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General introduction

1Hip fractures present a significant healthcare problem in older adults. Epidemiological 
data vary between countries, but globally it is estimated that hip fractures affect ap-
proximately 18% of women and 6% of men. By 2025, 2.6 million people per year will 
suffer from a hip fracture worldwide. This number is expected to increase to 6.3 million 
by 2050, based on the increasing life expectancy of the world population [1,2].

In the Netherlands, more than 18,000 proximal femur fractures were treated in 2019 
[3,4]. To gain more insight into the care provided for these patients, the Dutch Hip 
Fracture Audit (DHFA) was established in 2016: a nationwide multidisciplinary quality 
registry that aims to improve the quality of care for patients with a hip fracture [5]. In 
2019, approximately 88% of all hip fracture patients in the Netherlands were registered 
in this audit [4].

Primary and secondary causes of hip fractures

Overall, 85% of hip fractures occur in adults aged 65 years or older [6]. Most hip fractures 
in the geriatric population are primarily caused by falls from a standing height. Second-
ary causes of hip fractures include a slow gait, decreased muscle mass, visual problems, 
cognitive impairment, balance problems and overall decreased physical function. All 
of these factors contribute to an increased risk of falling. Frequently, patients are pre-
fracture already fuctioning in a fragile balance. These patients have multiple comorbidi-
ties and an impaired cognitive, functional and/or mobility status. Hence, treatment for 
a hip fracture is complex; treating the fracture alone does not address the underlying 
frailty, and there are considerable risks of developing serious complications and loss of 
function [7].

Management of acute hip fracture

In most cases, patients with a clinical suspicion of hip fracture are transferred to a hos-
pital for diagnosis and treatment. In the emergency department (ED) of the hospital, 
most hip fractures are diagnosed via plain radiographs, consisting of anteroposterior 
and lateral projections of the hip. Based on these radiographs, hip fractures are anatomi-
cally classified as intracapsular fractures (at the femoral neck) or extracapsular fractures 
(inter- or subtrochanteric fractures) (Figure 1) [8].

Femoral neck fractures may be either displaced or nondisplaced (Figure 2) [10]. Intertro-
chanteric fractures may be simple (Arbeidsgemeinschaft für Osteosynthesefragen (AO) 
Classification; AO-31A1), multifragmentary (AO-31A2) or reversed oblique (AO-31A3) 
(Figure 3) [11]. After the hip fracture is diagnosed, blood tests, a chest radiograph and 
an electrocardiograph are acquired for preoperative assessment. The patient and their 
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relatives are informed that the hip is fractured, and the patient is admitted to the Centre 
for Geriatric Traumatology (CvGT).

Figure 1. Classifi cation of hip fractures according to anatomical fracture site [8]
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The Centre for Geriatric Traumatology

At Ziekenhuisgroep Twente (ZGT), the CvGT was founded by trauma surgeons in col-
laboration with geriatricians in 2008 in order to further optimise clinical care for older 
adults with hip fractures. The CvGT was the fi rst centre in the Netherlands to implement 
an integrated orthogeriatric treatment model in the form of clinical pathways. A clinical 
pathway is a multidisciplinary management tool built upon on evidence-based practice 
for a specifi c group of patients, in which diff erent interventions by the professionals 
involved in patient care are defi ned, optimised and sequenced and outcomes are tied 
to specifi c interventions [12]. In addition to focusing on trauma surgery, these pathways 
consider other age-related aspects such as limiting the risk of developing delirium, co-
morbidities, nutritional status, osteoporosis and fall prevention. One of the most impor-
tant features is a proactive attitude toward preventing patients from adverse events. The 

Figure 2. Classifi cation of femoral neck fractures [9]

Figure 3. Classifi cation of intertrochanteric femur fractures [9]
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orthogeriatric treatment model is characterised by early geriatric co-management. The 
geriatrician is called by the physician at the ED and assesses the patient. A comprehen-
sive geriatric assessment is performed to identify geriatric conditions and to develop a 
personalised treatment plan [13].

Previous research by Folbert et al. (2017) showed that the introduction of the orthoge-
riatric treatment model in 2008–2013 was associated with reductions in complications, 
length of stay, re-admissions, in-hospital mortality and 1-year mortality [14,15]. How-
ever, further research is needed to evaluate the results of this orthogeriatric treatment 
model after its implementation phase. Figure 4 presents a flowchart of the different care 
processes for hip fracture patients, which will be explained below.

zgt.nl       

Referral to emergency department

Clinical suspicion of a hip fracture

No referral to the hospital

Admission to Centre for Geriatric Traumatology

Informed consent for operative treatment
Informed consent for 

nonoperative treatment

Start orthogeriatric care pathway
Preoperative optimization

Palliative treatment
focused on  relief from pain and other 

symptoms of a serious illness

Development of serious not curable 
complications, or patient no long wishes  

to pursue curative treatment

Surgical treatment as soon as safely possible

Postoperative, multidisciplinary treatment  
focused on early mobilization, optimizing functional 

level and preventing / treating complications

Discharge to prefracture  
living situation 

Discharge geriatric rehabilitation institution

Multidisciplinary treatment focused on optimizing 
functional level and returning home

Discharge to health  
care institution:

care home or nursing home

Figure 4. Flowchart of care processes for hip fracture patients
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Operative versus nonoperative treatment

Despite initiatives taken to improve care, the consequences of a hip fracture can still 
be serious; one third of these patients die within the first postoperative year [3]. Surgi-
cal intervention is the standard treatment for hip fracture patients [16,17]. The DHFA 
showed that only 2% of the 44,551 registered patients received nonoperative treatment 
in 2017–2019 [4]. Nonoperative-treated patients have a 3.95-fold higher risk of mortality 
within 30 days and a 3.84-fold higher 1-year mortality [18]. Because of this tremendous 
increase in mortality risk, nonoperative treatment is only considered in cases of lim-
ited life expectancy, for instance, for frail institutionalised older adults with multiple 
comorbidities. In these cases, nonoperative treatment can improve the quality of life 
for patients at the end of their lives [16,18,19]. Nonoperative treatment avoids the stress 
of surgery and anaesthesia, and patients can stay at home with their relatives in this 
vulnerable phase of life. This approach may also avoid hospital-related complications 
such as delirium, anaemia and pneumonia. In contrast, operative treatment provides 
an option as a palliative treatment modality to relieve pain and to improve care for hip 
fracture patients (with the perception of less pain during the performance of activi-
ties of daily living, for instance, if a patient needs to be turned in bed). Unfortunately, 
evidence-based guidelines indicating whether surgery should be performed in frail 
institutionalised older adults with a hip fracture and limited life expectancy are lacking.

Recently, the multicentre cohort FRAIL-HIP study investigated nonoperative versus 
operative treatment for frail institutionalised patients with limited life expectancy at 
25 hospitals across the Netherlands [20]. In this study, nonoperative management was 
non-inferior to operative management regarding the quality of life. In the nonopera-
tive management group, the early mortality rate was much higher (83% versus 23%); 
however, there were fewer adverse events, and 51% of the proxies and caregivers rated 
the quality of dying as good to almost perfect. Therefore, it was concluded that nonop-
erative treatment is a viable option, suggesting that surgery should not be a foregone 
conclusion for this patient population.

All patients included in the FRAIL-HIP study were expected to have a limited life ex-
pectancy. In daily practice, identifying which patients have a limited life expectancy is 
difficult. For this reason, several risk models have been developed to identify patients 
with a high risk of early mortality [21–27]. In addition to findings from physical examina-
tions, blood tests and electrocardiography and the clinical view of the clinician, such a 
risk model could support the clinician in discussing different treatment options, leading 
to a well-informed shared decision-making process with the patient and family. Thus 
far, the Nottingham Hip Fracture Score (NHFS) has shown the most promising results 
in predicting early mortality [27]. This simple risk score contains seven independent 
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predictors, where each predictor has a weighted score. The sum of this weighted score 
can be applied in a formula to predict the risk of mortality within the fi rst 30 days after 
hip fracture surgery [28–30]. However, the risk score has some limitations that require 
further research.

Operative treatment

In the case of operative treatment, surgery is performed as soon as safely possible. Pre-
operative optimisation takes place by, for instance, treating community-acquired infec-
tions or optimising fl uid and electrolyte balances. Surgical treatment options depend on 
the location of the fracture, whether the fracture is displaced and patient characteristics 
[8,9]. Surgical treatment options for extracapsular hip fractures include a sliding hip 
screw or an intramedullary nail (Figure 5). Diff erent surgical treatment options are also 
available for intracapsular hip fractures: cancellous screws, sliding hip screws, hemiar-
throplasty or total arthroplasty (Figure 6) [9]. After the operation, early weight-bearing 
mobilisation is pursued. Early mobilisation is a part of proactive treatment after a hip 
fracture, aiming to prevent or limit the loss of function or complications postoperatively 

Figure 5. Treatments options for extracapsular hip fractures
Reproduced with permission from OrthoInfo. © American Academy of Orthopaedic Surgeons. https://orthoinfo.org/
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[31]. Physiotherapy starts the day after surgery. Patients are expected to exercise and 
improve their activity together with the physiotherapist.

During their stay at the CvGT, the patient is visited daily by a nurse practitioner who 
is specialized in trauma surgery. The treatment is evaluated on a daily basis during a 
meeting between the nurse practitioner (under the supervision of a trauma surgeon) 
and the geriatrician. A multidisciplinary meeting is held twice a week, in which ideally a 
trauma surgeon, nurse practitioner, geriatrician, physiotherapist, elderly care physician 

Figure 6. Treatment options for intracapsular hip fractures [8]
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and nurse are present. If needed, other medical specialists or paramedics are consulted. 
The overall goal of the operative treatment is to return the patient to their pre-fracture 
functional level. The fact that geriatric hip fracture patients are very vulnerable is re-
flected by a high rate of complications. During the hospital stay, complications occur in 
53.4% of these patients [15]. The most common complications include delirium (24.4%), 
anemia (14.8%), urinary tract infection (9.8%) and pneumonia (8.1%).

Discharge destination

In the Netherlands, the median stay in the hospital for hip fracture patients is 5 days [4]. 
After their stay at the hospital, 31.0% of patients are discharged to their home (with or 
without home care services), 13.2% of patients are discharged to the chronic somatic 
or psychogeriatric department of a skilled nursing home, and 41.1% of patients are 
discharged to the geriatric rehabilitation department of a skilled nursing home, also 
known as a geriatric rehabilitation institution (GRI). The remaining 14.7% of patients 
have another (unknown) discharge destination [32].

Geriatric rehabilitation

At the CvGT, most patients with an indication for inpatient geriatric rehabilitation at a 
GRI are discharged to one of the five rehabilitation departments among the nursing 
homes in the vicinity of ZGT, i.e. TriviumMeulenbeltZorg, Carintreggeland or ZorgAccent 
(Figure 7).

Figure 7. Ziekenhuisgroep Twente Almelo (red) and the five rehabilitation departments of the nurs-
ing homes TriviumMeulenbeltZorg, Carintreggeland and ZorgAccent (blue)
Left: overview of institution locations in the Netherlands
Right: magnified version; overview of institution locations in Twente Region
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1In general, patients with hip fractures need a long and intensive rehabilitation process, 
due to the fact that older patients generally lack physical reserves. Geriatric rehabilita-
tion is defined by the European Consensus group as “a multidimensional approach of 
diagnostic and therapeutic interventions, the purpose of which is to optimise functional 
capacity, promote activity and preserve functional reserve and social participation in older 
people with disabling impairments” [33].

Because the goal of geriatric rehabilitation is for the patient to return to his or her own 
living environment, rehabilitation is focused on functional recovery. During their stay 
at the GRI, patients receive multidisciplinary treatment under the supervision of an 
elderly care physician. The physiotherapist exercises with the patient to build up muscle 
strength, improve balance and reduce the fear of falling. The occupational therapist 
encourages self-help management and the performance of activities of daily living. A 
dietician assesses the nutritional status of the patient. If beneficial, other paramedics 
can be consulted, such as a psychologist or social worker, among others.

Multiple previous studies have shown that multidisciplinary inpatient rehabilitation 
improves the long-term functional status of geriatric hip fracture patients. These studies 
presented functional outcomes of hip fracture patients after one month up to one year 
[34–37]. However, detailed insight into the recovery process during the first postop-
erative months of rehabilitation is scarce. Adequate and timely identification of poor 
progress in functional recovery could be important, as this information could enable 
healthcare providers to intervene as early as possible to optimise rehabilitation. At the 
CvGT and the involved GRIs, the transmural recovery process of hip fracture patients is 
not transparent. Healthcare professionals at the hospital are not able to view the recov-
ery progress of their patients at the GRI, and vice versa, healthcare professionals at the 
GRI are not able to view the recovery data of patients in the hospital. Further research 
is needed to gain detailed insight into the recovery trajectories of geriatric hip fracture 
patients over the boundaries of institutions.

THESIS AIM AND OUTLINE

As described above, gaps remain in our knowledge regarding care for hip fracture pa-
tients, which need to be addressed. Clinically important unanswered questions include 
the following: which patients have an increased risk of a complicated course? Can we 
improve the prediction of early mortality after hip fracture surgery? What are the results 
of the orthogeriatric treatment model after its implementation phase? Are these results 
consistent over time? How can all professionals at the multiple healthcare institutions 
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involved gain insight into the overall recovery process of hip fracture patients? How can 
we optimise care quality over the boundaries of institutions? These questions bring me 
to the aim of my thesis.

Overall aim of this thesis:

Further optimisation of care for geriatric hip fracture patients over institutional 
boundaries: from admission to the hospital to geriatric rehabilitation and follow-up in 

the outpatient clinic

To achieve this aim, the first part (Part I) of this thesis focuses on identifying older 
hip fracture patients with a high risk of a complicated course. With this identification, 
treatment can potentially be tailored to individual needs, with the hope of preventing 
complications or diagnosing complications early in order to reduce their severity. The 
second part of this thesis (Part II) focuses on evaluating the existing intramural ortho-
geriatric care pathway and extending this transmurally, to geriatric rehabilitation and 
follow-up in the outpatient clinic.

Part I - Identification of patients at high risk

As life expectancy increases, the number of patients aged 90 years or older (the so-called 
‘nonagenarians’) has grown. In 2015, there were 16.1 million nonagenarians worldwide; 
this value is expected to increase to 76.7 million by 2050 [38]. Consequently, there will 
likely be a continuing increase in the number of nonagenarians sustaining hip fractures 
in the coming years. These nonagenarians may require particular orthogeriatric atten-
tion because of their advanced age and comorbidities [39]. Chapter 2 of this thesis 
compares nonagenarians with patients aged 70–79 years and 80–89 years in terms of 
patient characteristics, complications and mortality, in order to identify differences that 
could make a targeted treatment strategy beneficial.

As mentioned earlier, the NHFS is currently the best available score for predicting the 
risk of early mortality after hip fracture surgery [27]. However, the NHFS has room for 
improvement. In the most vulnerable patients, the maximum risk of early mortality 
predicted by the NHFS in a Dutch population is “only” 34.6% [40,41]. This relatively low 
percentage does not influence treatment considerations. A higher maximum predicted 
risk of early mortality would be more helpful in clinical decision-making. The Almelo 
Hip Fracture Score (AHFS) is presented in Chapter 3, with the goal of improving the 
identification of hip fracture patients with a high risk of early mortality.

In Chapter 4, we develop the Almelo Hip Fracture Score 90 (AHFS90). The AHFS90 predicts 
the risk of early mortality in nonagenarians with a hip fracture using data for DHFA 
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1Taskforce indicators, based on a collaboration between the St. Antonius hospital (Nieu-
wegein), Bernhoven hospital (Oss), Admiraal de Ruyter hospital (Goes), Diakonessenhuis 
hospital (Utrecht), Haaglanden Medical Centre (Den Haag) and Ziekenhuisgroep Twente 
(Almelo). In this oldest patient population, mortality rates are the highest, and the 
question of whether a nonoperative treatment should be considered may be the most 
relevant.

Part II - Evolution of clinical care: in-hospital and beyond

Ten years after the implementation of the orthogeriatric treatment model at the CvGT, 
a number of papers were published about the outcomes of orthogeriatric treatment 
for older hip fracture patients compared with conventional care [42–44]. However, 
literature on the consistency of outcomes for this treatment model after the implemen-
tation phase is scarce. Chapter 5 aims to evaluate the consistency of the orthogeriatric 
treatment model over the past 10 years, in terms of in-hospital logistics, postoperative 
complications and mortality.

With the implementation of the CvGT, intramural care for hip fracture patients has 
provided valuable insight for healthcare professionals in the hospital. However, informa-
tion regarding the overall transmural recovery process of hip fracture patients is not 
available for all involved healthcare professionals. To provide transparency regarding 
hip fracture recovery over institutional boundaries, a transmural monitoring pathway is 
developed in Chapter 6. In this chapter, we describe the content, feasibilty and recovery 
trajectories of this pathway.

To monitor recovery after discharge from the hospital and GRI, a three-month follow-up 
is scheduled at the outpatient clinic. However, due to age- or health-related factors, 
many patients cancel their appointment. Therefore, the usability of a mobile applica-
tion for monitoring three-month postoperative functional outcomes after hip fracture 
surgery is investigated in Chapter 7. By using this application, patients do not have to 
visit the outpatient clinic to give information about their functional recovery.

Part III – Discussion and summary

Chapter 8 presents a general discussion and future perspectives related to the results 
of the studies presented in this thesis. A summary of this thesis is provided in Chapter 9 
(English) and Chapter 10 (Dutch).
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ABSTRACT

Purpose

In previous literature, elderly with a hip fracture are frequently defined as ≥ 70 years. 
However, given the aging population and the rapidly increasing number of ‘nonagenar-
ians’ (aged ≥ 90 years), the question rises whether this definition is still actual. The aim 
of this study is to determine whether nonagenarians show differences compared to pa-
tients aged 70-79 years and patients aged 80-89 years in terms of patient characteristics, 
complications and mortality rate.

Methods

From April 2008 until December 2016, hip fracture patients aged ≥ 70 years treated 
according to our orthogeriatric treatment model were included. Patients were divided 
into three different groups based on age at admission: 70-79 years, 80-89 years and ≥ 90 
years. Patient characteristics, risk of early mortality, complications and outcomes were 
analysed. Risk factors for 30-day mortality in nonagenarians were determined.

Results

One thousand five hunderd eighty-seven patients were included: 465 patients aged 
70-79 years, 867 patients aged 80-89 years and 255 patients aged ≥ 90 years. Nona-
genarians were more often females and had a lower hemoglobin level at admission. 
Prefracture they were more often living in a nursing home, were more dependent in 
activities of daily living and mobility and had a higher risk of early mortality calculated 
with the Almelo Hip Fracture Score (AHFS). Postoperative, nonagenarians suffer signifi-
cantly more often from delirium and anemia. 30-day mortality and 1-year mortality were 
significantly higher. Differences increased gradually with age.

Conclusion

Nonagenarians differ from patients aged 70-79 and 80-89 years in baseline character-
istics, complication- and mortality rates. Differences increased gradually with age. The 
results of this study can be used, in combination with the Almelo Hip Fracture Score, to 
deliver efficiently targeted orthogeriatric treatment to the right patient group.
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2

INTRODUCTION

The general population is aging and due to this the incidence of hip fractures increases, 
affecting at this moment 1.5 million people per year worldwide [1–3]. In the past de-
cades, geriatric co-management appeared to be inevitable in older patients with a hip 
fracture [4]. In 2008, the Centre for Geriatric Traumatology (CvGT) was implemented at 
our hospital. It was the first centre in the Netherlands to implement the integrated or-
thogeriatric treatment model for elderly with a hip fracture. At the CvGT, all hip fracture 
patients aged 70 years or older are treated according to this orthogeriatric treatment 
model, which led to a decrease in complications and mortality [5,6]. However, given the 
increasing incidence of hip fractures, the high costs and the limited workforce availabil-
ity, the question rises if all patients aged 70 years or older should be treated according to 
the same orthogeriatric treatment model [7]. Targeted orthogeriatric treatment strategy 
in patient subgroups may contribute to efficiency in hip fracture care and could reduce 
costs.

With the longer life expectancy, the number of patients aged 90 years or older is also 
growing. In 2015, there were 16.13 million nonagenarians, which is expected to increase 
to 76.71 million in 2050 [8]. In line with that, there will likely be a continuing increase in 
the number of nonagenarians sustaining hip fractures in the coming years. These no-
nagenarians may require particular orthogeriatric attention because of their advanced 
age and comorbidities [9]. There have been a few papers written about hip fractures 
in the extreme elderly [10–13]. These studies show differences in complication risk 
and prognosis. However, most studies concern the (non-)operative management and/
or outcomes of centenarians and include a low number of patients [14–17]. Literature 
regarding targeted orthogeriatric treatment in age subgroups is scarce. A recent study 
of Liu et al. (2019) showed that superaged patients (80 years or older) could benefit from 
targeted treatment [18]. The Trondheim hip-fracture trail earlier showed that the effect 
of comprehensive geriatric care was most pronounced in younger female participants 
with higher pre-fracture i-ADL function [19].

The aim of this study is to determine whether nonagenarians show differences compared 
to patients aged 70-79 years and patients aged 80-89 years in terms of patient charac-
teristics, complications and mortality rate. We hypothesized that there are differences 
between these age groups that could make a targeted treatment strategy beneficial.
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MATERIALS & METHODS

A prospective cohort study was performed among patients treated surgically in the 
Centre of Geriatric Traumatology of a level-2 trauma centre for non-pathological hip 
fractures. Between April 2008 and December 2016, all operatively treated patients aged 
over 70 years were included. Patients with a pathological or periprosthetic fracture 
and referral to the orthopaedic service (for instance for total hip arthroplasty) were 
excluded. Patients who were not treated according the orthogeriatric treatment model 
were those who were admitted to a department where the treatment model was not yet 
implemented. Patients were surgically treated with osteosynthese (proximal femur nail 
anti-rotation, dynamic hip screw or three cannulated screws) or hip hemiarthroplasty.

Study procedure & data collection

Treatment was performed accordingly to our integrated orthogeriatric care model, us-
ing a multidisciplinary treatment protocol supported by clinical care pathways [5,20]. 
In the Centre of Geriatric Traumatology uniform data collection and recordings of all 
patient data were achieved by a standard evaluation according to the clinical pathway 
for hip fracture patients.

The following patient characteristics were registered: age, gender, American Society 
of Anesthesiologists physical status classification (ASA score) [21], dementia, Charlson 
Comorbidity Index (CCI score) [22], malnutrition, living situation, Parker Mobility Score 
(PMS) [23], Katz-ADL, Barthel Index [24], the Almelo Hip Fracture Score (AHFS), hemo-
globin level, fracture type, surgery within 24 hours after admission, type of surgery and 
the length of stay.

The ASA score is an assessment of a patient’s overall health before the surgery, scored 
by anesthesiologists classification (ASA 1: a normal healthy patient, ASA 2: a patient 
with mild systemic disease, ASA 3: a patient with severe systemic disease that is not 
life-threatening, ASA 4: a patient with severe systemic disease that is a constant threat 
to life) [21]. The CCI score contains 19 weighted comorbidities predictive for the 1-year 
mortality [22]. Malnutrition was assessed using the Short Nutritional Assessment Ques-
tionnaire (SNAQ score) [25]. Malnutrition is scored if the SNAQ score is ≥ 2, based on 
three weighed questions concerning weight, appetite and supplemental drinks/tube 
feeding. The PMS measures the mobility level before fracture, with a total score ranging 
from 0 (no walking ability) to 9 (fully independent walking ability) [23,26]. The Barthel 
Index measures independence in activity of daily living (ADL), with a total score ranging 
from 0 (fully dependent in ADL) to 20 (fully independent in ADL) [24].
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The AHFS is a risk score containing weighted 9 risk factors [27]. The score ranges from 3 
to 19 points, predicting a risk of early mortality ranging from 0.0 to 68.4% Cut-off points 
of AHFS ≤ 9 and AHFS ≥ 13 are used to divide patients into a low, medium or high-risk 
group.

The following complications were registered prospectively using the clinical care path-
way: anemia, arrhythmia, cerebrovascular accident, delirium, heart failure exacerbation, 
myocardial infarction, pneumonia, urinary tract infection, wound infection, readmission, 
reoperation, implant dislocation and implant failure. Appendix 1 presents the defini-
tions of the complications. Mortality data have been obtained from the municipal death 
registry and was documented in time intervals: in-hospital mortality, mortality within 30 
days and 1 year after hip fracture surgery. To scrutinize the in-hospital logistics, time to 
surgery after arrival to the hospital and length of hospital stay were registered.

Patients were subsequently subdivided into three different study groups, based on age: 
70-79 years, 80-89 years and 90+ years of age (nonagenarians). These groups will be 
regarded to respectively as group 1, group 2 and group 3 in the remaining of this article.

Statistical analysis

Categorical variables are described as number with corresponding percentages. 
Continuous variables are described as mean with standard deviation (SD), or in case 
of non-parametric data as median with interquartile range (IQR). Differences in patient 
characteristics, complications and mortality were tested between the three different 
patient groups using chi-square test (Fisher’s exact tests if appropriate) was used for 
categorical data and a one-way ANOVA with a Tukey’s post hoc test, or a Kruskal-Wallis 
test was used for continuous data. In order to identify a subset of variables that are 
associated with early mortality following hip fracture surgery in nonagenarians, differ-
ences in baseline characteristics and complications between the 30-day mortality- and 
the survival subgroup (within nonagenarians) were tested. Associated variables were 
described with odds ratio (OR) and 95% confidence interval (95%CI). Level of signifi-
cance was set at ≤0.05 for all analyses. Survival was illustrated using a Kaplan-Meier plot. 
Data were analysed using the Statistical Package for Social Sciences (SPSS) version 24.0 
(SPSS Inc. Chicago, IL).

RESULTS

A total of 2828 patients were admitted to the hospital with a hip fracture during the 
study period, of which 1587 matched our inclusion criteria (Figure 1. Study inclusion and 
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exclusion criteria). Thirty-two patients were included twice because of a hip fracture on 
the contralateral side occurred during follow up. The mean follow up time was 4 years 
and 10 months (ranging from 12 to 117 months). Four hundred and sixty-five patients 
(29.3%) were addressed to group 1, 867 patients (54.6%) were addressed to group 2 and 
255 patients (16.1%) were addressed to group 3.

Patient characteristics

Perioperative characteristics are shown in Table 1, post hoc analyses are presented in 
Table 3. Older patients were significantly more often female (chi square post hoc test: 
group 1 vs group 2, p=0.010; group 1 vs group 3, p<0.001; group 2 vs group 3, p=0.017) 
and were more often living in a nursing home (chi square post hoc tests all p<0.001). 
Furthermore they were more dependent in activities of daily living and mobility (Mann-
Whitney U post hoc test Barthel Index all p<0.001; Katz-ADL group 2 vs group 3 p=0.019, 
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other P<0.001; PMS all p<0.001). Dementia was more often seen in group 2 and 3 than 
group 1 (chi square post hoc test: group 1 vs group 3, p<0.001; group 1 vs group 2, 
p<0.001). A fractured collum femoris was more often seen in group 1 in comparison to 
group 3 (chi square post hoc test: group 1 vs group 3, p=0.014). Older patients had a sig-
nificant higher AHFS (p<0.001). At admission, older age groups had a lower hemoglobin 
level (Mann-Whitney U post hoc test group 2 vs 3, p=0.001, other p<0.001). Group 1 was 
less often treated with a hemiarthroplasty in comparison to group 2 and 3 (chi square 
post hoc test: group 1 vs group 2 and group 2 vs group 3, p<0.001).

Group 1b

(n = 465)
Group 2c

(n = 867)
Group 3d

(n = 255)
p value e

Female; n (%) 307 (66.0) 632 (72.9) 205 (80.4) <0.001

ASA score 3 or 4; n (%) 296 (64.0) 581 (67.3) 179 (70.5) NS

Dementia; n (%) 53 (11.4) 215 (24.8) 68 (26.7) <0.001

CCI score; median (IQR) 2 (1-3) 2 (1-3) 1 (1-2) NS

Malnutrition based on SNAQ score; n (%) 65 (14.0) 159 (18.3) 44 (17.3) NS

Prefracture living in nursing home; n (%) 35 (7.7) 168 (19.4) 50 (19.6) <0.001

PMSa; median (IQR) 9 (6-9) 6 (4-9) 5 (3-6) <0.001

Katz-ADLa; median (IQR) 0 (0-2) 2 (0-4) 3 (1-4) <0.001

Barthel-Indexa; median (IQR) 19.0 (16.0-20.0) 16.0 (13.0-19.5) 15.0 (11.0-18.0) <0.001

AHFS; n (%) <0.001

Low risk 345 (78.2) 533 (63.6) 118 (48.0)  

Medium risk 65 (14.7) 225 (26.8) 94 (38.2)  

High risk 31 (7.0) 80 (9.5) 34 (13.8)  

Hemoglobin level in mmol/la; mean (SD) 8.1 (1.0) 7.8 (1.0) 7.6 (1.0) <0.001

Fracture type; n (%) NS

Pertrochanteric 174 (37.4) 377 (43.5) 126 (49.4)  

Subtrochanteric 19 (4.1) 31 (3.6) 11 (4.3)  

Neck of femur 271 (58.0) 459 (52.9) 118 (46.3)  

Surgery within first 24 hours; n (%) 376 (80.9) 727 (83.9) 214 (83.9) NS

Type of surgery: osteosynthesis; n (%) 308 (66.2) 507 (58.5) 155 (60.8) <0.001

Length of stay in days; median (IQR) 8 (6-11) 8 (6-11) 8 (6-12) NS

Table 1. Variation of patient characteristics in the three study groups
ASA; American Society of Anesthesiologists physical status classification, CCI; Charlson Comorbidity Index, 
SNAQ; Short Nutritional Assessment Questionnaire, PMS; Parker Mobility Score, AHFS; Almelo Hip Fracture 
Score, NS; not significant
a at admission, b 70-79 years of age, c 80-89 years of age, d 90+ years of age
e Overall differences between the groups. Post hoc analyses are presented in Table 3.
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Complications

Complications in different age groups are illustrated in table 2. Overall, 49.5% of patients 
(n=785) suffered from one or more complication. The number of patients suffering from 
one or more complications increased with age (chi square post hoc test: group 2 vs 
group 3, p=0.014; other p<0.001). Group 2 and 3 had a significant higher number of 
anemia needing transfusion and delirium (chi square post hoc test anemia and delirium: 
group 1 vs group 2 and group 1 vs group 3, p<0.001). There was a significant association 
between postoperative delirium and anemia. Group 1 less often suffered from heart 
failure than group 3 (chi square post hoc test: group 1 vs group 3, p=0.018). There was 
no significant difference in other complications.

Group 1a

(n = 465)
Group 2b

(n = 867)
Group 3c

(n = 255)
p value d

Anemia needing transfusion; n (%) 58 (12.5) 208 (24.0) 69 (27.1) <0.001

Arrhythmia; n (%) 10 (2.2) 48 (5.5) 11 (4.3) NS

Cerebral vascular incident; n (%) 5 (1.1) 3 (0.3) 1 (0.4) NS

Delirium; n (%) 80 (17.2) 268 (30.0) 91 (35.7) <0.001

Heart failure; n (%) 19 (4.1) 53 (6.1) 22 (8.6) 0.018

Myocardial infarction; n (%) 3 (0.6) 8 (0.9) 2 (0.8) NS

Pneumonia; n (%) 40 (8.6) 74 (8.5) 27 (10.6) NS

Urinary tract infection; n (%) 26 (5.6) 71 (8.2) 19 (7.5) NS

Wound infection, superficial; n (%) 9 (1.9) 20 (2.3) 7 (2.7) NS

Wound infection, deep; n (%) 12 (2.6) 19 (2.2) 6 (2.4) NS

Readmission ≤ 30 days; n (%) 14 (3.0) 30 (3.5) 9 (3.5) NS

Reoperation during follow up; n (%) 16 (3.4) 34 (3.9) 10 (3.9) NS

Implant dislocation; n (%) 8 (1.7) 9 (1.0) 0 (0.0) NS

Implant failure; n (%) 4 (0.9) 5 (0.6) 4 (1.6) NS

≥ 1 complication; n (%) 197 (42.4) 510 (58.8) 168 (65.9) <0.001

In-hospital mortality; n (%) 15 (3.2) 31 (3.6) 16 (6.3) NS

30-day mortality; n (%) 21 (4.5) 72 (8.3) 34 (13.3) <0.001

1-year mortality; n (%) 79 (17.0) 221 (25.5) 98 (38.4) <0.001

Table 2. Variation of complications and mortality in the three study groups
NS; not significant
a 70-79 years of age
b 80-89 years of age
c 90+ years of age
e Overall differences between the groups. Post hoc analyses are presented in Table 3.
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Reasons for readmission and reoperation

There were no signifi cant diff erences in the number of readmission or reoperation be-
tween the three age groups. Overall, 53 patients (3.3%) were readmitted within 30 days. 
Reasons for readmissions were deep wound infection (23 patients, 1.4%), failure of PFNA 
(6 patients, 0.4%), anemia (3 patients, 0.2%), pneumonia or urinary tract infection (10 
patients, 0.7%), luxation of hip hemiarthroplasty (3 patients, 0.2%), wound dehiscence 
(3 patients, 0.2%) and failure of dynamic hip screw (4 patients, 0.3%). After 30 days, 15 
patients (1.5%) needed a reoperation. Reasons for reoperation after 30 days were wound 
infection (3 patients, 0.2%), failure of PFNA (5 patients, 0.3%), evacuation of haematoma 
(7 patients, 0.4%), luxation of hemiarthroplasty (2 patients, 0.1%) and failure of dynamic 
hip screw or avascular femur head necrosis (5 patients, 0.3%).

Mortality

The in-hospital mortality was 3.9% (n=62), 30-day mortality was 8.0% (n=127) and 
1-year mortality was 23.9% (n=380). There was a signifi cant diff erence between the age 
groups in 30-day mortality and 1-year mortality (both p<0.001). The 30-day mortality 
rate in group 1, 2 and 3 was respectively 4.5%, 8.3% and 13.3%. The 1-year mortality rate 
in group 1, 2 and 3 was respectively 17.0%, 22.5% and 38.4%. The 30-day mortality was 
increasing with age (chi-square post hoc test: group 1 vs group 2, p=0.010; group 1 vs 
group 3, p<0.001; group 2 vs group 3, p=0.016), even as the 1-year mortality (chi-square 
post hoc test all p<0.001). Figure 2 illustrates the signifi cant diff erences in one-year 
survival with 83.0% survival in group 1, 74.0% in group 2 and 61.6% in group 3.

