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Abstract

Purpose Elective arthroplasty is considered a cost-effective procedure compared to trauma-related surgical interventions.
This study aims to compare remuneration, certain ratios regarding implant costs, operation (OR) time and length of stay
(LOS) as well as contribution margins including personnel costs for acute fracture interventions and elective arthroplasty
procedures at the hip and shoulder joint in the aG-DRG system.

Methods Based on billing data of 212 inpatient treatment cases from a University Orthopaedic Trauma Department reim-
bursements of nail fixation and hemi-arthroplasty (HA) for proximal femoral fractures versus elective total hip arthroplasty
(THA) for osteoarthritis were analysed. Locking plate fixation and reverse total shoulder arthroplasty (rTSA) for proximal
humeral fractures were compared to elective rTSA for osteoarthritis. Different ratios of the DRG remuneration in relation to
LOS, OR time and implant costs but also personnel costs and contribution margins were calculated.

Results DRG reimbursement was highest for fracture arthroplasty of the shoulder (9.050 EUR, rTSA) and the hip (6.930
EUR, HA). Regarding LOS, DRG reimbursement was highest for elective rTSA (1.641 EUR/day). Nail fixation of proximal
femoral fractures showed the highest DRG reimbursement regarding OR time (111 EUR/min) and implant costs (15 EUR/
EUR). The contribution margin was highest for fracture rTSA (6.339 EUR) and lowest for elective THA (3.842 EUR).
Conclusion Elective total hip and shoulder arthroplasty is not generally more cost-effective in the aG-DRG system. Acute
fracture-related interventions seem economically more advantageous with regard to implant costs and OR time, elective total
arthoplasty seems more profitable regarding LOS in the hospital.

Keywords aG-DRG system - Cost efficiency - Traumatology - Elective orthopaedics - Hip - Shoulder

Introduction increasing economic pressure on hospitals with a rise in the

number of profitable treatment cases and a reduction in the

In Germany, reimbursement of inpatient treatments is regu-
lated via DRG (Diagnosis Related Groups) system, which
has been updated in 2020 to the aG-DRG system with out-
sourcing of nursing care costs from the DRG flat rate per
case. The DRG remuneration comprises all medical costs,
such as implant or drug costs, and reflects the average treat-
ment costs of inpatient hospital stays [1]. This has led to
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length of inpatient stays [2—4] due to the revenue- and cost-
oriented incentives of the DRG system. For example, elec-
tive hip arthroplasty is considered a cost-effective treatment,
even in older patients, with early surgical intervention and
a lower preoperative WOMAC score leading to better eco-
nomic outcomes [5—8]. In contrast, the treatment of patients
with severe comorbidities and longer length of stay, such as
geriatric patients with hip fractures, seems not cost covering
for the hospitals due to the higher treatment costs [9—-11].
In acute traumatology and elective orthopaedics, there
is a certain overlap of surgical interventions, which are
comparable from a medical and economic perspective. For
example, elective total hip arthroplasty (THA) for osteo-
arthritis is similar to acute hemi-arthroplasty (HA) or nail
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fixation of proximal femoral fractures regarding the type of
surgical procedure as well as the cost and revenue structure.

It is so far unclear, whether there is a comparable DRG
reimbursement between similar traumatological and elec-
tive orthopaedic surgical interventions or not. This uncer-
tainty refers to the overall DRG reimbursement but also to
relevant ratios, such as DRG remuneration per length of stay
(LOS), per operation (OR) time and per implant costs. This
study aims to conduct a cost-revenue analysis of standard
orthopaedic and trauma surgical procedures at the proximal
femur and the proximal humerus, as no current data is avail-
able for this.

With regard to LOS, OR time, implant costs and per-
sonnel costs, the DRG revenue structure of trauma and
orthopaedic hip and shoulder surgeries will be compared
and the contribution margins determined. The question
arises, whether relevant differences in reimbursement exist
between acute trauma surgery and elective orthopaedic pro-
cedures in the same anatomical region, which could create
certain false incentives.

