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Abstract
Summary Orthogeriatric co-management (OGCM) may provide benefits for geriatric fragility fracture patients in terms 
of more frequent osteoporosis treatment and fewer re-fractures. Yet, we did not find higher costs in OGCM hospitals for 
re-fractures or antiosteoporotic medication for most fracture sites within 12 months, although antiosteoporotic medication 
was more often prescribed.
Purpose Evidence suggests benefits of orthogeriatric co-management (OGCM) for hip fracture patients. Yet, evidence for 
other fractures is rare. The aim of our study was to conduct an evaluation of economic and health outcomes after the German 
OGCM for geriatric fragility fracture patients.
Methods This retrospective cohort study was based on German health and long-term care insurance data. Individuals were 80 
years and older, sustained a fragility fracture in 2014–2018, and were treated in hospitals certified for OGCM (ATZ group), 
providing OGCM without certification (OGCM group) or usual care (control group). Healthcare costs from payer perspective, 
prescribed medications, and re-fractures were investigated within 6 and 12 months. We used weighted gamma and two-part 
models and applied entropy balancing to account for the lack of randomization. All analyses were stratified per fracture site.
Results We observed 206,273 patients within 12-month follow-up, of whom 14,100 were treated in ATZ, 133,353 in OGCM, 
and 58,820 in other hospitals. Total average inpatient costs per patient were significantly higher in the OGCM and particularly 
ATZ group for all fracture sites, compared to control group. We did not find significant differences in costs for re-fractures 
or antiosteoporotic medication for most fracture sites, although antiosteoporotic medication was significantly more often 
observed in the OGCM and particularly ATZ group for hip, pelvic, and humerus fractures.
Conclusion The observed healthcare costs were higher in ATZ and OGCM hospitals within 12 months. Antiosteoporotic 
medication was prescribed more often in both groups for most fracture sites, although the corresponding medication costs 
did not increase.

Keywords Economic evaluation · Entropy balancing · Fragility fractures · Orthogeriatric co-management

Introduction

As in many other countries, there is an ongoing demographic 
shift in the German population. The proportion of older indi-
viduals is increasing and is expected to increase further in 
the future [1]. Thus, geriatric health conditions will become 
more and more important. Falls are regular events in older 
and fragile persons, with a high risk for fragility fractures 
[2]. The incidence, number, and severity of negative conse-
quences after these fractures increase with age [3, 4]. Fragil-
ity fractures may lead to numerous negative health conse-
quences including pain, immobility, reduced quality of life, 
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care dependence, and mortality, with the impact depending 
on the fracture site [5–8].

For a frail, geriatric patient, a fragility fracture may be 
only one among a number of comorbidities that may exceed 
the scope and expertise of orthopaedic surgeons. To better 
deal with the special needs of those patients, collaborative 
orthogeriatric care has been developed and implemented 
in the last years [9–12], initially for the treatment of hip 
fracture patients. Numerous studies investigated forms of 
multidisciplinary treatment approaches involving orthopae-
dic surgeons and geriatricians regarding health-related and 
health-economic outcomes after fragility fractures.

As collaborative orthogeriatric care was initially intended 
for hip fractures, most studies focused on these fractures and 
found beneficial effects compared to usual care regarding in-
hospital [10, 13, 14], 30-day [15–21], and 1-year mortality 
[10, 14, 18, 22–24], regain of functional status and walking 
ability [13, 24, 25], and more quality-adjusted life years [22, 
26]. Studies focusing on pelvic and spine fractures found 
benefits compared to usual care in terms of more identified 
complications [27, 28] and fewer revision surgeries neces-
sary [28]. However, evidence on mortality for fracture sites 
other than hip or outcomes for humerus and forearm frac-
tures is less conclusive or lacking at all [27–30]. Overall, 
collaborative orthogeriatric care might be beneficial for the 
treatment of non-hip fragility fractures as well, but as to 
date, comprehensive evidence is scarce.