Figure 2. Survival in the three study groups
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Nonagenarians: risk factors associated with 30-day mortality

Preoperative, univariate analysis revealed that nonagenarians with a living situation 
in a nursing home had a significantly higher mortality risk within the first 30-days 
postoperatively compared to nonagenarians who lived on their own (OR 2.23, 95% CI 
1.00 - 4.95, p=0.045). Dementia was also identified as a univariate preoperative risk fac-
tor associated with 30-day mortality (OR 2.17, 95% CI 1.02 - 4.58, p=0.043), as well as 
having two or more comorbidities (OR 3.49, 95% CI 1.56 - 7.81, p=0.002), dependency 
in ADL (OR 3.27, 95% CI 0.96 - 11.15 p=0.058) or an ASA score of 3 or 4 (OR 7.95, 95% 
CI 1.85 – 34.07, p=0.005). Perioperative, surgery after the first 24 hours after admission 
had a significantly (OR 2.50, 95% CI 1.32 – 4.72, p=0.006) negative influence on 30-day 
survival. Reasons to postpone surgery were use of oral anticoagulation and admission 
with an active pulmonary infection. Type of surgery did not influence 30-day mortality. 
Postoperative, hospital-acquired pneumonia (OR 4.06, 95% CI 1.65 - 10.0, p=0.002) and 
exacerbation of heart failure (OR 5.76, 95% CI 2.24 – 14.83, p=0.001) were univariately 
associated with 30-day mortality.

Group 1b vs Group 2c Group 1 vs Group 3d Group 2 vs Group 3

Female p=0.010 p<0.001 p=0.017

Dementia p<0.001 p<0.001 NS

Living in nursing home p<0.001 p<0.001 p<0.001

PMSa p<0.001 p<0.001 p<0.001

KATZ-ADLa p<0.001 p<0.001 p=0.019

Barthel-Indexa p<0.001 p<0.001 p<0.001

Hemoglobin levela p<0.001 p<0.001 p=0.001

Collum femoris fracture NS p=0.014 NS

Type of surgery p<0.001 NS p<0.001

≥ 1 complication p<0.001 p<0.001 p=0.014

Anemia p<0.001 p<0.001 NS

Delirium p<0.001 p<0.001 NS

Heart failure p=0.018 NS NS

30-day mortality p=0.010 p<0.001 p=0.016

1-year mortality p<0.001 p<0.001 p<0.001

Table 3. Post hoc analyses
PMS; Parker Mobility Score, NS; not significant
a at admission
b 70-79 years of age
c 80-89 years of age
d 90+ years of age
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DISCUSSION

In the current practice orthogeriatric hip fracture patients are frequently addressed to 
as one group (defined as 70 years of age or older). The results of this study are in line 
with our stated hypotheses that nonagenarians differ from other age groups in terms of 
patient characteristics, complications and mortality rates. This is an important finding, 
because this knowledge could contribute to targeting treatment strategy in hip fracture 
patients that might be beneficial for aiming the best possible care as efficiently as pos-
sible.

Multiple baseline differences between the nonagenarians and their relatively younger 
peers were found. Nonagenarians are more often female, which can be a result of the in 
general longer life expectancy of female [28]. Furthermore they are more dependent in 
activities of daily living and mobility, and have a lower hemoglobin level at admission. 
This is an important finding, the AHFS already showed that dependency in mobility 
and hemoglobin level at admission are independent risk factors for early mortality [27]. 
Postoperative, nonagenarians suffer more often from anemia and delirium and there 
was also a significant relationship between anemia and delirium. Probably, the lower 
level of hemoglobin at admission influenced the increased number of postoperative 
anemia. This subsequently might have led to a higher incidence of delirium. In ad-
dition, advanced age is also a well-known risk factor for delirium [29]. Knowing that 
these complications are higher in the nonagenarians, extra attention should be given 
for detection of anemia at admission and proactive treatment of this condition. Also, 
preventive measures can be implemented, such as the use of tranexamic acid to reduce 
the perioperative blood loss and managing delirium risk factors [30].

The overall survival rate found in this study is with 74.6% comparable to other literature 
[31–33]. We found that nonagenarians are at the greatest risk of mortality compared to 
their peers aged 70-89 years. Mortality gradually increased with age. This is in line with 
the study of Mariconda et al. (2015) who illustrated a worse survival for patients with an 
advanced age [34]. One of the reasons for the higher mortality rate in the older patients 
is the a priori lower life expectancy [35]. However, the impact of a hip fracture on mortal-
ity cannot be underestimated; nonagenarians without a hip fracture in this period in 
the Netherlands had a 1-year mortality rate of 26.4%, while the 1-year mortality rate in 
nonagenarians with a hip fracture in our study is 38.4% [36,37].

Factors that we have found in this study contributing in the higher risk of 30-day mor-
tality in nonagenarians are: living in a nursing home, dependency in activities of daily 
living based on Katz-ADL, dementia, having two or more comorbidities, ASA score 3 or 4, 
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surgery performed after the first 24 hours, post-operative pneumonia and exacerbation 
of heart failure. As in previous studies, type of surgery did not influence survival [38]. 
Other studies illustrated the same risk factors on mortality and added pre-operative low 
hemoglobin, obesity, dialysis and diabetes as an independent risk factor for outcome 
[33,34,39]. These risk factors should be taken into account in planning a treatment strat-
egy. Possible strategies to reduce the risk of mortality in nonagenarians could be striving 
to perform surgery within the first 24 hours, perioperative fluid volume optimization 
and implement programs to prevent pulmonary complications such as I COUGH [40–42].

In this study we questioned if nonagenarians with a hip fracture need a different ortho-
geriatric treatment strategy, as it might be not necessary to treat all hip fracture patients 
in the same intensive way. In nonagenarians, who suffer more often from dementia 
and dependency in ADL and mobility, other treatment goals may be pursued than in 
younger patients. Furthermore, it is important that intensive geriatric co-management 
should be applied in the most vulnerable group (e.g. daily consultation of the geriatri-
cian) and less intensive in the relatively vital patients (e.g. one-time consultation). In 
this way, extra attention then could be given to the patients who need it. Efficiency 
in hip fracture care is important, given the increasing number of hip fracture patients, 
limited workforce availability and high costs [2,43,44]. Nonetheless, it stands to reason 
that age alone is not per se the best screening tool for determining the intensity of 
treatment. For instance, the Trondheim hip-fracture trial earlier showed that the effect 
of comprehensive geriatric care was most pronounced in younger female participants 
with higher pre-fracture i-ADL function [45].

An alternative screening tool to apply a less or more intensive orthogeriatric treatment 
might be based on a risk model, for instance by using the AHFS. This score classifies 
patients in a low- intermediate or high-risk group, based on nine weighted risk factors. 
The AHFS has an overlap with preoperative risk factors found in the nonagenarians in 
this study: living in an institution, having two or more comorbidities, ASA score 3 or 4 
and cognitive dysfunction. Other risk factors included in the AHFS are: age ≥ 86 years, 
male gender, low admission serum hemoglobin, having a malignancy in the past 20 
years and Parker Mobility Score < 6 [27]. Most of these risk factors are also incorporated 
in multiple other frailty indices. In practice, patients falling in the low-risk group could 
get a less intensive orthogeriatric treatment or only if needed (e.g. in case of complica-
tions) and patients falling in the high-risk group could get a more intensive orthogeri-
atric treatment. Future research should be done to investigate if different orthogeriatric 
treatments in the targeted orthogeriatric patient categories could lead to more efficient 
care, reducing costs and better outcomes.
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Limitations of this study

A limitation of this study is the possible selection bias due to our inclusion criteria: for 
instance vital patients treated with a total hip arthroplasty were excluded. Unfortunately 
we were not able to perform a multivariate regression analysis in order to identify the 
independent risk factors for 30-day mortality in the nonagenarians. This was due to a 
too low numbers of deceased nonagenarians for proper analysis. Besides, we did not 
analyse the impact of a hip fracture on the quality of life and the patient perspective. 
This should be part of future studies.

Strengths of this study

This big cohort study with over 1500 orthogeriatric patients is unique in describing 
three different orthogeriatric age groups and can therefore illustrate the differences in 
baseline characteristics, complications and prognosis.

In conclusion, this study illustrates that nonagenarians show differences on pre-
operative characteristics, complications and prognosis, compared to patients aged 
70-89 years. Nonagenarians are more often female, living in a nursing home, suffering 
from dementia and dependent in ADL and mobility. Most of these differences gradually 
increased with age. Postoperative they suffer more often from anemia and delirium and 
have a higher risk of 30-day and 1-year mortality. The results of this study can be used, 
in combination with the AHFS, to deliver efficiently targeted orthogeriatric treatment to 
the right patient group.
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APPENDICES

Appendix 1. Definitions of complications

Anemia requiring transfusion based on the transfusion guide-
lines (CBO, 2007)

Arrhythmia in comparison with electrocardiogram at admission with 
need for treatment

Cerebrovascular accident hemiparesis of hemiplegia, a CT cerebrum is performed
Delirium based on the Delirium Observation Screening Scale 

score above 3 and geriatrician diagnosis confirmed in 
medical record

Heart failure clinical presentation and/or diagnosis confirmed on 
chest radiograph treatment started with diuretics

Implant dislocation diagnosis confirmed on XR, need for revision
Implant failure diagnosis confirmed on XR, need for revision
Myocardial infarction electrocardiogram abnormalities suspicious for ischemia 

and elevated cardiac troponin level
Pneumonia clinical presentation and/or diagnosis confirmed on 

chest radiograph treatment started with antibiotics
Readmission admission within the first 30 days after discharge
Reoperation operation within the first 60 days after initial surgery
Urinary tract infection urine sediment with positive WBC and nitrite treatment 

started with antibiotics
Wound infection, superficial diffuse redness, serous fluid leakage, and no fever
Wound infection, deep worse than superficial, need for revision
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ABSTRACT

Background

Hip fractures are common in the elderly and have a high risk of early mortality. Identi-
fication of patients at high risk of early mortality could contribute to enhanced quality 
of care. A simple scoring system is essential for preoperative identification of patients at 
high risk of early mortality in clinical practice. Of risk models published, The Nottingham 
Hip Fracture Score (NHFS) shows the most promising results so far. However, there is still 
room for improvement.

Methods

A cohort study including 850 patients was conducted over a period of 5,5 years. The 
NHFS was adjusted for cognitive impairment (NHFS-a) and tested. Patients who died 
within 30 days following hip fracture surgery (early mortality group) were compared to 
survivors. Independent risk factors for early mortality were assessed. A new hip fracture 
score for frail elderly was developed: the Almelo Hip Fracture Score (AHFS). The NHFS-a 
and the AHFS were compared for accuracy and predictive validity.

Results

Sixty-four (7.5%) patients died within 30 days following hip fracture surgery. The AHFS 
predicts the risk of early mortality better than the NHFS-a (p < 0.05). Using cut-off points 
of AHFS ≤ 9 and AHFS ≥ 13, patients could be divided into a low, medium or high risk 
group. The area under the curve improved with the AHFS compared to the NHFS-a (0.82 
versus 0.72). The likelihood ratio test reveals a significantly better fit of the AHFS in 
comparison with the NHFS-a (p < 0.001).

Conclusions

The AHFS can identify frail elderly at high risk of early mortality following hip fracture 
surgery accurately. With the AHFS, the patient can be classified into the low, medium or 
high risk group, which contributes to enhanced quality of care in clinical practice.
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INTRODUCTION

Hip fractures are a significant health care problem in the elderly, affecting 1.5 million 
people per year worldwide. This number is expected to increase to 2.6 million by 2025 
and 4.5 million by 2050 due to the aging population [1–3]. The consequences of a hip 
fracture can be serious; one-third of the patients die within the first year postoperative 
[3]. The mortality rate is highest in the early postoperative period, reaching up to 13.3% 
within the first 30 days after surgery [4].

Numerous risk factors for early mortality following hip fracture surgery have been 
reported, however study designs are inconsistent and the selection and definition of 
variables vary [3–8]. Given how common hip fractures are, it is important to obtain 
knowledge about these risk factors in order to optimise quality of care. Identification 
of patients at high risk for early mortality is beneficial, to inform the patient about the 
prognosis of hip fracture surgery and to customize care. A simple scoring system is es-
sential for such a preoperative identification in daily clinical practice [9].

Various risk models for early mortality following hip fracture surgery have been published 
[10,11]. The Nottingham Hip Fracture Score (NHFS) shows the most promising results so 
far. However, there it still room for improvement [10–12]. With the NHFS, more than 87% 
of the patients score a risk of 30-day mortality of 11.8% or lower [13]. These poor differ-
entiating percentages are insufficient for clinical decision-making. An appropriate cutoff 
point defining a high risk group is useful, but has never been validated [14]. Besides that, 
external validation of the risk model outside the United Kingdom is limited [13,14].

The primary aim of this study was to determine risk factors for early mortality in order 
to improve identification of patients at high risk of early mortality following hip fracture 
surgery. Secondary aims were to assess the value of the NHFS in a cohort of frail elderly 
and to modify the risk model in order to enhance its performance in terms of predicting 
early mortality following hip fracture surgery.

METHODS

Study population and setting

Patients aged 70 years or older with a hip fracture surgically treated by the Department 
of Trauma Surgery at Hospital Group Twente (ZGT) between April 1, 2008, and October 
23, 2013, have been included. Patients with an indication for total hip replacement who 
were referred to the orthopedic service and those with pathological or periprosthetic 
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fractures were excluded, as well as patients who died preoperatively. At ZGT, patients are 
admitted to the Centre for Geriatric Traumatology which uses an integrated orthogeri-
atric treatment model with a multidisciplinary approach and clinical care pathways [15].

Data collection

The following patient characteristics have been registered prospectively at baseline: 
age, gender, dementia (diagnosed by geriatrician/neurologist), cognitive frailty, history 
of malignancy, pre-fracture institutionalising, number of comorbidities (Appendix A), 
American Society of Anesthesiologist (ASA) score, Barthel Index [16], Parker Mobility 
Score (PMS) [17], Charlson Comorbidity Index (CCI) [18], the Dutch Hospital Safety Man-
agement (VMS) Frailty score [19], fracture type and serum hemoglobin.

Patients score positive on cognitive frailty if they are diagnosed with dementia or if they 
experienced memory problems or an episode of confusion during illness (delirium). The 
Barthel Index [16] measures independence in activities of daily living (ADL), with a total 
score ranging from 0 (fully dependent in ADL) to 20 (fully independent in ADL). The 
PMS measures the mobility level before fracture, with a total score ranging from 0 (no 
walking ability) to 9 (fully independent walking ability) [20,21]. The VMS Frailty score, 
which is part of a nationwide screening program, measures frailty within hospitalized 
elderly [19]. At admission, patients aged 70 years or older are screened on the domains 
of physical limitations in ADL, previous falls, delirium and malnutrition. If patients score 
positive on a domain, specific interventions are started during hospitalisation.

Mortality data have been obtained from the municipal death registry. Early mortality is 
defined as mortality within 30 days following hip fracture surgery. Survival is defined as 
survival after 30 days following hip fracture surgery. The follow-up period of the patients 
in the survival group is one year.

The Nottingham Hip Fracture Score (NHFS)

The NHFS assesses the risk of 30-day mortality following hip fracture surgery in patients 
aged 65 years or older [12]. The risk model is based on seven variables: age, gender, 
serum hemoglobin, Abbreviated Mental Test Score (AMTS), number of comorbidities, 
pre-fracture institutionalisation and malignancy (see for definitions Appendix A). Be-
tween 0 and 4 points is scored for each variable, resulting in a sum score of the NHFS 
ranging from 0 to 10 points [12].

The NHFS was calculated in our cohort and the results were compared with the observed 
mortality. The AMTS has not been registered in our study. As it is impossible to calculate 
the AMTS retrospectively, we have used cognitive frailty to score cognitive impairment. 
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This resulted in an adjusted NHFS (NHFS-a). Two NHFS formulas were used to calculate 
the risk of early mortality (%): the formula of Moppett et al. (2012) and the formula of 
Marufu et al. (2016), labeled as NHFS-a(2012) and NHFS-a(2016) respectively [13,22].

Statistical analysis

Categorical variables are described as number with corresponding percentages. Continuous 
variables are described as mean with standard deviation, or in case of non-parametric data as 
median with interquartile range (IQR). In order to identify a subset of independent variables 
that are associated with early mortality following hip fracture surgery, differences in baseline 
characteristics between the early mortality group and the survival group were tested. Groups 
were compared using the Chi-square test (Fisher’s exact tests if appropriate) for categorical 
data and Student’s t-test or Mann-Whitney U test for continuous data. Variables associated 
with mortality (p < 0.10) were entered in a multivariate logistic regression model together 
with the total NHFS-a. Only variables without overlap with components of the NHFS-a were 
selected. Subsequently, variables with the highest p-value were removed step-by-step until 
the fit of the model decreased significantly (based on the likelihood ratio test). Independent 
risk factors identified by multivariate logistic regression analysis were used as scoring items in 
the new risk model named the Almelo Hip Fracture Score (AHFS). The beta-coefficients (β) of 
all variables were divided by the value of the β of the NHFS-a, in order to set the value of the 
NHFS-a on its original NHFS value. Each item was assigned a weighed factor based on its β.

Summing the weighted factors of the items results in the total number of AHFS points, 
which should be entered into the AHFS formula to calculate the risk of early mortal-
ity (%). The performance of the AHFS and NHFS-a was assessed using the area under 
the receiver operating characteristic (ROC) curve for discrimination and the Hosmer-
Lemeshow test for calibration. The likelihood ratio test was performed to compare 
the performance of the two risk models. A p < 0.05 was regarded as being statistically 
significant. All statistical analyses were carried out using the Statistical Package for the 
Social Sciences version 23 (SPSS Inc., Chicago, VS).

RESULTS

Patient characteristics

The study population consists of 850 patients. Baseline characteristics are presented 
in Table 1. The median (IQR) age is 83.0 (78.0–87.0) years and 26.4% (n = 224) of the 
patients are male. Severe comorbidity (ASA ≥ 3) is seen in 78.4% (n = 666) of the patients. 
Cognitive frailty is seen in 34.5% (n = 293) of the patients. Of the patients, 7.5% (n = 64) 
died within 30 days following hip fracture surgery.
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In the total study population, the median (IQR) risk of early mortality is 6.9% (4.4–11.0%) 
and 4.6% (2.8–7.4%), calculated with the NHFS-a(2012) and the NHFS-a(2016) respectively.

The NHFS-a(2012) predicts a median (IQR) risk of early mortality of 11.0% (6.9–16.0%) in 
the early mortality group and a median (IQR) risk of early mortality of 6.9% (4.4–11.0%) 
in the survival group (p < 0.001). With the NHFS-a(2016) a median (IQR) risk of early 
mortality of 7.4% (4.6–11.8%) in the early mortality group and a median (IQR) risk of 
early mortality of 4.6% (2.8–7.4%) in the survival group (p < 0.001) is predicted (Table 1).

Patients in the early mortality group are significantly older, more frequently institu-
tionalised and score more often positive on cognitive frailty. They are also physically 
frailer; they have more and severe comorbidities, lower functional scores and are more 
frequently undernourished.

Development of the Almelo Hip Fracture Score (AHFS)

The following variables have been selected for multivariate logistic regression analysis: 
NHFS-a, ASA score, PMS, VMS Physical limitations and VMS Malnutrition. For measur-
ing independence in ADL, VMS Physical limitations was selected instead of the Barthel 
Index, based on clinical utility. The variables age in years, serum hemoglobin in g/dl, 
Charlson Comorbidity Index and VMS Delirium have been excluded as a consequence of 
similar variables that are already included in the NHFS-a (i.e. age 86 years or older, serum 
hemoglobin ≥ 10 g/dl, number of comorbidities 2 or more and cognitive frailty).

Multivariate logistic regression analysis identifies high NHFS-a (β 0.38, OR 1.47, 95% CI 
1.16–1.86, p = 0.001), ASA > 2 (ASA 3: β 1.07, OR 2.92, 95% CI 0.67–12.69, p = 0.152; ASA 
4–5: β 2.69, OR 14.70, 95% CI 3.30–65.62, p < 0.001) and PMS ≤ 5 (β 0.74, OR 2.10, 95% 
CI 1.09–4.05, p = 0.030) as independent risk factors for early mortality (Table 2). β were 
divided by 0.38 in order to set the NHFS-a on its original value. Based on the outcome, 
a weighted score was assigned per independent risk factor. The AHFS formula was built 
with the weighted scores and the constant factor, which was also identified by multivari-
ate logistic regression analysis.

The AHFS is presented in Figure 1. Appendix A shows the definitions of the variables. To 
predict the risk of early mortality, the AHFS formula requires the total number of AHFS 
points to be entered:

Risk of early mortality (%) =  100
1 +  e(6.503 – (AHFS x 0,383))
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Total
(n = 850)

Early mortality 
group
(n = 64)

Survival 
group
(n = 786)

P-value

Age in years; median (IQR) 83.0
(78.0-87.0)

86.0
(82.0-89.0)

83.0
(78.0-87.0)

0.002

Dementia; n (%) 177 (20.8) 16 (25.0) 161 (20.5) 0.392

ASA classification; n (%) <0.001*

1 – 2 184 (21.7) 2 (3.1) 182 (23.2)

 3 553 (65.1) 30 (46.9) 523 (66.5)  

 4 – 5 113 (13.3) 32 (50.0) 81 (10.3)  

PMS ≤ 5; n (%) 376 (44.2) 49 (76.6) 327 (41.6) <0.001*

Barthel Index ≤ 9; n (%) 117 (13.8) 15 (23.8) 102 (3.1) 0.018

CCI; n (%) <0.001

0 – 1 406 (47.8) 16 (25.0) 390 (49.6)

 2 – 3 304 (35.8) 13 (35.9) 281 (35.8)  

 ≥ 4 140 (16.5) 25 (39.1) 115 (14.7)  

VMS Delirium; n (%) 247 (29.1) 25 (39.1) 222 (28.2) 0.069

VMS Prior fall; n (%) 840 (97.8) 63 (98.4) 777 (98.9) 0.508

VMS Malnutrition; n (%) 162 (19.1) 19 (29.7) 143 (18.2) 0.022*

VMS Physical limitations; n (%) 605 (71.2) 56 (87.5) 549 (69.8) 0.003*

Fracture type; n (%) 0.828

Femoral neck 443 (52.1) 31 (48.4) 412 (52.4)

 Pertrochanteric 369 (43.4) 30 (46.9) 339 (43.1)  

 Subtrochanteric 38 (4.5) 3 (7.5) 35 (4.5)  

Variables NHFS-a

Age ≥ 86 years; n (%) 323 (38.0) 36 (56.3) 287 (36.5) 0.002

Male gender; n (%) 224 (26.4) 23 (35.9) 201 (25.6) 0.070

Serum hemoglobin ≤ 10 g/dl; n (%) 52 (6.1) 11.0 (17.2) 41 (5.2) <0.001

Cognitive frailty; n (%) 293 (34.5) 30 (46.9) 263 (33.5) 0.030

Number of comorbidities ≥2; n (%) 450 (52.9) 46 (71.9) 404 (51.4) 0.002

Living in an institution; n (%) 249 (29.3) 32 (50.0) 217 (27.6) <0.001

History of malignancy; n (%) 207 (24.4) 23 (35.9) 184 (23.4) 0.025

Total NHFS-a points; median (IQR) 5 (4-6) 6 (5-7) 5 (4-6) <0.001*

NHFS-a (2012)a (%); median (IQR) 6.9 (4.4-11.0) 11.0 (6.9-16.0) 6.9 (4.4-11.0) <0.001

NHFS-a (2016)b (%); median (IQR) 4.6 (2.8-7.4) 7.4 (4.6-11.8) 4.6 (2.8-7.4) <0.001

Table 1. Baseline characteristics
ASA, American Society of Anesthesiologists physical status classification; PMS, Parker Mobility Score; CCI, 
Charlson Comorbidity Index; VMS, the Dutch Hospital Safety Management Frailty score; NHFS-a, adjusted 
Nottingham Hip Fracture Score; SD, standard deviation; IQR; interquartile range
Differences in baseline characteristics between the early mortality group and survival group were tested.
* Variable entered into the multivariate logistic regression model
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THE ALMELO HIP FRACTURE SCORE (AHFS)
Risk Score Form

                                                                        
Age
� ≥ 86 years 4 points
� 70 – 85 years 3 points

Gender
� Male 1 point
� Female 0 points

Admission serum haemoglobin
� ≤ 10 g/dl 1 point
� > 10 g/dl 0 points

Cognitive frailty*
� Yes 1 point
� No 0 points

Living in an institution
� Yes 1 point
� No 0 points

Numbers of comorbidities
� ≥ 2 1 point
� < 2 0 points

Malignancy
� Yes 1 point
� No 0 points

Parker Mobility Score
� ≤ 5 2 points
� > 5 0 points

ASA Score
� 1 - 2 0 points
� 3 3 points
� 4 7 points

Sum of points (AHFS): ____ points

RISK OF EARLY MORTALITY
AHFS  ≤ 9:
AHFS 10 – 12: 
AHFS ≥ 13:

Low risk
Medium risk
High risk

* Dementia, memory problems or delirium in the admission history.

Figure 1. Risk score form for the Almelo Hip Fracture Score

a Risk of early mortality calculated by the NHFS-a (2012) [22]
b Risk of early mortality calculated by the NHFS-a (2016) [13]
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The AHFS ranges from 3 to 19 points, predicting a risk of early mortality ranging from 
0.0 to 68.4% (Table 3). The median (IQR) risk of early mortality predicted by the AHFS is 
4.5% (2.1–9.2%) in our total study population. The AHFS predicts a median (IQR) risk of 
early mortality of 17.9% (9.2–31.9%) in the early mortality group and a median (IQR) risk 
of early mortality of 3.1% (2.1–9.2%) in the survival group (p < 0.001).

Risk groups

The distribution of AHFS in the early mortality group and the survival group was as-
sessed in order to set two cutoff points for defining low, medium and high risk groups 
(Figure 2). The rate of patients in the survival group strongly decreased at an AHFS ≥ 

β OR 95% CI P-value

NHFS-a 0.383 1.47 1.16 – 1.86 0.001

ASA 3a 1.072 2.92 0.67 – 12.69 0.152

ASA 4 – 5a 2.688 14.70 3.30 – 65.62 < 0.001

PMS ≤ 5b 0.741 2.10 1.09 – 4.05 0.030

Constant -6.503

Table 2. Final model produced by multivariate logistic regression analysis
ASA, American Society of Anesthesiologists Physical Status Classification; PMS, Parker Mobility Score; VMS, 
the Dutch Hospital Safety Management Frailty score; NHFS-a, adjusted Nottingham Hip Fracture Score; β, 
beta-coefficient; OR, odds ratio; CI, confidence interval. Reference categories: aASA 1 – 2, bPMS > 5

AHFS Risk of early mortality (%)

3 0.0

4 0.0

5 1.0

6 1.5

7 2.1

8 3.1

9 4.5

10 6.5

11 9.2

12 12.9

13 17.9

14 24.2

15 31.9

16 40.7

17 50.2

18 59.7

19 68.4

Table 3. Risk of early mortality calculated with the Almelo Hip Fracture Score



Chapter 3

54

13. Based on this, a cutoff  point of AHFS ≥ 13 was set to identify the high risk group 
(Figure 1). This cutoff  point represents a sensitivity of 42.2%, a specifi city of 92.5%, a 
positive predictive value (PPV) of 31.4% and a negative predictive value (NPV) of 95.2%, 
in comparison with the low and medium risk groups (Table 3).

The rate of patients in the early mortality group strongly decreases at an AHFS ≤ 9. A 
cutoff  point of AHFS ≤ 9 was therefore set to identify the low risk group (Figure 1). This 
cutoff  point represents a sensitivity of 78.1%, a specifi city of 72.5%, a PPV of 18.8% and a 
NPV of 97.6%, in comparison with the medium and high risk groups.

Performance of the two models

The area under the ROC curves (SD) of the NHFS-a and the AHFS are respectively 0.72 
(0.03) and 0.82 (0.02) (Figure 3). Both score models reveal a good fi t between observed 
and predicted values (p > 0.05, Hosmer-Lemeshow test). The likelihood ratio test reveals 
a signifi cantly better fi t of the AHFS in comparison to the NHFS-a (p < 0.001).

DISCUSSION

This prospective study demonstrates that increasing NHFS-a, a lower level of mobility 
(PMS) and a worse preoperative health status (ASA score) are independent risk factors 
for early mortality following hip fracture surgery in elderly. We developed the AHFS to 
identify frail elderly at high risk of early mortality following hip fracture surgery. Based 
on the area under the receiver-operating curve, the risk model has an excellent discrimi-
native value. Overall the AHFS has an adequate predictive value, is useful in daily clinical 
practice and could also serve as case-mix adjustment after further validation.

Figure 2. Distribution of patients on the AHFS scale in the early mortality group versus the survival 
group
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In earlier studies of Marufu et al. (2015) and Karres et al. (2014) the NHFS has shown the 
best results in terms of predicting early mortality following hip fracture surgery so far 
[10,11]. However, the NHFS has limited discriminative power and inconsistent results of 
calibration [10–13,22]. Furthermore, in a recent study of Marufu et al. (2016) the NHFS 
predicts in more than 87% of the patients a risk of early mortality following hip fracture 
surgery of 12% or less and in our study the NHFS-a scores a low risk of early mortality 
of 11.0% and 7.4% in the high risk group (i.e. early mortality group). These poor dif-
ferentiating percentages are insuffi  cient for identifying the patients at high risk for early 
mortality [13].

A risk model has a better ability to predict on group level than on individual level. There-
fore classifying patients in low, medium and high risk groups is preferred. We set AHFS 
≤ 9 and AHFS ≥ 13 as cutoff  points for defi ning the low, medium and high risk group. 
Based on the risk group, the patient can be informed correctly about the prognosis and 
the appropriate clinical pathway, in which for instance a higher level of care and discuss-
ing end-of-life care could be implemented.

Figure 3. The ROC curve of the NHFS-a and the AHFS
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The Almelo Hip Fracture Score (AHFS) identifies frail elderly at high risk of early mortality 
following hip fracture surgery more accurately than the NHFS-a. The AHFS has a better 
ability to discriminate and the risk model has a better fit than the NHFS-a. Despite similar 
variables used, the AHFS differs in a number of ways from the NHFS. The NHFS has been 
developed in a cohort including patients aged ≥ 65 years, patients with an indication 
for total hip replacement and patients who are given usual treatment [12,22]. Opposed 
to that, our study population included patients aged ≥ 70 years who have been treated 
according to the CvGT treatment model [15]. Hip fracture patients with an indication for 
total hip replacement were excluded. As a result, the AHFS embraces an older and frailer 
population.

Besides that, the AHFS includes the PMS and the ASA score. Numerous previous studies 
already identified the PMS and the ASA score as independent predictors of mortality, 
which underlines the importance of these risk factors [4–7,17,20,21,23]. Clinical audits 
in the United Kingdom are already performing case-mix adjustment for the ASA score, 
which emphasizes the value of the score in hip fracture patients [24].

Finally, the AHFS uses cognitive frailty to score cognitive impairment instead of the AMTS 
as suggested by the NHFS [25]. Patients score positive on cognitive frailty if diagnosed 
with dementia or if patients experienced memory problems or an episode of confusion 
during illness (delirium). The AMTS it is not widely used in countries outside the United 
Kingdom, for example in the Netherlands. In daily clinical practice, cognitive frailty is 
therefore a more practical score to assess cognitive impairment; it uses readily available 
and verifiable clinical information.

A limitation of this study is that we were not able to calculate the original NHFS in our 
population; instead we calculated a modified version of the NHFS in which cognitive 
frailty replaces the AMTS to score cognitive impairment. However, the frequency of 
patients scoring positive on the cognitive impairment with the AMTS in earlier studies 
(34.2–40.0%) is comparable to the frequency of patients scoring positive on the cogni-
tive impairment with cognitive frailty in our population (34.5%) [12,22]. Therefore, it is 
likely that the different way of scoring cognitive impairment has not seriously influenced 
the assessment of the value of the NHFS in our population.

In conclusion, the AHFS can identify frail elderly at high risk of early mortality following hip 
fracture surgery more accurately than the NHFS-a. Classifying patients in the low, medium 
or high risk group contributes to enhanced quality of care. The AHFS can therefore serve 
as a good clinical risk model (Figure 1). Besides that, after further validation, it may also 
represent a viable method for case-mix adjustment in clinical audits in the Netherlands.
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APPENDICES

Appendix 1. Definitions of variables used in the NHFS and AHFS

Variables defined by the NHFS [12]:
1. Age: patients aged 70 to 85 years score three points, patients aged 86 years or older 
score four points.

2. Gender: male patients score one point; female patients do not score a point on the 
item gender.

3. Admission serum hemoglobin: the patient scores one point on if its admission serum 
hemoglobin is 10 g/dl or less. Patients with a serum hemoglobin above 10 g/dl do not 
score a point on this item.

4. Comorbidities: the patient scores one point on this item if he/she has two or more 
of the following comorbidities, presented per tract: cardiovascular diseases (such as 
angina, atrial fibrillation, valvular heart disease, myocardial infarction or hypertension), 
cerebrovascular diseases (any cerebrovascular event or transient ischemic attack), respi-
ratory diseases (such as chronic obstructive pulmonary disease or asthma, but not acute 
infections), renal disease (pre-existing, not acute renal impairment), diabetes.

5. Living in an institution: the patient scores one point if he/she lives in care home or 
skilled nursing home. Patients living with relatives/careers or in warded aided housing 
do not score a point on this item.

6. Malignancy: if the patient has any malignancy (other than non-invasive skin cancer) 
within the last 20 years, he/she score one point for malignancy. Cancers that were 
treated curatively over 20 years ago and have not shown any sign of recurrence do not 
score a point on the item malignancy.

Variables added to the Almelo Hip Fracture Score (AHFS):
1. Cognitive frailty: the patient scores one point on cognitive frailty if he/she was 
previously diagnosed with dementia (diagnosed by specialist), experienced memory 
problems or has delirium in the history.

2. Parker Mobility Score (PMS) [20]: the patients is asked how to perform indoor walking, 
outdoor walking, and shopping before the hip fracture, providing a score between 0 and 
3 (0 = not at all, 1 = with help from another person, 2 = with an aid, and 3 = no difficulty 
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and no aid) for each function. Patients score two points if the sum of the score is 5 or less; 
patients with a PMS of 6 or higher do not score a point.