Materials and methods
Data collection

Data of all inpatient treatment cases from a University
Orthopaedic Trauma Department treated for acute frac-
tures or elective arthroplasty procedures of the hip and
shoulder joint between January 2020 and December 2022
were collected retrospectively. All cases with Clinical Com-
plexity Level (CCL) relevant secondary diagnoses and
higher-ranked DRGs, as well as cases discharged by other
departments of the University Hospital were excluded.
Based on the ICD and OPS codes of the diagnoses and
surgical procedures, as well as the DRG classification the
treatment cases were filtered from the dataset of the Medi-
cal Controlling Department of the University Hospital.
Clinical data and implant costs were collected from clinical
documents (medical reports) as well as surgical and implant
documentation from the hospital information system (SAP
IS-H, Industrial Solutions Hardware, Walldorf, Germany).
Cost data for the implants used were provided by the Pur-
chasing and Logistics Department of the University Hospi-
tal. Three groups were compared at the hip and shoulder:

Hip
Group 1 DRG IOS8F (Fig. 1).

e Main diagnosis: Per- or subtrochanteric femoral fracture.
e Surgical intervention: Nail fixation (Gamma nail).
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Group 2 DRG I47B (Fig. 2).

e Main diagnosis: Medial or lateral femoral neck fracture.
e Surgical intervention: Cemented hemi-arthroplasty
(HA).

Group 3 DRG 147C (Fig. 3).

e Main diagnosis: Primary or secondary hip osteoarthritis.
e Surgical intervention: Cementless total arthroplasty
(TA).

Shoulder
Group 4 DRG I13E (Fig. 4).

e Main diagnosis: Proximal humeral fracture.
e Surgical intervention: Locking plate fixation (PHILOS
plate).

Group 5 DRG I05B (Fig. 5).

e Main diagnosis: Proximal humeral fracture.
e Surgical intervention: Reverse total shoulder arthroplas-
ty (rTSA).

Group 6 DRG I05B (Fig. 6).
e Main diagnosis: shoulder
osteoarthritis.

e Surgical intervention: Reverse total shoulder arthroplas-
ty (rTSA).

Primary or secondary

Statistical analysis

Data were collected in tabular form using Excel Version 16
(Microsoft Corporation, Redmond, USA) and pseudony-
mized by assigning case and patient identification numbers.
The research project received prior approval from the ethics
committee of the affiliated university (Nr. 23-3354-104).

Clinical data

Gender (female/male).

Age (years).

LOS total (days).

LOS peripheral ward (days).

LOS Intensive Care Unit (ICU, days).
Operation (OR) time (minutes).
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Fig. 1 Group 1 flow chart: Proxi-
mal femoral fracture with nail
fixation. n=number of cases

n =107

ICD: §72.10/S72.11/872.2 +
OPS: 5-790.5f/5-793.af/5-794.af

f Excluded: n=4

A

Discharge by Orthopaedic
Trauma Department

o Discharge by Internal Medicine: 3

'Lo Discharge by General Surgery: 1

n=103
Excluded: n=5
- DRG W04A: 2
| - DRG Wo04C: 2
- DRG 126Z: 1
Base-DRG 108
n=98
Excluded: n = 37
» o DRG I08A: 1
- DRG 108C: 3
- DRG 108D: 13
- DRG I08E: 20
A
DRG I08F
n =61

Fig.2 Group 2 flow chart: Femo-
ral neck fracture with cemented
HA. n=number of cases

ICD: S72.01/S72.08 +
OPS: 5-820.41
n=72

fExcluded: n=4
»| ° Discharge by General Surgery: 1

o Discharge by Internal Medicine: 2
o Discharge by Dermatology: 1

A

Discharge by Orthopaedic
Trauma Department
n =68

-

Excluded: n =16
- DRG I03A: 1
- DRG I05A: 10

DRG 147B
n=>52

» - DRGI08D: 1
> DRG I08E: 1
° DRG 126Z: 2

\o DRG WO01B: 1
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Fig. 3 Group 3 flow chart: Hip
osteoarthritis with cementless
TA. n=number of cases