Literature showed a treatment gap for patients eligible 
for osteoporosis treatment [31], which was found to even 
increase [32]. Therefore, a key element of collaborative 
orthogeriatric care usually is screening for and treatment 
of an underlying osteoporosis to improve the bone quality 
and to prevent possible secondary fractures as the risk for 
a secondary fracture is particularly high after a preceding 
fracture [33–35]. A large systematic review and meta-anal-
ysis found higher treatment rates of osteoporosis treatment 
in both antiosteoporotic drug initiation and vitamin D and 
calcium supplementation compared to usual care for hip 
fractures [36]. For other fragility fractures including pelvic 
and spine fractures, studies found potential benefits as well 
[28, 29, 37, 38].

For secondary fractures, the evidence is scarce and less 
conclusive for hip fracture patients [36], and non-existent 
for other fractures at all. Studies found no significant differ-
ences [18, 39, 40] or only a slightly decreased re-fracture 
rate [41, 42] after collaborative orthogeriatric care measures 
compared to usual care.

As fragility fractures cause high healthcare consumption 
and may entail a reduced functional ability and even care 
dependence, their economic burden is high [4–7], depending 
on the fracture site. Several systematic reviews and meta-
analyses found decreased healthcare costs for acute hospi-
tal stay and within 12–18-month follow-up for hip fracture 

patients after collaborative orthogeriatric care compared 
to usual care [14, 24, 36]. However, most of the included 
studies observed a shorter length of stay for patients treated 
with collaborative orthogeriatric care while studies from 
Germany did not find a reduced [28, 29] or even an increased 
length of stay [21, 43], thus entailing increased healthcare 
costs [44].

Different models of collaborative orthogeriatric care have 
been developed, e.g., treatment in an orthopaedic ward with 
regular or requested geriatric consultations, initial treatment 
in an orthopaedic ward and transfer to a geriatric ward, or 
joint treatment by an orthopaedic surgeon and a geriatrician. 
Thus, precise terms differ [9, 45]. Evidence is inconclusive 
which of these models is most beneficial, but early involve-
ment of a geriatric interdisciplinary team seems to be favora-
ble. In Germany, the term orthogeriatric co-management 
(OGCM) describes a hospital treatment either on a geriatric 
or an orthopaedic ward, which is delivered by a multidisci-
plinary geriatric team headed by a geriatrician. Elements of 
the OGCM are standardized comprehensive geriatric assess-
ments, early mobilization, and inpatient rehabilitation start-
ing few days after hospital admission. Inpatient rehabilita-
tion is usually delivered either during OGCM in a hospital 
or subacute in a separate rehabilitation facility. Offering both 
forms subsequently is also possible.

The aim of our study was to compare healthcare costs, 
particularly costs for medication from the treatment of osteo-
porosis and costs of re-fractures after a fragility fracture, 
as well as health outcomes, in particular the correspond-
ing treatment of osteoporosis and re-fractures, in geriatric 
patients treated in German hospitals providing collaborative 
orthogeriatric care, compared to patients treated in hospitals 
providing usual care within 6 and 12-month follow-up. For 
this purpose, hospitals providing collaborative orthogeriat-
ric care were subdivided into hospitals certified for OGCM 
treatment as geriatric traumatology centers (“Alterstrauma-
tologisches Zentrum”; ATZ) or providing OGCM treatment 
without certification.