3. American Society of Anesthesiologists (ASA) Physical Status Classification (ASA score): 
patients with an ASA score of 1 or 2 score no points, patients with an ASA score of 3 score 
three points and patients with an ASA score 4 or 5 score seven points.
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Appendix 2. Glossary of abbreviations and acronyms

ADL Activities of daily living
AHFS Almelo Hip Fracture Score
AMTS Abbreviated Mental Test Score
ASA American Society of Anesthesiologist
CCI Charlson Comorbidity Index
CvGT Centre for Geriatric Traumatology
NHFS Nottingham Hip Fracture Score
NHFS-a Adjusted Nottingham Hip Fracture Score
PMS Parker Mobility Score
VMS Dutch Hospital Safety Management
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ABSTRACT

Introduction

Identifying hip fracture patients with a high risk of early mortality after surgery could be 
helpful in making treatment decisions and informing the patient about the prognosis. 
For this purpose, the Almelo Hip Fracture Score (AHFS) was developed for patients aged 
≥ 70 years. Although it has an good accuracy, its maximum risk of early mortality (68.4%) 
is not high enough to be supportive in clinical decision-making. Developing a risk score 
in patients ≥ 90 years could possibly increase this maximum risk. Therefore, this study 
aims to develop and validate a pre-operative risk score for the prediction of early mortal-
ity in patients aged ≥ 90 years undergoing hip fracture surgery (AHFS90).

Methods

Patients ≥90 years, surgically treated for a hip fracture and registered in the Dutch Hip 
Fracture Audit Taskforce Indicators, were included. A selection of possible predictors for 
mortality was made. Missing data was imputed by Multiple Imputation using Chained 
Equations. Logistic regression was performed to develop the AHFS90, which subse-
quently was validated by bootstrapping. Calibration was assessed with a calibration plot 
and by comparing observed and predicted risks of early mortality.

Results

Hundred-two of the 922 included patients (11.1%) died ≤ 30 days following hip fracture 
surgery. The AHFS90 includes age, gender, dementia, living in a nursing home, ASA score, 
and hemoglobin level as predictors for early mortality after hip fracture surgery. The 
bootstrap adjusted performance shows good accuracy (AUC 0.74). The predicted risk 
corresponds with the observed risk of early mortality in four risk categories. In two 
risk categories, the AHFS90 slightly overestimates the risk of early mortality. In one risk 
category, no mortality was observed, due to which proper analysis is not possible.  The 
AHFS90 had a maximal prediction of early mortality of 64.5% in this study population.

Discussion

The AHFS90 predicts early mortality after hip fracture surgery in patients aged ≥ 90 years. 
It has a good accuracy, with an AUC of 0.74. Calibration showed that the predicted risk 
corresponds with the observed risk in most risk categories. In our study population, the 
AHFS90 yielded a maximum prediction of early mortality of 64.5%, which is comparable 
to the maximum risk of the AHFS.
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INTRODUCTION

Hip fractures are a growing healthcare problem in the elderly. Although the age-stan-
dardized incidence is gradually falling, the aging of the population leads to a worldwide 
increase in the number of hip fractures [1]. Currently, more than 18,000 patients aged 
65 years or older with a hip fracture are admitted to a hospital in the Netherlands each 
year. This incidence is expected to increase by 24% to more than 21,200 in 2040 [2]. Es-
pecially in the elderly, hip fractures have a significant impact on life. Impaired long-term 
functional outcomes can be expected, as well as an increased dependency in mobility 
and a decreased physical quality of life [3]. Furthermore, a significant proportion of the 
patients die within the first 30 days after hip fracture surgery, with 30-day mortality rates 
varying from 4.1 to 13.3% [4–14].

Currently, surgical intervention is the standard treatment for hip fractures [15]. In 2020, 
96.6% of the hip fracture patients in the Netherlands received surgical treatment [16]. 
The goal of the surgical treatment is for the patient to return to their prefracture func-
tional level. Although surgery increases the functional level and can contribute to pain 
relief, it requires hospitalization with the risk of post-operative complications and after 
admission to a hospital many patients are unable to return to their homes. An alterna-
tive is a nonoperative treatment, which is known to be associated with a poor prognosis 
regarding survival [17,18]. Recently, the multicentre cohort FRAIL-HIP study investigated 
nonoperative versus operative treatment for frail institutionalized patients with limited 
life expectancy at twenty-five hospitals across the Netherlands [19]. In this study, non-
operative management was non-inferior to operative management regarding quality of 
life. In the nonoperative management group the early mortality rate was much higher, 
but there were less adverse events and the quality of dying was rated as good to almost 
perfect by 51% of the proxies and caregivers of the patient. Therefore, nonoperative 
treatment was concluded to be a viable option, suggesting that surgery should not be 
a foregone conclusion for this patient population. Nonoperative treated patients avoid 
the stress of surgery and anesthesia and can stay at their homes with their relatives 
in this vulnerable phase of life. Especially in very frail patients with a high risk of early 
mortality, one may question if surgery is always the best treatment [18,20]. Identifying 
which patient has a high risk of early mortality after surgery is important because this 
knowledge could be used in future patients to personalize treatment decisions. Further-
more, this information could also inform the patients and families about the prognosis.

In order to identify hip fracture patients with a high risk of mortality after surgery the 
Almelo Hip Fracture Score (AHFS) was developed in the Netherlands in 2016 for patients 
aged 70 years and older [8]. It has a good to excellent discriminative value with an area 
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under the receiver-operating curve (AUC) ranging from 0.70 in an external validation 
study to 0.82 in the initial study. In contrast to other models, the AHFS uses pre-operative 
risk factors only, which enables shared-decision making regarding (non)operative treat-
ment [21,22].

However, besides these strengths, the AHFS also has room for improvement. The clinical 
utility of the risk score is limited [13]. The maximum risk of early mortality calculated by 
the AHFS is 68.4%, which is relatively low. A higher maximum risk of mortality would be 
more supportive in clinical decision-making. This limited range may partly be caused by 
the skewed distribution in survival and mortality as the proportion of deceased patients 
in the study population of the AHFS was relatively low: 7.5% of the patients died within 
30 days following hip fracture surgery. A better prediction may be possible in a study 
population with higher mortality rates. Earlier research by de Groot et al. (2020) showed 
that the eldest hip fracture patients (i.e., 90 years and older, the so-called nonagenar-
ians) have a significantly higher 30-day mortality rate of 13.3% in comparison to their 
younger peers (4.3% and 8.5% in respectively the patients aged 70–79 years and 80–89 
years) [14]. Developing a risk score in patients aged 90 years or older could improve 
the prediction. Besides, treatment considerations regarding nonoperative or operative 
treatment are clinically relevant in this patient group.

The aim of this study is to develop and internally validate a pre-operative risk score 
for the prediction of early mortality in patients aged 90 years or older undergoing hip 
fracture surgery.

PATIENTS AND METHODS

Study population and setting

To improve the quality of care for patients with a hip fracture, the nationwide Dutch Hip 
Fracture Audit (DHFA) was established in the Netherlands in 2016 [23]. Prospective col-
lection of patient characteristics, treatment modalities and outcomes are an important 
part of this audit. A taskforce study group within this audit collects extra data for research 
purposes: the DHFA Taskforce Indicators (DHFA TFI). The DHFA TFI comprises six Dutch 
hospitals in different regions: St. Antonius hospital, Nieuwegein; Bernhoven hospital, 
Oss; Admiraal de Ruyter hospital, Goes; Diakonessenhuis hospital, Utrecht; Haaglanden 
Medical Center, Den Haag and Ziekenhuisgroep Twente, Almelo. For this study, we used 
the data of the DHFA TFI. Patients aged ≥ 90 years admitted between January 2018 and 
December 2019 in one of the participating hospitals surgically treated for a proximal 
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femur fracture were included. Patients who were scheduled for surgery but died before 
undergoing surgery were excluded.

Data collection

A selection of possible predictors for mortality was made within the available data of 
the DHFA TFI based on literature review [24–32]. Peri- and post-operative variables were 
excluded as the AHFS90 is intended to be used preoperatively.

The following variables were included:
•	 Age	(in	years)
•	 Gender	(females/males)
•	 Dementia:	diagnosis	known	in	the	hospital	or	by	the	general	practitioner	(yes/no)
•	 Living	in	a	nursing	home	(yes/no)
•	 Risk	 of	malnutrition	 (no	 increased	 risk/moderately	 increased	 risk/increased	 risk	 of	

malnutrition) [33–36]. The risk of malnutrition was measured using the Short Nutri-
tional Assessment Questionnaire (SNAQ) score [37] or Malnutrition Universal Screen-
ing Tool (MUST) [38]. Patients were considered not at risk of malnutrition if SNAQ = 0 
or MUST = 0, moderately at risk of malnutrition if SNAQ > 0 and ≤ 2 or MUST = 1, or 
increased risk of malnutrition if SNAQ > 2 or MUST >1.

•	 Fracture	type	(femoral	neck	non-displaced/femoral	neck	non-displaced/trochanteric	
AO-A1/trochanteric AO-A2/trochanteric AO-A3/subtrochanteric).

•	 American	 Society	 of	 Anesthesiologists	 physical	 status	 classification	 (ASA	 score	
1-2/3/4) [25,26,29].

•	 Parker	Mobility	 Score	 (PMS)	 (0-9);	 this	 is	 a	 composite	measurement	 of	 a	 patient's	
mobility indoors, outdoors, and during shopping [39]. The PMS was selected instead 
of the Fracture Mobility Score as the reliability and validity of this score are more 
proven in previous studies.

•	 Katz-ADL	score	 (0-6)	 [26,40];	measures	 the	patients’	ability	 to	perform	activities	of	
daily living independently.

•	 Serum	hemoglobin	level	at	admission	to	the	hospital	(in	mmol/L).
•	 We	 included	 polypharmacy	 (use	 of	 5	 or	more	 different	medications;	 yes/no)	 as	 a	

proxy for co-morbidities.

The primary outcome was early mortality, defined as death within the first 30 days fol-
lowing hip fracture surgery. Survival is defined as survival after 30 days following hip 
fracture surgery.
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Statistical analysis

Patient characteristics were described using descriptive statistics. Categorical variables 
are described as numbers with corresponding percentages. Continuous variables are 
described as mean with standard deviation, or in the case of skewed data as median 
with interquartile range (IQR). To assess univariate relationships between possible pre-
dictors and mortality, the associations between categorical variables and mortality were 
tested using chi-square tests. Associations between continuous variables and mortality 
were tested using t-tests. Subsequently, the following three steps were followed in order 
to develop and validate a pre-operative risk score for the prediction of early mortality in 
patients aged 90 years or older undergoing hip fracture surgery:

Step 1: Imputation
In the case of missing data, Multiple Imputation using Chained Equations (MICE) was 
used to create data imputations [41]. For dementia, polypharmacy, risk of malnutrition, 
PMS and Katz-ADL score 5.0% (n=50) to 11.7% (n=116) of the data was missing. MICE 
was used to create 20 imputed datasets [41]. To identify predictors for the imputations, 
chi-square tests between all possible combinations of variables were performed using 
a cut-off p-value of 0.20. Sum scores and aggregate variables were passively imputed. 
Convergence plots indicated convergence after 10 iterations. Variables with small cat-
egories were recategorised after imputation.

Step 2: Multivariable logistic regression analysis
Logistic regression with backward variable selection based on Akaike Information Cri-
terion (AIC) was performed to develop prediction models for early mortality after hip 
fracture surgery for all 20 imputed datasets. Next, a final model was built by pooling 
the 20 models using Rubin’s rules. Pooled p-values of categorical variables with three 
or more categories were calculated using the method of Meng and Rubin [42]. Variables 
present in at least half of the 20 models were selected for the model [43].

Step 3: Validation
The modelling procedure, including backward variable selection, was validated on 200 
bootstrap replicates. An optimism-corrected pooled AUC was calculated for the model-
ling procedure with a corresponding 95%-confidence Interval (CI) [44]. The calibration 
of this model was assessed with a calibration plot and a table comparing observed and 
predicted risks of early mortality. An example calculation of the AHFS90 is given in a 
fictional scenario.

A p <0.05 was regarded as statistically significant. Statistical analyses were carried out us-
ing R statistical package for Windows, Version 4.0.2 (R foundation, 2020, Vienna, Austria). 
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This article was written in accordance with the transparent reporting of a multivariable 
prediction model for individual prognosis or diagnosis (TRIPOD) guidelines [45].

RESULTS

Patient characteristics

Baseline characteristics are presented in Table 1. The study population consists of 
922 patients. The median (IQR) age is 92.0 (91.0–95.0) years and 78.0% (n=718) of the 
patients are female. Dementia is seen in 32.0% (n=277) of the patients. Before the hip 
fracture, 17.4% (n=156) of the patients were living at a nursing home. Severe systemic 
diseases without constant threat to life are seen in 64.2% (n=582) of the patients (ASA 
3). Seventy-four patients (8.2%) had severe systemic diseases with a constant threat to 
life (ASA 4).

Hundred-two patients (11.1%) died within 30 days following hip fracture surgery (early 
mortality group). In comparison with the survival group, patients in the early mortality 
group are significantly older (median 93.0 years (IQR 91.0–95.0) versus 92.0 years (IQR 
91.0-95.0), p=0.013), less often female (64.7% (n=66) versus 79.6% (n=652), p<0.001), 
more frequently living in a nursing home (30.4% (n=31) versus 15.7% (n=125), p<0.001) 
and suffer more often from dementia (49.5% (n=49) versus 29.8% (n=228), p<0.001). 
They are also physically frailer; they have more frequently severe systemic diseases that 
were a constant threat to life (ASA score 4, 19.4% (n=19) versus 6.8% (n=55), p<0.001) 
and lower functional scores (PMS and Katz-ADL, respectively p<0.001 and p=0.005). Their 
hemoglobin levels are lower at admission to the emergency department in comparison 
to patients in the survival group (mean 7.3 mmol/l (SD 1.1) versus mean 7.5 mmol/l (SD 
1.0), p=0.018).

Development of the Almelo Hip Fracture Score 90 (AHFS90)

Multivariable logistic regression with backward variable selection resulted in 20 models 
of which all included age, gender, dementia, living in a nursing home, ASA score, and 
serum hemoglobin level as predictors. Five models included PMS, and three models 
included risk of malnutrition as predictors. Since only variables that were present in at 
least half of the 20 models were selected for the final model, the final AHFS90 model 
included age, gender, dementia, living in a nursing home, ASA score and serum hemo-
globin level as predictors of early mortality after hip fracture surgery in patients aged 90 
years or older (Table 2.).
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Total
(n=922)

Early mortality
(n=102)

Survival
(n=820)

P-value

Age in years; median (IQR) 92.0
(91.0-95.0)

93.0
(91.0-95.0)

92.0
(91.0-95.0)

0.013

Female gender; n (%) 718 (78.0) 66 (64.7) 652 (79.6) <0.001

Missing 1 0 1

Dementia; n (%) 277 (32.0) 49 (49.5) 228 (29.8) <0.001

Missing 57 3 54

Polypharmacy; n (%) 531 (60.9) 60 (65.9) 471 (60.3) 0.288

Missing 50 11 39

Living in a nursing home; n (%) 156 (17.4) 31 (30.4) 125 (15.7) <0.001

Missing 24 0 24

Risk of malnutrition; n (%) 0.517

No increased risk 622 (72.3) 50 (60.2) 572 (73.6)

Moderately increased risk 135 (15.7) 20 (24.1) 115 (14.8)

Increased risk 103 (12.0) 13 (15.7) 90 (11.6)

 Missing 62 19 43  

Fracture type; n (%) 0.237

Femoral neck, non-displaced 93 (10.2) 4 (3.9) 89 (11.0)

Femoral neck, displaced 348 (38.3) 44 (43.1) 304 (37.7)

Trochanteric AO-A1 156 (17.2) 19 (18.6) 137 (17.0)

Trochanteric AO-A2 225 (24.8) 26 (25.5) 199 (24.7)

Trochanteric AO-A3 65 (7.2) 7 (6.9) 58 (7.2)

Subtrochanteric 21 (2.3) 2 (2.0) 19 (2.4)

Missing 14 0 14

ASA score; n (%) <0.001

1-2 251 (27.7) 11 (11.2) 240 (29.7)

3 582 (64.2) 68 (69.4) 514 (63.5)

4 74 (8.2) 19 (19.4) 55 (6.8)

 Missing 15 4 11  

PMS; median (IQR) 5.0 (3.0-6.0) 4.0 (2.0-6.0) 5.0 (3.0-6.0) <0.001

Missing 116 11 105

Katz-ADL score; median (IQR) 2.0 (0.0-5.0) 3.5 (0.0-5.0) 2.0 (0.0-4.0) 0.005

Missing 54 12 42

Hb level in mmol/l; mean (SD) 7.5 (1.0) 7.3 (1.0) 7.5 (1.0) 0.018

Missing 11 1 10

Table 1. Patient characteristics
Differences in baseline characteristics between the early mortality group and survival group were tested.
ASA, American Society of Anesthesiologists physical status classification; PMS, Parker Mobility Score; Hb, 
hemoglobin.
SD, standard deviation; IQR, interquartile range.
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Validation

The modelling procedure was validated on 200 bootstrap replicates, which resulted in 
an AUC of 0.74 with a 95% CI ranging from 0.72 to 0.76.

Based on the coefficients and the constant factor as shown in Table 2, the AHFS90 score 
can be calculated using the following formula:

Instructions on how to use the formula:
•	 Age	is	the	patient's	age	in	years
•	 Gender	has	the	value	1	for	females	and	0	for	males
•	 Dementia	has	the	value	1	for	patients	diagnosed	with	dementia	and	0	for	patients	

who are not diagnosed with dementia
•	 Nursing	home	has	the	value	1	for	patients	living	in	a	nursing	home	and	0	for	patients	

with other living situations
•	 ASA3 has the value 1 for patients with an ASA score of 3 and the value 0 for patients 

with a different ASA score
•	 ASA4 has the value 1 for patients with an ASA score of 4 and the value 0 for patients 

with a different ASA score
•	 Hb	is	the	hemoglobin	level	in	mmol/l	at	admission	to	the	hospital

Variable β SE OR 95% CI P-value

Age in years 0.085 0.035 1.089 [1.015-1.167] 0.017

Female gendera -0.906 0.238 0.404 [0.253-0.645] <0.001

Dementiab 0.586 0.250 1.797 [1.101-2.934] 0.019

Living in a nursing homec 0.593 0.278 1.809 [1.048-3.122] 0.033

ASA scored <0.001

ASA score 3 0.836 0.337 2.308 [1.190-4.476] 0.013

ASA score 4 1.704 0.415 5.495 [2.433-12.410] <0.001

Hb level in mmol/l -0.219 0.103 0.803 [0.656-0.984] 0.034

Constant -8.872 3.452

Table 2. Multivariable Logistic Regression Analysis of the AHFS90

β, beta-coefficient; SE, standard error, OR, odds ratio; CI, confidence interval.
ASA, American Society of Anesthesiologists’ physical status classification; PMS, Parker Mobility Score; Hb, 
hemoglobin.
Reference categories: amale gender, bno dementia, cnot living in a nursing home, dASA 1 or 2

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴90 =  −8.872 + (0.085 ∙ 𝐴𝐴𝐴𝐴𝐴𝐴) − (0.906 ∙ 𝐺𝐺𝐴𝐴𝐺𝐺𝐺𝐺𝐴𝐴𝐺𝐺) + (0.586 ∙ 𝐷𝐷𝐴𝐴𝐷𝐷𝐴𝐴𝐺𝐺𝐷𝐷𝐷𝐷𝐷𝐷) + (0.593 ∙ 𝑁𝑁𝑁𝑁𝐺𝐺𝑁𝑁𝐷𝐷𝐺𝐺𝐴𝐴 𝐴𝐴𝐻𝐻𝐷𝐷𝐴𝐴)
+ (0.836 ∙ 𝐴𝐴𝐴𝐴𝐴𝐴3) + (1.704 ∙ 𝐴𝐴𝐴𝐴𝐴𝐴4) − (0.219 ∙ 𝐴𝐴𝐻𝐻)
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To predict the risk of early mortality, the AHFS90 score is entered in the following formula:

In Box 1. An example is given of how to use the AHFS90 in clinical practice.

Figure 1 and  Table 3 show the predicted risk of early mortality calculated  with the 
AHFS90  versus the observed risk of early mortality in the study population. The lower 
predicted risk categories (<30.0%) correspond with the observed risk of early mortality. 
In the predicted risk categories 30.0-40.0% the AHFS90 slightly overestimates the risk of 
early mortality. The predicted risk categories 40.0-50.0% correspond reasonable with 
the observed risk of early mortality. Due to no observed mortality in the risk category 
50.0-60.0% a proper analysis of this risk category was not possible. This is the reason that 
in Figure 1 no bar is shown for this risk category. In the category 60.0-70.0% the AHFS90 
again overestimates the risk of early mortality. In this study population, the AHFS90 had 
a maximal prediction of early mortality of 64.5%.

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑜𝑜𝑜𝑜 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑚𝑚𝑜𝑜𝑒𝑒𝑚𝑚𝑒𝑒𝑒𝑒𝑅𝑅𝑚𝑚𝑒𝑒 (%) =  100
1+𝑒𝑒−𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴90

Box 1. Example of the use of the AHFS90

Case
A 94-year-old man with dementia and severe systemic diseases with a constant threat to life presents to the 
emergency department several hours after a slip and fall around the nursing home where he lives. At the 
emergency department, he complains about pain in his left leg, and is unable to stand on this leg. The leg is 
shortened and externally rotated. A plain radiograph of his hip confirms a trochanteric proximal femoral frac-
ture. Lab tests show a hemoglobin level of 5.3 mmol/l.
His daughter is with him at the emergency department and asks what the treatment options are. In order to 
inform the patient and his daughter about the prognosis and start the shared decision making-process, the 
physician at the emergency department calculates the risk of early mortality with the AHFS90.

Predicting the risk of early mortality with the AHFS90

The patients scores as follow on the AHFS90:
 Age in years = 94
 Gender = 0
 Dementia = 1
 Nursing Home = 1
 ASA4 = 1
 Hb in mmol/l = 5.3

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴90 =  −8.872 + 0.085 ∙ 94 − 0.906 ∙ 0 + 0.586 ∙ 1 + 0.593 ∙ 1 + 0.836 ∙ 0 +  1.704 ∙ 1 − 0.219 ∙ 5.3
AHFS90  =  0.840 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑜𝑜𝑜𝑜 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑚𝑚𝑜𝑜𝑒𝑒𝑚𝑚𝑒𝑒𝑒𝑒𝑅𝑅𝑚𝑚𝑒𝑒 (%) =  100
1+𝑒𝑒−0.840 =  69.9%
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DISCUSSION

In this study, we developed and validated the AHFS90 to predict the risk of early mortal-
ity in hip fracture patients aged 90 years or older. The AHFS90 provides insight into the 
risk of early mortality after hip fracture patients aged 90 years or older. It incorporates 
age, gender, dementia, living in a nursing home, ASA score and hemoglobin level as 
independent predictors for early mortality. Based on the AUC of 0.74 the accuracy of the 
risk model is good [46].

Figure 1. Observed early mortality versus predicted early mortality calculated with the AHFS90 in the 
study population
Observed risk of early mortality (%) is plotted against predicted risk of early mortality (%). The dashed 
line indicates perfect agreement between observed risk of early mortality and the predicted risk of early 
mortality.

Predicted early mortality Observed early mortality

Predicted risk of early 
mortality (%)

Patients within this 
predicted risk category 

(n)
Deceased

≤ 30 days (n)
Observed risk of early 

mortality (%)

0.0 - 10.0 542 27 5.0

10.0 - 20.0 266 41 15.4

20.0 - 30.0 63 19 30.2

30.0 - 40.0 37 10 27.0

40.0 - 50.0 10 4 40.0

50.0 - 60.0 2 0 0.0

60.0 - 70.0 2 1 50.0

Table 3. Predicted risk of early mortality calculated with the AHFS90 versus the observed risk of early 
mortality in the study population
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In the past, multiple studies have developed or investigated risk models for early mortal-
ity in hip fracture patients [5,8,21,22,47–49]. However, most risk models target patients 
aged 65 or 70 years or older. The AHFS90 includes only patients aged 90 years whose 
mortality rates are relatively high [14]. The assumption was made that a better predic-
tion could be expected in a study population with a less skewed distribution in survival 
and mortality. The mortality rate found in our study is more or less comparable to the 
30-day mortality of 13.3% in nonagenarians found in the Dutch study of de Groot et al. 
[14]. Overall the patient population in this large multicenter prospective cohort study is 
likely to be a good reflection of the Dutch hip fracture population, as it includes patients 
from six different hospitals in different regions in the Netherlands.

Initially, a selection of possible predictors for mortality was made from the available data 
based on a literature review. It is widely acknowledged that variable selection should 
be based on domain knowledge since variable selection based on statistical methods 
alone does not result in more stable models [44,50]. Univariate analyses showed that not 
all selected predictors were significantly related to early mortality (Table 1). Omission 
of predictors purely based on their univariate p-values may result in the omission of 
potential confounders. By making a first selection based on domain knowledge, back-
ward variable selection was able to identify the model with the best combination of 
predictors, regardless of their univariate significance.

The number of missing data was less than 12.0% per variable. Most missing data was 
seen in the variables dementia, polypharmacy, risk of malnutrition, Katz-ADL score and 
PMS. This could be caused by a lack of staffing capacity for data collection, as described 
by Voeten et al. (2019) [23]. Multiple imputation using chained equations (MICE) was 
used to create 20 imputed datasets [41]. Convergence plots showed that the imputation 
was stable after the 10 iterations that were run, indicating good performance of the 
imputation procedure.

The independent predictors included in the AHFS90 are well-known risk factors 
[10,29,33,51,52]. All of these are also included in the AHFS. Besides these, the AHFS also 
incorporated the PMS, malignancy and number of comorbidities. Unfortunately, the 
DHFA TFI does not register data concerning comorbidities or malignancy. In literature, 
multiple meta-analyses have shown co-morbidities and malignancy to be a risk factor 
for mortality [26,29,30,53]. Including these data in a final model could lead to a bet-
ter prediction. We included polypharmacy as a proxy for comorbidities. Multivariable 
logistic regression with backward variable selection resulted in 20 models of which 5 
models included PMS and none included polypharmacy. Since only variables that were 
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present in at least half of the 20 models were selected for the final model, the final model 
excluded PMS and polypharmacy.

In the Netherlands, most of the weighted risk factors of the AHFS90 are already gathered 
for audit purposes [23]. Except for hemoglobin level at admission to the hospital, all 
risk factors are variables already mandatory collected in the DHFA. Hemoglobin level 
is already present in the dataset of the DHFA TFI for research purposes. In the future, 
it is expected that hemoglobin level also becomes a variable in the DHFA in order to 
optimize benchmarking.

The AUC for the AHFS90 in this study was 0.74, which is low in comparison to the AUC of 
0.82 of the AHFS in the original AHFS study [54]. However, this AUC of 0.82 of the AHFS 
can be relatively high due to overfitting, as it is validated on the dataset itself. One of 
the strengths of this study is that we internally validated the model in an appropriate 
way by correcting for over-optimism with bootstrapping. In four risk categories of the 
AHFS90, the predicted risk corresponds with the observed risk of early mortality. In two 
risk categories, the AHFS90 slightly overestimates the risk of early mortality. In one risk 
category, no mortality was observed, due to which proper analysis is not possible. In 
only a few patients, the AHFS90 predicted a risk of >40.0%. Comparing the predicted 
risk with the observed risk in the risk categories 40.0-50.0%, 50.0-60.0%, and 60.0-70.0% 
could therefore be inaccurate. Future external validation studies are recommended to 
investigate the accuracy of the AHFS90 in another study population and further investi-
gate the performance of predicted risk categories of >50.0%. To increase the number of 
patients in higher predicted categories, a larger cohort of patients would be necessary. 
The DHFA may provide in the future when hemoglobin is included in the mandatory 
dataset.

Overall, predicting a higher risk of early mortality (>80.0%) in hip fracture patients turns 
out to be difficult to achieve. In the past, multiple studies that have developed a risk 
score for early mortality in hip fracture patients experienced a limitation in range and 
were not able to predict a risk of early mortality higher than 45.0% [49,55]. The first AHFS 
calculated a maximum risk of early mortality of 68.4% [54]. With the AHFS90 we hoped to 
extend this range to be more supportive in clinical decision-making. In this study popu-
lation, this was not achieved; the AHFS90 predicted a risk of early mortality of 64.5%. One 
of the reasons that the risk of early mortality calculated in this study population may be 
relatively low is the fact that including only patients who received a surgical treatment 
may bias this study population. Patients who received a nonsurgical treatment have 
probably worse patient characteristics and a higher risk of early mortality, which often 
is the reason to refrain from surgery. By excluding these patients, we created a relatively 
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healthier patient population. The exact impact of excluding these patients could not be 
assessed in this study. However, it is known that 2% of all hip fracture patients registered 
in the DHFA received a nonoperative treatment in 2017-2019 [56]. Future studies are 
recommended in order to observe the range of the by the AHFS90 predicted risk of early 
mortality in the general hip fracture population regardless of the type of treatment they 
received, for instance by using data of the DHFA TFI. In this way, an accurate distribution 
and maximum predicted risk of early mortality can be observed in the Dutch hip fracture 
population.

Besides the bias in the study population, other possible explanations for a limited range 
in the prediction of early mortality could be that we did not include all relevant potential 
predictors. As mentioned above, data regarding comorbidities were not available, which 
are known to be risk factors for mortality after hip fracture surgery. Including this data 
may lead to better prediction models in the future. Furthermore, psycho-social factors 
like mindset or emotional loneliness are not included, while these may accelerate the 
aging process [57,58]. Another possible predictor which is not yet measured is overall 
physical reserve capacity. This can be measured by, for example, fatigability in handgrip 
strength. Earlier studies have shown that lower handgrip strength is associated with a 
higher mortality risk [59–61]. To further explore the concept of fatigability and overall 
physical reserve capacity, our research group is currently researching a dynamic version 
of handgrip strength, so-called grip work. The device eforto® (Fatigability Outcomes 
to monitor Resilience Targets in Older Persons) is tested with the purpose of monitor-
ing muscle fatigability as a dynamic marker of an older person’s intrinsic capacity and 
resilience [62].

Machine learning could contribute to optimize the extraction of predictors, possible 
leading to an even more accurate prediction. This technique creates an algorithm in 
the search for patterns within data. It extracts knowledge through an inductive process: 
the input is the data and a first example of the expected output (mortality within 30 
days after hip fracture surgery). Subsequently, the machine will then learn the algorithm 
to follow to obtain the same result by discovering patterns in big data. In contrast to 
logistic regression, there is no limitation in the amount or features of data inputted. In 
2021, Yenidogan et al. used multimodal machine learning for predicting 30-days post-
operative mortality of elderly hip fracture patients [63]. Using data containing patient 
characteristics, co-morbidities, vital signs, physical examinations, electrocardiography, 
lab tests, and X-ray images, they eventually achieved an optimal AUC of 0.79 in a mul-
timodal model. Their main takeaway message is clear: a multimodal machine learning 
model can significantly exploit the additional data from other modalities. In comparison, 
classical statistics work with smaller datasets; these are however easier to interpret.



77

The prediction of early mortality following hip fracture surgery in patients aged ≥ 90 years

4

To date, the perfect risk score for predicting early mortality after hip fracture surgery 
is not yet available. Recommendations for the future are to strive for a risk score sup-
portive in clinical practice: it should be capable of supporting treatment considerations. 
The prediction needs to be accurate and reach a  predicted risk of early mortality of 
80% or more, as lower predicted risks are less likely to support and adjust treatment 
considerations.  Of course, besides the risk score, the clinical view of the health care 
professionals also plays an essential role in treatment considerations. Furthermore, the 
decision for a nonoperative or operative treatment should be made in a shared-decision 
making process. Shared-decision making requires a holistic approach to patient care, in 
which knowledge of what matters most for the patient is essential. This last information, 
together with the prognosis based on the risk score, enables a careful consideration of 
the benefits and possible negative effects of surgery.

In conclusion, the AHFS90 predicts early mortality after hip fracture surgery in patients 
aged 90 years or older. Age, gender, dementia, living situation, ASA Score, and hemoglo-
bin level are independent risk factors included in the model. The accuracy of the AHFS90 
is good, with an AUC of 0.74. Calibration showed that the predicted risk corresponds 
with the observed risk in most of the risk categories. In our study population, the AHFS90 
yielded a maximum prediction of early mortality of 64.5%, which is comparable to the 
maximum risk of the AHFS.
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ABSTRACT

Introduction

Since 1 April 2008, patients aged ≥ 70 years presenting themselves with a hip fracture at 
Ziekenhuisgroep Twente (ZGT) have been treated according to the orthogeriatric treat-
ment model. The aim of this study was to investigate if outcomes of the orthogeriatric 
treatment model are consistent over the first ten years after implementation.

Methods

Between 1 April 2008 and 31 December 2016, patients aged ≥ 70 years who were sur-
gically treated at ZGT for a hip fracture were included and divided into three periods 
equally distributed in time. Patient characteristics, in-hospital logistics, complications, 
and mortality data were compared between the three periods.

Results

A total of 1555 patients were included. There was a shift in the surgical treatment for 
the fractured neck of femur from dynamic hip screw / cannulated screws to hemiarthro-
plasty (p < 0.001). Surgery within 24 hours after arrival to the hospital decreased (p < 
0.001), while surgery within 48 hours stayed the same (p = 0.085). Length of hospital stay 
significantly decreased over time (p < 0.001). Complication rates were consistent except 
for the number of postoperative anemia, delirium and urinary tract infections. Mortality 
rates did not change over the years.

Conclusions

The orthogeriatric treatment model leads in general to consistent outcomes concerning 
mortality and most of the complications, except for postoperative anemia, delirium and 
urinary tract infections. Inconsistent complication rates were influenced by altered di-
agnosis and treatment protocols. Length of hospital stay reduced while time to surgery 
was more often delayed to 24-48 hours. Monitoring clinical outcomes of the orthogeri-
atric treatment model over time is recommended in order to optimize and maintain the 
quality of care for this frail patient population.
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INTRODUCTION

Hip fractures are common, affecting 1.5 million people per year worldwide. Due to the 
aging of population hip fractures are expected to increase to approximately 6.3 million 
per year by 2050 [1]. Most hip fracture patients are characterized by older age, multiple 
comorbidities, and functional and cognitive impairment. The prognosis of a hip fracture 
is poor. One-year mortality can be up to 36%. Only 50% of the patients who were able 
to function independently in performing basic activities of daily living (ADL) before the 
fracture, regain independence in performing ADL at six months after surgery [2–4].

