

27.	 Gillespie LD, Robertson MC, Gillespie WJ, Sherrington C, Gates S, Clemson LM, et al. Interven-
tions for preventing falls in older people living in the community. Cochrane Database Syst Rev. 
2012(9):CD007146. https://doi.org/10.1002/14651858.

28.	 Nederlandse Vereninging voor Reumatologie. Dutch Guideline osteoporosis and fracture preven-
tion (Richtlijn osteoporose en fractuurpreventie). Utrecht; 2011.

29.	 Avenell A, Mak JC, O’Connell D. Vitamin D and vitamin D analogues for preventing fractures 
in post-menopausal women and older men. Cochrane Database Syst Rev. 2014(4):CD000227. 
https://doi.org/10.1002/14651858.CD000227.pub4.

30.	 Talbot S, Denton H, Dodds MK, Lynch D. Changing trends in hip fracture epidemiology in the 
Republic of Ireland: a follow-up study. Arch Osteoporos. 2022;17(1):79. https://doi.org/10.1007/
s11657-022-01112-x.



47

Trends in incidence, health care consumption, and costs for proximal femoral fractures in the Netherlands 
between 2000-2019; a nationwide study

C
ha

pt
er

 2

31.	 Korhonen N, Niemi S, Parkkari J, Sievanen H, Palvanen M, Kannus P. Continuous decline in 
incidence of hip fracture: nationwide statistics from Finland between 1970 and 2010. Osteoporos 
Int. 2013;24(5):1599-603. https://doi.org/10.1007/s00198-012-2190-8.

32.	 Imai N, Endo N, Shobugawa Y, Ibuchi S, Suzuki H, Miyasaka D, et al. A decrease in the number 
and incidence of osteoporotic hip fractures among elderly individuals in Niigata, Japan, from 2010 
to 2015. J Bone Miner Metab. 2018;36(5):573-9. https://doi.org/10.1007/s00774-017-0863-2.

33.	 Lippuner K, Rimmer G, Stuck AK, Schwab P, Bock O. Hospitalizations for major osteoporotic 
fractures in Switzerland: a long-term trend analysis between 1998 and 2018. Osteoporos Int. 2022 
https://doi.org/10.1007/s00198-022-06481-0.

34.	 Hemmann P, Friederich M, Korner D, Klopfer T, Bahrs C. Changing epidemiology of lower 
extremity fractures in adults over a 15-year period - a National Hospital Discharge Registry study. 
BMC Musculoskelet Disord. 2021;22(1):456. https://doi.org/10.1186/s12891-021-04291-9.

35.	 Willson T, Nelson SD, Newbold J, Nelson RE, LaFleur J. The clinical epidemiology of male osteo-
porosis: a review of the recent literature. Clin Epidemiol. 2015;7:65-76. https://doi.org/10.2147/
CLEP.S40966.

36.	 Prestmo A, Hagen G, Sletvold O, Helbostad JL, Thingstad P, Taraldsen K, et al. Comprehensive 
geriatric care for patients with hip fractures: a prospective, randomised, controlled trial. Lancet. 
2015;385(9978):1623-33. https://doi.org/10.1016/S0140-6736(14)62409-0.

37.	 Burgers PTPW, Van Lieshout EMM, Verhelst J, Dawson I, de Rijcke PA. Implementing a clinical 
pathway for hip fractures; effects on hospital length of stay and complication rates in five hundred 
and twenty six patients. Int Orthop. 2014;38(5):1045-50. https://doi.org/10.1007/s00264-013-
2218-5.

38.	 Kosten van ziekten in Nederland 2007. Trends in de Nederlandse zorguitgaven 1999–2010 [press 
release]. Bilthoven: RIVM2011.

39.	 RIVM. Kosten van ziekten 2017: RIVM; 2019 [updated 29-10-2019. Available from: https://
statline.rivm.nl/#/RIVM/nl/dataset/50050NED/table?ts=1659597701111.

40.	 Kanters TA, van de Ree CLP, de Jongh MAC, Gosens T, Hakkaart-van Roijen L. Burden of illness of 
hip fractures in elderly Dutch patients. Arch Osteoporos. 2020;15(1):11. https://doi.org/10.1007/
s11657-019-0678-y.