Data and methods

Study design, data source, and selection criteria

For this retrospective cohort study, we used nationwide 
health and long-term care insurance claims data provided 
by the “Wissenschaftliches Institut der AOK” (“WIdO”) for 
the years 2013–2019. WIdO administers data of the larg-
est association of statutory health insurance companies in 
Germany, covering about one-third of the population. We 
included patients if they sustained an incident fracture of 
the hip (hospital discharge diagnosis S72.0 or S72.1 from 
the 10th revision of the International Classification of 
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Diseases (ICD-10)), pelvic (ICD-10: S32.1, S32.3, S32.4, 
S32.5, S32.81, S32.83), spine (ICD-10: S12.0, S12.1, S12.2, 
S12.7, S12.9, S22.0, S22.1, S32.0), humerus (S42), or fore-
arm (S52). Additionally, we included patients with a hospital 
stay due to osteoporosis with pathological fracture (ICD-
10: M80) as discharge diagnosis and one of the mentioned 
ICD-10 codes as admission or secondary diagnosis as well. 
We excluded patients with more than one fracture loca-
tion according to secondary diagnoses (n = 42). The index 
period for the incident fracture was from January 2014 until 
December 2018. Patients were then followed for 6 and 12 
months (follow-up period) or until death. As a baseline, we 
used 1 year prior to the index date for risk adjustment. To 
ensure that fractures were incident, i.e., the first fracture 
within a time period, we used a washout period of 180 days 
preceding the index stay and excluded cases with a fracture 
within this period.

As we analyzed an intervention for geriatric patients, we 
applied the definition of geriatric patients by the German 
Society for Geriatric Medicine [46] and excluded patients 
younger than 80 years. We excluded patients who changed 
their insurance or patients treated in hospitals with an 
extraordinarily high (≥ 99% percentile; n = 1 hospital) hos-
pital volume of fracture cases to improve the comparabil-
ity and reduce possible heterogeneity between all groups. 
Furthermore, patients were excluded if the treating hospi-
tal transferred more than 5% of their total fracture patients 
(n = 462 hospitals), as we could not clearly determine the 
treating hospital in such cases.

Intervention

OGCM is defined by the operation and procedure code 
“OPS8-550” in health insurance claims data. It is a reha-
bilitation treatment lasting 7, 14, or 21 days (depending on 
the subcode) which is provided by a multidisciplinary team 
of physiotherapists, occupational therapists, specifically 
trained nurses, social workers, and others, and headed by a 
geriatrician. The intervention involves standardized geriatric 
assessments, early mobilization, antiosteoporotic medication 
if needed, regular team meetings, and a rehabilitation plan 
with functional goals and a focus on geriatric syndromes. It 
can be delivered on a geriatric or orthopaedic ward. OGCM 
is offered additionally to the usual care of the fracture (e.g., 
surgery) which does not intend contact with a geriatrician. 
Further information can be found elsewhere [21]. As there 
is a high reimbursement due to the OPS8-550 code, data are 
thoroughly checked and can be assumed accurate.

Patients were categorized into groups on hospital level. 
If hospitals were certified for the OGCM treatment as ATZ 
by a standardized assignment, their patients were catego-
rized as ATZ group. If hospitals had no certification, but 
treated at least 10 fracture cases per year with the OPS8-550 

procedure, they were considered as providing OGCM meas-
ures, and their treated patients were classified as OGCM 
group. All patients treated in other hospitals were catego-
rized as control group. Otherwise, when focusing on patients 
who actually received OPS8-550, we would introduce an 
immortal time bias. The OPS8-550 code requires patients to 
survive and receive at least 7, 14, or 21 days of treatment by 
definition. The assignment of groups on hospital level based 
on the treatment of patients in the hospitals overcomes this 
problem. Not all fracture patients in ATZ or OGCM hospi-
tals may have actually received the intervention. Yet, they 
may still have benefited from the multidisciplinary OGCM 
team.

Outcomes

Direct healthcare costs included costs for inpatient stays 
and medication over the follow-up. Inpatient costs were 
subdivided into costs due to the index stay and costs for the 
inpatient treatment for re-fractures. Medication costs were 
subdivided into costs for antiosteoporotics and vitamin D 
and calcium. Costs were reported in 2019 Euro and adjusted 
for inflation using the gross domestic product price index 
[47, 48]. All costs were available from claims data and we 
winsorized all costs at the 99% percentile to avoid bias by 
extreme outliers. We applied a payer perspective. In Ger-
many, health insurances reimburse almost all costs for frac-
ture treatment which implies that healthcare costs differ only 
marginally between the payer’s and the societal perspective. 
An exception would be long-term care where recipients have 
to pay a large share of costs and therefore the payer’s and the 
societal perspective differ.