In April 2008, the Centre for Geriatric Traumatology (CvGT) was founded at Ziekenhuis-
groep Twente (ZGT) location Almelo in order to optimize the quality of care for this frail 
population. It was the first center in the Netherlands with an integrated orthogeriatric 
treatment model. Three years later, the treatment model was also implemented at the 
other location of the hospital. The treatment model is characterized by rapid surgical 
management, intensive co-management by the geriatrician and the use of multidisci-
plinary clinical pathways, starting at the emergency department (ED) up to the outpa-
tient clinic. Besides focusing on trauma surgery, these pathways focus on other age-
related aspects such as limiting the risk of developing delirium, comorbidity, nutritional 
status, osteoporosis and prevention of falls. One of the most important features of this 
treatment model is the proactive attitude on preventing patients from adverse events.

Earlier research of Folbert et al. has shown that the implementation of the orthogeriatric 
treatment model at ZGT was associated with a reduction in complications, length of stay, 
re-admissions, in-hospital mortality and 1-year mortality [5, 6]. These studies describe 
the unfavorable patient profile of our population. Age, comorbidities, osteoporosis and 
dementia make that the elderly hip fracture patient are more frail than the elderly patient 
without a hip fracture [7]. The concept of frailty is a geriatric syndrome characterized 
by the age-associated decline in physiological reserve and function across multi-organ 
systems, leading in to increased vulnerability for adverse health outcomes [8].

Nowadays, we are ten years after the implementation of the orthogeriatric treatment 
model. Although there are a number of papers published about outcomes of the 
orthogeriatric treatment for older adults with hip fractures in comparison to usual 
care, literature about the consistency of the outcome of the treatment model after the 
implementation phase is scarce [6, 9–13]. The aim of this study was to evaluate the 
consistency of the orthogeriatric treatment model over the past ten years, in terms of 
in-hospital logistics, postoperative complications and mortality. This could be useful in 
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order to evaluate the quality of care given to this patient population, change treatment 
protocols if needed and share experiences for benchmarking with other hospitals.

METHODS

Study design

Between 1 April 2008 and 31 December 2016, all patients with the diagnostic treatment 
code ‘218 Femur, proximal (+collum)’ treated at both locations of ZGT were included. 
Patients younger than 70 years, patients without a hip fracture and patients not surgi-
cal treated in ZGT were excluded. Other exclusion criteria were preoperative mortality, 
pathological or periprosthetic fracture, referral to the orthopedic service for total hip 
arthroplasty and patients not treated according to the orthogeriatric treatment model. 
Patients who were not treaded according the orthogeriatric treatment model were those 
who were admitted to a department were the treatment model was not yet implement-
ed. Included patients were divided into three periods, equally distributed in time based 
on date of admission: P1 (April 2008 - February 2011), P2 (March 2011 - January 2014) 
and P3 (February 2014 - December 2016). In the first period the orthogeriatric treatment 
model was only implemented at location A. Location H started with the implementation 
at the second period, taking the experiences of the health care professionals of location 
A into account. In the first period (P1) patients treated at location A were included; at the 
second and third period (P2 & P3) patients from both locations were included.

Setting

The integrated orthogeriatric treatment model at ZGT was characterized by early geri-
atric co-management starting at the admission to the ED. At the ED, most hip fractures 
were diagnosed using radiographs, consisting of an anteroposterior and a lateral projec-
tion of the hip. Blood tests, a chest radiograph and an electrocardiography were taken 
for pre-operative assessment. The patient was admitted to the CvGT as fast as possible. 
The geriatrician was called by the physician at the ED and visited the patient at the ED 
or CvGT. Comprehensive geriatric assessment was performed to identify geriatric condi-
tions and to develop a personalized treatment plan. Hip fracture surgery was performed 
as fast as safely possible. In the CvGT, the patient was daily visited by a resident surgery 
(RS), a nurse practitioner (NP) or a physician assistant (PA) specialized in trauma surgery. 
The treatment was evaluated in a daily meeting between the RS/NP/PA and the geriatri-
cian. During admission a medication review, osteoporosis status, possible causes of falls 
and nutritional status took place. A multidisciplinary meeting was held twice a week, in 
which a trauma surgeon, a geriatrician, a dietician, a physiotherapist and an elderly care 
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physician were present. The aim was to have the patients ready for discharge within five 
days after surgery.

Data collection

In this study the patient characteristics registered at baseline were: age, gender, 
American Society of Anesthesiologist physical status classification (ASA score) [14], 
Charlson Comorbidity Index (CCI score) [15], pre-fracture living, fracture type, surgical 
treatment, hemoglobin level at admission, anemia at admission (defined as hemoglobin 
levels < 7.45 mmol/l in female and < 8.07 mmol/l in male [16]), dementia, history of 
osteoporosis, the Barthel Index (at admission and at discharge) and the Parker Mobility 
Score (PMS) [17]. The ASA score is an assessment of a patient’s overall health before 
the surgery, scored by anesthesiologists [14]. The CCI score contains nineteen weighted 
comorbidities predictive for the one-year mortality, including diabetes with diabetic 
complications, congestive heart failure, peripheral vascular disease, chronic pulmonary 
disease, mild and severe liver disease, hemiplegia, renal disease, leukemia, lymphoma, 
metastatic tumor, and acquired immunodeficiency syndrome [15]. The Barthel Index 
measures independence in activity of daily living (ADL) at admission and at discharge, 
with a total score ranging from 0 (fully dependent in ADL) to 20 (fully independent in 
ADL) [17]. The PMS measures the mobility level before fracture at admission, with a total 
score ranging from 0 (no walking ability) to 9 (fully independent walking ability) [18, 19].

The following complications were registered prospectively using the clinical care 
pathway: postoperative anemia, arrhythmia, cerebrovascular accident, delirium, heart 
failure, myocardial infarction, pneumonia, pulmonary embolism, renal failure, urinary 
tract infection, reoperation and mortality (See Appendix 1 for definitions of complica-
tions). Mortality data have been obtained from the municipal death registry and was 
documented in time intervals: in-hospital mortality, mortality within 30 days, 1 year and 
3 years after hip fracture surgery. Data of the 3-year survival of the third period (P3) was 
not yet available. To scrutinize the in-hospital logistics, length of stay at the ED, time to 
surgery after arrival to the hospital and length of hospital stay were registered.

Statistical analysis

Categorical variables are described as number with corresponding percentages. Con-
tinuous variables are described as mean with standard deviation (SD), or in case of 
non-parametric data as median with interquartile range (IQR). Differences in baseline 
characteristics, logistic outcomes, complications and mortality were tested between the 
three different periods using a chi-square test (Fisher’s exact tests if appropriate) for 
categorical data and a one-way ANOVA with a Tukey’s post hoc test, or a Kruskal-Wallis 
test for continuous data. Survival analysis was performed using Kaplan-Meier analysis. 
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Three-year survival rates were described in percentages with 95% confidence intervals 
(CI). Comparison of the survival distribution was performed using the log rank test. A p 
< 0.05 was regarded as being statistically significant. All statistical analyses were carried 
out using the Statistical Package for the Social Sciences version 23 (SPSS Inc., Chicago, 
USA).

RESULTS

Patient characteristics

A total of 2938 patients with a hip fracture were registered, of which 2082 patients were 
70 years or older and underwent a surgical procedure for hip fracture in ZGT. A total of 
527 patients were excluded as a consequence of preoperative mortality, pathological or 
periprosthetic fracture, total hip arthroplasty placement, double cases or patients not 
treated according the orthogeriatric treatment model of the CvGT (Figure 1. Study inclu-
sion and exclusion criteria). Of the 1555 patients included, 385 patients were admitted 
during the first period (P1: April 2008 - February 2011) and respectively 589 and 581 
were admitted during the second (P2: March 2011 - January 2014) and third period (P3: 
February 2014 - December 2016). Seventy-two percent (n = 1118) of the included pa-
tients were female. The mean age was 83.1 years (SD 6.4 years). There was no difference 
in age (p = 0.106) or gender (p = 0.094) between the three periods. Sixty-eight percent 
of the included patients (n = 1038) had an ASA score of ≥ 3. Patients in the first and 
second period had a significantly higher ASA score in comparison to the patients in the 
third period (ASA ≥ 3: P1 = 81.2 %, P2 = 71.5 %, P3 = 53.3 %, p < 0.001). There was a shift 
in the surgical treatment of the fractured neck of femur from dynamic hip screw (DHS) / 
cannulated screws to hemiarthroplasty (p < 0.001). Other baseline characteristics were 
not different between the three periods presented (Table 1).

In-hospital logistics

In-hospital logistics are presented in Table 2. The length of stay at the emergency de-
partment decreased significantly over the years (p = 0.020). Surgery within 24 hours 
after arrival to the hospital decreased (P1 = 72.9 %, P2 = 73.8 %, P3 = 64.7 %, p < 0.001) 
whereas surgery within 48 hours after arrival to the hospital did not change over the 
periods (p = 0.085): 96.2% of all the patients underwent surgery within 48 hours after 
arrival to the hospital. Length of hospital stay in days significantly decreased over time 
(median (IQR): P1 = 9.8 (6.0-15.8), P2 = 7.9 (5.9-11.0), P3 = 6.9 (5.9-8.9), p < 0.001).
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Total
(n=1555)

P1
(n=385)

P2
(n=589)

P3
(n=581)

P value*

Age; mean (SD) 83.1 (6.4) 82.6 (6.5) 83.0 (6.5) 83.5 (6.3) 0.106

Gender; n (%)
 Male
 Female

437 (28.1)
1118 (71.9)

110 (28.6)
275 (71.4)

148 (25.1)
441 (74.9)

179 (30.8)
402 (69.2)

0.094

ASA score; n (%)
 1 – 2
 3
 4 – 5

510 (32.8)
892 (57.4)
146 (9.4)

72 (18.8)
275 (71.8)
36 (9.4)

167 (28.5)
349 (59.7)
69 (11.8)

271 (46.7)
268 (46.2)
41 (7.1)

<0.001

CCI; n (%)
 0
 1 – 2
 3 – 4
 ≥ 5

364 (23.4)
733 (47.1)
339 (21.8)
119 (7.7)

94 (24.4)
181 (47.0)
80 (20.8)
30 (7.8)

136 (23.1)
279 (47.4)
130 (22.1)
44 (7.5)

134 (23.1)
273 (47.0)
129 (22.2)
45 (7.7)

0.998

Pre fracture living; n (%)
 Independent
 Residential home
 Nursing home

1107 (71.2)
207 (13.3)
240 (15.4)

268 (69.8)
49 (12.8)
67 (17.4)

420 (71.3)
77 (13.1)
92 (15.6)

419 (72.1)
81 (13.9)
81 (13.9)

0.677

Fracture type; n (%)
 Neck of femur
 Intertrochanteric
 Subtrochanteric
 Other

829 (53.3)
663 (42.6)
61 (3.9)
1 (0.1)

205 (53.2)
165 (42.9)
15 (3.9)
0 (0.0)

307 (52.1)
253 (43.0)
29 (4.9)
0 (0.0)

318 (54.7)
245 (42.2)
17 (2.9)
1 (0.2)

0.529

Surgical treatment; n (%)
 DHS/cannulated screws
 Hemiarthroplasty
 PFNA
 Other

241 (15.5)
597 (38.4)
712 (45.8)
4 (0.3)

91 (23.6)
126 (32.7)
168 (43.6)
0 (0.0)

83 (14.1)
216 (36.7)
288 (48.9)
2 (0.3)

68 (11.7)
255 (43.9)
256 (44.1)
2 (0.3)

<0.001

Hemoglobin in mmol/l
 at admission; mean (SD)

7.9 (1.0) 7.9 (1.1) 7.9 (1.0) 7.8 (1.1) 0.098

Anemia **; n (%) 635 (40.8) 145 (37.7) 232 (39.4) 258 (44.4) 0.075

Dementia; n (%) 325 (20.9) 85 (22.1) 119 (20.2) 121 (20.8) 0.780

Osteoporosis; n (%) 190 (12.2) 44 (11.4) 71 (12.1) 75 (12.9) 0.780

BI at admission;
 median (IQR)

17.0
(13.0-20.0)

16.0
(13.0-19.0)

17.0
(13.0-20.0)

17.0
(14.0-20.0)

0.567

BI at discharge;
 median (IQR)

10.0
(7.0-13.0)

11.0
(7.0-13.0)

10.0
(7.0-13.0)

10.0
(7.0-12.5)

0.230

PMS at admission;
 median (IQR)

6.0
(4.0-9.0)

6.0
(4.0-9.0)

6.0
(4.0-9.0)

6.0
(4.0-9.0)

0.342

Table 1. Patient characteristics
* Differences were tested between the three different periods
** Defined as hemoglobin levels at admission < 7.45 mmol/l in female and < 8.07 mmol/l in male [16].
ASA, American Society of Anesthesiologists physical status classification; CCI, Charlson Comorbidity Index; 
BI, Barthel Index; PMS, Parker Mobility Score; DHS, Dynamic hip screw; PFNA, Proximal femur nail antirota-
tion;
SD, standard deviation; IQR, interquartile range
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Complications, mortality and 3-year survival are presented in Table 3. The number of 
arrhythmia, cerebrovascular accident, heart failure, myocardial infarction, pneumonia, 
pulmonary embolism and renal failure was not different between the periods. The num-
ber of postoperative anemia was comparable for the first (15.8%) and second period 
(19.4%), but significantly increased in the third period (25.2%) (chi-square post hoc test: 
P1 versus P3, p = 0.001; P2 versus P3, p = 0.017). Type of surgery was significantly associ-
ated with postoperative anemia (anemia per type of surgery: dynamic hip screw (DHS) / 
cannulated screws 7.0%, hemiarthroplasty 19.4%, proximal femur nail antirotation (PFN) 
29.9%, p < 0.001). There was no difference in postoperative anemia per period per type 
of surgery. The number of urinary tract infections significantly decreased over the time 
(P1 = 10.1%, P2 = 8.3%, P3 = 4.3%, (p = 0.001)). There was a difference in number of 
observed delirium over period (P1 = 28.1%, P2 = 22.9%, P3 = 31.5%, p = 0.004). The 
prevalence of delirium significantly increased in P3 in comparison to P2 (chi-square post 
hoc test: p = 0.001) but no differences were found between P1 and P2 or P1 and P3 
(chi-square post hoc test respectively p = 0.070 and p = 0.253). There was a significant 
association between the complications postoperative anemia and observed delirium 
(26.3% (n=112) anemia in patients with a delirium, 18.5% (209) anemia without a de-
lirium, p = 0.001). The number of reoperations and the reason for reoperation within 60 
days after surgery did not differ between the three periods. Deep wound infection as 
reason for reoperation did not change over period (chi-square post hoc test, p = 0.293).

Total
(n=1555)

P1
(n=385)

P2
(n=589)

P3
(n=581)

P value*

Length of stay at ED
in minutes; mean (SD)

98.6
(49.0)

101.0
(47.9)

101.5
(50.7)

94.1
(47.8)

0.020

Time to surgery
in hours**; median (IQR)

18.6
(8.3-25.4)

16.5
(6.5-24.6)

17.9
(8.2-25.2)

19.7
(11.2-27 )

<0.001

Surgery within 24 hours**; 
n (%)

1082
(70.2)

280
(72.9)

431
(73.8)

371
(64.7)

0.001

Surgery within 48 hours**; 
n (%)

1482
(96.2)

372
(96.9)

567
(97.1)

543
(94.8)

0.085

Length of hospital stay
in days; median (IQR)

7.7
(5.8-11.0)

9.8
(6.0-15.8)

7.9
(5.9-11.0)

6.9
(5.6-8.9)

<0.001

Table 2. In-hospital logistics
* Differences were tested between the three different periods
** After arrival to the hospital
ED, Emergency department; SD, Standard deviation; IQR, interquartile range
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Mortality

The overall in-hospital mortality was 5.0% (n = 77) and the 30-day mortality was 8.0% (n 
= 124). Over periods, there was no difference in in-hospital mortality or 30-day mortality. 
Also, the 1-year mortality did not change over period (P1 = 25.2 %, P2 = 23.4 %, P3 = 
22.5 %; p = 0.635). The 3-year survival in the first period of 51% (CI 95%: 45 – 56%) was 
comparable with the 3-year survival of 56% in the second period (CI 95%: 52 – 60%, p = 
0.262) (Figure 2. Kaplan Meier survival curve).

Total
(n=1555)

P1
(n=385)

P2
(n=589)

P3
(n=581)

P 
value*

Anemia (postoperative); n (%) 320 (20.6) 61 (15.8) 114 (19.4) 146 (25.2) 0.001

Arrhythmia; n (%) 67 (4.3) 22 (5.7) 25 (4.2) 20 (3.4) 0.234

Cerebrovascular accident; n (%) 9 (0.6) 3 (0.8) 4 (0.7) 2 (0.3) 0.699

Delirium; n (%) 426 (27.4) 108 (28.1) 135 (22.9) 183 (31.5) 0.004

Heart failure; n (%) 93 (6.0) 25 (6.5) 39 (6.6) 29 (5.0) 0.445

Myocardial infarction; n (%) 13 (0.8) 3 (0.8) 7 (1.2) 3 (0.5) 0.466

Pneumonia; n (%) 140 (9.0) 26 (6.8) 59 (10.0) 55 (9.5) 0.195

Pulmonary embolism; n (%) 3 (0.2) 0 (0.0) 1 (0.2) 2 (0.3) 0.628

Renal failure; n (%) 70 (4.5) 20 (5.2) 29 (4.9) 21 (3.6) 0.419

Urinary tract infection; n (%) 113 (7.3) 38 (10.1) 49 (8.3) 25 (4.3) 0.001

Reoperation ≤ 60 days; n (%) 60 (3.9) 10 (2.6) 22 (3.7) 28 (4.8) 0.210

Reason for reoperation; n (%) 0.958

Deep wound infection 25 (1.6) 3 (0.8) 10 (1.7) 12 (2.1) 

Dislocation implant 4 (0.3) 0 (0.0) 2 (0.3) 2 (0.3) 

Failure implant PFNA 11 (0.7) 3 (0.8) 3 (0.5) 5 (0.9) 

Failure implant DHS/ screws 9 (0.6) 2 (0.5) 3 (0.5) 4 (0.7) 

Wound dehiscence 2 (0.1) 0 (0.0) 1 (0.2) 1 (0.2) 

Hematoma 6 (0.4) 1 (0.3) 2 (0.3) 3 (0.5) 

Not related to hip fracture 1 (0.1) 0 (0.0) 1 (0.2) 0 (0.0) 

In-hospital mortality; n (%) 77 (5.0) 26 (6.8) 26 (4.4) 25 (4.3) 0.171

Mortality ≤ 30 days; n (%) 124 (8.0) 26 (7.3) 43 (7.3) 53 (9.1) 0.435

Mortality ≤ 1 year; n (%) 336 (23.5) 97 (25.2) 138 (23.4) 131 (22.5) 0.635

3-year survival; % (95% CI) 51 (45-56) 56 (52-60) 0.262

Table 3. Complications and mortality
* Differences were tested between the three different periods
DHS, Dynamic hip screw; PFNA, Proximal femur nail antirotation; CI, confidence interval
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DISCUSSION

The aim of this study was to investigate if the outcomes of the orthogeriatric treatment 
model are consistent over the fi rst ten years after its implementation. Our results show 
in general consistent outcomes in terms of mortality and most of the complications, 
except for postoperative anemia, delirium and urinary tract infection. This study is one 
of the few studies concerning the consistency of care and the long-term outcomes of 
the orthogeriatric treatment model [20].

We found that there was no diff erence in mortality over the fi rst ten years after the 
implementation. The mortality observed is comparable with mortality rates of 2.3-13.9% 
in-hospital mortality, 3.3-17.2% 30-day mortality and 5.9-50.0% 1-year mortality men-
tioned in previou sstudies [2, 3].

Most of the complication rates were also consistent over time. The inconsistent compli-
cation rates found were probably infl uenced by altered diagnosis and treatment proto-
cols. For instance, the diagnosis urinary tract infection was based upon urine sediment 
analysis in the fi rst years. However, the diagnostic value of urine sediment analysis in 
patients with a catheter pointed out to be limited as a result of contamination. Therefore 
pretreatment positive urine culture was considered as the golden standard in the last 
years. As a consequence, the number of urinary tract infection following the defi nition 

Figure 2. Kaplan-Meier survival curve
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given in Appendix 1 decreased. The increased number of postoperative anemia in the 
third period is a consequence of the altered treatment for fractured neck of femur, as 
can be expected due to more perioperative blood loss in patients undergoing a hemi-
arthroplasty [21, 22]. It is important to realize that the altered treatment has led to an 
increase of postoperative anemia, because anemia could also lead to an increase of 
other complications. The use of tranexamic acid to reduce the total blood loss might be 
a next step in further optimizing the care for elderly hip fracture patients [23].

The number of postoperative anemia was highest in patients treated with PFN. This is in 
line with previous studies that have shown that intramedullary fixation devices made a 
higher incidence of blood transfusions, probably due to the type of fracture (extracap-
sular) and the opening of the medullary cavity and proximal reaming [24–27]. In our 
study the number of postoperative anemia in patients treated with PFN was consistent 
over time. However the hemoglobin level before surgery tended to be lower and the 
number of preoperative anemia tended to be higher in the third period, there was no 
significant difference found over period in these patient characteristics. For this reason, 
it was not possible to find a relationship between a preoperative low hemoglobin level 
and/or anemia and postoperative. The percentage observed delirium increased in the 
last period. We found a significant relationship between the complications postopera-
tive anemia and observed delirium which is in line with the results of Blandfort et al., 
who found that a higher postoperative hemoglobin level after hip fracture surgery 
reduced the risk of delirium [28]. Despite the trend of lower mean hemoglobin level at 
admission and increase in prevalent anemia, there was no significant difference over 
the period. Therefore, it is not possible in our study to find a relation between prevalent 
anemia or hemoglobin level at admission and postoperative delirium. The relatively 
low percentage of delirium found in the second period could be a consequence of the 
start of the treatment model at location H, were the health care professionals were not 
yet as well educated as they were at location A. This may have led to a less frequently 
diagnosed delirium. Earlier studies have shown that delirium is often misdiagnosed due 
to lack of knowledge and awareness in nurses and doctors [29]. In our study, health 
care professionals were educated over time. Early recognition and diagnosis through 
growing geriatric expertise within the various disciplines contributed to the increase 
in number of diagnosed cases of delirium. A recommendation that could be made for 
the future is to put even more focus on diagnosing delirium. Overall, the exact number 
of postoperative anemia (20.6%) and urinary tract infections (7.3%) are relatively low in 
comparison to wide range presented in previous studies (anemia 24-44%, urinary tract 
infections 12-61%) [30, 31]. The incidence of delirium (27.4%) is comparable to previous 
studies (13-56%) [30, 32].
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The in-hospital logistics were inconsistent over time. The length of stay at the ED reduced. 
Patients had to wait longer for surgery and fewer patients were treated within 24 hours 
after arrival at the hospital. This might be partly a result of the introduction of the direct 
oral anticoagulants, which has to be omitted during 48 hours before hip fracture surgery 
can take place [33]. Other reason may be a lower threshold for delaying surgery in order 
to achieve a better medical condition of the patient to reduce the risk of perioperative 
complications (e.g. in case of a pneumonia) or limited capacity of operating rooms. 
Surgical treatment within 48 hours should be pursued following the national guidelines 
and the guidelines of the American Academy of Orthopedic Surgeons (AAOS), because 
there is no evidence for fewer complications when performing surgery within 24 hours 
[34, 35]. In our study the number of patient treated within 48 hours was consistent over 
time. The length of hospital stay decreased significantly, which is mostly a result of the 
agreements made with the nursing homes in order to shorten waiting time till transfer 
to geriatric rehabilitation departments.

Over time the patient characteristics did not change, except for the ASA score. The 
decreased percentage of patients with ASA ≥ 3 suggests that the patient’s overall health 
nowadays is better before the surgery, but it could also be influenced by inconsistency 
of grading the ASA score between anesthesiologists that has been demonstrated in 
multiple studies before [14]. Another changed baseline characteristics is the type of 
surgery. We found strong evidence supporting hemiarthroplasty for patients with 
displaced femoral neck fractures which led to a shift in the surgical treatment of the 
fractured neck of femur from dynamic hip screw (DHS) / cannulated screws towards 
hemiarthroplasty over the years [34].

Since the implementation of the CvGT we collect data for process monitoring, quality 
assessment and research. Due to the aging population, the number of hip fractures 
is expected to increase. Much work has been done to optimize the treatment of this 
vulnerable elderly group. It might be worthwhile to use the results of this study for 
benchmarking with other hospitals and for national and international research into 
long-term effectiveness.

In our perspective, recommendations for future research would be to investigate the 
economic effect of the orthogeriatric comanagement, the effects of the use of direct 
oral anticoagulants on the outcome of hip fracture patients, the prevention of the most 
common complications (e.g. postoperative anemia, delirium and pneumonia) and the 
evaluation of patient reported outcome measurements.
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Strengths and weaknesses analysis

One of the strengths of this study is that it is one of the few studies concerning the 
long-term outcomes of the orthogeriatric treatment. It is the first study in the Neth-
erlands presenting the consistency of care in the first ten years after implementation 
of the orthogeriatric treatment model, with a large study population. This study shows 
valuable insights in logistics and the outcomes that can be used for optimizing care.

A limitation of the study is selection bias, because the fittest elderly were treated with 
a total hip prosthesis and are excluded in this series. Overestimation of the favorable 
results seems therefore unlikely. Other points of criticism are the lack of literature to 
compare the study results with, the missing data on the impact of a hip fracture on 
quality of life and the patient perspective.

Conclusion

The orthogeriatric treatment model for older adults with a hip fracture led in general 
to consistent outcomes in the ten years after implementation in terms of mortality and 
most of the complications, except for postoperative anemia, delirium and urinary tract 
infection. Length of hospital stay shortened while surgery is more often delayed to 24-
48 hours after arrival at the hospital. Monitoring clinical outcomes of the orthogeriatric 
treatment model over time is recommended in order to optimize and maintain the qual-
ity of care for this frail patient population.
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APPENDICES

Appendix 1. Definitions of complications

Anemia requiring transfusion based on the transfusion guidelines 
(CBO, 2007)

Arrhythmia in comparison with electrocardiogram at admission with 
need for treatment

Cerebrovascular accident hemiparesis of hemiplegia, a CT cerebrum is performed
Delirium based on the Delirium Observation Screening Scale score 

above 3 and geriatrician diagnosis confirmed in medical 
record

Heart failure clinical presentation and/or diagnosis confirmed on chest 
radiograph treatment started with diuretics

Implant dislocation diagnosis confirmed on XR, need for revision
Implant failure diagnosis confirmed on XR, need for revision
Myocardial infarction elektrocardiogram abnormalities suspicious for ischemia 

and elevated cardiac troponin level
Pneumonia clinical presentation and/or diagnosis confirmed on chest 

radiograph treatment started with antibiotics
Readmission admission within the first 30 days after discharge
Reoperation operation within the first 60 days after initial surgery
Urinary tract infection urine sediment with positive WBC and nitrite treatment 

started with antibiotics
Wound infection, deep worse than superficial, need for revision
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ABSTRACT

Currently there is no transparency in the recovery of hip fracture patients over institu-
tional boundaries. This is considered important in order to optimize rehabilitation and 
timely intervene if necessary. The Centre for Geriatric Traumatology developed together 
with the surrounding geriatric rehabilitation institutions (GRI) a transmural monitoring 
pathway. In this study we described the content, recovery trajectories and the feasibility 
of this pathway.

The pathway consists of an in-hospital, a geriatric rehabilitation and an outpatient 
follow-up (three months after surgery) phase. Results showed that during the in-hospital 
phase patients decline in functional level. Before the fracture only 12.7% of the patients 
needed help with >2 activities of daily living (ADL) compared to 90.0% during hospital 
stay. Regarding mobility, only 7.2% returned to their prefracture status during their 
hospital stay. During the rehabilitation phase at the GRI patients progress relatively the 
most. At discharge at the GRI, 88.6% of the patients needed help with ADL and 21.6% 
of the patients had returned to their prefracture mobility status. In the last outpatient 
follow-up, phase recovery was still ongoing but most patients did not returned (yet) 
to their pre-fracture functional level at 3 months follow up. 66.9% of the patients still 
needed help with ADL and up to 32.3% of the patients had returned to their prefracture 
mobility status.

With these results, the transmural monitoring pathway provides insight into the entire 
recovery process from hospital admission to follow-up at the outpatient clinic for all 
involved healthcare professionals from different institutions.
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INTRODUCTION

Rehabilitation of older patients after hip fracture surgery is challenging with the pros-
pect that functional recovery will not be optimal in a significant proportion of patients. 
One year after hip fracture surgery, one third of the patients has not regained their 
pre-injury ambulation status nor their level of functioning in activities of daily living 
(ADL).[1,2] A literature review performed by Healee et al. (2011) described three phases 
of recovery after a hip fracture. Phase one includes the in-hospital phase, in which the 
emphasis is on physical recovery from injury and surgery. Phase two is the rehabilitation 
phase, in which the goal is to return to their prefracture functional and living situation. 
This phase may occur at an institution or at the patients’ home. The third phase is the 
enduring stage during in which the goal is further recovery by patients themselves.[3]

In order to improve the quality of care during the first phase of recovery, the Centre 
for Geriatric Traumatology (CvGT) was implemented in 2008 at Ziekenhuisgroep Twente 
(ZGT), Almelo, the Netherlands. At the CvGT, patients aged ≥ 70 years are treated accord-
ing to a multidisciplinary orthogeriatric care pathway. A care pathway is a management 
tool for a specific group of patients, in which the different interventions by the profes-
sionals involved are defined, optimized, and sequenced.[4] Earlier studies have shown 
that the implementation of the intramural pathway of the CvGT led to a reduction in 
the number of complications, length of stay and mortality.[5–7] After orthogeriatric 
treatment at the CvGT, 47.8% of the patients are discharged to one of the surrounding 
geriatric rehabilitation institutions (GRIs), where the second phase of recovery starts.
[6,7] Patients who are not discharged to a GRI are able to go home or do not have suf-
ficient abilities to rehabilitate (e.g. in the case of severe dementia).

Currently, insight into the second phase of recovery in the GRI is limited. After discharge 
at the hospital, healthcare professionals from the hospital are no longer able to follow 
the progress of recovery. They obtain only limited information about the recovery at 
the moment the patients return to the outpatient clinic three months after surgery. Vice 
versa, involved healthcare professionals at the GRI receive only limited data from the 
in-hospital and the outpatient follow-up phase. This means that the recovery process is 
not transparent for all involved healthcare professionals. This together with the fact that 
functional recovery is not optimal in a significant proportion of patients leaves room for 
improvement.

A possible solution is a transmural pathway that monitors patients’ health status over 
time, which is accessible for all involved healthcare professionals. Monitoring could be 
performed using clinimetrics, starting at the hospital and continuing in the GRI and 
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the outpatient clinic. Accessible for all involved healthcare professionals means that 
professionals from different institutions have access to the same data, can monitor the 
progress and discuss mutually about the individual patient and intervene when needed. 
In this way the quality of care for hip fracture patients can be optimized during the 
whole rehabilitation process.

In the past, a meta-analysis and a systematic review (including 22 and 12 studies, respec-
tively) have been performed on clinical care pathways for patients with a hip fracture 
However, monitoring the recovery over time during all the phases of recovery is barely a 
topic in these studies.[8,9] The primary aim of this study was to develop and implement 
a transmural monitoring pathway for the recovery process of older hip fracture patients 
that offers transparency for all involved healthcare professionals across institutions. 
Secondary aims were to evaluate the feasibility of this pathway in daily practice as well 
as to describe the first results of the recovery trajectories of the included patients.

METHODS

The development and implementation of the transmural pathway

In April 2017 the transmural Up&Go after hip fracture project started in which healthcare 
professionals of the CvGT and GRIs developed a transmural monitoring pathway for pa-
tients aged ≥ 70 years with a hip fracture. In the Netherlands, inpatient geriatric rehabili-
tation is solely provided by nursing homes. The Up&Go after hip fracture project involved 
three nursing homes institutions (GRIs) in the vicinity of ZGT, embracing five geriatric 
rehabilitation departments. At the beginning of the project, a multidisciplinary work-
group was composed comprising stakeholders of the hospital and the GRIs. Healthcare 
professionals involved were: trauma surgeon, nursing home physicians, nurse practitio-
ner, occupational therapists, physiotherapists, psychologists and researchers. In order to 
develop and implement a transmural monitoring pathway, workshops were organized 
every six weeks. During the first workshops a PACT analysis (Peoples, Activities, Context, 
Technologies) was performed.[10] Every healthcare institution presented their existing 
care pathway for patients with a hip fracture. Goals, ideas and recommendations were 
summarized. In the following four workshops consensus was reached about the relevant 
clinimetrics that should be carried out at predefined moments in the transmural moni-
toring pathway to get insight in the progress of the recovery of an individual patient.

The implementation of the designed transmural pathway started six months after the 
start of the Up&Go after hip fracture project. In the beginning, the items of the transmural 
pathway were filled in on paper. Researchers instructed involved healthcare profession-
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als at the GRI, collected the data and gave feedback whether the pathway was followed 
as agreed or not. During the workshops, the outcomes of the clinimetrics and the rate of 
adherence to the pathway was presented. Stakeholders were requested to give feedback 
on the feasibility in practice. The transmural monitoring pathway was adapted if the 
frequency or type of clinimetrics turned out not to be feasible in practice. Adjustments 
were only made after all stakeholders had agreed to this.

In a later stadium, a digital solution was being searched for in order to enable access to 
the data for each professional. Starting from the PACT analysis, functional requirements 
of such a platform were defined. Non-functional requirements like easy to use, low costs 
and the possibility to adapt if changes are needed were added. Subsequently several 
existing digital platforms were compared and eventually ‘OZOverbindzorg’ was selected 
for this purpose.

Study population, feasibility, total recovery trajectory and statistical analysis

From 1 October 2017 till 1 October 2020, all patients aged ≥ 70 years, who underwent a 
surgical treatment at the CvGT and rehabilitated in one of the participating GRIs, were 
included in order to evaluate the outcomes and feasibility of the transmural monitoring 
pathway. Patient characteristics, clinimetrics, complication rates, 30-day mortality and 
3-month mortality were collected. Patient characteristics included are age, gender, de-
mentia, American Society of Anesthesiologists physical status classification (ASA score), 
pre-fracture living situation, fracture type, surgical treatment and weight bearing. 
Clinimetrics included the Charlson Comorbidity Index (CCI) [11], the Short Nutritional 
Assessment Questionnaire (SNAQ) score [12], the Short Nutritional Assessment Ques-
tionnaire for Residential Care (SNAQRC) [13], the Mini-Mental State Examination (MMSE)
[14], the Montreal Cognitive Assessment (MoCA) [15], the Katz index of independence in 
Activities of Daily Living (Katz-ADL) [16], the Barthel Index [17,18], the Fracture Mobility 
Score (FMS), the Functional Ambulation Categories (FAC) [19], the Timed Up and Go test 
(TUG) and the 10-Meter Walk Test (10MWT) [20,21] (Appendix 1. Clinimetrics). The TUG 
and 10MWT are only indicated if FAC ≥ 3.

