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Abstract

Summary The aim of the present study was to identify patient
factors associated with higher costs in hip fracture patients.
The mean costs of a prospectively observed sample of 402
patients were 8853 €. The ASA score, Charlson comorbidity
index, and fracture location were associated with increased
costs.

Purpose Fractures of the proximal end of the femur (hip frac-
tures) are of increasing incidence due to demographic chang-
es. Relevant co-morbidities often present in these patients
cause high complication rates and prolonged hospital stays,
thus leading to high costs of acute care. The aim of this study
was to perform a precise cost analysis of the actual hospital
costs of hip fractures and to identify patient factors associated
with increased costs.

Methods The basis of this analysis was a prospectively ob-
served single-center trial, which included 402 patients with
fractures of the proximal end of the femur. All potential cost
factors were recorded as accurately as possible for each of the
402 patients individually, and statistical analysis was per-
formed to identify associations between pre-existing patient
factors and acute care costs.

Results The mean total acute care costs per patient were
8853 + 5676 € with ward costs (5828 + 4294 €) and costs
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for surgical treatment (1972 £ 956 €) representing the major
cost factors. The ASA score, Charlson comorbidity index, and
fracture location were identified as influencing the costs of
acute care for hip fracture treatment.

Conclusion Hip fractures are associated with high acute care
costs. This study underlines the necessity of sophisticated
risk-adjusted payment models based on specific patient fac-
tors. Economic aspects should be an integral part of future hip
fracture research due to limited health care resources.

Keywords Hip fracture - Cost analysis - Co-morbidities -
Geriatric - Fracture patterns

Introduction

Hip fractures are typical osteoporotic fractures in elderly pa-
tients. The increased life expectancy and increased activity
levels of elderly people have led to an increased incidence of
fractures at the proximal end of the femur [1-3]. The incidence
of these fractures in Germany has increased to 439 per
100,000 people per year [4]. Many of the patients with hip
fractures have pre-existing impaired mobility and relevant co-
morbidities leading to prolonged hospital stays, significant
complications, and mortality rates. Therefore, the acute care
needed for these patients is associated with high costs.

Hip fracture treatment accounts for more than 50% of total
costs of osteoporotic fractures. These fractures are therefore
the most expensive osteoporosis-related fractures [5—7]. The
annual total hospital costs were the highest for osteoporotic
fractures ($5.1 billion per year), followed by myocardial in-
farction, stroke, and breast cancer [8].

As a result, hip fractures represent a serious global health
issue [1]. In the conflict between financial challenges due to
limited resources and high health care costs due to
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demographic changes, an understanding of detailed direct
costs is very important. However, detailed data on direct costs
of acute care resulting from hip fractures and their distribution
within acute care, as well as the evaluation of the effect of
patient factors, are limited.

Some authors previously calculated the costs of hip fracture
treatment, and results vary widely [9]. For example, Sahota
et al. estimated costs 0of £9.429 (10.896 €) in their analysis of
100 care home residents in the UK [10].

The aim of this study was to perform a detailed cost anal-
ysis of actual hospital costs of hip fractures as accurately as
possible for each patient included in a prospective single-
center observational study. Subsequently, we wanted to corre-
late patient characteristics with the calculated hospitalization
costs.

Patients and methods

The basis of this cost analysis is a prospectively observed
single-center trial; the results of which have been published
before [11]. In total, 402 patients with fractures of the proxi-
mal end of the femur admitted to our level 1 trauma depart-
ment between April 1, 2009 and September 30, 2011 were
included in the study. The study was conducted in the
University Hospital of Gieen and Marburg, Marburg,
Germany. Patients who sustained multiple trauma (ISS >16)
as well patients <60 years old and patients with malignancy-
associated fractures were excluded from the study. All patients
were treated surgically with either internal fixation or hip
arthroplasty. The aim of the underlying single-center trial
was a detailed assessment of the acute care phase as well as
the identification of independent factors related to HrQoL and
functional outcomes in geriatric hip fracture patients.
Approval by the local ethics committee was obtained for this
study (AZ 175/08).