To compare the observed healthcare costs with corre-
sponding health effects and medications, we calculated the 
following outcomes. We observed the number of all medica-
tions the patients received and in particular new antiosteo-
porotic medication (bisphosphonates and combinations; 
ATC: M05BA, M05BB, M05BX) and new vitamin D or 
calcium (ATC: A11CC, A12AX) after hospital discharge 
until the end of follow-up. The number of re-fractures per 
patient was observed as the number of hospital re-admission 
with one of the above-defined diagnoses. We estimated sur-
vived lifetime within 1 year. Furthermore, a fracture-free 
lifetime within 1 year was calculated as survived time free 
of fractures.

Risk adjustment

Unfortunately, we could not randomly assign patients to 
the groups. Due to the lack of randomization, selection bias 
and unbalanced baseline characteristics may occur. In order 
to reduce confounding, we applied entropy balancing (EB) 
[49] to remove inequalities in the baseline variables. EB 
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reweights each individual of the control group such that the 
covariates in the control group equals the ATZ or OGCM 
group, respectively, in mean, variance, and skewness. This 
allows the maximization of the comparability of the groups 
concerning the risk adjustment variables.

We considered the following variables during baseline 
or at index fracture date: sex; age at hospital admission 
date of the index stay; number of months with care degrees 
1–5 during baseline; number of months living in a nursing 
home during baseline; healthcare costs during baseline for 
inpatient treatment, outpatient treatment, devices/medical 
appliances, and medication; medication-based comorbidi-
ties during baseline [50, 51]; hospital volume defined as 
mean number of fracture cases per hospital and fracture site, 
weighted with the market share of the health insurance per 
federal state; year of treatment.

EB has potential limitations if there are inconsistent bal-
ance constraints or extreme differences between groups. This 
may be possible if the distributions of the variables of the 
groups have little overlap. We avoided this by checking each 
variable’s distribution and the EB results and by exclud-
ing variables with less than 1% of observations (i.e., the 
comorbidities cancer, HIV, intestinal inflammatory diseases, 
migraines, and tuberculosis). The weights calculated with 
EB were used for all statistical analyses.

Statistical analysis

We estimated healthcare costs in two steps. Not for all 
patients costs occurred (e.g., if they did not sustain a re-
fracture during follow-up). Therefore, we used weighted 
logistic regressions to estimate the likelihood of the occur-
rence of costs. The amount of costs usually is not normally 
distributed, but instead positive, right-skewed, and with 
some outliers. Therefore, weighted generalized linear mod-
els with a gamma distribution and a log link function were 
applied to estimate the amount of costs [52]. To mutually 
estimate the likelihood of occurring costs and the amount 
of costs, if occurred, we applied weighted two-part models 
[53]. However, we estimated inpatient and index hospital 
stay costs using weighted generalized linear models with a 
gamma and a log link function only, as the follow-up started 
at hospital admission and thus these costs occurred for every 
patient. The probability of medications and re-fractures was 
estimated with logistic regressions. Mean differences in life 
years and fracture-free life years were tested using t-tests.

All analyses were conducted per fracture site, both fol-
low-up periods, and for ATZ compared to control group and 
OGCM compared to control group separately. All results 
were presented as average marginal means. All calculations 
were performed using SAS software v9.4 (SAS Institute Inc, 
Cary, NC), Stata 17 (StataCorp, College Station, TX), and 
R 4.2.3. (R Foundation for Statistical Computing, Vienna, 

Austria). This study was approved by the ethics committee 
of the University of Ulm (177/20).