Categorical variables were described as number with corresponding percentages. Con-
tinuous variables were described as mean with standard deviation, or in case of skewed 
data as median with interquartile range (IQR). To answer the question whether the 
transmural monitoring pathway was feasible, the rate of adherence to the predefined 
clinimetric tests was assessed. Feasibility was assumed if measurements, that are part of 
clinimetry, were registered in > 85% of the patients. For the TUG and 10MWT feasibility 
was measured in patients with a FAC ≥ 3.
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To explore the recovery trajectories the clinimetric tests were measured frequently. If 
the outcomes of the clinimetrics significantly improved by time, progress in functional 
recovery was assumed.

Mixed model analysis with a post hoc Sidak test was performed for repeated measure-
ments of continuous variables that were normally distributed. The Friedman test with a 
post hoc Wilcoxon signed-rank test and a Holm-Bonferroni correction was performed for 
repeated measurements in continuous variables that did not follow a normal distribu-
tion. Generalized Estimating Equations was performed for repeated measurement in 
ordinal variables. A p <0.05 was regarded as being statistically significant. Analyses were 
performed using SPSS, version 23 (SPSS Inc., Chicago, VS).

RESULTS

During the study period, 345 patients were admitted to the hospital and eligible for 
rehabilitation in a GRI afterwards. Due to the COVID-19 pandemic, 54 patients (from 
April 2020 till August 2020) were excluded, as it was not possible to take measurements 
according to the transmural monitoring pathway. The remaining 291 patients were 
monitored in accordance with the transmural monitoring pathway. Table 1 presents 
the baseline characteristics of the study population. The mean (SD) age of the patients 
was 83.5 (6.5) years and 69.4% (n=202) of the patients was female. Dementia was seen 
in 9 (3.1%) patients. Severe comorbidity (ASA ≥ 3) was seen in 68.4% (n=199) of the 
patients. Pre-fracture, 93.5% (n=272) of the patients lived at home with or without home 
care services. The surgical treatment was in most of the cases a Proximal Femoral Nail 
Antirotation (48.1%, n=140) or a hemiarthroplasty (39.5%, n=115). Most of the patients 
had no restrictions in weight bearing after surgery (92.8%, n=270).

The transmural monitoring pathway exists of three phases: the in-hospital phase, the 
geriatric rehabilitation phase and the outpatient follow-up phase. The pathway includes 
patient characteristics, diagnosis, treatment, clinimetrics, complications, length of stay 
and mortality. Figure 1 presents the clinimetrics incorporated in the transmural monitor-
ing pathway.

The following paragraphs describe per phase the content and outcomes of the transmu-
ral monitoring pathway. For each phase the feasibility, the course during rehabilitation 
and the discharge status of the patients is described. Furthermore, in the last paragraph 
the total recovery trajectory across the different phases is described.
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Phase one – in-hospital phase

Content
At the hospital the patient is treated according to the multidisciplinary treatment con-
cept of the CvGT.[5,7] Patients’ health state, social context and pre-fracture functional 
level is measured. In accordance with the transmural monitoring pathway, the follow-
ing clinimetrics are used: the CCI [11], the SNAQ score [12], the Katz-ADL (at admission 
(pre-fracture status) and discharge) [16], the FMS (at admission (pre-fracture status) and 
discharge) and the FAC (at discharge) [19] (Appendix 1. Clinimetrics).

Total (n=291)

Age; mean (SD) 83.5 (6.5)

Female gender; n (%) 202 (69.4)

Dementia; n (%) 9 (3.1)

ASA score; n (%)

1 8 (2.7) 

2 82 (28.2) 

3 176 (60.5) 

4 23 (7.9) 

Missing 2 (0.7) 

Pre-fracture living situation; n (%)

Independent, without home care services 158 (54.3) 

Independent, with home care services 114 (39.2) 

Residential home/assisted living 19 (6.5) 

Fracture type; n (%)

Femoral neck 153 (52.6) 

Trochanteric 128 (44.0) 

Subtrochanteric 10 (3.4) 

Surgical treatment; n (%)

Proximal Femoral Nail Antirotation 140 (48.1) 

Hemiarthroplasty 115 (39.5) 

Dynamic Hip Screw 32 (11.0) 

Cannulated screws 4 (1.4) 

Weight bearing; n (%)

Full weight bearing 270 (92.8) 

Partial weight bearing 14 (4.8) 

Non-weight bearing 6 (2.1) 

Missing 1 (0.3) 

Table 1. Baseline patient characteristics
ASA, American Society of Anesthesiologists physical status classification
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Feasibility
The feasibility of the transmural monitoring pathway during the in-hospital phase was 
excellent with a registration rate of all clinimetrics of > 95%.

Discharge status
Table 2 presents the outcomes of the clinimetrics in the study population. At the hos-
pital, the median (IQR) CCI was 1 (0-2). Risk of malnutrition was seen in 14.4% of the 
patients (SNAQ > 1, n=42). The median Katz-ADL (IQR) at discharge was 4 (4-5). At that 
moment all patients were dependent in one or more ADL measured with the Katz-ADL 
(Figure 2.). The FMS shows that most of the patients could not go outside without help 
of another person upon discharge from the hospital (73.2%, n=213) (Figure 3.).

The median (IQR) length of hospital stay was 9.0 (7.0-11.0) days. Most common compli-
cations during the in-hospital phase were anemia leading to blood transfusion (22.0% 
n=64), delirium (18.9%, n=55) and pneumonia (11.0%, n=32) (Table 3. Length of stay, 
complications and mortality).

 

 
 
 

 

 
Phase 1 

In-hospital 
 

 

 
Phase 2 

Geriatric rehabilitation 
 

 
 

 
Phase 3 

Outpatient 
follow-up 

 
 

Admission Discharge Once Weekly Every 
3 weeks 

Every 
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Katz-ADL         

Barthel index         

FMS         

FAC         

TUG*         

10MWT*         

Figure 1. Clinimetrics in the transmural monitoring pathway
* When FAC ≥ 3
CCI, Charlson Comorbidity Index; SNAQ, Short Nutritional Assessment Questionnaire; SNAQRC, Short Nutri-
tional Assessment Questionnaire for Residential Care; MMSE, Mini–Mental State Examination; MoCA, Mon-
treal Cognitive Assessment; BI, Barthel Index; FMS, (Pre-)Fracture Mobility Score; FAC, Functional Ambula-
tion Categories; TUG, Timed Up and Go test; 10MWT, the 10-Meter Walk Test
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Phase two – geriatric rehabilitation

Content
After discharge at the hospital, the patient is being transferred to a GRI where the second 
phase of recovery starts. Clinimetrics incorporated at this phase of the transmural moni-
toring pathway are the SNAQRC [13], the MMSE or the MoCA, the Katz-ADL (at discharge), 
the Barthel Index (at admission, every three weeks and at discharge) [17,18], the FMS (at 
discharge) and the FAC score (at admission, every three weeks and at discharge). If the 
FAC score is ≥ 3, additionally the TUG and the 10MWT are assessed every four weeks.
[20,21]

Phase 1
In-hospital

Phase 2
Geriatric rehabilitation

Phase 3
Outpatient 
follow-up

Pre- fracture Discharge Admission During** Discharge

CCI;
median (IQR)

1 (0-2)
(n=291)

SNAQ > 1;
n (%)

42 (14.4)
(n=291)

SNAQRC orange/
red;
n (%)

120 (41.2)
(n=274)

MMSE;
median (IQR)

26 (22-28)
(n=27)

MoCA;
median (IQR)

19 (16-23)
(n=151)

TUG (sec)*;
mean (SD)

36.7 (19.8) 
(n=97)

40.5 (22.9) 
(n=151)

27.4 (13.5) 
(n=196)

M.f.

10MWT(m/s)*;
mean (SD)

0.50 (0.22)
(n=95)

0.44 (0.20) 
(n=152)

0.61 (0.22) 
(n=200)

M.f.

Katz-ADL; 
median (IQR)

0 (0-2)
(n=290)

4 (4-5)
(n=289)

2 (1-3)
(n=271)

2 (1-3)
(n=255)

Barthel Index;
median (IQR)

10.0
(7.0-12.0)
(n=278)

12.0
(9.0-15.0)
(n=194)

16.0
(14.0-17.0)

(n=272)

M.f.

Table 2. Outcomes of clinimetrics during the transmural monitoring pathway
Significant differences in repeated measurements and post hoc analyses are presented in text.
CCI, Charlson Comorbidity Index; SNAQ, Short Nutritional Assessment Questionnaire; SNAQRC, Short Nutri-
tional Assessment Questionnaire for Residential Care; MMSE, Mini–Mental State Examination; MoCA, Mon-
treal Cognitive Assessment; TUG, Timed Up and Go test; 10MWT, 10-Meter Walk Test; M.f.; measurement 
failed
* Performed when FAC ≥ 3
** First scoring after measurement at admission; TUG: median (IQR) 20 days after admission (12.0-28.3), 
10MWT: median (IQR) 20 days after admission (12.0-28.0), Barthel Index: median (IQR) 21 days after admis-
sion (15.0-23.0)
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Figure 2. The outcomes of the Katz-ADL during the pathway

 Independence in all activities of daily living

 Dependance in 1 or 2 activities of daily living

 Dependance in 3 or 4 activities of daily living

 Dependance in 5 or 6 activities of daily living

 Unknown

GRI, Geriatric Rehabilitation Institution
Presented percantages are upward of 2%

Figure 3. The outcomes of the Fracture Mobility Score (FMS) during the pathway

 Freely mobile without aids

 Mobile outdoors with one aid

 Mobile outdoors with two aids or a frame

 Some indoor mobility but never goes outside without help

 No functional mobility (using lower limbs)

 Unknown

GRI, Geriatric Rehabilitation Institution
Presented percantages are upward of 2%
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Feasibility
During the geriatric rehabilitation phase, some clinimetrics showed a moderate feasi-
bility. A registration rate < 85% was achieved on the FAC (n=234, 80.4%). In patients 
with a FAC score ≥ 3 the TUG and 10MWT was performed. These two tests also showed 
suboptimal registration rates of < 85% with a TUG at admission of 69.5% (n=97) and at 
discharge 76.0% (n=196). The 10MWT at admission was 67.9% (n=95) and at discharge 
77.5% (n=200). The MMSE was performed in less than 20% at the beginning of the 
implementation. Stakeholders were challenged to contribute ideas for a solution and 
eventually the MMSE was replaced by the MoCA. This instrument was already used in 
more GRIs, is more sensitive and has a lower ceiling effect.[14,15,22] The MoCA was 
subsequently performed in 64.1% (n=151) of the patients. The other clinimetrics during 
the geriatric rehabilitation phase (SNAQRC, Katz-ADL and FMS) were feasible (registration 
rate > 85%).

Discharge status
The outcomes showed that 41.2% of the patients (SNAQRC orange or red, n=120) were 
detected as at risk of malnutrition using the SNAQRC. The median (IQR) MMSE and MoCA 
were respectively 26 (22-28) and 19 (16-23). According to these measurements, cogni-

Phase 1
In-hospital

Phase 2
Geriatric 

Rehabilitation

Total

Complications*; n (%)
Anemia
Heart failure
Decubitus ulcer
Delirium
Fall accident
Pneumonia
Renal failure
Urinary tract infection
Wound infection
Reoperation within 60 days
Readmission within 30 days

64 (22.0)
15 (5.2)
13 (4.5)

55 (18.9)
4 (1.4)

32 (11.0)
2 (0.7)

24 (8.2)
3 (1.0)
1 (0.3)

10 (3.4)
4 (1.4)
7 (2.4)

10 (3.4)
16 (5.5)
14 (4.8)
0 (0.0)

21 (7.2)
2 (0.7)
1 (0.3)
4 (1.4)

68 (23.4)
18 (6.2)
17 (5.8)

59 (20.3)
20 (6.9)

45 (15.5)
2 (0.7)

41 (14.1)
5 (1.7)
2 (1.7)
1 (0.8)

Uncomplicated; n (%) 128 (44.0) 175 (60.1) 76 (26.1)

Length of stay in days; median (IQR) 9.0 (7.0-11.0) 38.0 (25.0-49.8) 46.0 (34.0-62.0)

Mortality**
≤ 30 days; n (%)
≤ 3 months; n (%)

6 (2.1)
17 (5.8)

Table 3. Length of stay, complications and mortality during the transmural monitoring pathway
* Some complications are double recorded (both the in-hospital as the geriatric rehabilitation phase for 
one patient). This was for instance the case if the in-hospital started treatment for a pneumonia (antibiotics) 
were continued in the GRI.
** The mortality during geriatric rehabilitation is 3.1% (n=9)



Chapter 6

114

tive impairment was seen in 78.6% of the patients (MMSE < 24 or MoCA < 26, n=140). 
The median Katz-ADL (IQR) was 2 (1-3) at discharge at the GRI, only 4.5% of the patients 
(n=13) were fully independent in ADL. Progress in independence in ADL during geriatric 
rehabilitation was observed using the Barthel Index. The median (IQR) Barthel Index 
signifi cantly improved during the geriatric rehabilitation phase from 10.0 (7.0-12.0) at 
admission to 16.0 (14.0-17.0) at discharge (p<0.001). At discharge, 178 patients (61.2%) 
were mobile outdoors with or without aids, 75 patients (25.8%) could not go outside 
without support, 16 patients (5.8%) had no functional mobility using lower limbs and 
for 21 patients (7.2%) the mobility status was unknown. Repeated measurements in FAC, 
TUG and 10MWT signifi cantly improved during geriatric rehabilitation (p<0.001).

The median (IQR) length of stay at the GRI was 38.0 (25.0-49.8) days. Most common 
complications were urinary tract infection (7.2%, n=21), fall accident (5.5%, n=16) and 
pneumonia (4.8%, n=14). Nine patients (3.1%) died during inpatient geriatric rehabilita-
tion.

Figure 4. The outcomes of the Functional Ambulation Categories (FAC)
during the rehabilitation phase

 FAC 5 – Can walk independently anywhere

 FAC 4 – Can walk independently on level ground, but requires help on stairs or uneven surfaces

 FAC 3 – Requires verbal supervision or standby help from one person without physical contact

 FAC 2 – Needs support of one person to help with balance and coordination

 FAC 1 – Needs continuous support from one person who helps carrying weight and balance

 FAC 0 – Cannot walk or needs help from two or more persons

 Unknown

GRI, Geriatric Rehabilitation Institution
Presented percantages are upward of 2%
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Phase three – Outpatient follow-up after three months

Content
Three months after surgery, patients have an appointment with a physiotherapist and 
a trauma surgeon at the outpatient clinic. During this visit the last clinimetrics are 
collected according to the transmural monitoring pathway: Katz-ADL, Barthel Index, 
FMS, TUG and 10MWT. When the patient is still rehabilitating, these measurements are 
performed at the GRI to minimize patients’ burden. If the patient is not able to visit the 
outpatient clinic and is not staying at the GRI, the patient/caregiver is interviewed by 
a secretary per telephone or receives a questionnaire at home that can be filled in and 
returned per post. The secretary subsequently registers the outcomes.

Feasibility
The feasibility of the FMS and Katz-ADL during the outpatient follow-up phase was very 
good (>85%). However, the assessment of the Barthel Index, TUG and 10MWT failed 
(n=0, 0.0%).

Discharge status
At the outpatient clinic, the median (IQR) Katz-ADL was 2 (1-3). The majority of the 
patients (35.4%, n=103) still needed help with 1 or 2 ADL measured with the Katz-ADL. 
The FMS showed that 6.2% of the patients (n=18) were freely mobile without aids, 77.0% 
of the patients (n=224) needed the help of aid(s) or a person and 5.2% of the patients 
(n=15) did not have any functional mobility after three months after hip fracture surgery.

The total recovery trajectory across the different phases

Independence in ADL significantly changed during each phase of the pathway (p<0.001). 
Before the fracture, 57.0% (n=166) of the patients were fully independent in ADL mea-
sured with the Katz-ADL, while at discharge at the hospital and GRI respectively only 
0.3% (n=1) and 4.5% (n=13) were. During the first phase, the median in-hospital Katz-ADL 
(IQR) significantly worsened from 0 (0-2) to 4 (4-5) (p<0.001). Where prior to the fracture 
43.0% of the patients needed help with ADL, 99.0% needed help with ADL after their 
hospital stay. After GRI and at three months after surgery the Katz-ADL improved to 2 
(1-3) (p<0.001). 88.6% of the patients needed help with ADL. Almost half of the patients 
who were independent in ADL before the fracture, returned to full independence in ADL 
after 3 months (20.6%, n=60). At this time, 66.9% of the patients still need help with ADL.

Similar results were seen for independence in mobility measured with the FMS and FAC. 
Both clinimetrics improved during the geriatric rehabilitation and outpatient follow-up 
(in-hospital versus GRI: p<0.001, GRI versus outpatient follow-up after three months: 
p<0.001). On average during the in-hospital phase the FMS worsened in comparison 
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to the prefracture status. During hospital stay 7.2% (n=21) returned to their prefracture 
mobility status measured with the FMS. For the second and third phase of recovery 
these percentage were 21.6% (n=63) and 32.3% (n=94) respectively. However, the FMS 
at the outpatient clinic follow-up was still poor in comparison with the prefracture FMS 
(p<0.001). Where 35.4% of the patients (n=103) were freely mobile without aids before 
the fracture, respectively only 1.4% (n=4) and 6.2% of the patients (n=18) returned to 
this status after GRI and after three months after surgery (Figure 3.). At the end of the 
pathway most patients were mobile outdoors with two aids or a frame (50.2%, n=146).

DISCUSSION

This study describes the development and implementation of a transmural monitoring 
pathway for older hip fracture patients over institutional boundaries. The transmural 
monitoring pathway provides insight into the entire process of recovery of hip fracture 
patients for all involved healthcare professionals. Iterative multi-stakeholder approach 
leaded to consensus on the content of the pathway, which appeared to be imple-
mentable in daily practice. Using the online communication platform ‘OZOverbindzorg’ 
healthcare professionals are able to follow the progress of recovery of their patients over 
the boundaries of their own institution. When feasible in daily practice it will enable 
them to communicate mutually and intervene when needed. Possible interventions 
could be adjusting weight-bearing instructions, performing X-rays to detect/exclude 
complications or intensifying physiotherapy. Besides that, knowledge about the re-
covery in general could be used to inform the patient and their relatives to manage 
expectations or to motivate them to exercise.

As far as we know, this study is unique in the detailed description of the development 
of a transmural care pathway that monitors functional recovery after hip fracture sur-
gery. In the past, multiple studies have presented functional outcomes of hip fracture 
patients after a month until one year.[23–25] However, insight in the recovery in the first 
postoperative months during rehabilitation is scarce. Adequate and timely identifica-
tion of poor progress in functional recovery could be important: it makes it possible to 
intervene as early as possible to optimize rehabilitation.

Our study showed that there was progress in functional recovery during the different 
phases of recovery. In the first phase, the functional level declined in comparison to the 
prefracture status as can be expected as result of the fracture and surgery. A small part 
of the patients (7.2%) already returned to their prefracture mobility status during this 
phase. However, these patients had a relatively low prefracture mobility level before 
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the fracture and it is likely that their mobility will not reach a higher level than they had 
before sustaining the fracture. In general, returning to a high level of mobility within a 
few days after surgery is hard to achieve. During the second phase, most progression 
was made in regaining independence in ADL and mobility, observed by the Katz-ADL 
and FMS. The TUG also improved in the GRI. The mean TUG at discharge at the GRI was 
27.4 seconds, which is a clinical relevant difference with the reference values of 9.2-11.3 
seconds for this age group but comparable with the TUG after 6 months after hip fracture 
surgery found in the study of Fischer et al. (2019).[23,26] Our measurement is however 
assessed a lot earlier; after median 38.0 days (IQR 25.0-49.8). During the last phase of 
recovery, progression of recovery is still ongoing. Clinimetrics showed that patients 
were still more dependent in ADL and less mobile than prefracture. The Katz-ADL was 
still significant different from the prefracture Katz-ADL and only 6.2% of the patients 
returned to walking without an aid three months after hip fracture surgery. However, 
progress in functional recovery after this phase is still possible. Earlier studies showed 
that recuperation times in hip fracture patients were almost a year for lower extremity 
function.[27,28] These facts underline the importance of prolonged rehabilitation after 
the transmural monitoring pathway, as is recommended in the Dutch Guideline ‘Proxi-
mal Femur Fracture’ (2016).[29] This guideline recommends continuing physiotherapy 
until one year after sustaining a hip fracture. An expansion of the transmural monitoring 
pathway to the primary healthcare with a follow up period until 12 months might be 
advisable.

A notable finding was the high percentage of 41.2% of the patients that were detected 
as at risk of malnutrition according to the SNAQRC. This is remarkably, as during the first 
phase only 14.4% of the patients were detected as at risk of malnutrition according to 
the SNAQ. A possible explanation for this could be the differences between the two 
scores. In contrast to SNAQ, SNAQRC includes BMI and the question whether someone 
is receiving help with eating.[13] Another notable finding was the fact that 9 patients 
(3.1%) died during inpatient geriatric rehabilitation. This is a relatively high number in 
the median 38.0 days of stay at the GRI, especially as only relatively healthy patients are 
admitted to the GRI who are expected to show progress in functional recovery. Exact 
causes of mortality are unknown.

In the transmural monitoring pathway cognitive assessment is also implemented at 
the second phase. This revealed cognitive impaired patients, which is important as it 
can influence the recovery. Earlier research of Ariza-Vega (2017) et al. showed that all 
degrees of cognitive impairment were negatively associated with gait and balance 
one and three months after surgery.[30] They recommended new treatment strategies 
for patients with a cognitive impairment. In our study, cognitive assessment was only 



Chapter 6

118

performed in less than 65.0% of the patients. Cognitive impairment was seen in 78.6% of 
these patients, which seems to be relatively high when compared to literature.[31] This 
probably is an overestimation, as at the beginning the assessment was only performed 
when cognitive impairment was suspected. Nonetheless, the absolute number of 146 
patients who had a MMSE < 24 or MoCA < 26 is still high, especially in comparison to the 
only 9 patients (3.1%) who had a history of dementia. However it is known that memory 
impairments are a common consequence of the ageing process and there is a range of 
cognitive impairment including deficits in various domains in the absence of clinically 
defined dementia.[32]

The feasibility of the clinimetrics incorporated in the transmural monitoring pathway 
differed per phase. The feasibility in the in-hospital phase was excellent, which was to 
be expected as these clinimetrics were already implemented in the orthogeriatric care 
pathway of the CvGT. The feasibility of the clinimetrics during the geriatric rehabilitation 
phase was variable. Suboptimal registration rates were seen on the items MMSE/MoCA, 
FAC, TUG and 10MWT. During the meetings, it became clear that this moderate feasibil-
ity could partly be explained by the fact that these measurements were not performed 
at the predefined moments in the GRIs before the start of the Up&Go after a hip fracture 
project. As described in by Cabana et al. (1999) and Evans-Lacko et al. (2019), possible 
barriers for implementation of a pathway could be the so-called inertia of previous 
practice. At the beginning of the implementation, healthcare professionals may not 
have the motivation to change their common practice.[33,34] After giving feedback 
on the moderate feasibility during the workshops, the percentage of registrations of 
the clinimetrics raised. However, the low registration of the MMSE persisted. Several 
healthcare professionals turned out not to be convinced of the usefulness of the assess-
ment. Stakeholders were challenged to contribute ideas for a solution and eventually 
the MMSE was replaced by the MoCA. This instrument was already used in more GRIs, is 
more sensitive and has a lower ceiling effect.[14,15,22] The involvement of stakeholders 
in this process led to a strong accountability and afterwards the cognitive assessment 
was performed better. Further causes of the suboptimal registration rates on the TUG 
and 10MWT are unknown. Possible explanations could be that it is not feasible in logistic 
terms, e.g. there is not enough time for care professionals to take the test, or that it is too 
burdensome for the patients.

The feasibility of the clinimetrics during the outpatient follow-up phase was variable. 
The FMS and Katz-ADL showed a registration rate of > 85%, while the Barthel Index, TUG 
and 10MWT were not filled in at all. This was caused by the fact that the physiotherapists 
in the outpatient clinic were insufficiently involved at the beginning of the project, while 
they were expected to perform these measurements. Engagement of all stakeholders is 
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necessary to ensure that proposed aims are achieved at each phase from the pathway.
[33] Currently, we are involving the physiotherapists and implementing the clinimetrics 
of the last phase. This still remains challenging; as another important aspect is that 
many older patients cancel their appointment at the outpatient clinic. Their overall 
health status makes it impossible or, in case of full functional recovery, unnecessary to 
visit the hospital. The good feasibility of the FMS and Katz-ADL at this phase are due to 
the fact that these measurements can be taken by telephonic interview by a secretary, 
or via a questionnaire that is sent per post at the patient’s home. A secretary registers 
the outcomes of the interview or the completed questionnaire that is returned to the 
hospital. On this manner patients do not need to come for a physical appointment at 
the outpatient clinic. In order to further optimize the feasibility at this phase remote 
monitoring could be interesting for the patients who are not willing or able to return to 
the outpatient clinic, for instance with the use of a wearable device. In 2021, van Dartel 
et al. investigated the feasibility of the Fitbit Charge 2/HR and MOX in older patients 
rehabilitating after hip fracture surgery. [35] They concluded that physical activity moni-
toring with the use of these devices was feasible in this patient population. However, 
further research is still needed to optimize valid parameter extraction from continuous 
monitoring devices worn by patients with very low physical activity levels, like those 
recovering from hip surgery.

Limitations

It is good to keep in mind that our population only represents the older hip fracture 
patients with an indication for geriatric rehabilitation. Excluded patients who are not 
discharged to a GRI have such a good level of functioning that they are able to go home 
or are not able to rehabilitate at all (e.g. in the case of severe dementia). Therefore the 
outcomes of this study are not comparable with the general hip fracture population. 
Furthermore, this paper emphasizes the clinimetrics in the transmural monitoring 
pathway, however patient characteristics, social context, diagnosis, treatment and com-
plications are also important items of a transmural pathway. Although the transmural 
monitoring pathway gives insight in the overall recovery of hip fracture patients after 
surgery, outcomes on individual level may be more interesting in practice. Interventions 
could be deployed if there is no progress in functional recovery. Discharges could be 
planned early if the recovery goes propitious.

Another limitation of our study is selection bias. The 10MWT and TUG were only 
performed when FAC ≥ 3. Therefore, the results of the 10MWT and TUG represent the 
relatively good subpopulation.
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The duration of the transmural monitoring pathway may be short, as at the end of the 
pathway progression on recovery is still ongoing. As a result, the total recovery after hip 
fracture surgery is unknown.

A final limitation is the use of clinimetrics at predefined moments, which could also give 
a biased view as there is no information about the time window between the measure-
ments and measurements only can be taken if the patient is fit enough to perform. A 
possible solution for this could be more continuous monitoring by the use of wearable 
sensors.[36–38] Currently we are conducting research with different wearables in order 
to monitor the rehabilitation after hip fracture surgery.

Conclusions

The development and implementation of a transmural monitoring pathway for hip 
fracture patients over institutional boundaries is feasible but challenging, as it requires 
intensive and good cooperation of all stakeholders. It provides insight into the entire 
recovery process from hospital admission to follow-up at the outpatient clinic for all 
involved healthcare professionals from different institutions. Recovery trajectories show 
that during the in-hospital phase, patients decline in functional level as result of the 
fracture and surgery. During the inpatient rehabilitation phase patients, patients prog-
ress relatively the most. In the third phase, most patients have not returned (yet) to their 
pre-fracture functional level and progression on recovery is still ongoing.
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APPENDICES

Appendix 1. Clinimetrics

MoCA
The Montreal Cognitive Assessment (MoCA) is a one-page 30-point test, assessing several 
cognitive domains: short-term  memory recall  task (5 points), visuospatial  abilities (3 
points), executive functions (4 points), attention, concentration, and working memory 
(5 points), language (5 points), orientation to time and place (6 points). MoCA scores 
range between 0 and 30. A score of ≥ 26 is considered to be normal. [22]

MMSE
The Mini–Mental State Examination (MMSE) is a 30-point test, assessing several cogni-
tive domains: recall (3 points), registration (3 points), repetition (1 point), complex com-
mands (6 points), language (2 points), attention and calculation (5 points), orientation to 
time (5 points) and place (5 points). The MMSE scores range between 0 and 30. A score 
of ≥ 24 is considered to be normal. [21]

SNAQ
The Short Nutritional Assessment Questionnaire (SNAQ) contains of three questions 
determining the risk of malnutrition of hospitalized patients:
 1. Did you lose weight unintentionally?
  More than 6 kg in the last 6 months 3 points
  More than 3 kg in the last month 2 points
 2. Did you experience a decreased appetite over the last month? 1 point
 3. Did you use supplemental drinks or tube feeding over the last 1 month?  1 point
Points are summed to calculate the SNAQ score. Patients with a SNAQ score of ≥ 0 are 
considered ‘well-nourished’ and not at risk for malnourishment. Patients scoring 2 points 
are considered ‘moderately malnourished’ and patients scoring ≥ 3 points are consid-
ered ‘severely malnourished’. [17]

SNAQRC

The Short Nutritional Assessment Questionnaire (SNAQRC) contains three questions plus 
BMI:
 1.Did you lose weight unintentionally?
  More than 6 kg in the last 6 months Red
  More than 3 kg in the last month Red
 2. Are you only capable of eating or drinking with help? Orange
 3. Did you experience a decreased appetite over the last month? Orange
  BMI < 20 Red
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  BMI 20 - 22 Orange
If the patient answers negative on all questions and BMI he/she gets green light (well-
nourished), otherwise he/she is at risk of malnutrition. [20]

The Katz-ADL
The Katz-ADL scores performance in the six functions concerning activities of daily liv-
ing. Patients are scored 1 or 0 point for independence in each of the six functions, with a 
total score of 6 indicating full dependency in ADL: [18]
Bathing
0 points  Bathes self completely or needs help in bathing only a single part of the body 

such as the back, genital area or disabled extremity.
1 point  Need help with bathing more than one part of the body, getting in or out of 

the tub or shower. Requires total bathing.
Dressing
0 points  Get clothes from closets and drawers and puts on clothes and outer garments 

complete with fasteners. May have help tying shoes.
1 point  Needs help with dressing self or needs to be completely dressed.
Toileting
0 points  Goes to toilet, gets on and off, arranges clothes, cleans genital area without 

help.
1 point  Needs help transferring to the toilet, cleaning self or uses bedpan or com-

mode.
Transferring
0 points  Moves in and out of bed or chair unassisted. Mechanical transfer aids are ac-

ceptable
1 point  Needs help in moving from bed to chair or requires a complete transfer.
Continence
0 points  Exercises complete self control over urination and defecation.
1 point  Is partially or totally incontinent of bowel or bladder
Feeding
0 points  Gets food from plate into mouth without help. Preparation of food may be 

done by another person
1 point  Needs partial or total help with feeding or requires parenteral feeding.

The Barthel Index
The Barthel Index contains questions about urinary and faecal incontinence, personal 
care, toilet use, feeding, transfer, mobility, dressing, bathing and use of stairs. Per item 
the patient scores 0-3 points, with total possible scores range from 0 – 20 (lower scores 
indicating increased disability). [24]
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The Fracture Mobility Score (FMS)
The Fracture Mobility Score (FMS) ranks the mobility of the patient according the follow-
ing categories:
Unknown The mobility of the patient is unknown
1  Freely mobile without aids
2  Mobile outdoors with one aid
3  Mobile outdoors with two aids or a frame
4  Some indoor mobility but never goes outside without help
5  No functional mobility (using lower limbs)

The Functional Ambulation Categories (FAC)
The Functional Ambulation Categories (FAC) is a functional walking test that evaluates 
ambulation ability according to the following categories: [19]
0 Patient cannot walk or needs help from 2 or more persons
1 Patient needs firm continuous support from one person who helps carrying weight 

and with balance
2 Patient needs continuous or intermittent support of one person to help with balance 

and coordination
3 Patient requires verbal supervision or standby help from one person without physi-

cal contact
4 Patient can walk independently on level ground, but requires help on stairs, slopes 

or uneven surfaces
5 Patient can walk independently anywhere

The Timed Up and Go test (TUG)
The TUG uses the time that a patient takes to rise from a chair, walk three meters, turn 
around, walk back to the chair, and sit down. It requires both static and dynamic balance. 
[26]

The 10-Meter Walk Test (10MWT)
The 10MWT assesses the walking speed in meters per second over a distance of 10 
meters. [25]
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ABSTRACT

Background and objective

As a result of an aging population, there has been an increasing incidence of hip frac-
tures worldwide. In The Netherlands, in order to improve the quality of care for elderly 
patients with hip fractures, the multidisciplinary Centre for Geriatric Traumatology was 
established in 2008 at the Department of Trauma Surgery at Ziekenhuisgroep Twente 
hospital.

Though the Dutch Hip Fracture Audit is used to monitor the quality of care for patients 
with fractures of the hip, only 30.7% of patients complete registration at the 3-month 
follow-up period. Mobile applications (apps) offer an opportunity for improvement 
in this area. The aim of this study was to investigate the usability and acceptance of 
a mobile app for gathering indicators of quality of care in a 3-month follow-up period 
after postoperative treatment of hip fracture.

Methods

From July 2017 to December 2017, patients who underwent surgical treatment for 
hip fracture were recruited. Patients and caregivers, who were collectively considered 
the participant cohort, were asked to download the app and answer a questionnaire. 
Participants were divided into two groups—those who downloaded the app and those 
who did not download the app. A telephone interview that was based upon the Unified 
Theory of Acceptance and Use of Technology was conducted with a subset of partici-
pants from each group (1:1 ratio). This study was designated as not being subject to the 
Dutch Medical Research Involving Human Subjects Act according to the appropriate 
Medical Research Ethics Committees.

