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Abstract
Summary Nonagenarians differ from patients aged 70–79 and 80–89 years in baseline characteristics, 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.
Purpose In previous literature, elderly with a hip fracture are frequently defined as ≥ 70 years. However, given the ageing
population and the rapidly increasing number of ‘nonagenarians’ (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 patients 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 A total of 1587 patients were included: 465 patients aged 70–80 years, 867 patients aged 80–90 years and 255 patients aged
≥ 90 years. Nonagenarians were more often female and had a lower haemoglobin level at admission. Prefracture, they were more
often living in a nursing home, were more dependent in activities of daily living andmobility and had a higher risk of early mortality
calculated with the Almelo Hip Fracture Score (AHFS). Post-operative, nonagenarians suffer significantly more often from delirium
and anaemia. The 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 characteristics, 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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Introduction

The general population is ageing, and due to this, the
incidence of hip fractures increases, affecting at this mo-
ment 1.5 million people per year worldwide [1–3]. In the
past decades, geriatric co-management appeared to be in-
evitable in older patients with a hip fracture [4]. In 2008,
the Centre for Geriatric Traumatology (CvGT) was imple-
mented at our hospital. It was the first centre in the
Netherlands to implement the integrated orthogeriatric
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 mod-
el, which led to a decrease in complications and mortality
[5, 6]. However, given the increasing incidence of hip
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fractures, the high costs and the limited workforce avail-
ability, the question rises if all patients aged 70 years or
older should be t rea ted accord ing 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 nonagenar-
ians sustaining hip fractures in the coming years. These
nonagenarians may require particular orthogeriatric atten-
tion 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 differ-
ences in complication risk and prognosis. However, most
studies concern the (non-)operative management and/or
outcomes of centenarians and include a low number of pa-
tients [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 trial earlier showed that the effect
of comprehensive geriatric care was most pronounced in
younger female participants with higher prefracture i-
ADL function [19].

The aim of this study is to determine whether nonagenar-
ians show differences compared with patients aged 70–
79 years and patients aged 80–89 years in terms of patient
characteristics, complications and mortality rate. We
hypothesised that there are differences between these age
groups that could make a targeted treatment strategy
beneficial.

Materials and 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 frac-
tures. Between April 2008 and December 2016, all opera-
tively 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 treat-
ment model was not yet implemented. Patients were surgi-
cally treated with osteosynthese (proximal femur nail anti-
rotation, dynamic hip screw or three cannulated screws) or
hip hemiarthroplasty.

Study procedure and data collection

Treatment was performed accordingly to our integrated
orthogeriatric care model, using 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 Anaesthesiologists (ASA score)
physical status classification [21], dementia, Charlson
Comorbidity Index (CCI score) [22], malnutrition, living sit-
uation, Parker Mobility Score (PMS) [23], Katz-ADL,,
Barthel Index [24], the Almelo Hip Fracture Score (AHFS),
haemoglobin level, fracture type, surgery within 24 h 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 anaesthesiologists
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 t ionna i re (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 indepen-
dence in activity of daily living (ADL), with a total score
ranging from 0 (fully dependent in ADL) to 20 (fully in-
dependent in ADL) [24].

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 pathway: anaemia, arrhythmia, cerebro-
vascular accident, delirium, heart failure exacerbation, myo-
cardial infarction, pneumonia, urinary tract infection, wound
infection, readmission, reoperation, implant dislocation and
implant failure. Appendix 1 presents the definitions of the
complications. Mortality data have been obtained from the
municipal death registry and was documented in time inter-
vals: in-hospital mortality, mortality within 30 days and 1 year
after hip fracture surgery. To scrutinise the in-hospital logis-
tics, time to surgery after arrival to the hospital and length of
hospital stay were registered.
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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 remain-
ing of this article.

Statistical analysis

Categorical variables are described as number with corre-
sponding 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 mor-
tality were tested between the three different patient groups
using chi-squared test (Fisher’s exact tests if appropriate) for
categorical data and a one-way ANOVAwith a Tukey’s post
hoc test or a Kruskal-Wallis test for continuous data.

In order to identify a subset of variables that are associated
with early mortality following hip fracture surgery in nonage-
narians, differences in baseline characteristics and complica-
tions 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 significance was set at ≤ 0.05 for all anal-
yses. 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 (Fig. 1, study inclusion and 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 signif-
icantly more often female (chi-squared 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-squared 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, other

p < 0.001; PMS all p < 0.001). Dementia was more often seen
in group 2 and 3 than group 1 (chi-squared 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-squared post hoc test: group 1 vs
group 3, p = 0.014). Older patients had a significant higher
AHFS (p < 0.001). At admission, older age groups had a low-
er haemoglobin level (Mann-Whitney U post hoc test group 2
vs 3, p = 0.001, other p < 0.001). Group 1 was less often treat-
ed with a hemiarthroplasty in comparison to group 2 and 3
(chi-squared post hoc test: group 1 vs group 2 and group 2 vs
group 3, p < 0.001).

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-
squared 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 anaemia needing transfusion and delirium (chi-squared post
hoc test anaemia and delirium: group 1 vs group 2 and group 1
vs group 3, p < 0.001). There was a significant association
between post-operative delirium and anaemia. Group 1 less
often suffered from heart failure than group 3 (chi-squared
post hoc test: group 1 vs group 3, p = 0.018). There was no
significant difference in other complications.