Patient characteristics

Demographic data, e.g., age, gender, co-morbidities (Charlson
comorbidity index [12]; dichotomized using the categories less
than 4 and greater than or equal to 4), American Society of
Anesthesiologist (ASA) score [13], pre-fracture anticoagulation
with phenprocoumon, and fracture type (non-displaced femo-
ral neck fracture, displaced femoral neck fracture, stable tro-
chanteric fracture, unstable trochanteric fracture, and
subtrochanteric fracture), among other factors, were document-
ed. Depression was evaluated using the short form of the
Geriatric Depression Scale (GDS) [14]. Patients with a GDS
>4 were classified as at risk for depression to achieve high
sensitivity in the depression screening [15]. Cognitive impair-
ment was assessed using the Mini Mental Status Examination
(MMSE) [16]. According to the current German guidelines for
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dementia, the results of the MMSE were divided into no or
mild cognitive impairment (MMSE 20-30) and moderate to
severe cognitive impairment (MMSE <20) [17].

Cost analysis

All potential cost factors were prospectively recorded as ac-
curately as possible for each of the 402 patients individually.
Afterward, the actual costs for each cost factor were retrospec-
tively calculated with help of the controlling division in our
financial department.

Total costs were divided into major cost components.
These components were calculated individually, then summa-
rized by subcomponent to total costs per patient. Ward costs
were recorded separately for intensive care and for normal
acute ward care. Calculation of ward costs included hotel
costs, costs for personnel (nursing staff and doctors), medica-
tion (every single tablet was separately documented), and for
high-consumption items. Theater costs were accurately calcu-
lated with respect to the following: costs for the personnel
(surgeons, surgical nursing staff, anesthesiologists, and anes-
thesiology nursing staff), sterile materials, maintenance, and
amortization costs. The costs of implants were calculated
using the costs of all components, and in the case of concom-
itant fractures, further implants were also included in the over-
all cost calculation. Further costs for physiotherapy were cal-
culated as well (frequency and time of physiotherapy, one or
two therapists necessary). All examinations including labora-
tory examinations (every single laboratory value), microbiol-
ogy, virology, blood bank, and radiologic examinations (in-
cluding additional fees for holiday or night examination) were
recorded and their costs were calculated. Every additional cost
relevant to special events or treatment was also included (e.g.,
consultation of other specialists and dialysis). In the current
analysis, standardization was used for the costs of treatment in
the emergency department; for nursing services, hotel costs,
and miscellaneous costs on the ICU and acute ward; and for
the medical treatment on ICU and acute ward. Other variables
were calculated individually on patient level on the basis of
actual resource use.

Statistics

The data were collected in a Filemaker® database (FileMaker
Inc., Santa Clara, CA, USA). Double entry with a plausibility
check was performed to monitor data quality. Predictive
Analysis Software version 22.0 (SPSS Inc., Chicago, IL,
USA) was used for explorative data analysis. The data are
presented as the means and standard deviations (SDs) from
the mean. The Shapiro-Wilk test was used to test for normal
distribution. Accordingly, means were compared using the
Mann-Whitney test or the Kruskal-Wallis test. A p value of
<0.05 was considered to be significant. The cost of acute care
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of hip fracture treatment and some of its potential predictors
were analyzed in a multivariate analysis. A generalized linear
model with a log-link and gamma errors was used as recom-
mended in previous research for health care cost data [18, 19].

Results

During the investigation period, a total of 539 hip fracture
patients were treated in our department. Of the 477 patients
who met the inclusion criteria, 75 patients declined to partic-
ipate; 402 patients were included in the study. The mean age
of patients included was 81 + 8 years. In total, 73% (n =293)
of the patients were female. The mean pre-operative ASA
score was 2.9 + 0.6, and the mean Charlson comorbidity index
at admission was 2.4 + 2.3. The mean length of hospital stay
was 14 + 6 days. Fracture localization is shown in Table 1.

The mean total acute care costs per patient were
8853 + 5676 €. The total costs were subdivided into ward
costs (5828 + 4294 €), costs for surgical treatment
(1972 £ 956 €), laboratory investigations (390 + 440 €), blood
bank (234 & 353 €), physiotherapy (262 + 224 €), radiological
examinations (120 £ 179 €), and other costs (47 = 123 €)
(Table 2).

Further analysis of the effect of pre-existing conditions and
clinical course variables on total acute care costs was conduct-
ed (Table 3). We observed no significant differences between
different groups based on age and patient gender.