Results

Of the patients and caregivers who participated, 26.4% (29/110) participants down-
loaded the app, whereas 73.6% (81/110) participants did not. Telephone interviews with 
the subset of participants revealed that 54.0% (13/24) of the group of participants who 
did not download the app had forgotten the study. Among the group who downloaded 
the app, 95.8% (23/24) had the intention of completing the questionnaire, but only 
4.2% (1/24) did so. The reasons for not completing the questionnaire included technical 
problems, cognitive disorders, or patient dependency on caregivers. Most participants 
in the group who downloaded the app self-reported a high level of expertise in using 
a smartphone (22/24, 91.7%) and sufficient facilitating conditions for using a smart-
phone (23/24, 95.8%) in both groups, suggesting that these factors were not barriers to 
completion.
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Conclusions

Despite self-reported intention to use the app, smartphone expertise, and sufficient 
facilitating conditions for smartphone use, implementation of the mobile app was in-
feasible for daily practice. This was due to a combination of technical problems, factors 
related to the implementation process, and the population of interest having cognitive 
disorders or a dependency on caregivers for mobile technology.
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INTRODUCTION

As a result of an aging population, the global incidence of hip fractures has been increas-
ing with an estimated 6.25 million per year expected by 2050 [1,2]. In the Netherlands, 
19,000 patients with hip fractures are treated annually [3,4]. To improve the quality of 
care for elderly patients with fractures of the hip, the multidisciplinary Centre for Ge-
riatric Traumatology was established in 2008 at the Department of Trauma Surgery at 
Ziekenhuisgroep Twente hospital (located in Almelo and Hengelo in the Netherlands). 
Approximately three hundred hip fracture patients are treated annually in this centre 
[4]. To improve the quality of care among patients with fractures of the hip nationwide, 
the Dutch Hip Fracture Audit was established in 2016. The Dutch Hip Fracture Audit [5] 
monitors quality of care using indicators for quality of hospital stay, 3-month functional 
outcome, and 1-year mortality. Some of these quality indicators have been formulated 
by the Health and Youth Care Inspectorate and are mandatory; living situation of the 
patient, prefracture mobility score, and the Katz Index of Independence in Activities of 
Daily Living score are currently gathered during scheduled 3-month follow-up visits to 
the outpatient clinic.

The proportion of patients who register to provide information regarding functional 
recovery is poor; only 30.7% of Dutch Hip Fracture Audit registrations are completed [5]. 
Due to age or health-related factors, patients do not visit the outpatient clinic for their 
scheduled 3-month follow-up. Poor registration may result in a suboptimal monitor-
ing of quality of care. In contrast, the 3-month registration was completed by 89.0% 
of the patients in the Centre for Geriatric Traumatology. This higher percentage was 
achieved by using an active telephone approach for patients who missed or cancelled 
their outpatient appointments; however, the active approach was time-consuming and 
inefficient. Mobile apps may offer an opportunity for improvement. Mobile app use to 
remotely monitor patients who have a low risk of postoperative complications has been 
investigated in multiple studies [6-10] which have concluded that mobile apps were 
useful for following up with patients who had a low risk of postoperative complication 
and with patients from 18 to 82 years of age who had undergone day-procedures. To 
our knowledge, no studies have investigated the use of mobile apps for the follow-up of 
patients with fractures of the hip.

There has been ongoing worldwide interest in home telemonitoring to support the health 
and vitality of the community-dwelling elderly population, which has led to promising 
strategies for improving health care and health management [11-13]. Despite interest in 
the use of home telemonitoring, the literature mostly consists of pilot or feasibility stud-
ies. Real-world use and acceptance of home telemonitoring in daily care in older patient 
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populations have mainly been studied in patients with chronic heart failure and have 
shown high acceptance of the technology using a 12-month survey [14,15]. In order to 
further optimize mobile app use among the elderly, a supportive theoretical framework 
has been recommended for iterative design of app implementation and evaluation [16]. 
These recommendations encompass multidisciplinary approaches, focus on end-user 
ease-of-use, and suggest starting with usability and feasibility testing in simulation 
environments [16-18]. In addition, during implementation, variation in levels of interest 
and technological literacy should be taken into consideration, especially among older 
adults [16].

The primary goal of this study was to investigate the real-world use of a mobile app for 
monitoring postoperative functional recovery after hip fracture. The secondary goals 
were to analyse mobile app usability and acceptance among elderly patients and their 
caregivers. Usability and acceptance were considered to facilitate conditions for use, but 
were not presumed to lead automatically to use.

METHODS

App development and implementation

The mobile app platform was developed by technical experts and is used previously 
been used in various studies of postoperative outcome with a high rate of use.[1] A 
multidisciplinary team of health care professionals and technical experts developed a 
proof-of-concept version with specific adjustments for an older population of patients 
with fractures of the hip. A digital questionnaire consisting of indicators of quality of 
care from the Dutch Hip Fracture Audit was developed to remotely monitor postopera-
tive functional outcome at 3 months. This questionnaire was implemented in the mobile 
app, and the technology was pretested with 2 patients with fractures of the hip who had 
been chosen at random.

Participant recruitment

Patients with a hip fracture who had undergone surgical treatment between July 2017 
and December 2017 at the Centre for Geriatric Traumatology of the Department of 
Trauma Surgery at Ziekenhuisgroep Twente hospital were recruited to participate in the 
study and asked to download the app in addition to their regular 3-month outpatient 
visit (the recruitment process is summarized in Figure 1). The population of interest were 
older adults, among whom information and communication technology literacy or low 
motivation to use technology may be factors that hinder implementation of a mobile 
app and which could suggest the need to focus on patient spouses in addition to the 
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patients themselves [19]. For the purpose of this study, both patients and spouses who 
decided to participate were considered participants. During admission to the surgical 
ward of the Centre for Geriatric Traumatology, a nurse informed potential participants 
about the study, use of the app, and how to download instructions for using the app. 
After verbally providing informed consent, participants received an information leaflet 
and provided their email address for further information.

Figure 1. Flowchart study design
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One week later, participants received a code by mail to activate the questionnaire in 
downloaded app. Completion of the questionnaire was restricted to a period between 
12 weeks and 18 weeks after operation from the hospital. A push notification with a 
request to complete the questionnaire was sent to the participant 12 weeks after they 
had been discharged from the hospital. A push notification was also sent to the health 
care provider at 17 weeks for unfilled questionnaires.

Completed questionnaires were saved in OpenLine (a specialized health care hosting 
centre) in accordance with Dutch legislation with respect to security standards. The local 
researcher applied for the data from the hosting centre. Participants were anonymized 
and coded using a study number without any reference to patient number or date of 
birth. Only the local researcher had access to the participant study numbers. All data 
were treated confidentially and saved to the secured hospital network with a password.

Usability and acceptance questionnaire

To investigate usability and participant acceptance of the mobile app, an interview 
questionnaire was developed (Appendix 1) based upon the Unified Theory of Accep-
tance and Use of Technology [20]; the model investigates user intentions and usage 
behaviour in technology systems [20]. Two questions regarding participant recollection 
of the intended purpose of the study and feedback on the use of the app were added 
to the interview. These questions were added because we were interested in obtaining 
feedback on the app and on the duration of the interval from when the information was 
given (from July 2017 to December 2017) to when the telephone interview took place 
(in May 2018). A single researcher conducted all interviews. Participants were given the 
option to stop the telephone interview at any time.

Data collection

Data were collected from the clinical charts of the patients who participated themselves 
or whose caregivers participated. Age, gender, type of fracture, American Society of An-
esthesiologists physical classification status, Charlson Comorbidity Index [21], dementia, 
prefracture Katz Index of Independence in Activities of Daily Living score [22], prefracture 
mobility score, and prefracture living situation were recorded as baseline characteristics. 
In April 2018, the app usage data from the hosting centre were collected. Participants were 
divided into two groups—those who downloaded the app (use group) and those who did 
not download the app (nonuse group). Mobile app usability and acceptance telephone 
interviews were conducted with participants who could be reached by telephone within 
3 attempts. In each group, 24 participants were selected randomly for the telephone in-
terviews. Participant answers were fully transcribed in individual and anonymized Office 
Word (version 2007; Microsoft Inc.) documents and saved on a secure hospital server.
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Data analysis

Statistical analyses were performed using SPSS software (version 22.0; IBM Corp). We 
used thematic analysis with a deductive theoretical approach to analyse the written 
answers to the recalled purpose of the study and feedback questions [23]. Identification 
of patterns and themes within the data was performed by one researcher, and a second 
researcher was consulted to reach agreement; the data were then coded by themes. 
Categorical data were analysed using the chi-square test or Fisher’s exact test when 
appropriate. Functional outcomes were analysed using paired t tests. Continuous data 
were analysed using independent t tests. If significant differences were found in cat-
egorical variables with two or more subgroups, Pearson chi-square test was performed 
post hoc. P<.05 was considered statistically significant.

Ethics

This study has been designated as an observational study that is not subject to the Dutch 
Medical Research Involving Human Subjects Act by the appropriate Medical Research 
Ethics Committees.

RESULTS

Patient characteristics

Patients (N=110) were comprised of patients with fractures of the hip. Patient charac-
teristics are shown in Table 1. Patients were a mean age of 80.5 (SD 10.4) years and were 
71.8% (79/110) female and 28.2% (31/110) male. No significant differences were found 
between those who downloaded the app and those who did not download the app 
for age (p = 0.210), gender (p > 0.999), type of fracture (p > 0.999), American Society of 
Anesthesiologists physical classification status (p > 0.999), Charlson Comorbidity Index 
(p > 0.999), dementia (p = 0.050), prefracture Katz Index of Independence in Activities of 
Daily Living score (p = 0.100), prefracture mobility score (P=0.100), and prefracture living 
situation (p = 0.730).

App use

Of the participants (29/110, 26.4%) who downloaded the mobile app, only 1 completed 
the app questionnaire.

Interviewed participants

Participants’ characteristics of those who were randomly chosen for the telephone inter-
view are presented in Table 2. In the use group (the subset of the group who downloaded 
the app), 95.8% (23/24) self-reported as expert level and 87.5% (21/24) participants in 
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the nonuse group (the subset of the group who did not download the app) self-reported 
as expert level. The groups showed significantly differences for smart phone usage of 5 
to 10 years (use: 0/24, 0.0%; nonuse: 8/24, 33.3%; p = 0.004) and more than 10 years (use: 
22/24, 91.7%; nonuse: 15/24, 62.5%; p = 0.020).

Total 
(n=110)

Download 
(n=24)

No download 
(n=24)

P value

Age (in years); mean (SD) 80.5 (10.4) 82.0 (8.7) 78.4 (10.8) .21

Gender; n (%) >.99

Male 31 (28.2) 7 (29.2) 7 (29.2)

 Female 79 (71.8) 17 (70.8) 17 (70.8)  

Type of fracture; n (%) >.99

Neck of femur 64 (58.2) 13 (54.2) 14 (58.3)

 Pertrochanteric 40 (36.4) 10 (41.7) 10 (41.7)  

 Subtrochanteric 6 (5.5) 1 (4.2) 0 (0.0)  

ASA physical status classification; n (%) >.99

1-2 40 (36.4) 9 (37.5) 9 (37.5)

 3-4 70 (63.6) 15 (62.5) 15 (62.5)  

Charlson Comorbidity Index; n (%) >.99

0-1 32 (29.1) 7 (29.2) 8 (33.3)

 2-3 13 (11.8) 2 (8.3) 3 (12.5)  

 >4 6 (5.4) 1 (4.2) 0 (0.0)  

 Unknown 59 (53.6) 14 (58.3) 13 (54.2)  

Dementia; n (%) 13 (11.8) 0 (0.0) 5 (20.8) .05

Prefracture Katz ADL score; median (IQR) 1.0 (2.0) 1.2 (1.6) 2.2 (2.3) .10

Prefracture mobility score; n (%) .73

Freely mobile without aids 40 (36.4) 8 (33.3) 6 (25.0)

 Mobile outdoors with one aid 2 (1.8) 1 (4.2) 0 (0.0)  

 Mobile outdoors with two aids or frame 30 (27.3) 8 (33.3) 7 (29.2)  

 Some indoor mobility but never goes outside 
without help 

36 (32.7) 7 (29.2) 10 (41.7)  

 No functional mobility (using lower limbs)     

 Unknown 1 (0.9) 0 (0.0) 1 (4.2)  

 1 (0.9) 0 (0.0) 0 (0.0)  

Prefracture living situation; n (%) .50

Independent 87 (79.1) 21 (87.5) 19 (79.2)

 Care home 7 (6.4) 2 (8.3) 1 (4.2)  

 Nursing home 14 (12.7) 1 (4.2) 4 (16.7)  

 Protected housing 2 (1.8) 0 (0.0) 0 (0.0)  

Table 1. Baseline patient characteristics.
ASA, American Society of Anesthesiologists; Katz ADL, Katz Index of Independence in Activities of Daily 
Living



Chapter 7

136

Questionnaire results

Questionnaire results are presented in Appendix 2. Among the use group, 95.8% (23/24) 
of participants had the intention of completing the app questionnaire; 41.7% (10/24) 
of the nonuse group had the intention of downloading the mobile app. In the nonuse 
group, 54.2% (13/24) stated that they were not informed during admission at the hospital 
or by mail of the app; 4.0% (1/24) had no intention of downloading the app. Therefore, 
no difference in expectancy determinants were calculated between the groups, and no 
answers were considered as blank.

Thematic analysis

A thematic analysis was conducted to evaluate patient recollection of the study’s pur-
pose. Participant responses (transcribed excerpts are presented in Appendix 3) resulted 
in five themes: functional monitoring, replacement of the outpatient appointment, 
evaluation of participant satisfaction, no idea or not sure, and other. Correct answers 
for patient recollection of the study’s purpose were defined as those classified within 
the themes of functional monitoring and future replacement of the outpatient appoint-
ment.

Total
(n=48)

Use
(n=24)

Nonuse 
(n=24)

P value

Age (in years); mean (SD) 57.3 (10.3) 56.9 (9.8) 57.8 (10.9) .78

Gender; n (%) >.99

Male 14 (29.2) 7 (29.2) 7 (29.2)

 Female 34 (70.8) 17 (70.8) 17 (70.8)  

Relation to patient, n (%) .14

Patient self 5 (10.4) 3 (12.5) 2 (8.3)

 Partner 5 (10.4) 1 (4.2) 4 (16.7)  

 First-degree relative 34 (70.8) 20 (83.3) 14 (58.3)  

 Second-degree relative 3 (6.3) 0 (0.0) 3 (12.5)  

 Other 1 (2.1) 0 (0.0) 1(4.2)  

Experience in the use of a smartphone
(in years); n (%)

.01

<5 3 (6.3) 2 (8.3) 1 (4.2) >.99

 5-10 8 (16.7) 0 (0.0) 8 (33.3) .01 

 >10 37 (77.1) 22 (91.7) 15 (62.5) .02 

Use of apps on a smartphone; n (%) 48 (100) 24 (100) 24 (100) >.99

Self-registered expert level; n (%) 44 (91.7) 23 (95.8) 21 (87.5) .61

Table 2. Comparison of baseline characteristics between the use (participants who downloaded the 
app) and nonuse groups (participants who did not download the app)
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The study purpose was correctly remembered by 62.5% (15/24) of the use group partici-
pants compared to only 20.8% (5/24) in the nonuse group; 50.0% (12/24) of the partici-
pants in the use group said that they did not receive a smart phone notification with the 
request to complete the questionnaire which suggested a suboptimal implementation 
process.

DISCUSSION

Principal findings

Completion of 3-month mandatory functional monitoring is poor among patients with 
fractures of the hip, which may result in a suboptimal monitoring of quality of care. 
This single-center pilot study to investigate the use and to analyse the usability and 
acceptance of a mobile app for monitoring postoperative functional recovery after hip 
fracture revealed poor results for actual use of the mobile app despite high self-reported 
intention to use the mobile app, high self-reported expertise in using mobile apps, and 
conditions that facilitate the use of mobile apps. This suggests that participants had the 
goal of using the mobile app, but that better support was needed to properly imple-
ment the technology in health care.

For many years, apps have been regarded as an alternative to paper questionnaires, but 
the use of apps may have difficulties as well, especially when implemented in a popula-
tion of community-dwelling older patients [16]. This study demonstrated difficulty with 
implementation; only 26.4% (29/110) participants downloaded the mobile app. This 
demonstrated that implementation of the app may have required that sufficient atten-
tion be given to education of the community-dwelling older patient users.

The low percentage of app downloads could partially be explained by an inability of the 
patients or caregivers to correctly remember the information that was provided to them 
in the hospital possibly as a result of stress [24]. Receiving information in a state of stress 
has been associated with suboptimal information processing and reduced cognitive 
efficiency [25, 26]; therefore, correct timing of information provision is essential. This 
study provided both oral and written information, but more emphasis should be given 
to written information or video instructions, as this has been shown to lead to better 
information retention [27]. Among participants who are elderly, an inverse correlation 
has been reported between age and recall of medical information which could also have 
influenced the findings of this study [24, 28]. The 3-month time period between when 
the information was provided and when the questionnaire was to be completed which 
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also could have negatively affected information recall and recollection of the study’s 
purpose.

One participant completed the app questionnaire after downloading the app. This par-
ticipant showed an active approach by contacting the app developers and completed 
the questionnaire with assistance from the developers.

A high percentage of the participants (34/48, 70.8%) who were interviewed were care-
givers who were first-degree relatives of the patient. Study information was provided 
independently of whether a caregiver was present at the time of information provision; 
therefore, it is possible that some first-degree relatives were not provided with the study 
information, if they were absent during recruitment.

The telephone interview findings demonstrated that many in the use group had the 
intention of completing the questionnaire. This indicates that those participants were 
motivated to complete the app questionnaire. In the nonuse group (11/24, 45.8%), par-
ticipants remembered the study; and 10 out of the 11 intended to download the app. 
Given this result, there seems to be a good level of intention in both groups. Facilitating 
conditions, such as facilitated help, were high in both groups and were not a restrictive 
factor for app usage [29]. Some participants in the nonuse group (13/24, 54.2%) were 
unable to remember the study, and they could not complete the interview. Difficulties in 
patients or caregiver recollection of study information may have been influenced by the 
previously noted patient-related factors such as cognitive impairment, anxiety, or stress 
[24]. Approaching multiple caregivers when providing information and conducting the 
telephone interview may also be a reason for some participants reporting that they did 
not remember the study. Respondents (18/48, 41.6%) also reported technical problems. 
The app developers suggested the start-up phase of the app as a possible explana-
tion for the technical problems. The developers also suggested that a lack of received 
notifications could have been as a result of participants not enabling the appropriate 
permissions for notifications when downloading the app. Providing help in the hospital 
with downloading of the app could assist with this issue. Another way to decrease the 
frequency of technical problems while also optimizing usability and acceptance would 
be to frequently evaluate the mobile app during the implementation process [16].

Recommendations

Findings revealed intention to use the mobile app, but very low actual usage. The use 
of a mobile app as it was implemented in this study was not feasible, but the study 
findings suggested a potential for use if implemented properly. First, technical issues 
should be solved, and a helpdesk should be made available. Second, it is recommended 
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to involve participants in the development and implementation phases—doing so can 
optimize ease-of-use and acquiring feedback during implementation is a feasible goal. 
Third, information provision needs to be optimized in terms of timing and method 
of dissemination. It is important to supply additional information after discharge in 
order to prevent low download rates as a result of patient or caregiver stress during 
admission [27]. Written information, video instructions or fact sheets are preferred to 
oral information [2,3]. Fourth, in studies involving caregivers, a single contact person is 
recommended.

Limitations

Selection bias in the downloading group represents a threat to validity, as patients or 
caregivers already intended to participate in the study by downloading the app.

Conclusion

The use of a mobile app to monitor 3-month postoperative functional outcome of hip 
fracture was low. Despite intention, expertise, and sufficient facilitating conditions for 
using smartphones, the implementation of the mobile app in this study was demon-
strated to be infeasible. Reasons for this included a technical problem, the implementa-
tion process, and population of interest having cognitive disorders or a dependency on 
caregivers for mobile technology.
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APPENDICES

Appendix 1. Questionnaire telephone interview

Age:
Gender:
Relation to patient:

Study purpose
Could you explain to me why you were asked to complete the application at the three-
month follow-up after a hip fracture?

Behavioural Intentions
Not download group: Did you intend to download the application?
Download group: Did you intend to complete the questionnaire?

Participant feedback
No download group: What is the reason you did not download the application?
Download group: What is the reason you did not complete the questionnaire?

Voluntariness of Use
You felt obliged to participate in the study?

Experience
Do you use a mobile phone?
For how long have you been using a mobile phone?
Which functions of a mobile phone do you use?
Do you will find yourself experienced in the use of a mobile phone?

Performance Expectancy
Did you expect that the mobile application would be useful in the follow-up of a hip 
fracture?

As explained on the surgical ward: for several years we have been monitoring hip frac-
ture patients after three months. Unfortunately, we registered poor result in outpatient 
visits after three months. There are, of course, several reasons such as difficulties for pa-
tients to come at the outpatient clinic or they wellbeing is not good enough to visit the 
outpatient clinic. To ensure we could still monitor these ‘loss to follow-up’ patients, we 
introduced this application. Were you expecting that using a mobile application would 
help to monitor our patients?
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Effort Expectancy
Did you expect the mobile application was easy to use?

Social Influence
Did you talked about the application with relatives?
Have they encouraged you to use the application?
Did you expect people like family or friends would be helpful in using the mobile ap-
plication?

Facilitating Conditions
Could you ask for help when using the application?
Have you asked for help when using the application?
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Appendix 2. Questionnaire results
Total
(n=48)

Download
group (n=24 )

No download
group (n=24)

P value

Intention to respond the application questionnaire; n (%)

Yes 33 (68.8) 23 (95.8) 10 (41.7)

No intention 1 (2.1) 0 (0.0) 1 (4.2)

Blanco 14 (29.2) 1 (4.2) 13 (54.2)

Voluntariness of use; n (%)

Yes 34 (70.8) 23 (95.8) 11 (45.8)

Blanco 14 (29.2) 1 (4.2) 13 (54.2)

Performance Expectancy

Expected useful in follow-up; n (%)

Yes 31 (64.6) 22 (91.7) 9 (37.5)

No 2 (4.2) 1 (4.2) 1 (4.2)

Blanco 15 (62.5) 1 (4.2) 14 (58.3)

Expected improved control of participants; n (%)

Yes 32 (66.7) 22 (91.7) 10 (41.7)

No 1 (2.1) 1 (4.2) 0 (0.0)

Blanco 15 (62.5) 1 (4.2) 14 (58.3)

Effort expectancy; n (%)

Yes 31 (64.6) 22 (91.7) 9 (37.5)

No 1 (2.1) 1 (4.2) 0 (0.0)

Blanco 16 (33.3) 1 (4.2) 15 (62.5)

Social Influence

Talked about application; n (%)

Yes 9 (18.8) 7 (29.2) 2 (8.3)

No 26 (54.2) 17 (70.8) 9 (37.5)

Blanco 13 (27.1) 0 (0.0) 13 (54.2)

Encouraged; n (%)

Yes 9 (18.8) 7 (29.2) 2 (8.3)

Blanco 39 (81.3) 17 (70.8) 22 (91.7)

Expected help; n (%)

Yes 30 (62.5) 21 (87.5) 9 (37.5)

No 1 (2.1) 1 (4.2) 0 (0.0)

Blanco 17 (35.4) 2 (8.3) 15 (62.5)

Facilitating Conditions

Facilitated help; n (%)

Yes 45 (93.8) 22 (91.7) 23 (95.8) 1.000

No 3 (6.3) 2 (8.3) 1 (4.2)
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Total
(n=48)

Download
group (n=24 )

No download
group (n=24)

P value

Used help (n=24); n (%)

Yes 3 (12.5)

No 21 (87.5)

Reminded study purpose; n (%)

Monitoring functioning 12 (25.0) 7 (29.2) 5 (20.8)

Replacement of an outpatient 
appointment

8 (16.7) 8 (33.3) 0 (0.0)

Evaluation patients’ satisfaction 5 (10.4) 3 (12.5) 2 (8.3)

No idea / not sure 21 (43.8) 6 (25.0) 15 (62.5)

Other 2 (4.2) 0 (0.0) 2 (8.4)

Participant feedback; n (%) <0.001

No reminder 12 (25.0) 12 (50.0) 0 (0.0) <0.001

No questionnaire available 2 (4.2) 2 (8.3) 0 (0.0) 0.489

Other technical problems 6 (12.5) 5 (20.8) 1 (4.2) 0.188

Forgotten 13 (27.1) 5 (20.8) 8 (33.3) 0.330

Unknown 15 (31.3) 0 (0.0) 15 (62.5) <0.001

n, number of participants
Differences in baseline characteristics between the download and the no download group were tested
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Appendix 3. Reminded study purpose

Download group
‘So that you can easily follow and monitor patients. Beforehand we could fill in the app. If I go 
to the outpatient appointment with my mother, we will have an easier conversation because 
certain things were known through the app.’ (Participant 26)

‘I think it was a questionnaire. I do not know exactly anymore .. to fill in a questionnaire for 
three months. It was about my wife, what our opinion was about the treatment.’ (Participant 
9)

‘Because she had a hip fracture… What I can still remember is that they wanted to see how 
the recovery was. And then we had to complete it after three months. ‘ (Participant 79)

‘Yes, it would be easier because if you answered this, she would not have to come to the 
outpatient appointment anymore.’ (Participant 56)

‘Because there was a check up after three months. And if everything still was fine, time was 
spent unnecessarily on outpatient visits. (Participant 43)

‘It had to do with the fact that mommy did not have to go to the check up and instead we 
could complete an app. Yes, that it would prevent unnecessary travel. ‘ (Participant 92)

To prevent patients to come to the hospital after certain months, which also could be done 
with a questionnaire. (Participant 70)

Was to see if everything went well and to see if there were unclear things. (Participant 84)

‘In the context of an evaluation study, I thought.’ (Participant 76)

No download group
‘The app was about following the operation and that I could indicate whether something 
had changed. It has been so long ago that I cannot remember it well.’ (Participant 13)

‘That you can see from a distance how the recovery progressed.’ (Participant 83)

‘No idea’ (Participant 37)

‘I could see information there, or something else?’ (Participant 41)
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“No, I cannot remember. It was a very busy time at Christmas at that time. I think that is why? 
If I had thought about it, I might have downloaded it.’ (Participant 106)

‘I can vaguely remember something. Do not know anything specific about it anymore.’ 
(Participant 22)

‘I remember something, but I do not know exactly what and how.’ (Pparticipant 51)

‘I can remember. If I remember correctly; about the evaluation and what we thought about 
it.’ (Participant 73)

‘No, no idea why.’ (Participant 38)
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DISCUSSION

This thesis aims to optimize the care of frail older adults with hip fractures across 
institutional boundaries: from hospital admission to geriatric rehabilitation and follow-
up at an outpatient clinic. To achieve this aim, we first identified older adults with a 
hip fracture at high risk of a complicated course because early identification enables 
proactive tailoring of orthogeriatric treatment, hopefully preventing complications or 
at least reducing the severity of the complication. Second, we evaluated the existing 
intramural orthogeriatric care pathway and extended this into a digital transmural care 
pathway involving geriatric rehabilitation in nursing home facilities and follow-up at an 
outpatient clinic.

In this final part of the thesis, the main findings of the studies are summarized and 
discussed. Clinical implications and future perspectives to improve the clinical manage-
ment of hip fractures in older patients are addressed.

The identification of hip fracture patients at high risk for a complicated course

With the longer life expectancy, there will likely be more hip fractures in patients aged 90 
years or older (the so-called ‘nonagenarians’) in the future. Currently, every hip fracture 
patient aged 70 years or older receives the same orthogeriatric treatment, including the 
daily involvement of a geriatrician. Nevertheless, adjusting the intensity of treatment 
to patient characteristics could optimize efficiency in care, which is critical given the 
increasing incidence of hip fractures, the high costs, and the limited workforce [1].

Chapter 2 showed that patients aged 70 to 90 years have a significantly lower risk of 
anemia, delirium, heart failure, and 30-day and 1-year mortality than nonagenarians. 
The lower risk of complications and mortality in these patients could advocate a less 
intensive orthogeriatric approach for this “younger” patient group. This approach could 
involve selective involvement of the geriatrician in hip patients aged 70–79 years, only 
if certain risk factors are present; this selection would result in a more targeted deploy-
ment of geriatricians.

In addition to knowing which patient subgroups have a higher risk of complications and 
mortality, identifying individual patients at high risk for early mortality (≤ 30 days) after 
hip fracture surgery is critical. Hip fracture patients at a very high risk of early mortality 
may be better suited to nonoperative treatment. Nonoperative treatment could improve 
the quality of life for patients at the end of their lives: it avoids the stress of surgery 
and anesthesia, and patients can stay at their homes with their relatives during this 
vulnerable phase of life [2–4]. To improve the identification of hip fracture patients aged 
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70 years or older at high risk of early mortality, the Almelo Hip Fracture Score (AHFS) 
was developed (Chapter 3). Patients with advanced age, male gender, lower levels of 
serum hemoglobin (Hb) at admission, cognitive disorders, those living in an institution, 
patients with two or more comorbidities or a malignancy, patients with lower Parker 
Mobility Score (PMS) or a higher American Society of Anesthesiologists score (ASA score) 
have a higher risk of early mortality. Incorporating these independent risk factors in the 
AHFS showed reasonable accuracy, with areas under the receiver operating character-
istic curve (AUC) of 0.82 and 0.70, respectively in Chapter 3 and a subsequent external 
validation study [5]. A limitation of the AHFS is the relatively low maximum risk of early 
mortality of 68.4% in patients with the AHFS highest scores. A higher maximum risk 
of early mortality would be more supportive in clinical decision-making regarding an 
operative versus nonoperative treatment. A nonoperative, palliative treatment that fo-
cuses on relief of pain and other symptoms of discomfort is more likely to be considered 
in patients with a risk of early mortality after hip fracture surgery of 90.0% or more. 
Patients who die shortly after an operation experience more harm than good from sur-
gery. In these patients, the operation does not lead to one of the most important goals 
of surgery, i.e., functional recovery, as this generally requires more than 30 days. They 
do, however, experience the disadvantages of the operation, such as admission to the 
hospital and the risks of potential complications. Causes for the limited maximum risk 
of early mortality in the AHFS study may have been the skewed distribution in survival 
and mortality because the proportion of deceased patients in the AHFS study was low 
(7.5%). A better prediction may be possible in a study population with higher mortal-
ity rates, e.g. in nonagenarians. A 30-day mortality rate of 13.3% was observed in this 
patient group in Chapter 2 of this thesis.

As such, the Almelo Hip Fracture Score 90 (AHFS90) was developed in Chapter 4. This 
chapter shows that, in patients aged 90 years or older, advanced age, male gender, 
dementia, living in a nursing home, higher ASA score, and lower Hb were independent 
risk factors for early mortality. The AHFS90 had a comparable accuracy to the AHFS after 
validation (AUC 0.74). This study’s maximum risk of early mortality of 64.5% was compa-
rable to the AHFS, despite the higher mortality rate in this study population. One reason 
why the AHFS90 was not better than the AHFS might be that the proportion of deceased 
patients in the AHFS90 study might be too low to improve the predictive power. In the 
future, correcting the imbalance in the dataset could be performed by resampling tech-
niques such as undersampling (eliminating a subset of cases of survival), oversampling 
(generating new data by duplication or interpolating pairs of k nearest neighbors), or 
hybrid (combining under- and oversampling) [6].
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Most of the independent risk factors in the AHFS and AHFS90 are similar. Corresponding 
independent risk factors are age, gender, Hb, cognitive frailty/dementia, pre-fracture 
living situation, and ASA score (Figure 1). In addition to these similarities, there are 
some differences between the studies on the risk factors. The PMS and comorbidities 
are included in AHFS as independent preoperative predictors of early mortality but not 
in AHFS90. Comorbidities are not included in the AHFS90 because of the non-availability 
of these data. For the AHFS90 study, we used the data of the Dutch Hip Fracture Audit 
(DHFA) Taskforce Indicators. Within this Taskforce group of the nationwide quality regis-
try, comorbidity data were not collected. The non-availability of comorbidity data could 
influence the composition and performance of this risk score; several studies showed 
that specific comorbidities were independent risk factors for mortality [7, 8]. Therefore, 
including comorbidity data in a future risk score to predict early mortality in nonagenar-
ian hip fracture patients is advisable and might lead to a better prediction. The PMS 
was included in the AHFS90 in five of the 20 imputed multivariable logistic regression 
models. Because only variables were present in at least half of the 20 models selected 
for the final model, the final AHFS90 model did not include PMS. However, several studies 
showed that mobility was an independent risk factor for mortality, although not specific 
to nonagenarians [9–11]. In this oldest patients group, mobility could differ less among 
patients and would therefore not differentiate between patients at higher and lower risk 
of early mortality.

Figure 1. Venn diagram illustrating the overlap in the various risk factors for early mortality after hip 
fracture surgery within the different Chapters of this thesis.
ASA Score; American Society of Anaesthesiologists score, Hb level; hemoglobin level at admission
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In addition to the low proportion of deceased patients in the AHFS and AHFS90 study, 
other factors causing the limitations in the performance may reside within the composi-
tion of the risk score: are there sufficient risk factors included, and are the correct risk 
factors included? Possible unmeasured risk factors could be psychosocial factors like 
mindset, emotional loneliness, and overall physical reserve capacity. Studies showed 
that these variables could influence aging [12–16]. To investigate the possible relation-
ship between loneliness and the risk of mortality, the Geriatric Sociotype Scale could 
be used [17]. This validated 4-item measurement instrument identifies older adults who 
may benefit from social care or psychosocial intervention. Physical reserve capacity can 
be measured using fatigability in handgrip strength. Studies showed lower handgrip 
strength was associated with higher mortality risk [14–16]. To further explore the con-
cept of fatigability and overall physical reserve capacity, our research group is currently 
researching a dynamic version of handgrip strength, so-called grip work. The eforto® 
system (Fatigability Outcomes to monitor Resilience Targets in Older persons) was 
tested to monitor muscle fatigability as a dynamic marker of an older person’s intrinsic 
capacity and resilience [18].