Reasons for readmission and reoperation

There were no significant differences in the number of read-
mission or reoperation between 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%), anaemia (3 pa-
tients, 0.2%), pneumonia or urinary tract infection (10 pa-
tients, 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 pa-
tients (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 pa-
tients, 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

Overall, in-hospital mortality was 3.9% (n = 62), 30-day mor-
tality was 8.0% (n = 127) and 1-year mortality was 23.9%
(n = 380). There was a significant difference between the age
groups in 30-day mortality and 1-year mortality (both
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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-
squared 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-squared post hoc test all
p < 0.001). Figure 2 illustrates the significant differences in
1-year survival with 83.0% survival in group 1, 74.0% in
group 2 and 61.6% in group 3.

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 post-operatively
compared with nonagenarians who lived on their own (OR
2.23, 95% CI 1.00–4.95, p = 0.045). Dementia was also iden-
tified as a univariate preoperative risk factor 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 h 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 oral
anticoagulation and admissions with an active pulmonary in-
fection. Type of surgery did not influence 30-day mortality.
Post-operative, 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 asso-
ciated with 30-day mortality.

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

2938 Patients with an acute hip fracture 
between 1 April 2008 and 31 December 2016

108   
608   
76
64     

No fracture
Aged < 70 years 
Conservative treatment 
Treatment in other hospital

2082 Patients ≥ 70 years underwent hip 
fracture surgery in ZGT 

6      
14    
25 
82
368 

Preoperative mortality
Pathological fracture
Periprosthetic fracture
Total hip arthroplasty
No orthogeriatric treatment 

1587 patients included

Group 1
70-79 years of age

N = 465

Group 2
80-89 years of age

N = 867

Group 3
90+ years of age

N = 255

Fig. 1 Study inclusion and
exclusion criteria
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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 possible.

Multiple baseline differences between the nonagenarians and
their relatively younger peers were found. Nonagenarians are
more often female, which can be a result of in general longer
life expectancy of female [28]. Furthermore, they are more de-
pendent in activities of daily living and mobility and have a
lower haemoglobin level at admission. This is an important
finding; the AHFS already showed that dependency in mobility
and haemoglobin level at admission are independent risk factors
for early mortality [27]. Post-operative nonagenarians suffer
more often from anaemia and delirium, and there was also a
significant relationship between anaemia and delirium.
Probably, the lower level of haemoglobin at admission influ-
enced the increased number of post-operative anaemia. This

subsequently might have led to a higher incidence of delirium.
In addition, 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 anaemia at admission and proactive treatment of this condi-
tion. Also, preventivemeasures 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 74.6% com-
parable to other literature [31–33]. We found that nonagenar-
ians 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 mortality cannot be
underestimated; nonagenarians without a hip fracture in this

Table 1 Variation of patient
characteristics in the three study
groups

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 < 0.001

Low risk; n (%) 345 (78.2) 533 (63.6) 118 (48.0)

Medium risk; n (%) 65 (14.7) 225 (26.8) 94 (38.2)

High risk; n (%) 31 (7.0) 80 (9.5) 34 (13.8)

Haemoglobin 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)

Collum femoris 271 (58.0) 459 (52.9) 118 (46.3)

Surgery within first 24 h; 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

ASA American Society of Anaesthesiologists 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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Table 2 Variation of
complications and mortality in the
three study groups

Group 1a

(n = 465)

Group 2b

(n = 867)

Group 3c

(n = 255)

p value d

Anaemia 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 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

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

Table 3 Post hoc analyses
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

Haemoglobin 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

Anaemia 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

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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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 mortality in nonagenarians are as fol-
lows: living in a nursing home, dependency based on Katz-
ADL, dementia, having two or more comorbidities, ASA
score 3 or 4, surgery performed after the first 24 h, post-
operative pneumonia and exacerbation of heart failure. As in
previous studies, the type of surgery did not influence survival
[38]. Other studies illustrated the same risk factors on mortal-
ity and added preoperative low haemoglobin, obesity, dialysis
and diabetes as an independent risk factor for outcome [33, 34,
39]. These risk factors should be taken into account in plan-
ning a treatment strategy. Possible strategies to reduce the risk
of mortality in nonagenarians could be striving to perform
surgery within the first 24-h, perioperative fluid volume opti-
mization and implement programs to prevent pulmonary com-
plications such as I COUGH [40–42].

In this study we questioned if nonagenarians with a hip frac-
ture need a different orthogeriatric 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 ap-
plied in the most vulnerable group (e.g. daily consultation of the
geriatrician) 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 prefracture i-ADL func-
tion [19].

An alternative screening tool to apply a less or more inten-
sive 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 preop-
erative 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 as follows: age ≥ 86 years, male
gender, low admission serum haemoglobin, having a malig-
nancy 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 complications), and patients
falling in the high-risk group could get a more intensive
orthogeriatric treatment. Future research should be done to
investigate if different orthogeriatric treatments in the targeted
orthogeriatric patient categories could lead to more efficient
care, reduced costs and better outcomes.

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 charac-
teristics, complications and prognosis.

In conclusion, this study illustrates that nonagenarians
show differences on preoperative characteristics, complica-
tions 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

Fig. 2 Survival in the three study groups
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age. Post-operatively, they suffer more often from anaemia
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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Appendix. Definitions of complications

Anaemia: requiring transfusion based on the transfusion
guidelines (CBO, 2007)
Arrhythmia: in comparison with electrocardiogram at admis-
sion, 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 con-
firmed on chest radiograph. Treatment started with diuretics
Myocardial infarction: elektrocardiogram abnormalities sus-
picious for ischemia and elevated cardiac troponin level
Pneumonia: clinical presentation and/or diagnosis confirmed
on chest radiograph. Treatment started with antibiotics
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 (RIVM, 2014)
Wound infection, deep: worse than superficial, need for
revision
Readmission: admission within the first 30 days after
discharge
Reoperation: operation within the first 60 days after initial
surgery
Implant dislocation: diagnosis confirmed on XR, need for
revision
Implant failure: diagnosis confirmed on XR, need for
revision
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