Femoral neck fractures caused higher average costs than
trochanteric and subtrochanteric fractures (9351 vs. 8475 vs.

Table 1 Demographic data

Age in years 81+8

60-74 N=86(21%)
75-89 N =252 (63%)
>90 N =64 (16%)
Gender

Female 293 (73%)
Fracture location

Femoral neck 195 (48%)

Trochanteric 186 (46%)

Subtrochanteric 21 (5%)

ASA score
1 5 (1%)
2 76 (19%)
3 273 (68%)
4 46 (11%)
5 2 (1%)
Pre-fracture Charlson index 24+23
Length of stay in hospital (in days) 14 + 6 days

7578 €, respectively) without significant differences
(p = 0.651). However, an evaluation of more detailed catego-
rizations of the fracture types (Fig. 1) showed that the severity
of the fracture is significantly associated with total acute care
costs. Thus, dislocated fractures of the femoral neck (garden
III-1V) and instable trochanteric fractures (A2 or A3 accord-
ing to the AO classification) were associated with significantly
higher costs.

A significant difference was found between the ASA score
categories with costs continuously rising with higher ASA
scores (p =0.007). Patients with a Charlson comorbidity index
less than 4 had average costs of 8353 €, compared with 10,383
€ for patients with Charlson comorbidity indices greater than
or equal to 4 (p = 0.047). Cognitive impairment (Mini Mental
State Examination <20) did not have a significant effect on
total costs (MMSE <20 8248 € vs. MMSE >20 9176 €;
p =0.616). The length of hospital stay was shorter for patients
with an MMSE <20 (12 vs. 15 days; p < 0.001).

Additionally, depression at admission (Geriatric
Depression Scale >4) did not significantly increase acute care
costs. Patients who were on phenprocoumon at admission had
similar hospitalization costs compared with those who were
not (8775 vs. 8867 €; p = 0.061).

Multivariate analysis showed that fracture type (unstable
trochanteric fracture (A2, A3)), ASA score (ASA 3-5), and
Charlson comorbidity index (cutoff 4) are independent signif-
icant predictors of high acute care costs, whereas MMSE <20
showed to be associated with lower acute care costs (Table 4).

Discussion

In this study, we aimed to determine hospital costs for the
acute care of hip fractures and to find patient factors that
influence these costs. The total costs were comparable to pre-
vious studies, and ward costs were the main cost factor present
in this study. We found higher costs for patients with higher
ASA scores and higher Charlson comorbidity indices as well
as for patients with displaced femoral neck and unstable tro-
chanteric fractures compared with other fracture types.

For the first time, in this study, costs for acute care treat-
ment were analyzed in that detail. Previously, data for actual
costs in Germany were completely lacking. The average of
8853 € per patient was slightly lower compared with the fig-
ures of $13,805 (12,855 €) and £9429 (10,896 €) calculated
previously in other countries [10, 20]. We are aware that the
comparison of the total costs across countries might be mis-
leading. However, both these studies and our data suggested
that ward costs accounted for the biggest proportion of total
hospitalization costs [21, 22]. Therefore, care models that in-
clude rapid recovery, thus reducing the length of hospital stay,
might reduce hip fracture costs.
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Table 2 Distribution of costs

(average costs in euro and Total costs 8853 £ 5676 € Percent of total
standard distribution)
Ward costs 5828 £4294 € 65.8%
Intensive care unit 2460 + 3493
Nursing staff 978 + 1389
Doctors 559 £ 794
Hotel costs 315 +447
Pharmaceuticals 267 + 380
Blood/plasma 34 +48
Others 307 +£436
Normal acute ward 3368 £ 1674
Nursing staff 1384 £ 710
Doctors 630 =323
Hotel costs 766 £ 393
Pharmaceuticals 319 £ 703
Others 92 +47
Emergency department 178
Surgery 1972 £ 956 € 22.3%
Anesthesiology® 719 + 486
Surgical staft® 274 + 244
Implants 617 £ 309
Sterile materials 139+ 72
Maintenance and amortization 223 + 128
Laboratory investigations 390 £440 € 4.4%
Blood bank 234 £353 € 2.6%
Blood products 165 £ 308
Blood tests (cross match) 69 £ 57
Physiotherapy 262 £224 € 3.0%
Radiological examinations 120+ 179 € 1.4%
X- ray 71+£39
CT scan 34 + 86
MRI 14 £ 105
Others 47+£123 € 0.5%