Furthermore, machine learning could be used to identify more potential risk factors than 
can be found using classic statistics. In machine learning, big data employing several 
modalities can reveal independent risk factors that are unknown or not yet possible to 
include in classical statistics. Yenidogan et al. (2021) used multimodal machine learning 
to predict early mortality after hip fracture surgery [19]. Big data containing patient 
characteristics, comorbidities, vital signs, physical examinations, electrocardiography, 
lab tests, and X-ray images led to a random forest multimodal risk model with an AUC 
of 0.79. The most important conclusion of this study was clear: a multimodal machine 
learning model could significantly exploit additional information from other modalities. 
However, just as in other machine learning modalities, the explanation of the model is 
limited, unlike most risk models developed using classical statistics [20]. Machine learn-
ing is often called a ‘black box’: The process between the input (big data) and output 
(early mortality) is opaque. There is only limited insight into (the influence of ) predictors 
or how the model makes certain decisions. In addition, in Yenidogan et al., the maximum 
risk of early mortality after hip fracture surgery was not presented. These limitations 
influence the clinical utility of the model, which is now unclear. Further research into 
advancements in the explainability of machine learning and testing the model in clinical 
practice could be a valuable next step.

Recently, the importance of identifying patients with limited life expectancy was high-
lighted by the outcomes of the FRAIL-HIP study [27]. In this study, nonoperative versus 
operative treatments were compared in frail institutionalized patients with a limited life 
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expectancy. The study showed that, whereas operative management yielded a lower 
30-day mortality rate (25% versus 83%), nonoperative management was non-inferior 
to operative management regarding the quality of life. Fifty-one percent of the proxies 
and caregivers of the nonoperative treated patient rated the quality of dying as good 
to almost perfect. Furthermore, fewer patients in the nonoperative management group 
experienced at least one adverse event (52% versus 81%) or multiple adverse events 
(18% versus 56%) than in the operative management group. Based on these results, the 
FRAIL-HIP concluded that nonoperative management is a viable option in this patient 
population, suggesting that surgery is not inevitable for this patient population.

The FRAIL-HIP study defined patients with a limited life expectancy as age 70 years or 
older, living in a nursing home, and having at least one of the following characteristics: 
ASA scores 4–5, and malnutrition or impaired mobility with increased risk of falling [28]. 
Given the predictors of early mortality in the AHFS and AHFS90, one could question 
whether this definition covers all patients with a limited life expectancy. As shown in 
these chapters, Hb level, cognitive impairment/dementia, and comorbidities—which 
are not inclusion criteria of the FRAIL-HIP study—also influence life expectancy. Hence, 
patients who do not meet the FRAIL-HIP inclusion criteria may have a limited life expec-
tancy and might benefit from a nonoperative treatment. The AHFS or AHFS90 may lead to 
a more appropriate selection of patients with a limited life expectancy who may benefit 
from a nonoperative treatment.

In conclusion, the knowledge and understanding of individual risks after hip fracture 
surgery has expanded in recent years. Nevertheless, a perfect risk score for predicting 
early mortality after hip fracture surgery remains unavailable. Although the accuracy of 
most risk models developed is acceptable to excellent, the maximum risk of early mor-
tality predicted is limited or unknown [21–26]. This phenomenon can be a consequence 
of the incomplete inclusion of risk factors. Some risk factors might not yet be measured 
or included. In addition to the limitation in the maximum risk of early mortality, research 
on the clinical utility of risk scores by investigating its contribution to clinical practice 
has not yet been performed. These limitations should be addressed in future studies.

The evaluation of the intramural orthogeriatric care pathway

The overall outcomes of intramural care for hip fracture patients have improved after 
the introduction the orthogeriatric treatment model. Reductions were seen in complica-
tions, length of stay, re-admissions, and in-hospital and 1-year mortality [29]. To inform 
the patient as accurately as possible and optimize the quality of care for hip fracture 
patients, monitoring clinical outcomes over time is essential because outcomes can 
fluctuate. Chapter 5 shows that, after the introduction phase of the orthogeriatric 
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treatment model, most clinical outcomes remained consistent in the ten years after its 
introduction, except for the number of cases of anemia, delirium, and urinary tract infec-
tions (UTIs) (Figure 2). This fi nding was infl uenced by altered diagnosis and treatment 
protocols. The increased number of postoperative anemias resulted from the adjusted 
treatment for fractured neck of femur, based on the Dutch guidelines for the treatment 
of proximal femur fractures [30]. This adjusted treatment protocol led to an increasing 
number of hemiarthroplasty placements in patients with displaced femoral neck frac-
tures. Patients undergoing a hemiarthroplasty more often develop anemia than patients 
undergoing internal fi xation, as expected, due to more perioperative blood loss [31,32]. 
The increased incidence of delirium was infl uenced by earlier recognition of this compli-
cation over time. Accumulated geriatric expertise of the nursing and medical staff  led to 
earlier recognition of delirium; particularly, the hypo-active variant was diagnosed more 
often. Altered diagnostics infl uenced the decreased number of UTIs; in the early years, 
the diagnosis of UTI was based upon urine sediment analysis, while later, urine culture 
was used. The diagnostic value of urine sediment analysis in patients with a catheter was 
limited because of contamination. Therefore, pretreatment positive urine culture was 
considered the golden standard in recent years.

In addition to informing patients and their relatives about the most likely outcomes, 
this knowledge could be used to optimize and maintain the quality of care for this frail 

Figure 2. Fluctuating clinical outcomes of care over the years
Decreased mortality percentages after introducing the orthogeriatric treatment model and varying per-
centages of complications after its introduction phase [29, 34].
* The position of the asterisk refl ects the period in which there was a signifi cant change in percentage
UTI: Urinary tract infection
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patient population. For instance, to reduce the incidence of anemia, tranexamic acid was 
introduced as standard preoperative care [33]. Future monitoring of clinical outcomes 
should reveal the eff ect of this intervention.

Transmural extension of the care pathway to geriatric rehabilitation and 
outpatient follow-up

After orthogeriatric treatment at the Centre for Geriatric Traumatology, 47.8% of the 
patients are discharged to one of the geriatric rehabilitation departments of the sur-
rounding nursing homes. In 2017, the transmural ‘Up & Go after hip fracture’ project 
started, in which healthcare professionals of the Centre for Geriatric Traumatology of 
Ziekenhuisgroep Twente and the surrounding nursing homes Carintreggeland, Trivi-
umMeulenbeltZorg, and ZorgAccent collaborated to optimize the transmural care of 
hip fracture patients. Developing a transmural monitoring pathway was a part of this 
project (Chapter 6). The existing intramural orthogeriatric care pathway was only a 
pathway for the in-hospital phase; insight into the rehabilitation phase after discharge 
from the hospital was limited. A meta-analysis and a systematic review (including 22 
and 12 studies, respectively) were performed on clinical care pathways for patients with 
hip fractures; however, monitoring the recovery over time during all recovery phases 
was hardly discussed [35,36]. Chapter 6 is unique in its detailed description of devel-
oping a transmural care pathway that monitors functional recovery after hip fracture 
surgery. Results of this chapter show that the transmural monitoring pathway provides 
transparency in the recovery trajectories of hip fracture patients over the boundaries 
of institutions. The pathway consists of an in-hospital, geriatric rehabilitation, and an 
outpatient follow-up (three months after surgery) phase. During the in-hospital phase, 
patients experienced declines in functional levels as expected because of the injury and 
treatment. During the geriatric rehabilitation phase, patients progressed the most. In 
the fi nal outpatient follow-up phase three months after surgery, recovery was ongo-
ing; however, most patients had not yet returned to their pre-fracture functional level. 
Recovery at three months after surgery was reported in previous studies that found that 
hip fracture patients required almost a year for recovery of lower extremity function [37, 
38]. These facts underline the importance of prolonged rehabilitation after the transmu-
ral monitoring pathway, as is recommended in the Dutch Guideline for proximal femur 
fracture [30]. This guideline recommends continuing physiotherapy until one year after 
sustaining a hip fracture. Expanding the transmural monitoring pathway to primary 
healthcare with a total follow-up period of 12 months is therefore advisable to monitor 
the complete recovery after hip fracture surgery.

Data regarding functional recovery after 12 months is also not gathered by the DHFA, 
which was initiated in 2016 to improve the quality of hip fracture care by providing in-
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sight into the quality of hip fracture care in daily practice [39]. In the DHFA, the final mo-
ment of recording variables was set at three months after surgery. Collecting these data 
appeared to be challenging. Nationwide, the completeness of the variables recorded 
three months after surgery in the DHFA was 36.2% in 2016 and 46.8% in 2020 [39]. The 
reason for these low percentages at three months might be the fact that many patients 
cancel their three-month follow-up appointment at the outpatient clinic because their 
overall health status makes it challenging or even impossible to return to the hospital; 
in cases of full functional recovery, the patients may feel it is unnecessary to visit the 
hospital. This finding led to the study in Chapter 7 that investigated the usability and 
acceptance of a mobile application for remote acquisition of three-month follow-up 
data. This study showed that implementation of the mobile application was infeasible 
for daily practice, despite the self-reported intention to use the application, smart-
phone expertise, and sufficient facilitation conditions. Technical problems, suboptimal 
implementation processes, and cognitive disorders were causes of failure. Therefore, 
telephonic interviews were conducted to optimize the follow-up data, and question-
naires were sent to patients’ homes. This practice appears to be effective; however, it is 
labor-intensive (and, therefore, expensive) for the department of trauma surgery staff 
who collect these outcomes. Future research should explore the usability of a mobile 
application in which identified causes of failure are addressed by solving technical is-
sues, involving participants/relatives in the development, and optimizing information 
provision. Furthermore, the application was not specifically designed for older users. 
Earlier research has shown that applications developed for the general population are 
not necessarily suitable for elderly users; this problem can be significant, primarily if 
the application specifically addresses issues related to advanced age [40]. With a limited 
number of modifications, an existing application can be significantly improved to better 
suit older patients. For instance, visibility can be improved by optimizing color contrast, 
and helpful tips and explanations can be made available to the user in case they need 
assistance in the form of a welcome wizard or an additional button.

In addition to using an application, ambulatory recovery monitoring could also be per-
formed with wearable devices. Wearable devices are small, portable, body-fixed sensors 
that can continuously monitor bodily signals. While wearing these devices, patients are 
less responsible for delivering the data: they do not have to visit the hospital, fill out 
questionnaires, or provide information about their recovery via an application. Further-
more, instead of using static questionnaires that are administered infrequently, a wear-
able device continuously monitors activity. In this manner, important information that 
could occur between measurements is not missed. Aiming to assess the feasibility and 
usability of wearable devices for continuous monitoring, van Dartel et al. investigated 
the feasibility of the Fitbit Charge 2/HR and MOX in older patients rehabilitating after 
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hip fracture surgery [41]. The authors concluded that physical activity monitoring with 
these devices was feasible in this patient population. Nevertheless, further research is 
needed to optimize valid parameter extraction from continuous monitoring devices 
worn by patients with very low physical activity levels, including those recovering from 
hip surgery.

RECOMMENDATIONS FOR FUTURE RESEARCH AND CLINICAL 
IMPLEMENTATIONS

In recent years, substantial research has led to improvements in the care delivered to 
hip fracture patients. Nevertheless, there remain knowledge gaps that need to be filled. 
Important topics to address in the future are listed below.

1. Treatment of hip fracture patients with certain risk factors for early mortality

The general population is aging and, thereby, the incidence of hip fractures is rising 
[42–44]. Critical analysis of surgical indications is inevitable. Only patients who may 
benefit from surgery should undergo surgery. Surgery may do more harm than good in 
patients with very short survival. Given the increasing number of patients aged 90 years 
and older, considerations regarding an operative or nonoperative treatment are becom-
ing even more relevant. The decision to opt for a nonoperative treatment substantially 
impacts the patient and should (where possible) be supported by evidence-based medi-
cine.

In this context, substantial research has been done on risk models predicting the risk of 
early mortality after hip fracture surgery in older adults. A perfect risk score for predict-
ing early mortality after hip fracture surgery is not yet available. Recommendations for 
the future include pursuing a  risk score that supports treatment considerations. This 
prediction needs to be accurate and reach a predicted risk of early mortality of 90% 
or more because lower predicted risks are less likely to support and adjust treatment 
considerations. Of course, in addition to the risk score, the clinical view of the healthcare 
professionals also plays an essential role in treatment considerations. The decision on a 
nonoperative or operative treatment should occur in a shared decision-making process. 
Shared decision-making requires a holistic approach to patient care, in which knowl-
edge of what matters most for the patient is essential. With a prognosis based on the risk 
score, this final point enables careful consideration of the risks and benefits of surgery. 
Research on how such a multidisciplinary shared decision-making process is performed 
has not yet been performed. In the future, it would be compelling to investigate how 
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the healthcare professionals’ clinical view, risk scores and the holistic view of the patient 
affects treatment choices.

2. Advanced care planning and quality of life

The relatively high lifetime risk of sustaining a hip fracture with significant consequences 
makes it worthwhile to prepare older adults for the possibility of sustaining a hip frac-
ture [50, 51]. Educating older adults on hip fractures and the possible consequences 
can prepare them and encourage them to think about their personal care goals and 
preferences for future medical treatment. Ideally, goals of care are discussed before 
the occurrence of a fracture. In the emergency setting, patients and relatives are often 
overwhelmed, and there is time pressure because surgery ideally needs to be performed 
as soon as safely possible. Dementia, delirium, pain, anxiety, hospitalization and illness 
are often present in geriatric trauma patients and can reduce decisional capacity [52].

Advance Care Planning (ACP)  enables individuals to define goals and preferences for 
future medical treatment and care, discuss these goals and preferences with family and 
healthcare providers, and record and review these preferences where appropriate [53]. 
A general practitioner or elderly care physician is well-positioned to encourage and en-
gage in timely ACP, given the long-term relationship and the possible important role in 
coordinating palliative care. Goals of care and preferences for future medical treatment 
should be related to the quality of life. Quality of life in older adults is a dynamic web 
of intertwined domains: autonomy, role and activity, health perception, relationships, 
attitude and adaptation, emotional comfort, spirituality, home and neighborhood, 
and financial security [46]. According to the World Health Organization, quality of life 
is defined as “an individual’s perception of their position in the life in the context of culture 
in which they live and in relation to their goals, expectations, standards and concerns” [45] 
Relating care goals to the individual perception of quality of life in hip fracture patients 
may mean that some patients value time with their loved ones and are willing to accept 
immobility and dependency. Other patients may highly value independence and are 
willing to accept the prospect of intensive long treatment with substantial risks.

Several studies have been done on the quality of life after hip fracture surgery. System-
atic reviews concluded that hip fractures harm the quality of life, and most patients 
do not return to pre-fracture levels [47,48]. Pre-fracture levels of mental, physical, and 
nutritional status, comorbidities, female gender, postoperative pain, complications, and 
length of hospital stay are associated with quality of life [48]. Patient-related outcome 
measures (PROMs) are essential in investigating the quality of life, as they are a form 
of validated self-reporting instruments that leverage patients’ opinions to assess their 
health status and overall wellbeing [49]. In the future, including PROMs in clinical care 
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would be valuable to obtain a holistic view of hip fractures from the patient’s perspec-
tive. This could support the shared decision-making process regarding surgery and the 
treatment of potential complications. Quality of life should be the most critical outcome 
measurement in quality registries for pursuing optimization of the patient-centered 
quality of care.

3. Extending and optimizing the follow-up of clinical outcomes in hip fracture 
patients

The introduction of the intramural orthogeriatric care pathway provided insight into 
the in-hospital care given to hip fracture patients and improved this care, reducing 
complications and 1-year mortality [29]. The transmural monitoring pathway extended 
this insight to the three-month follow-up at the outpatient clinic for patients discharged 
to a geriatric rehabilitation department in one of the surrounding nursing homes. In the 
future, a transmural care pathway for all hip fracture patients should be implemented, 
including those who are discharged to their homes from the hospital. For this purpose, 
primary care, including home care physicians and physiotherapists, is necessary. Fur-
thermore, a complete overview of the recovery after hip fracture surgery is advisable 
and could be achieved by extending the follow-up period to 12 months. Data should 
be recorded in an electronic healthcare record, accessible to all involved stakeholders, 
including the patient. Ideally, data should be transferred automatically to national qual-
ity registries such as the DHFA to minimize the burden of registration. The overall aim is 
to optimize the quality of care for hip fracture patients across institutional boundaries.

CONCLUSION

This thesis adds to the knowledge and understanding of individual risks after hip frac-
ture surgery. Identifying high-risk patients in an early stage could contribute to patient-
tailored care with treatment focused on individual needs. The cornerstone of clinical 
decision-making regarding nonoperative or operative treatment is the multidisciplinary 
orthogeriatric team discussion in which clinical judgment and the goals of care for the 
individual patient are combined and considered. Risk scores identifying the individual 
risk of early mortality can support this process. This thesis showed that current risk 
scores for predicting early mortality after hip fracture surgery have good accuracy; 
nevertheless, there is room for improvement.

Outcomes of intramural orthogeriatric care were evaluated and found consistent. The 
current orthogeriatric care trajectory is being further developed into a transmural tra-
jectory, in which the rehabilitation phase during stays at geriatric rehabilitation depart-
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ments of nursing homes and the follow-up at the outpatient clinic are included. In this 
manner, healthcare professionals at the hospital and  the nursing homes can monitor 
the recovery process of hip fracture patients, enabling proactive and personal tailoring 
of treatment. Hip fracture care exceeds the boundaries of institutions and should be 
addressed from the point of view of the entire transmural chain of care.

Finally, looking at the future: implementing PROMs would be critical to gaining a holistic 
view of the patient. With the further development of risk scores and their use in clinical 
practice, this implementation could support the  shared decision-making process re-
garding surgery and potential complications. Ambulatory monitoring techniques could 
provide more information about recovery.

The ultimate purpose is to optimize patient-tailored treatment aiming toward a better 
quality of care for frail older adults with hip fractures.



165

General discussion and future perspectives

8

REFERENCES

 1. Zielinski SM, Bouwmans CAM, Heetveld MJ et al.. The societal costs of femoral neck fracture 
patients treated with internal fixation. Osteoporos. Int. 2014;25:875–85.

 2. van de Ree CLP, De Jongh MAC, Peeters CMM et al. Hip Fractures in Elderly People: Surgery or No 
Surgery? A Systematic Review and Meta-Analysis. Geriatr. Orthop. Surg. Rehabil. 2017;8:173–80.

 3. Loggers SAI, Van Lieshout EMM, Joosse P et al. Prognosis of nonoperative treatment in elderly 
patients with a hip fracture: A systematic review and meta-analysis. Injury;51:2407–13.

 4. Kim SJ, Park HS, Lee DW. Outcome of nonoperative treatment for hip fractures in elderly patients: 
A systematic review of recent literature. J. Orthop. Surg. 2020;28:1–8.

 5. Wesdorp MA, Moerman S et al. External validation of the Almelo Hip Fracture Score , a prediction 
model for early mortality following hip fracture surgery. Eur. J. Trauma Emerg. Surg. 2021

 6. Feng Y, Zhou M, Tong X. Imbalanced classification: A paradigm-based review. Stat. Anal. Data Min. 
2021;14:383–406.

 7. Hu F, Jiang C, Shen J et al. Preoperative predictors for mortality following hip fracture surgery: a 
systematic review and meta-analysis. Injury 2012;43:676–85.

 8. Cao Y, Forssten MP, Mohammad Ismail A, Borg T, Ioannidis I, Montgomery S, et al. Predictive Values 
of Preoperative Characteristics for 30-Day Mortality in Traumatic Hip Fracture Patients. J. Pers. 
Med. 2021;11(5):353.

 9. Lizaur-Utrilla A, Martinez-Mendez D, Collados-Maestre I, et al. Early surgery within 2 days for hip 
fracture is not reliable as healthcare quality indicator. Injury 2016;47:1530–5.

 10. Fu G, Li M, Xue Y et al. Rapid preoperative predicting tools for 1-year mortality and walking ability 
of Asian elderly femoral neck fracture patients who planned for hip arthroplasty. J. Orthop. Surg. 
Res. 2021;16:1–11.

 11. Foss NB, Kehlet H. Short-term mortality in hip fracture patients admitted during weekends and 
holidays. Br. J. Anaesth. 2006;96:450–4.

 12. Pagnini F, Cavalera C, Volpato E, Comazzi B, Vailati Riboni F, Valota C, et al. Ageing as a mindset: 
a study protocol to rejuvenate older adults with a counterclockwise psychological intervention. 
BMJ 2019;9:e030411.

 13. O’Súilleabháin PS, Gallagher S, Steptoe A. Loneliness, Living Alone, and All-Cause Mortality: The 
Role of Emotional and Social Loneliness in the Elderly During 19 Years of Follow-Up. Psychosom. 
Med. 2019;81:521–6.

 14. Rijk JM, Roos PR, Deckx L et al. Prognostic value of handgrip strength in people aged 60 years and 
older: A systematic review and meta-analysis. Geriatr Gerontol Int. 2016;16(1):5-20.

 15. Stessman J, Rottenberg Y, Fischer M et al. Handgrip Strength in Old and Very Old Adults: Mood, 
Cognition, Function, and Mortality. J. Am. Geriatr. Soc. 2017;65:526–32.

 16. Pérez-Rodríguez P, Rabes-Rodríguez L, Sáez-Nieto C et al. Handgrip strength predicts 1-year 
functional recovery and mortality in hip fracture patients. Maturitas 2020;141:20–5.

 17. Navarro J, Cañete M, Olivera FJ, Gil-Lacruz M, Gil-Lacruz A, Marijuán PC. The Cost of Loneliness: 
Assessing the Social Relationships of the Elderly via an Abbreviated Sociotype Questionnaire for 
inside and outside the Clinic. Int. J. Environ. Res. Public Health. 2022;19.

 18. eForto® - Home [Internet]. Available from: https://forto-aal.eu/
 19. Yenidogan B, Pathak S, Geerdink J et al. Multimodal machine learning for 30-days post-operative 

mortality prediction of elderly hip fracture patients. Int. Conf. Data Min. Work. 2021. p. 508–16.
 20. Watson DS, Krutzinna J, Bruce IN, Griffiths CEM, McInnes IB, Barnes MR, et al. Clinical applications 

of machine learning algorithms: Beyond the black box. BMJ 2019;364:10–3.



Chapter 8

166

 21. Loggers SAI, Willems HC, van Balen R et al. Evaluation of Quality of Life After Nonoperative or 
Operative Management of Proximal Femoral Fractures in Frail Institutionalized Patients The 
FRAIL-HIP Study. 2022;1–11.

 22. Joosse P, Loggers SAI, Van de Ree CLPM et al. The value of nonoperative versus operative treat-
ment of frail institutionalized elderly patients with a proximal femoral fracture in the shade of life 
(FRAIL-HIP); protocol for a multicenter observational cohort study. BMC Geriatr. 2019;19:301.

 23. Karres J, Heesakkers N, Ultee JM et al. Predicting 30-day mortality following hip fracture surgery: 
Evaluation of six risk prediction models. Injury 2015;46:371–7.

 24. Karres J, Kieviet N, Eerenberg JP et al. Predicting Early Mortality After Hip Fracture Surgery: The 
Hip Fracture Estimator of Mortality Amsterdam. J. Orthop. Trauma 2018;32:27–33.

 25. Maxwell MJ, Moran CG, Moppett IK. Development and validation of a preoperative scoring 
system to predict 30 day mortality in patients undergoing hip fracture surgery. Br. J. Anaesth. 
2008;101:511–7.

 26. Marufu TC, White SM, Griffiths R et al. Prediction of 30-day mortality after hip fracture surgery 
by the Nottingham Hip Fracture Score and the Surgical Outcome Risk Tool. Anaesthesia 2016; 
71(5):515-21

 27. Haugan K, Klaksvik J, Foss OA. 30-day mortality in patients after hip fracture surgery : A compari-
son of the Charlson Comorbidity Index score and ASA score used in two prediction models. Injury 
2021;52(8):2379-2383

 28. van de Ree CL, Gosens T, van der Veen AH et al. Development and validation of the Brabant Hip 
Fracture Score for 30-day and 1-year mortality. Hip Int. 2020;30:354–62.

 29. Folbert EC, Hegeman JH, Vermeer M et al. Improved 1-year mortality in elderly patients with a hip 
fracture following integrated orthogeriatric treatment. Osteoporos. Int. 2017;28:269–77.

 30. Nederlandse Vereniging voor Heelkunde NOV. Richtlijn Proximale femurfracturen 2016. Available 
from: https://richtlijnendatabase.nl/richtlijn/proximale_femurfracturen/proximale_femurfrac-
turen_-_startpagina.html

 31. de Palma L, Torcianti M, Meco L et al. Operative delay and mortality in elderly patients with hip 
fracture: an observational study. Eur. J. Orthop. Surg. Traumatol. 2013;28:1–6.

 32. Sciard D, Cattano D, Hussain M et al. Perioperative management of proximal hip fractures in the 
elderly: the surgeon and the anesthesiologist. Minerva Anesthesiol. 2011;77:715–22.

 33. Haj-Younes B, Sivakumar BS, Wang M et al. Tranexamic acid in hip fracture surgery: A systematic 
review and meta-analysis. J. Orthop. Surg. 2020;28:1–6.

 34. Nijmeijer WS, Folbert EC, Vermeer M et al. The consistency of care for older patients with a hip 
fracture: are the results of the integrated orthogeriatric treatment model of the Centre of Geriat-
ric Traumatology consistent 10 years after implementation? Arch. Osteoporos. 2018;13:131.

 35. Talevski BHealthSci J, Sanders KM, Duque G et al. Effect of Clinical Care Pathways on Quality of Life 
and Physical Function After Fragility Fracture: A Meta-analysis. 2017;20(7):926.e1-926.e11

 36. Leigheb F, Vanhaecht K, Sermeus W et al. The Effect of Care Pathways for Hip Fractures: A System-
atic Review. Calcif. Tissue Int. 2012;91:1–14.

 37. Magaziner J, Hawkes W, Hebel JR, Zimmerman SI, Fox KM, Dolan M, et al. Recovery from hip 
fracture in eight areas of function. J. Gerontol. A. Biol. Sci. Med. Sci. 2000;55:M498-507.

 38. Magaziner J, Chiles N, Orwig D. Recovery after Hip Fracture: Interventions and Their Timing to 
Address Deficits and Desired Outcomes – Evidence from the Baltimore Hip Studies. Nestle Nutr. 
Inst. Workshop Ser. 2015;83:71.

 39. Voeten SC, Arends AJ, Wouters MWJM et al. The Dutch Hip Fracture Audit: evaluation of the qual-
ity of multidisciplinary hip fracture care in the Netherlands. Arch. Osteoporos. 2019;14:28.



167

General discussion and future perspectives

8

 40. Isaković M, Sedlar U, Volk M et al. Usability pitfalls of diabetes mHealth apps for the elderly. J. 
Diabetes Res. 2016;1–9.

 41. Van Dartel D, Hegeman JH, Vollenbroek-Hutten MMR. Feasibility and Usability of Wearable De-
vices for Ambulatory Monitoring of the Rehabilitation Process of Older Patients after Hip Fracture 
Surgery. Proc. 18th Int. Conf. Wirel. Networks Mob. Syst. (WINSYS 2021) 59–66.

 42. Hartholt KA, van Beeck EF, Polinder S et al. Societal consequences of falls in the older population: 
injuries, healthcare costs, and long-term reduced quality of life. J. Trauma 2011;71:748–53.

 43. Cooper C, Campion G, Melton LJ. Hip fractures in the elderly: A world-wide projection. Osteopo-
ros. Int. 1992;2:285–9.

 44. Abrahamsen B, van Staa T, Ariely R et al. Excess mortality following hip fracture: a systematic 
epidemiological review. Osteoporos. Int. 2009;20:1633–50.

 45. Veronese N, Kolk H, Maggi S. Epidemiology of Fragility Fractures and Social Impact. 2021;19–34.
 46. Jamal Sepah Y, Umer M, Khan A et al. Functional outcome, mortality and in-hospital complica-

tions of operative treatment in elderly patients with hip fractures in the developing world. Int. 
Orthop. 2010;34:431–5.

 47. Schuijt HJ, Lehmann LS, Javedan H et al. A Culture Change in Geriatric Traumatology: Holistic and 
Patient-Tailored Care for Frail Patients with Fractures. J. Bone Joint Surg. Am. 2021;103:e72.

 48. Rietjens JAC, Sudore RL, Connolly M, van Delden JJ, Drickamer MA, Droger M, et al. Definition 
and recommendations for advance care planning: an international consensus supported by the 
European Association for Palliative Care. Lancet Oncol. 2017;18:e543–51.

 49. van Leeuwen KM, van Loon MS, van Nes FA et al. (2019) What does quality of life mean to older 
adults? A thematic synthesis. PLoS ONE 14(3): e0213263

 50. World Health Organization definition of Quality of Life [Internet]. Available from: https://www.
who.int/tools/whoqol

 51. Peeters CMM, Visser E, Van de Ree CLP et al. Quality of life after hip fracture in the elderly: A 
systematic literature review. Injury 2016;47:1369–82.

 52. Alexiou KI, Roushias A, Evaritimidis S et al. Quality of life and psychological consequences in 
elderly patients after a hip fracture: A review. Clin. Interv. Aging. 2018;13:143–50.

 53. Dawson J, Doll H, Fitzpatrick R et al. The routine use of patient reported outcome measures in 
healthcare settings. BMJ. 2010;340:c186





Chapter 9

Summary





171

Summary

9

Hip fractures present a significant healthcare problem in older adults. Epidemiological 
data vary between countries, but globally, it is estimated that hip fractures affect ap-
proximately 18% of women and 6% of men. By 2025, 2.6 million people per year will 
suffer from a hip fracture worldwide. This number is expected to increase to 6.3 million 
by 2050, based on the increasing life expectancy of the world population.

This thesis aims to optimize the care of frail older adults with hip fractures across insti-
tutional boundaries: from hospital admission to geriatric rehabilitation and follow-up 
at an outpatient clinic. To achieve this aim, the first part (Part I) of this thesis focuses on 
identifying older adults with a hip fracture at high risk of a complicated course. Early 
identification enables proactive tailoring of orthogeriatric treatment, hopefully prevent-
ing complications or at least reducing the severity of the complication. In the second 
part (Part II) of this thesis, we evaluated the existing intramural orthogeriatric care path-
way and extended this into a digital transmural monitoring pathway involving geriatric 
rehabilitation in nursing home facilities and follow-up at the outpatient clinic.

PART I IDENTIFICATION OF PATIENTS AT HIGH RISK

With the longer life expectancy, there will likely be more hip fractures in patients aged 90 
years or older (the so-called ‘nonagenarians’) in the future. Currently, every hip fracture 
patient aged 70 years or older receives the same orthogeriatric treatment, including the 
daily involvement of a geriatrician.

Results presented in Chapter 2 of this thesis show that patients aged 70 to 89 years have 
a significantly lower risk of anemia, delirium, heart failure, and 30-day and 1-year mortal-
ity than nonagenarians. The lower risk of complications and mortality in these patients 
could advocate a less intensive orthogeriatric approach for this “younger” patient group. 
For instance, this approach could involve selective involvement of the geriatrician in hip 
patients aged 70–79 years, only if certain risk factors are present; this selection would 
result in a more targeted deployment of geriatricians.

In addition to knowing which patient subgroups have a higher risk of complications and 
mortality, identifying individual patients at high risk for early mortality (≤ 30 days) after 
hip fracture surgery is critical. Hip fracture patients at a very high risk of early mortality 
may be better suited to nonoperative treatment. To improve the identification of hip 
fracture patients aged 70 years or older at high risk of early mortality, the Almelo Hip 
Fracture Score (AHFS) was developed in Chapter 3 of this thesis. Patients with advanced 
age, male gender, lower levels of serum hemoglobin (Hb) at admission, cognitive disor-
ders, those living in an institution, patients with two or more comorbidities or a malig-
nancy, patients with lower Parker Mobility Score (PMS) or a higher American Society of 
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Anesthesiologists score (ASA score) have a higher risk of early mortality. Incorporating 
these independent risk factors in the AHFS showed reasonable accuracy, with areas 
under the receiver operating characteristic curve (AUC) of 0.82 and 0.70, respectively in 
Chapter 3 and a subsequent external validation study.

A limitation of the AHFS is the relatively low maximum risk of early mortality of 68.4% in 
patients with the AHFS highest scores. A higher maximum risk of early mortality would 
be more supportive in clinical decision-making regarding an operative versus nonop-
erative treatment. Causes for the limited maximum risk of early mortality in the AHFS 
study may have been the skewed distribution in survival and mortality because the 
proportion of deceased patients in the AHFS study was low (7.5%). A better prediction 
may be possible in a study population with higher mortality rates, e.g. in nonagenarians. 
A 30-day mortality rate of 13.3% was observed in this patient group in Chapter 2 of this 
thesis.

As such, the Almelo Hip Fracture Score 90 (AHFS90) was developed in Chapter 4. This 
chapter shows that, in patients aged 90 years or older, advanced age, male gender, 
dementia, living in a nursing home, higher ASA score, and lower Hb were independent 
risk factors for early mortality. The AHFS90 had a comparable accuracy to the AHFS after 
validation (AUC 0.74). This study’s maximum risk of early mortality of 64.5% was compa-
rable to the AHFS, despite the higher mortality rate in this study population.

PART II EVOLUTION OF CLINICAL CARE: IN-HOSPITAL AND BEYOND

The overall outcomes of intramural care for hip fracture patients have improved after 
the introduction the orthogeriatric treatment model. Reductions were seen in compli-
cations, length of stay, re-admissions, and in-hospital and 1-year mortality. To inform 
the patient as accurately as possible and optimize the quality of care for hip fracture 
patients, monitoring clinical outcomes over time is essential because outcomes can 
fluctuate. Chapter 5 shows that, after the introduction phase of the orthogeriatric 
treatment model, most clinical outcomes remained consistent in the ten years after its 
introduction, except for the number of cases of anemia, delirium, and urinary tract infec-
tions (UTIs). This finding was influenced by altered diagnosis and treatment protocols. 
Monitoring clinical outcomes over time is recommended to optimize and maintain the 
quality of care for hip fracture patients.

After orthogeriatric treatment at the Centre for Geriatric Traumatology, 47.8% of the 
patients are discharged to one of the geriatric rehabilitation departments of the sur-
rounding nursing homes. In 2017, the transmural ‘Up & Go after hip fracture’ project 
started, in which healthcare professionals of the Centre for Geriatric Traumatology of 
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Ziekenhuisgroep Twente and the surrounding nursing homes Carintreggeland, Trivi-
umMeulenbeltZorg, and ZorgAccent collaborated to optimize the transmural care of 
hip fracture patients. Developing a transmural monitoring pathway was a part of this 
project. Chapter 6 is unique in its detailed description of developing a transmural path-
way that monitors functional recovery after hip fracture surgery. The pathway consists 
of an in-hospital, geriatric rehabilitation, and an outpatient follow-up (three months 
after surgery) phase. During the in-hospital phase, patients experienced declines in 
functional levels as expected because of the injury and treatment. During the geriatric 
rehabilitation phase, patients progressed the most. In the final outpatient follow-up 
phase three months after surgery, recovery was ongoing; however, most patients had 
not yet returned to their pre-fracture functional level. Overall, results of this chapter 
show that the transmural monitoring pathway provides transparency in the recovery 
trajectories of hip fracture patients over the boundaries of institutions.