Results

In total, we observed 206,273 patients within the follow-
up of 12 months, of whom 14,100 were treated in ATZ, 
133,353 in OGCM, and 58,820 in usual care hospitals. Of 
all patients, 91,813 sustained a fracture of the hip, 21,156 
of the pelvic, 35,482 of the spine, 31,984 of the humerus, 
and 25,838 of the forearm. For the follow-up of 6 months, 
we observed 206,373 patients. About 75–93% of the patients 
were female and the mean age was 85–87 years, depending 
on the fracture site. Baseline differences between ATZ or 
OGCM and the control group were mainly observable in 
the number of fracture cases per hospital and the amount of 
baseline healthcare costs (both higher for ATZ and OGCM 
groups). However, after EB, both groups were virtually 
equal in terms of mean, variance, and skewness of the risk 
adjustment variables. Descriptive characteristics and results 
from EB are displayed in supplementary tables 1–20.

Total inpatient healthcare costs were significantly 
increased for all fracture sites in the ATZ and OGCM groups 
within 12 months. Those costs were mainly driven by higher 
costs due to the index stay. Costs for antiosteoporotic medi-
cation were significantly but slightly increased only for hip 
(ATZ group) and spine (OGCM group) fractures within 12 
months (see Fig. 1), although the probability of prescription 
significantly but slightly increased for pelvic and humerus 
fractures as well (see Fig. 2). For vitamin D and calcium, 
costs slightly increased after hip, spine (OGCM group only), 
and humerus (ATZ group only) within 12 months (see 
Fig. 3), although the probability of prescription significantly 
increased after all fractures in both groups (see Fig. 4).

To further investigate these differing effects in costs and 
prescriptions, we displayed the number of prescriptions over 
12 months starting from hospital discharge and compared 
them between ATZ, OGCM, and control groups, respec-
tively. Both for the prescription of antiosteoporotic medi-
cations (supplementary Figs. 1 and 2) and vitamin D and 
calcium (supplementary Figs. 3 and 4), prescriptions were 
high shortly after hospital discharge and decreased after 1–2 
months. This was more pronounced in the OGCM and even 
more in the ATZ group. Particularly for high-dose vitamin D 
(supplementary Figs. 5 and 6), this effect could be observed.

The amount of costs for re-fractures within 12 months 
significantly increased after incident hip fractures in the 
OGCM group (see Fig.  5), although the probability of 
re-fractures did not significantly differ for any group (see 
Fig. 6).

Furthermore, in the ATZ group, lifetime and fracture-free 
lifetime within 12-month follow-up were significantly but 
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Fig. 1  Mean differences in costs 
for antiosteoporotic medication 
per patient within 12 months

Fig. 2  Mean differences in anti-
osteoporotic medication within 
12 months
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Fig. 3  Mean differences in costs 
for vitamin D and calcium per 
patient within 12 months

Fig. 4  Mean differences in vita-
min D and calcium medication 
within 12 months
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Fig. 5  Mean differences in costs 
due to re-fractures per patient 
within 12 months

Fig. 6  Mean differences in re-
fractures within 12 months
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slightly increased compared to the control group for pelvic 
fractures. In the OGCM group, lifetime and fracture-free 
lifetime were significantly but slightly increased within 
12-month follow-up compared to the control group for 
humerus fractures.

When repeating the analyses for 6-month follow-up, we 
again found significantly increased total inpatient healthcare 
costs after all fractures and in both groups. Furthermore, 
costs for antiosteoporotic medication were significantly 
increased after hip (ATZ group only) and spine (OGCM 
group only) fractures, and for vitamin D and calcium after 
hip, pelvic (OGCM group only), spine (OGCM group 
only), and humerus (ATZ group only) fractures. We found 
no significant differences in costs due to re-fractures within 
6 months. Detailed results are available in supplementary 
tables 21–40.