41.	 Prins JTH, Wijffels MME, Wooldrik SM, Panneman MJM, Verhofstad MHJ, Van Lieshout EMM. 
Trends in incidence rate, health care use, and costs due to rib fractures in the Netherlands. Eur J 
Trauma Emerg Surg. 2021 https://doi.org/10.1007/s00068-021-01662-8.

42.	 Hagen G, Magnussen J, Tell G, Omsland T. Estimating the future burden of hip fractures in Nor-
way. A NOREPOS study. Bone. 2020;131:115156. https://doi.org/10.1016/j.bone.2019.115156.



48

Chapter 2

Supplementary materials

Table S1. Proximal femur fractures classified in ICD-9 and ICD-10

Fracture region Fracture closed or open ICD-9a ICD-10

Femoral neck Closed femoral neck fracture 820.0 S72.0

Open femoral neck fracture 820.1 S72.0

Pertrochanteric Closed pertrochanteric fracture 820.2 S72.1

Open pertrochanteric fracture 820.3 S72.1

Subtrochanteric Closed subtrochanteric fracture 820.22 S72.2

Open subtrochanteric fracture 820.32 S72.2

Figure S1: Age-related proportion of  patients sustaining a femoral neck fracture (A) or trochanteric 
fracture (B) due to a fall in the years 2000-2019 
Data are averaged over 5-year periods (i.e., 2000-2004, 2005-2009, 2010-2014, and 2015- 2019) and are 
shown for 0-24 years, 25-50 years, and subsequently in 5-year age groups up to and including 90+. 
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Figure S2: Age-related years lived with disability per patient with a proximal femoral fracture
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Abstract

Objective
This study aimed to provide population based trends in incidence rate, hospital length 
of stay (HLOS), trauma mechanism, and costs for healthcare and lost productivity of 
subtrochanteric femur fractures in the Netherlands.

Methods 
Data on patients with subtrochanteric femur fractures sustained between January 1, 
2000 and December 31, 2019 were extracted from the National Medical Registration 
of the Dutch Hospital Database. Incidence rates, HLOS, health care and productivity 
costs were calculated in sex- and age-specific groups.

Results 
A total of 14,399 patients sustained a subtrochanteric fracture in the 20-year study 
period. Incidence rates in the entire population dropped by 15.5 % from 4.5 to 3.8 per 
100,000 person years (py). This decline was larger in women (6.4 to 5.2 per 100,000 
py, -19.8 %) than in men (2.6 to 2.5 per 100,000 py, -4.0 %). HLOS declined by 62.5 
% from a mean of 21.6 days in 2000-2004 to 8.1 days in 2015-2019. Subtrochanteric 
fractures were associated with total annual costs of €15.5 M, of which 91 % (€14.1 M) 
were health care costs and €1.3 M were costs due to lost productivity. Mean healthcare 
costs per case were lower in men (€16,394) than in women (€23,154).

Conclusion 
The incidence rates and HLOS of subtrochanteric fractures in the Netherlands have 
decreased in the 2000-2019 study period and subtrochanteric fractures are associated 
with a relatively small total annual cost of €15.5 M. Increasing incidence rates and a 
bimodal age distribution, described in previous studies from other European countries, 
were not found in the Dutch population.



53

Trends in incidence, health care use and costs for subtrochanteric femur fractures in the Netherlands 2000-2019

C
ha

pt
er

 3

Introduction

Hip fractures are the most common fracture to cause hospital admission in the Neth-
erlands, with over 20,000 fractures each year (1, 2). Hip fractures are generally clas-
sified into three categories: femoral neck, trochanteric, and subtrochanteric fractures 
(3). The first two, or typical hip fractures; they are the most common, are mostly seen 
in the elderly population, and are generally associated with osteoporosis and/or low-
energy trauma (4). Subtrochanteric fractures are located up to 5 cm distal from the 
lesser trochanter and occur in an area between trabecular and cortical bone where high 
levels of mechanical stress can occur (5, 6). They make up 3-4% of annual hip fracture 
admissions in the Netherlands (7). Subtrochanteric fractures are considered difficult 
to manage and associated with a higher risk of (sequelae of ) complications, such as 
secondary (mal)displacement, implant failure, non-unions and reoperations (8, 9). 