Data regarding functional recovery three months after surgery is also gathered by the 
Dutch Hip Fracture Audit, which was initiated in 2016 to improve the quality of hip 
fracture care by providing insight into the quality of hip fracture care in daily practice. 
Collecting these data appeared to be challenging. Nationwide, the completeness of the 
variables recorded three months after surgery in the DHFA was 36.2% in 2016 and 46.8% 
in 2020. The reason for these low percentages at three months might be the fact that 
many patients cancel their three-month follow-up appointment at the outpatient clinic 
because their overall health status makes it challenging or even impossible to return to 
the hospital; in cases of full functional recovery, the patients may feel it is unnecessary to 
visit the hospital. This finding led to the study in Chapter 7 that investigated the usability 
and acceptance of a mobile application in elderly after hip fracture surgery, for remote 
acquisition of three-month follow-up data. This study showed that implementation of 
the mobile application was infeasible for daily practice, despite the self-reported inten-
tion to use the application, smartphone expertise, and sufficient facilitation conditions. 
Technical problems, suboptimal implementation processes, and cognitive disorders 
were causes of failure. Telephonic interviews were conducted to optimize the follow-
up data, and questionnaires were sent to patients’ homes. This practice appears to be 
effective; however, it is labor-intensive (and, therefore, expensive) for the department 
of trauma surgery staff who collect these outcomes. Future research should explore the 
usability of a mobile application in which identified causes of failure are addressed by 
solving technical issues, involving participants/relatives in the development, and opti-
mizing information provision. Besides that, ambulatory monitoring of recovery could 
also be done by the use of wearable devices, in order to gain more insight into the entire 
recovery process after hip fracture surgery.
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CONCLUSION

This thesis adds to the knowledge and understanding of individual risks after hip frac-
ture surgery. Identifying high-risk patients in an early stage could contribute to patient-
tailored care with treatment focused on individual needs. The cornerstone of clinical 
decision-making regarding nonoperative or operative treatment is the multidisciplinary 
orthogeriatric team discussion in which clinical judgment and the goals of care for the 
individual patient are combined and considered. Risk scores identifying the individual 
risk of early mortality can support this process. This thesis showed that current risk 
scores for predicting early mortality after hip fracture surgery have good accuracy; 
nevertheless, there is still room for improvement.

Outcomes of intramural orthogeriatric care were evaluated and found consistent. The 
current orthogeriatric care trajectory is being further developed into a transmural tra-
jectory, in which the rehabilitation phase during stays at geriatric rehabilitation depart-
ments of nursing homes and the follow-up at the outpatient clinic are included. In this 
manner, healthcare professionals at the hospital and  the nursing homes can monitor 
the recovery process of hip fracture patients, enabling proactive and personal tailoring 
of treatment. Hip fracture care exceeds the boundaries of institutions and should be 
addressed from the point of view of the entire transmural chain of care.
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Een heupfractuur is een veelvoorkomend potentieel desastreus letsel voor ouderen. In 
2025 zullen er wereldwijd jaarlijks 2.6 miljoen heupfracturen  zijn. Een incidentie welke 
zal toenemen tot 6.3 miljoen heupfracturen in 2050, als gevolg van de toenemende 
levensverwachting.

Het doel van dit proefschrift is om de zorg voor ouderen met een heupfractuur te 
optimaliseren voorbijgaand aan de grenzen van de zorginstellingen: vanaf de opname 
in het ziekenhuis, tot aan de geriatrische revalidatie in de verpleeghuizen en de po-
liklinische follow-up. Om dit doel te realiseren focust het eerste deel (Deel I) van dit 
proefschrift zich op het identificeren van ouderen met een heupfractuur met een hoge 
kans op het ontwikkelen van een gecompliceerd beloop of overlijden. Hierdoor kan de 
behandeling mogelijk aangepast worden op de individuele behoeften van de patiënt in 
de hoop complicaties te voorkomen, of zo spoedig mogelijk te diagnosticeren zodat de 
ernst hiervan beperkt kan worden. In het tweede deel (Deel II) van dit proefschrift wordt 
het reeds bestaande intramurale orthogeriatrische zorgpad geëvalueerd en breiden 
we deze uit tot een digitaal transmuraal zorgpad, door de geriatrische revalidatie die 
plaatsvindt in de verpleeghuizen en de poliklinische follow-up mede te includeren.

DEEL I DE IDENTIFICATIE VAN HOOG-RISICO PATIENTEN

De toename van de levensverwachting maakt het waarschijnlijk dat het aantal heupfrac-
tuur patiënten met een leeftijd van 90 jaar of ouder (de zogenaamde ‘nonagenarians’) 
ook zal stijgen. Momenteel krijgt iedere heupfractuur patiënt met een leeftijd van 70 
jaar of ouder dezelfde orthogeriatrische behandeling, waarbij er sprake is van dagelijkse 
betrokkenheid van de geriater. De resultaten gepresenteerd in Hoofdstuk 2 van dit 
proefschrift laten zien dat heupfractuur patiënten met een leeftijd van 70 tot 89 jaar een 
significant lager risico hebben op het ontwikkelen van een anemie, hartfalen en over-
lijden binnen 30 dagen en 1 jaar, in vergelijking met deze zogenaamde nonagenarians. 
Het risico op complicaties en mortaliteit nam toe met het ouder worden. Het lagere 
risico op complicaties en overlijden binnen patiënten met een leeftijd van 70 tot 89 jaar 
zou ervoor kunnen pleiten om een minder intensieve orthogeriatrische behandeling in 
te zetten bij deze relatief jongere patiëntenpopulatie. Dit zou kunnen geschieden door 
bijvoorbeeld enkel een geriatrische medebehandeling bij heupfractuur patiënten met 
een leeftijd van 70 tot 79 jaar in te zetten indien er sprake is van de aanwezigheid van 
bepaalde risicofactoren. Dit leidt tot het gerichter inzetten van geriaters. Het aanpassen 
van de intensiteit van de orthogeriatrische behandeling op basis van patiëntkarakteris-
tieken kan bijdragen aan het optimaliseren van de efficiëntie in de zorg. Dit is belangrijk 
gezien de toenemende incidentie van heupfracturen gepaard gaande met hoge kosten 
en beperkte werkkracht.
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Heupfractuur patiënten met een beperkte levensverwachting hebben mogelijk baat bij 
een niet-operatieve behandeling. Zij vermijden de stress van de chirurgische ingreep 
en de anesthesie en kunnen thuis blijven bij hun naasten in deze kwetsbare laatste le-
vensfase. Maar wie zijn de heupfractuur patiënten met een beperkte levensverwachting 
bij wie een niet-operatieve behandeling overwogen zou moeten worden? De Almelo 
Hip Fracture Score (AHFS) (Hoofdstuk 3) identificeert patiënten met een hoog risico op 
vroegtijdig overlijden (gedefinieerd als binnen 30 dagen na de operatie). Deze risico-
score includeert leeftijd, geslacht, het hemoglobinegehalte, cognitieve kwetsbaarheid, 
woonsituatie voor de fractuur, het aantal comorbiditeiten, de aanwezigheid van een 
maligniteit, de Parker Mobility Score en de American Society of Anaesthesiologists score 
(ASA score) als onafhankelijke voorspellers van mortaliteit. Het integreren van deze 
onafhankelijke risicofactoren in de zogenaamde ‘AHFS’ heeft geleid tot een risicoscore 
met een goede nauwkeurigheid.

Een beperking van de AHFS is dat de maximaal voorspelde kans op vroegtijdig over-
lijden met deze score ‘slechts’ 68.4% is. Een hogere maximaal voorspelde kans zou, 
samen met de klinische blik van de arts, meer ondersteuning bieden in de klinische 
besluitvorming ten aanzien van een operatieve dan wel niet-operatieve behandeling. 
Theoretisch zou een minder scheve verhouding tussen overledenen en overlevers 
binnen de patiëntenpopulatie waarop het risicomodel gebouwd wordt de predictie 
kunnen verbeteren. Hiervoor is het wenselijk om een patiëntenpopulatie te gebruiken 
waarin het sterftecijfer hoger is, bijvoorbeeld de nonagenarians – zoals we hebben 
kunnen zien in Hoofdstuk 2. Zodoende is de Almelo Hip Fracture Score 90 (AHFS90) 
ontwikkeld in Hoofdstuk 4, met als doel het voorspellen van vroegtijdig overlijden na 
een operatie binnen patiënten met een leeftijd van 90 jaar of ouder. Dit hoofdstuk laat 
zien dat binnen heupfractuur patiënten met een leeftijd van 90 jaar of ouder een hogere 
leeftijd, mannelijk geslacht, dementie, woonachtig zijn in een verpleeghuis, een hogere 
ASA score en een lager hemoglobinegehalte, onafhankelijke risicofactoren zijn voor 
vroegtijdig overlijden. De nauwkeurigheid van de AHFS90 is vergelijkbaar met de AHFS 
na validatie. De maximaal voorspelde kans op vroegtijdig overlijden van 64.5% AHFS90 
was eveneens vergelijkbaar met de maximaal voorspelde kans op vroegtijdig overlijden 
van de AHFS, ondanks het hogere sterftecijfer in de studiepopulatie van de AHFS90.

DEEL II DE EVOLUTIE VAN DE KLINISCHE ZORG: IN HET ZIEKENHUIS EN 
DAARBUITEN

De introductie van de orthogeriatrische behandeling voor ouderen met een heupfrac-
tuur in het Centrum voor Geriatrische Traumatologie (CvGT) in 2008 in Ziekenhuisgroep 
Twente (ZGT) heeft geleid tot een vermindering in complicaties en mortaliteit, gedu-
rende de implementatiefase en de eerste jaren daarna. De lange termijn effecten van de 
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implementatie van dit behandelmodel waren echter onbekend. Hoofdstuk 5 laat zien 
dat de meeste uitkomsten van dit orthogeriatrische behandelmodel consistent zijn 10 
jaar na implementatie, wanneer we naar de meeste complicaties en mortaliteit kijken. 
Veranderde complicatiecijfers werden gezien in het aantal postoperatieve anemieën, 
deliriums en urineweginfecties. De veranderde diagnostiek en behandelrichtlijnen 
beïnvloedden deze complicatiecijfers. Het blijven monitoren van klinische uitkomsten 
in de loop van de tijd wordt geadviseerd, met als doel het optimaliseren en behouden 
van de kwaliteit van zorg voor heupfractuur patiënten.

Na de orthogeriatrische behandeling in het CvGT wordt 47.8% van de heupfractuur 
patiënten ontslagen naar een revalidatieafdeling van één van de omliggende ver-
pleeghuizen. In 2017 werd het transmurale ‘Up&Go after hip fracture’ project gestart, 
waarin Ziekenhuisgroep Twente en de omliggende verpleeghuizen Carintreggeland, 
TriviumMeulenbeltZorg en ZorgAccent de handen in een slaan om de kwaliteit van 
de transmurale zorg voor heupfractuur patiënten te verbeteren. Het ontwikkelen van 
een transmuraal zorgpad was een deel van dit project. Hoofdstuk 6 is uniek in de 
gedetailleerde beschrijving van de ontwikkeling van een transmurale zorgpad voor 
heupfractuur patiënten dat het functioneel herstel na een operatie in verband met een 
heupfractuur monitort. Het zorgpad bestaand uit een ziekenhuisfase, een geriatrische 
revalidatiefase en een poliklinische follow-up fase (drie maanden na de operatie). De 
uitkomsten van het transmurale zorgpad laten zien dat gedurende de ziekenhuisfase 
patiënten achteruitgaan in functionaliteit en mobiliteitten gevolge van de fractuur en 
de operatie. Vervolgens neemt de functionaliteit en mobiliteit het meest toe gedurende 
de geriatrische revalidatiefase in het verpleeghuis. Tot slot is het herstel nog steeds 
gaande tijdens de poliklinische follow-up fase drie maanden na de operatie en waren 
op dat moment de meeste patiënten nog niet teruggekeerd op het oude functionele 
niveau van voor de fractuur. De resultaten van dit hoofdstuk laten zien dat het trans-
murale zorgpad zorgt voor inzicht in de hersteltrajecten van heupfractuur patiënten, 
voorbijgaand aan de grenzen van zorginstellingen.

Ook binnen de Dutch Hip Fracture Audit (DHFA) - de nationale kwaliteitsregistratie 
welke als doel heeft het optimaliseren van de zorg voor heupfractuur patiënten - wordt 
het herstel van heupfractuur patiënten na drie maanden na de operatie gemeten. Het 
verzamelen van data rondom het herstel op dit moment blijkt echter een uitdaging te 
zijn. Het volledig registreren van gegevens betreffende het herstel na drie maanden na 
de heupfractuur operatie in de DHFA was landelijk slechts 36.2% in 2016 en 46.8% in 
2020. Een oorzaak voor dit lage registratiepercentage is het feit dat veel heupfractuur 
patiënten hun poliklinische controle afspraak annuleren. Reden hiervoor zijn dat hun 
gezondheidstoestand het niet toelaat of, in geval van volledig herstel, niet nodig maakt 
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om naar het ziekenhuis te komen. Dit heeft geleid tot het onderzoek gepresenteerd in 
Hoofdstuk 7 waarin de bruikbaarheid en acceptatie van een applicatie voor op de mo-
biele telefoon werd getest. Deze applicatie had als doel informatie omtrent het herstel 
drie maanden na een heupfractuur operatie op afstand te verzamelen. Resultaten van 
dit onderzoek laten zien dat de implementatie van de applicatie niet-haalbaar was voor 
de dagelijkse praktijk, ondanks dat patiënten wel aangaven de intentie te hebben om 
de applicatie te gebruiken, ervaring te hebben met mobiele telefoons en er voldoende 
gunstige omstandigheden waren voor het gebruik van de mobiele telefoon. Redenen 
voor het falen van de applicatie waren technische problemen, een suboptimaal imple-
mentatieproces en cognitieve stoornissen bij de gebruikers. Toekomstig onderzoek zal 
moeten laten zien wat de bruikbaarheid van een dergelijke mobiele applicatie is, wan-
neer de geïdentificeerde oorzaken van falen zijn ondervangen door het oplossen van 
technische problemen en het betrekken van deelnemers/naasten in de ontwikkeling 
van en de informatieverstrekking rondom de applicatie. Daarnaast zou het ambulant 
monitoren van herstel middels draagbare sensoren kunnen bijdragen in het verkrijgen 
van meer inzicht in het volledige herstel na een heupfractuur operatie.

CONCLUSIE

Dit proefschrift draagt bij aan de kennis en het begrip rondom individuele risico’s na een 
heupfractuur operatie. Het identificeren van hoog-risicopatiënten in een vroegtijdig 
stadium zou kunnen bijdragen aan een proactieve behandeling op maat, gericht op de 
individuele behoeften van de patiënt. De hoeksteen van de besluitvorming rondom een 
operatieve of niet-operatieve behandeling is het multidisciplinair overleg, waarin de 
klinische beoordeling van de artsen en de individuele behandeldoelen van de patiënt 
gecombineerd en ter overweging genomen dienen te worden. Risicoscores zouden 
ondersteuning kunnen bieden in dit besluitvormingsproces. Dit proefschrift laat zien 
dat de huidige risicoscores voor het voorspellen van vroegtijdige mortaliteit accuraat 
zijn, maar dat er nog steeds ruimte is voor verbetering.

Daarnaast werden de uitkomsten van het intramurale orthogeriatrische zorgpad in dit 
proefschrift geëvalueerd en consistent bevonden. Dit zorgpad werd uitgebreid tot een 
transmuraal traject, waarin het verblijf op de geriatrische revalidatieafdelingen van de 
verpleeghuizen en poliklinische follow-up geïncludeerd werden. Op deze manier is het 
herstelproces van de patiënt voor zowel zorgprofessionals in het ziekenhuis als in de 
verpleeghuizen inzichtelijk, wat het mogelijk maakt om proactief de individuele behan-
deling aan te passen. De zorg voor patiënten met een heupfractuur gaat verder dan de 
grenzen van een zorginstelling en zou moeten worden benaderd vanuit het oogpunt 
van de gehele zorgketen.
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DANKWOORD

Als timide geneeskunde studente stapte ik tijdens de Traumadagen in 2014 af op een 
posterpresentatie over een onderzoek naar kwetsbare ouderen met een heupfractuur, 
verricht door onder andere dr. Ellis Folbert en dr. Han Hegeman. Ik had toen niet gedacht 
dat dit het begin was van mijn promotietraject. De aanleiding voor mijn belangstel-
ling in deze poster destijds was mijn eerdere bijbaantje bij Huize Den Oostenborgh in 
Ootmarsum. Met veel plezier heb ik daar een aantal jaren in de verzorging van ouderen 
mogen werken binnen een geweldig team. Hierdoor heb ik veel affiniteit met kwetsbare 
ouderen gekregen. Tegelijkertijd vond ik de traumachirurgie fantastisch. Traumachi-
rurgie bij kwetsbare ouderen, en dat ook nog eens in Twente, was en is het perfecte 
onderwerp voor mij.

Velen hebben een bijdrage geleverd aan het tot stand komen van dit proefschrift. Mijn 
speciale dank gaat uit naar de onder genoemde personen. Ik realiseer mij dat ik hiermee 
mogelijk iemand te kort doe. Deze mensen dank ik bij voorbaat voor hun support en  
begrip dat zij buiten deze opsomming zijn gevallen.

Allereerst mijn promotoren, prof. dr. M.M.R. Vollenbroek-Hutten en dr. J.H. Hegeman.

Beste Miriam, hartelijk dank voor de kans om dit promotietraject te starten en voor jouw 
altijd vriendelijke begeleiding de afgelopen jaren. Jouw helikopterview, razendsnelle en 
uitdagende commentaren gaven mij de kans om het veld verder te exploreren en er 
tegelijkertijd mijn eigen draai aan te kunnen geven. Je bent ambitieus, behulpzaam, 
gedreven en innovatief. Ik vind het prachtig dat ook jouw hart in Twente ligt en je je 
inzet voor onze regio op hoog niveau vanuit diverse zorginstellingen, maar tegelijkertijd 
ook op lokaal niveau met relatief kleinere initiatieven in je woonplaats Geesteren. Met 
jouw komst in 2017 is het wetenschap onderzoek en innovatieve klimaat binnen ZGT 
enorm gegroeid, wat werd bekroond met de topklinische status het afgelopen jaar. 
Nadat de wetenschappelijke lijnen in het ZGT voldoende sterk waren opgezet, heb je 
vorig jaar de uitnodiging om plaats te nemen in de Raad van Bestuur van het MST geac-
cepteerd. Ik weet zeker dat je ook daar weer van onschatbare waarde bent en enorm 
veel vooruitgang te weeg gaat brengen. Ik bedank je voor alle inspiratie en motivatie. Je 
bent een voorbeeld voor me.

Beste Han, toen ik als groentje voor het eerst kennis met jou maakte, had ik nooit durven 
hopen dat jij mijn promotor zou worden. Ik ben je erg dankbaar voor alle mogelijkheden 
die jij voor mij gecreëerd hebt. De wens om te promoveren in de periferie, welke ik als 
geneeskunde studente zijnde al had, lijkt uit te komen. Naast jouw rol als promotor is 
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jouw rol als mentor voor mij van onschatbare waarde geweest gedurende mijn tijd als 
geneeskunde studente, ANIOS, AIOS en promovenda. Jouw deur stond altijd open en 
met alle dillema’s kon ik bij je terecht. Van beginnend dokter zijnde in aanraking komend 
met de eerste complicaties, tot het in opleiding tot chirurg willen komen, onverwachte 
zwangerschappen tijdens de opleiding, het willen stoppen met de opleiding tot chi-
rurg en het vervolgens willen starten met de opleiding tot huisarts. Altijd had je goed 
doordachte adviezen en telkens als ik deze volgde, kwam het goed. Bedankt voor jouw 
begrip voor en steun in mijn keuzes. Ik heb veel respect voor jouw ambitieuze karakter 
met krachtige eigenschappen als geduldigheid, punctualiteit, doorzettingsvermogen 
en humor. Met jou als voorbeeld is het makkelijk om altijd gemotiveerd en gefocust te 
blijven. Je bent een bijzonder fijn mens. Wat is het een eer om de eerste te zijn waarbij 
jij als promotor mag optreden.

Hooggeleerde leden van de promotiecommissie, prof. dr. W.P. Achterberg, prof. dr. 
J.A.M. van der Palen, prof. dr. J.S. Rietman, prof. dr. J.M.G.A. Schols en dr. van der 
Velde, hartelijk dank voor de bereidwilligheid om dit proefschrift te beoordelen en te 
opponeren tijdens de ceremonie.

Beste Job, bij mijn eerste onderzoeksprojecten heb je me geholpen met de statistiek, 
hierbij daagde je me altijd uit om verder te denken en onderzoeksvragen eens vanuit 
een andere invalshoek te benaderen. Als geneeskunde studente zijnde heb ik genoten 
van het enthousiasme waarmee je destijds de cursus Statistiek en Epidemiologie in ZGT 
gaf. Dit heeft mij destijds enorm gemotiveerd om het onderzoek uit te bouwen tot een 
promotietraject. Ik vind het dan ook ontzettend leuk dat je nu ook zitting neemt in de  
promotiecommissie.

Beste Detlef, toen ik kwam, was je net vertrokken uit het ZGT. Maar dat je een geliefd 
persoon bent in het ZGT galmt hedendaags nog steeds door in de praktijk. Ik heb er 
bewondering voor hoe je ooit met, onder andere, Han samen het Centrum voor Geriatri-
sche Traumatologie hebt opgezet.

Beste promotiecommissie: ik kijk enorm uit naar de verdediging met jullie in de com-
missie.

Zonder alle co-auteurs en mede-onderzoekers van de afgelopen jaren was dit proef-
schrift er niet geweest: Niala den Braber, Dieuwke van Dartel, Reinier de Groot, Karin 
Groothuis-Oudshoorn, prof. dr. J.P.J. Slaets, Marloes Vermeer, Brenda Voorthuis, 
Annemiek Witteveen, Sanne Woudsma en Franka Würdemann. Allen bedankt voor 
de prettige samenwerking.
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In het bijzonder hierbij dank aan Ellis Folbert, waarmee ik dit avontuur ooit begon. Wat 
was het prettig om door jou aan de hand genomen te worden toen ik kennis maakte 
met deze, voor mij toen nog, nieuwe wereld. Vele woorden hebben we gewisseld en niet 
alleen over onderzoek. Jij bent altijd bereid om een ander te helpen, je bent zorgzaam,  
loyaal, geduldig en hebt een enorm doorzettingsvermogen. Dit zijn prachtige eigen-
schappen welke zowel in het patiëntencontact, het aansturen van de verpleegafdeling 
als bij het doen van onderzoek zeer waardevol zijn. In de tijd van mijn promotietraject 
ben je samen met Hans verhuist naar Reutum en wat hebben jullie het daar prachtig 
tussen de mooie planten en dieren. Ik kom graag nog een keer een kop koffie doen op 
jullie terras en wat stekkies ophalen.

Daarnaast ook in het bijzonder dank aan Merle Geerds. Beiden komen we uit Weerselo 
en hadden we vroeger bij Leo en Ancilla van Olffen een bijbaantje in de cafetaria, waar 
we vele ijsjes tapten. Aan het eind van jouw studie geneeskunde in Maastricht zocht je 
contact met mij omdat je je onderzoeksstage ook graag bij de Chirurgie in het ZGT wilde 
volbrengen. Ik heb ervan genoten om je te begeleiden in deze eerste fase van het doen 
van onderzoek en je vervolgens als collega (zowel in de kliniek als onderzoek) naast me 
te hebben. Vele gesprekken onder het genot van een kop koffie of een wijntje hebben 
we gevoerd. De instelling ‘niet te moeilijk doen over nieuwe uitdagingen, maar gewoon 
de schouders eronder zetten en gaan’ levert je veel op en maakt het erg prettig om met 
je samen te werken.

Aan alle zorgprofessionals werkzaam op de geriatrische revalidatie afdelingen van 
Carintreggeland, TriviumMeulenbeltZorg en ZorgAccent: hartelijk dank voor jullie 
inzet en alle data die jullie verzameld hebben. Ik heb respect voor de jullie toewijding 
in het vak en vond het zeer waardevol om een kijkje te mogen nemen in jullie keuken.

Raad van Bestuur van het ZGT: hartelijk dank voor de sponsoring.

Chirurgen en arts-assistenten uit het ZGT. Met heel veel plezier heb ik de afgelopen 
jaren onderdeel uitgemaakt van jullie team. Ik heb ontzettend veel geleerd in de zes ja-
ren dat ik bij jullie werkzaam heb mogen zijn. En wat was het een gezellige tijd! Ik mis de 
skivakanties, assistentendiners en afscheidsfeestjes nu al. De uiteindelijk weloverwogen 
beslissing om een andere weg in te slaan, neemt niet weg dat ik de ervaring die ik bij en 
met jullie heb opgedaan voor altijd mee zal nemen. Ik kijk ernaar uit hetgeen wat ik van 
jullie heb geleerd ook toe te passen in de eerste lijn.

Hierbij specifiek te benoemen Afram – beunhaas - en daarbij natuurlijk zijn wederhelft 
Kor: aka de Hutturk. Vele kilometers hebben we samen gemaakt door het hele land. We 
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zaten in hetzelfde schuitje als jonge chirurgen in opleiding met een gezin op afstand van 
ons werk en een onzekere toekomst. Afram, ik mis het zeuren over alles, de gesprekken 
over eten en de fantastische verhalen over al je neven tijdens onze ritjes naar Groningen 
nu al. Je steekt een hand in het vuur voor de mensen die je liefhebt, altijd kon ik je 
vertrouwen. Bedankt.

Traumachirurgen, secretariaat/doktersassistenten trauma en heel team 4 Zuid. 
Een afdeling en vak om trots op te zijn! Wat heb ik met veel plezier met jullie op de 
afdeling, de poli en OK samengewerkt. Nog steeds vind ik de traumachirurgie een 
prachtig vakgebied, en in het bijzonder in het ZGT. Het laagdrempelige contact met, 
indien gepast, een humoristische benadering, maken de werksfeer enorm prettig. Het 
feit dat het Centrum voor Geriatrische Traumatologie als eerste ZGT-specialisme erkend 
is door STZ als topklinische functie is een welverdiende kroon op jullie werk. Maar jullie 
allergrootste prestatie ligt toch wel in de warmte, betrokkenheid en de maximale inzet 
die jullie je patiënten bieden. In de toekomst zal ik in alle vertrouwen patiënten naar 
jullie toe verwijzen.

Dit promotietraject was niet alleen een beroepsmatig, maar ook een persoonlijk avon-
tuur. Ik wil al mijn vrienden en familie bedanken. Ik heb het geluk dat ik me altijd ge-
steund heb gevoeld door de dierbaren die mij een warm hart toe dragen. Dit dankwoord 
is niet compleet zonder hen.

Allereerst: wat moet een meisje zonder vriendinnen?

Lieve meiden uit Rotterdam, El en Steef. Een van oorsprong Brabander, Utrechtenaar 
en Twentenaar blijkt een bijzonder goede combinatie te zijn wanneer ze samenkomen 
in Rotterdam. Ik heb genoten van alle gezellige dingen die we hebben gedaan, van 
Sinterklaas vieren tot festivals en weekendjes weg. En natuurlijk was het ook fijn om 
samen met jullie te kunnen studeren en stressen voor de tentamens tijdens onze studie 
geneeskunde. El, je bent ambitieus, zorgzaam, gedreven en loyaal: een unieke combi-
natie van eigenschappen. Dit, tezamen met je geweldige gevoel voor humor, maakt het 
altijd fijn om bij je te zijn. En als we met iemand ook kunnen lachen is het wel met Steef: 
altijd is er wel weer wat leuks te beleven met jou. Jij bent, net als El ook enorm attent 
en zorgzaam. Je sociale karakter en je grote belangstelling voor een ander sieren je. 
Lieve El en Steef, ik kijk er altijd weer naar uit als jullie naar Twente komen of ik naar 
Dordrecht/Bergschenhoek mag gaan. Dat onze vriendschap duurzaam is - ondanks dat 
we inmiddels op 200 km afstand van elkaar wonen - blijkt: we hebben inmiddels al een 
12,5-jarig vriendschapsjubileum bereikt! Laten we dit gauw gaan vieren.
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Lieve meiden uit Weerselo, Anne Marie, Inge, Julia, Lisa en Maartje. Bedankt voor alle 
steun, interesse, gezelligheid, maar bovenal bedankt voor jullie vriendschap. Samen 
beleven we vele pieken en dalen in het leven, welke ik met geen andere vriendinnen-
groep dan jullie zou willen beleven. Ik vind het heerlijk om met jullie te weekendjes weg 
te gaan, te lunchen, te feesten en met de kinderen samen te zijn. Ik besef met dat ik 
bevoorrecht ben met zulke lieve meiden om me heen.

Mijn geweldige paranimfen Carmen en Tessie. We kennen elkaar inmiddels al bijna 
30 jaar. Huilen van het lachen en lachen om het huilen; wat is het heerlijk om zo mezelf 
bij jullie te kunnen zijn.

Lieve Car, op de basisschool droegen we al gebroken hartjes kettingjes met daarop ‘Best 
Friends’. Samen als beginnende pubers op de middelbare school gingen we met mijn 
ouders mee op vakantie, waar we de eerste stiekeme vakantieliefdes uitzwaaiden om 
vervolgens uitgebreid over te giebelen. En nu hebben we een huis, man, kind en baan 
en zijn we opnieuw tegelijkertijd zwanger; wat een levensavonturen maken we samen 
mee, heerlijk. Jouw oprechte humor, nuchterheid, betrouwbaarheid en temperament-
volle karakter maken dat ik altijd graag bij je in de buurt zal willen blijven. Bij jou kan ik 
altijd terecht.

Lieve Tes, ik houd jou nog altijd verantwoordelijk voor het feit dat ik in mijn middelbare 
schooltijd zo ben opgebloeid. We bleken een gouden combinatie te zijn toen we een 
project bij de les Verzorging samen aangingen. We proestten het uit van het lachen. Ik 
heb genoten van de middagen na schooltijd samen zijn, het uitgaan, de vakanties en nu 
ook het samenzijn met de kinderen. Je bent intelligent, liefdevol, betrokken en empa-
thisch. Wat heb je de afgelopen jaren enorm veel neergezet, daar heb ik bewondering 
voor. Tegelijkertijd blijf je ook nog eens bescheiden: uniek!

Car en Tes, bedankt dat jullie als paranimfen zijnde ook nu weer aan mijn zijde staan.

Lieve Oma, aan de start van dit traject hoopte ik van harte dat jij bij mijn promotie 
aanwezig kon zijn. En op het moment van schrijven lijkt dit ook zo te zijn, fantastisch! 
Op 95-jarige leeftijd ben je nog zo kwiek. De met medische encyclopedieën-gevulde 
boekenkast die vroeger aan de Zenderseweg stond, doet me sterk vermoeden dat ik 
mijn interesse voor de medische wereld niet van een vreemde heb. Zelf heb je nooit 
mogen leren/studeren, iets wat je wel graag had gewild. Dit motiveert me om mijn best 
te doen, mogelijkheden te creëren en kansen te grijpen. Bedankt.



Chapter 10

194

Thijs en Aniek, Joost en Danielle, Mark en Nathalie, Roy en Dyon. Met jullie als broers, 
zwagers en schoonzussen sta ik met beide benen aan de grond. Jullie nuchterheid doen 
me beseffen dat er meer is dan alleen werk, waarvoor ik jullie dankbaar ben.

Lieve (schoon)ouders, lieve mama, papa, Ria en Harry. Ik mag van geluk spreken met 
jullie als mijn (schoon)ouders. Jullie staan altijd voor ons klaar en onze kinderen zijn 
stapelgek op jullie. Zonder jullie had ik deze droom nooit kunnen verwezenlijken.

Mama en papa, jullie hebben mij altijd gestimuleerd om te doen wat ik leuk vind en dit 
ook mogelijk gemaakt. Van het strijden om als zesde aan een clustergroepje te kunnen 
worden toegevoegd, plaatsing op het VWO en de opleiding geneeskunde, tot aan de 
verhuizingen naar Amsterdam, Rotterdam, Oldenzaal en Groningen. Altijd kon en kan 
ik op jullie rekenen en ik spreek het veel te weinig uit dat ik dat enorm waardeer. Ik vind 
het enorm mooi om te zien hoe jullie genieten van jullie kleinkinderen en zij van jullie.

Ria en Harry, ik had me geen betere schoonouders kunnen wensen. Iedere week op-
passen en mee-eten, last-minute nog extra oppassen, een jaar lang helpen met ver-
bouwen, vijf keer verhuizen met daarbij het inzetten van een heel poetsteam en voor 
iedere verjaardag onverbeterlijke eiersalade maken. Niets is te veel gevraagd en alles is 
goed. Onvoorstelbaar. De rust en stabiliteit die jullie ons en onze kinderen bieden is van 
onschatbare waarde. Ik vind het altijd erg fijn om bij jullie te komen, dankjewel dat de 
deur altijd openstaat.

Bedankt lieve (schoon)ouders voor jullie onvoorwaardelijke liefde en steun.

Lieve Stijn en Fleur, jullie hebben het leven een hele andere dimensie gegeven en 
maken mij bewust van hetgeen wat in het leven écht belangrijk is. Ik mag me gelukkig 
prijzen als jullie mama zijnde en ik ben enorm trots op jullie. Wat hebben jullie prachtige 
verschillende karaktertjes en wat is het fijn om te zien dat jullie samen zoveel lol kunnen 
hebben. Ik geniet van elke dag met jullie en kijk uit naar de komst van jullie broertje. Ik 
ben ervan overtuigd dat we samen met jullie papa een prachtige toekomst tegemoet 
gaan.

And at last but definitely not least: allerliefste Niek, topper. Wat een levens avonturen 
hebben we de afgelopen jaren meegemaakt. Stabiliteit, vertrouwen, geduld en rust heb 
jij mij gegeven. Je geeft me alle vrijheid om te ontdekken en doen wat ik wil. Ware het 
chirurg worden, promoveren of toch huisarts worden; het is allemaal goed. Jij hebt me 
een beter mens gemaakt. Bedankt voor alles, I love you!
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“Let us be grateful to people who make us happy:
they are the charming gardeners who make our souls blossum.“

Marcel Proust
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