Discussion

In this study, we evaluated healthcare costs and health out-
comes of hospitals certified for OGCM treatment, hospitals 
providing OGCM treatment, and hospitals offering usual 
care for geriatric fragility fracture patients in Germany 
within 1 year. Costs were higher in hospitals with both cer-
tified or uncertified OGCM treatment, particularly due to 
index treatment costs. The results stand in line with two 
other studies [26, 44] which found increased costs associated 
with collaborative orthogeriatric care. However, other exist-
ing studies found reduced costs of collaborative orthogeri-
atric care during the hospital stay compared to the control 
group [24].

The main reason for these differences between countries 
may be the design of the OGCM treatment in Germany. It 
comprises inpatient rehabilitation and early mobilization 
at the hospital and therefore intends a longer hospital stay 
than usual care, as opposed to other countries. In Germany, 
OGCM can only be reimbursed if the patient survived and 
received the treatment for at least 7, 14, or 21 days, which 
leads to a long hospital stay. Thus, costs for OGCM are 
intended to increase in Germany. Particularly for usual care, 
but also possible for OGCM, an additional inpatient rehabili-
tation stay in a separate facility can be delivered.

Further reasons for the diverging study results might be 
different health and reimbursement systems in other coun-
tries, which restrict the comparability of the results, dif-
ferent study designs, and different models of collaborative 
orthogeriatric care, as these differ depending on the country 
[10]. Some studies analyzed models where the geriatrician 
is the primary physician who coordinates all services; oth-
ers focused on models where geriatricians are consulted on 
a regular basis or request.

Moreover, we could only consider a maximum of 
12-month follow-up due to data availability, which may not 
accurately estimate total inpatient healthcare costs in the 
long run. Costs were particularly high at the beginning of 
follow-up according to the considerable costs of the index 
fracture which, however, only occurred once. Over a longer 
follow-up, total costs would increase less sharply, although 
other costs would increase, for example, those for medica-
tion or re-fractures. The limited follow-up period may also 
affect the observed lifetime and fracture-free lifetime, which 
were only found to slightly increase for pelvic fractures in 
the ATZ group and humerus fractures in the OGCM group. 
A longer follow-up may likely increase both outcomes.

When focusing on costs due to medication, we found 
statistically significant differences in costs only for some 
fracture sites regarding antiosteoporotic medication and 
regarding costs for vitamin D and calcium, respectively. 
This stands in contrast to the increased rates of prescription 
of antiosteoporotic medication, vitamin D, and calcium for 
almost all or all fracture sites in ATZ and OGCM hospitals. 
However, both costs and prescription rates were only slightly 
increased. When focusing on 6 instead of 12-month follow-
up, we did find significantly increased costs due to anti-
osteoporotic medication, vitamin D, and calcium for some 
fracture sites. We could observe that those medications were 
prescribed more often after treatment in the OGCM and par-
ticularly the ATZ group, but less so in the long run. Further-
more, vitamin D and calcium require a prescription only in 
high doses and are otherwise over-the-counter medications 
with out-of-pocket expenses for the patients instead of health 
insurance. Probably, a high dose was prescribed initially and 
the patients were then required to purchase lower doses at 
their own expense.

In line with existing literature [36], we found no sig-
nificantly different rates of re-fractures after treatment in 
an ATZ or OGCM hospital. Despite this fact, we found 
increased inpatient costs due to re-fractures after an inci-
dent hip fracture. When assuming that patients’ secondary 
fractures were treated in the same hospital as the first (e.g., 
due to spatial proximity), higher costs for the index frac-
ture in OGCM/ATZ hospitals might explain higher costs 
for re-fractures despite not finding statistically significantly 
higher re-fracture rates. The increased prescription of anti-
osteoporotic medication, vitamin D, and calcium may have 
a preventive effect on re-fractures as suggested in literature 
[54]. However, this increase in prescription was only small 
and the follow-up period limited to only 12 months, which 
might explain why we could not observe a reduction in re-
fracture rates. Furthermore, the slight increase in prescrip-
tions and the slight decrease in re-fractures may point to 
limited prevention of secondary fractures in Germany due 
to restricted budgets and unclear responsibility of hospitals, 
general practitioners, or specialists. The current German 



89Osteoporosis International (2024) 35:81–91 

1 3

guideline for the treatment of osteoporosis calls for more 
and faster medication and clear responsibilities after fragility 
fractures in order to provide better and more comprehensive 
prevention [55].