In contrast to femoral neck and trochanteric fractures, subtrochanteric fractures follow 
a bimodal age distribution (6). Fractures generally occur in young men due to high-
energy trauma or in older patients with osteoporosis, often with an atypical fracture 
presentation. Recent studies also found positive associations between subtrochanteric 
fractures and sustained bisphosphonate use or diabetes (10-12). Reported incidence 
rates are much lower than those of typical hip fractures. Wang et al. reported a 9.6% in-
crease (from 31.2 to 34.2 per 100,000 person-years) in the incidence of subtrochanteric 
fractures in the US between 1996 and 2007 in women (13). In contrast, typical hip 
fracture incidence decreased by 32% (1020.5 to 697.4 per 100,000 person-years) in the 
same period. Another study found an increase in incidence for combined subtrochan-
teric and femoral shaft fractures for both sexes, also contrasted by decreasing typical hip 
fracture incidence (14).

Whether these incidence changes and sex specific differences also hold true for the 
Dutch population is currently unknown, as no nationwide study on the burden of dis-
ease of subtrochanteric fractures in the Dutch population exists. Changes in incidence 
could provide targets for future research and (inter)national comparisons of disease bur-
den and associated costs. Therefore, the aim of this study was to provide an overview of 
age and sex trends in incidence, hospital stay, and costs associated with subtrochanteric 
fractures in the Netherlands between 2000-2019. 
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Methods

Data for this retrospective epidemiological study were collected for patients admitted 
to hospitals in the Netherlands between January 1, 2000 and December 31, 2019, with 
a subtrochanteric fracture diagnosis. Methods used were similar as in previous studies 
(15-19) and data were extracted simultaneously with the data on femoral neck and 
trochanteric fractures (2). Injury cases were extracted from the National Medical Reg-
istration (LMR) of the Dutch Hospital Database (DHD), Utrecht, The Netherlands. 
Patients are included in the LMR for their main diagnosis at discharge, defined by the 
International Classification of Diseases (ICD) 9th and (since 2010) 10th revision. All pa-
tients labeled with an ICD-9 code of 820.22 or ICD-10 code of 72.2, including al sub-
divisions, were classified as patients with a subtrochanteric fracture and were included 
in this analysis. Injuries include both traumatic and pathological fractures. These figures 
were then extrapolated to full national coverage for each year by the Dutch Consumer 
and Safety Institute (‘VeiligheidNL’). 

Outcome measures
Outcome measures included sex- and age-specific incidence rates, hospital length 
of stay (HLOS), trauma mechanism, and costs for health care and lost productivity. 
Trauma mechanism was categorized as “fall due to all causes” versus “other”. Costs for 
lost productivity were defined as the costs associated with production loss and replace-
ment due to illness, disability, and premature death. Outcomes were calculated for 
5-year age groups for each year of the study. Because of low patient numbers in the 
age groups below 50 years, the five-year groups were combined into 0-24 and 25-50 
years. To calculate annual health care and productivity costs, data were averaged for the 
2015-2019 period. For all costs calculations the reference year 2019 was used. 

All analyses and calculations of outcomes were conducted as previously described (15-
19). Table 1 summarizes the performed analysis per outcome measure. 
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Table 1 Summary of performed analysis per included outcome measure

Outcome measure Summary of performed analysis

Incidence rates Patient numbers were extracted from the LMR database. Direct standardization (based upon 
the Dutch mid-year standard population) was used in order to calculate incidence rates 
stratified for 5-year age groups and sex and reported per 100,000 person years.

Trauma mechanism Data (patient numbers for subtrochanteric fracture by fall or by other causes) were extracted 
from the LMR database, stratified for age groups and sex. Fall included both domestic ac-
cidents (fall from person-height or fall from stairs) and non-domestic accidents such as fall 
from a bicycle or fall from height. The percentage of each trauma mechanism was calculated 
stratified for 10-year age groups and sex 

HLOS Data (HLOS per case and total HLOS) were extracted from the LMR database, stratified for 
5-year age groups and sex

Health care costs Data on patient numbers and healthcare use were extracted from the LMR database, strati-
fied for age groups and sex. The Dutch Burden of Injury Model was used to assess the health 
care costs of injury (17, 19, 20). Patients were followed up to two years after trauma. Health 
care costs of injuries were calculated by multiplication of the incidence, health care volumes, 
and unit costs (as stated in national guidelines for healthcare costing (21)). Medical costs 
included ambulance care, in-hospital care, general practitioner (G.P.) care, home care, physi-
cal therapy, social support care, and rehabilitation/nursing home care. To calculate annual 
health care costs, data were averaged for the 2015-2019 period.