Including doctors and nursing staff as well as high-consumption items

® Including surgical doctors and nursing staff for preparation, during operation, and post-processing

The significance of early mobilization and return to previ-
ous mobility for hip fracture patients is well known. When
taking this into consideration, it is remarkable that only 3%
of total costs were spent on physiotherapy (Table 2). We con-
cluded that efforts regarding patient mobilization must be in-
creased. Ortho-geriatric treatment models might be cost-
effective due to reducing hospitalization costs and indirect
costs of hip fractures [23]. Economic aspects should be an
integral part of future hip fracture research due to limited
health care resources.

In addition to total treatment costs, it seemed to be crucial
to identify patient factors that predict these costs as this knowl-
edge could advance the discussion on appropriate reimburse-
ment in different payment models worldwide. Although it was
not significant, we found treatment for men compared with
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women was nearly 800 € more expensive (Table 3). This is in
line with previous studies [20, 24]. A potential explanation is
that men who experience hip fractures usually have a poor
health status, potentially leading to complicated or prolonged
hospital stays. Consistent with this hypothesis, Leal et al.
found higher male mortality when compared with females
[25].

The additional impact of co-morbidities on hospitalization
costs was assessed in the present study. Nikkel et al. showed in
their analysis of 32,440 hip fractures that only 4.9% of the
patients had no co-morbidities. Co-morbidities were directly
related to hospitalization costs and lengths of stay in hip frac-
ture treatment [20]. In our analysis, co-morbidities were sum-
marized using the Charlson comorbidity index. The Charlson
comorbidity index has been shown to correlate with the in-



Arch Osteoporos (2016) 11: 38 Page 5 of 8 38

Table 3 Association between

pre-existing clinical course vari- Variable Number  Mean total costs in€  p value
ables and total costs

Age 0.089
60-74 86 8,989 + 7,326
75-89 252 8,786 + 5,404
>90 64 8,933 +£4,031

Gender 0.128
Male 109 9,417 +5,943
Female 293 8,643 + 5,569

Fracture location 0.651
Femoral neck fracture 195 9,351 + 6,646
Trochanteric fracture 186 8,475 + 4,738
Subtrochanteric fracture 21 7,578 +£2,075

ASA score 0.007
1 5 5,548 £ 1,455
2 72 8,230 + 6,170
3 259 8,809 + 5,360
4 44 9,552 + 5,098
5 2 17,822 + 13,356

Charlson comorbidity index 0.047
<4 303 8,353 £4,616
>4 99 10,383 + 7,939

Cognitive impairment (MMSE) 0.616
MMSE <20 133 8,248 £ 3,662
MMSE >20 266 9,176 + 6,459

Depression (GDS) 0.349
GDS <4 278 9,008 + 5,946
GDS >4 86 9,093 + 5,725

Phenprocoumon treatment 0.061
Yes 62 8,775 + 3,997
No 340 8,867 + 5,936

hospital 30- and 90-day mortality rates after hip fracture treat-
ment [26-28], suggesting that the CCI adequately summarizes

12000 patients’ health status. Johnson et al. recently found that the
9.629 € Charlson comorbidity index is associated with prolonged

10000 — SRS length of stay and increased hospital costs following surgical
ERG treatment for hip fractures [29]. Additionally, Leal et al. found

8000 je T2tte — that increased Charlson comorbidity index was associated
with higher hospitalization costs [25]. Consistent with these

6000 —— —  findings in our sample, the Charlson comorbidity index did
significantly increase acute hospital care costs (Table 3). Chen

4000 —— L et al. also found that hip fracture patients with comorbidities
incurred higher hospitalization costs [30]. Their study showed

2000 41— | that dementia added the largest amount to total costs. In con-
trast to those findings, in our sample, patients with cognitive

0 ' ' ' ' impairment had lower hospitalization costs. This might be

Non displaced  Displaced Stable . Subtr ic because many of the cognitively impaired patients were
e fracture fracture (A fracture (A%, A3) discharged sooner and sent back to their prior environment