In our study, differences in outcomes often were higher 
when comparing the ATZ with the usual care group than 
comparing the OGCM with the usual care group. This seems 
plausible, as certain standardized expenses are necessary for 
the hospital to achieve a certification for the OGCM treat-
ment. Furthermore, the hospital’s certification may suggest 
that a higher proportion of patients actually received the 
OGCM treatment compared to the hospitals offering OGCM 
without certification. The actual reimbursement due to the 
OPS8-550 code was relatively high for hip fractures (ATZ 
group: 57.51%; OGCM group: 44.88%) and pelvic fractures 
(ATZ group: 43.84%; OGCM group: 36.05%), mediocre 
for humerus fractures (ATZ group: 31.07%; OGCM group: 
24.26%) and spine fractures (ATZ group: 29.75%; OGCM 
group: 27.21%), and low for forearm fractures (ATZ group: 
9.40%; OGCM group: 9.83%).

Our study has some limitations. Groups were classified on 
hospital instead of patient level, which may bias the effects 
because not all patients assigned to one of the intervention 
groups actually received OGCM. However, when catego-
rizing groups on patient level, we would have implied an 
immortal time bias as only for cases who survived at least 7, 
14, or 21 days after hospital admission the OGCM procedure 
was reimbursed and recorded in the claims data. Yet, other 
patients in the ATZ or OGCM group not actually receiving 
the treatment may still have benefitted from the presence of 
a multidisciplinary OGCM team or the established stand-
ards in the hospital. In the same vein, it might be possible 
that a few patients in the usual care group actually received 
OGCM treatment after transfer to another hospital, as we 
only considered the first treating hospital for group assign-
ment. Furthermore, we excluded patients who were treated 
in hospitals that frequently transferred patients to other 
groups in order to ensure they were treated in the group they 
were assigned to. Moreover, health insurance claims data 
does not comprise all relevant covariates which might be 
relevant confounders, for example, information on lifestyle, 
nutrition, risky health behavior, or details on the treatment 
and the severity of the fracture.

Our study has some important strengths. We used a large 
dataset with information from over 200,000 patients for the 
years 2013 through 2019. We used health and long-term care 
insurance claims data from the AOK which are not as vul-
nerable to dropout, information, and selection biases as, e.g., 
survey data. The AOK has the highest coverage in Germany 
insuring about one-third of its inhabitants, which makes our 
results quite representative for Germany and similar coun-
tries. We used the reweighting algorithm entropy balancing 
to reduce confounding due to potential selection bias and 

diverging baseline characteristics. Entropy balancing works 
well in large datasets like ours and for covariates with fre-
quent observations [56]. To our knowledge, this is the first 
study assessing the costs of hospitals providing collaborative 
orthogeriatric care, in particular costs of medication due to 
osteoporosis and re-fractures from a broad payer perspective 
with a large number of patients.

Conclusion

This retrospective cohort study is the largest evaluation 
of costs and health outcomes, considering in particular 
osteoporosis treatment and re-fractures, after collaborative 
orthogeriatric care for geriatric patients with fragility frac-
tures from Germany within 12-month follow-up. It showed 
an increased utilization of healthcare measures in terms of 
healthcare costs as intended by collaborative orthogeriatric 
care, driven by inpatient costs for the treatment of primary 
and partly even secondary fractures. Although the rate of 
incidentally prescribed medication for the treatment of oste-
oporosis increased after the primary fracture, we found no 
increased medication costs in the long run. Total costs are 
likely to increase less sharply with a longer follow-up, as 
costs for immediate treatment occur only once per fracture.
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