Productivity costs Data on the number of patients unable to work after their fracture and the duration of their 
work absence were extracted by Dutch Consumer and Safety Institute for all patients aged 
15-65 years. Costs were calculated using the Dutch Burden of Injury Model [18, 20, 21]. 
The friction cost method was used as health care needs are most substantial in the first year 
after injury [22]. To calculate annual costs for lost productivity, data were averaged for the 
2015-2019 period.

Results

Incidence rates
A total of 14,399 patients were admitted with a subtrochanteric fracture in the 20-year 
study period. The annual number of admissions showed a slightly decreasing trend 
and a minor decline from 715 to 658 (-8.0%) over the two decade period, with more 
fractures in women than in men. (Figure 1A). The incidence rate also declines over time 
and dropped, by 15.5% from 4.5 (in 2000) to 3.8 (in 2019) per 100,000 py (Figure 
1B). This decline was larger in women (6.4 to 5.2 per 100,000 py, -19.8%) than in 
men (2.6 to 2.5 per 100,000 py, -4.0%). 

Figure 1C shows the age-specific incidence rates for the four consecutive 5-year time 
periods. Incidence increases with age across all four time periods, with a steep rise seen 
in patients of 75 years and older. In the most recent period (2015-2019), the highest 
incidence rates were 62.4 per 100,000 py in men aged >90 years and 101.2 per 100,000 
py in women aged >90 years. Incidence rates (2015-2019) were higher for women in all 
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Figure 1: Number of  patients (A), incidence 
rates per 100,000 person-years (B), and age-
related incidence rates per 100,000 person-years 
(C) of  subtrochanteric fractures in the Nether-
lands in the 2000-2019 study period
Data are shown separately for males (blue), females 
(red) and all patients (green). For Figure C, data 
are averaged over 5-year periods (i.e., 2000-2004, 
2005-2009, 2010-2014, and 2015-2019) and are 
shown for 0-24 years, 25-50 years, and subsequent-
ly in 5-year age groups up to and including 90+.
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age-segments, except for the 0-24 (0.39 versus 0.29 per 100,000 py) and 25-50 years 
age groups, where incidence rates in men were over three times higher than in women 
(0.83 versus 0.26 per 100,000 py).

 Similar to incidence rates, age-specific incidence rates have also declined over time from 
2000-2019, from 27.4 to 15.9 per 100,000 py, in patients aged >65 years (-41.9%) and 
from 0.7 to 0.4 per 100,000 py in patients <50 years (-40.6%). All other age segments 
also showed declining incidence over time (Table 2). This effect was more pronounced 
in women than in men. 

Trauma mechanism	
The percentage of patients sustaining a subtrochanteric fracture due to a fall from any 
height increased with age (Figure 2A). In the most recent time period (2015-2019), 
57.1% of patients under 25 years were admitted with a subtrochanteric fracture due to 
a fall. In patients over 65 years this proportion was 95%. Figure 2A shows high varia-
tion between the four time periods but the numbers of admissions due to fall generally 
increase with age. Patients up to 55 years show a decreasing trend for both men and 
women in the most recent time period, whereas the trends for older age groups (over 55 
years) have remained relatively stable over time. 

Table 2: Age- and sex related incidence rates (per 100,000 person-years) of subtrochanteric fractures 
in 2000 and 2019

2000 2019

Males Females Total Males Females Total

n Incidence n Incidence n Incidence n Incidence n Incidence n Incidence

< 50 years 53 0.95 22 0.41 75 0.68 28 0.53 14 0.27 42 0.41

> 50 years 147 6.52 493 18.78 640 13.11 182 5.46 434 12.11 616 8.90

> 65 years 122 13.87 468 36.77 590 27.41 145 9.48 383 21.47 528 15.93

> 80 years 61 40.30 315 90.26 376 75.15 73 23.70 256 52.15 329 41.19

Total 200 2.55 515 6.42 715 4.51 210 2.45 448 5.15 658 3.81

1Incidence rates per 100,000 person-years
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