Fig. 1 Total acute care costs according to fracture type to prevent further confusion and because these patients often
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Table 4 Multivariate analysis of

considered variables and Variable Cost difference ~ 95% confidence p value
dependent variable: acute care in euros® interval of cost
costs of hip fracture treatment difference in euros®
Age
>90 98 —72-269 0.351
75-89 52 =70-171 0.585
60-74 Reference
Gender
Female =30 —140-78 0.670
Male Reference
Fracture location
Subtrochanteric fracture 38 —229-306 0.738
Unstable trochanteric fracture (A2, A3) 186 —20-384 0.093
Stable trochanteric fracture (A1) —41 —261-174 0.692
Displaced femoral neck fracture 259 57-451 0.019
Non-displaced femoral neck fracture Reference
ASA score
5 970 261-1750 0.032
4 561 114-968 0.003
3 410 —11-785 0.015
2 348 —81-732 0.063
1 Reference
Charlson comorbidity index
>4 184 66-304 0.026
<4 Reference
Cognitive impairment (MMSE)
MMSE <20 138 —252—-21 0.022
MMSE >20 Reference
Depression (GDS)
GDS >4 26 —78-132 0.702
GDS <4 Reference
Phenprocoumon treatment
Yes —38 —166-94 0.556
No Reference

# Cost difference related to the reference category

did not have the potential for rehabilitation, resulting in shorter
lengths of hospital stay. Another method to summarize the
patients’ overall health status is the ASA score. Earlier studies
have shown that an increased ASA score is associated with
increased hospital costs [24, 31]. Garcia et al. found that an
increase of one point in the ASA classification system led to
extra costs of $9300 [24]. However, as hospital costs were
only estimated as indirect means of lengths of stay in this
study, this finding should be regarded with caution. We also
found a continuous increase in acute care costs with increased
ASA score (Table 3).

In the present study, femoral neck fractures were associat-
ed with insignificantly higher costs compared with trochan-
teric fractures (Table 3). In a more detailed analysis,
displaced femoral neck fractures that were treated with
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hemi-arthroplasty were the most expensive factures (Fig. 1).
This observation could potentially be explained by the higher
costs of implants and the longer operation time required for
arthroplasty. Consistent with these findings, Nikkel et al.
found that arthroplasty was shown to be associated with
higher costs compared to internal fixation [20]. In addition,
unstable trochanteric fractures were also associated with
higher costs, which might be a result of a longer surgery time
and difficulties in the post-surgical period. Overall, displaced
femoral neck fractures and unstable trochanteric fractures
were associated with significantly higher costs compared
with non-displaced femoral neck fractures, stable trochanteric
fractures, and subtrochanteric fractures, indicating that the
severity of the fracture somehow predicts subsequent hospi-
talization costs.
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Strengths and limitations

The fact that an accurately conducted prospective observation-
al study was the basis of this analysis is one of the major
strengths of this study. Furthermore, this analysis represents
the result of an extremely detailed analysis of the actual costs
of care for every individual patient. Another strength is the
relatively large size of the sample evaluated. However, there
are also several limitations. First, the results of this patient
sample and the resulting costs of inpatient care reflect only
the reality of a single level 1 university trauma center in
Germany. Further studies are warranted to obtain similar re-
sults in other settings and countries. Second, a cost analysis,
regardless of how detailed and accurate it is, contains some
assumptions. For example, it is not possible to exactly deter-
mine the duration of doctor-patient contact during the acute
ward phase. Another drawback of this study is that it only
includes primary hospitalization costs. Other studies have
shown that relevant costs following hip fractures also occur
in the period after discharge [25].

Conclusion

In summary, the results of this study suggest that the ASA
score, Charlson comorbidity index, and fracture location do
influence the costs of acute care in hip fracture treatment.
Reimbursement models worldwide are increasingly
transitioning to fixed reimbursement depending on the main
diagnosis (e.g., German Diagnosis Related Groups (DRGs))
or expected costs (e.g., bundled payment). This study under-
lines the necessity for sophisticated risk-adjusted payment
models based on specific patient factors. To reduce the
socio-economic burden, fracture prevention programs and
cost-effective treatment models are necessary.
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