n=237

ICD: M16.0/M16.1/M16.3/M16.6/
M16.7/M87.05/M87.15/M87.95 +
OPS: 5-820.00

A

Discharge by Orthopaedic
Trauma Department

n=37
J Excluded: n=3
L > DRG 105A: 3
A
Base-DRG 147
n=34
f Excluded: n =2
'L - DRG 147B: 2
DRG 147C
n=32
Billing data Calculation of ratios
To evaluate the relationship between DRG reimbursement
e DRG and LOS, OR time and implant costs the following ratios
e Patient Clinical Complexity Level (PCCL). were calculated for group 1-6:
o Deduction (Euro, EUR). .
e Surcharge (EUR). Ratiol — DRG reimbursement (EUR)
e Effective Cost Weight (CW). LOS (day)
o Effective DRG remuneration (EUR).
e Additional charge (EUR). Ratio 2 — DRG reimbursement (EUR)
e Total remuneration (EUR). OR time (minute)
e State base case value Bavaria (EUR).
e Nursing care remuneration value (EUR). Ratio3 — DRG reimbursement (EUR)
e Implant costs (EUR). N implant costs (EUR)

As descriptive statistic mean values and standard devia-
tions (SD) of the clinical and billing parameters were cal-
culated using Excel 16 (Microsoft Corporation, Redmond,
USA). DRG classification of the cases was performed using
the 3 M™ Kodip® Suite grouper software (3 M Company,
Neuss, Germany) versions 2020 to 2022. The DRG reve-
nues were based on the state base case values for Bavaria
2020 to 2022, the nursing care revenues on the preliminary
or hospital-specific nursing care remuneration values.
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Calculation of costs and contribution margins
Personnel costs
For the methodology of personnel cost calculations for

operating room, ICU and peripheral ward, reference is
made to a previous study on a health-economic model for
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Fig.4 Group 4 flow chart:

Proximal humeral fracture with ICD: S42.20/S42.21/S42.22/S42.24
locking plate fixation. n=number + OPS: 5-793.k1/5-794.k1
of cases n=48

Discharge by Orthopaedic
Trauma Department

n =48
J Excluded: n =1
L > DRG 108D: 1
Base-DRG 113
n =47
Excluded: n =15
- DRG I113B: 4
| -DRGI13C: 8
- DRG I1M13D: 3
A
DRG IM3E
n =32
Fig.5 Group 5 flow chart: Proxi-
mal humeral fracture with rTSA. ICD: S42.20/S42.21/S42.22 +
n=number of cases OPS: 5-824.21
n=31

f Excluded: n=3

» o Discharge by General Surgery: 2
Lo Discharge by Internal Medicine: 1

A

Discharge by Orthopaedic
Trauma Department

n=28
f Excluded: n = 1
'L - DRG I13A: 1
DRG 105B
n=27
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Fig.6 Group 6 flow chart: Shoul-
der osteoarthritis with rTSA.
n=number of cases

ICD: M19.01/M19.11/M19.21/

M19.91/M25.31 + OPS: 5-824.21

n=11

f Excluded: n=1

A

'L > Discharge by Anesthesiology: 1

Discharge by Orthopaedic
Trauma Department

n=10
DRG 105B
n=10

personnel cost calculation in a University Orthopaedic
Trauma Department [12].

In summary, the calculations were based on the remu-
neration for each classification, as specified in the collec-
tive agreement (TV-L and TV-Doctors University Hospitals,
2024) for the respective professional groups (medical ser-
vice, nursing service). In addition, an employer contribution
to social security of 25,59% was applied. The calculations
were prepared using Excel Version 16 (Microsoft Corpora-
tion, Redmond, USA) and the means as well as standard
deviations per group were determined.

Personnel costs incurred outside of medical care, e.g.
administration or cleaning, and other cost blocks, such as
medication or energy, were not included in the calculations,
as we focussed on the costs of personnel directly involved in
the medical treatment in the OR and on the ward.

Calculation of OR personnel costs

The calculation of OR personnel costs was based on the
activity times (in minutes) of all personnel directly involved
in the surgery (surgeons, surgical nurses) as recorded in
the OR documents for each treatment case. The operation
time refers to the incision suture time of the surgical proce-
dures. All operations, both for fracture treatment and elec-
tive prosthesis implantation, were performed by surgeons
with senior physician qualifications as well as specialist or
resident physician qualifications. The operations were either
performed by the senior physicians themselves or as train-
ing procedures by the specialist or resident physicians under
supervision. It was assumed that for all operations, one
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anesthesiologist and one anesthesiology nurse were present
for the entire duration of the surgical procedure, and the cor-
responding personnel costs per operation were determined.

Calculation of personnel costs for ICU and peripheral ward

The personnel costs for ICU and peripheral ward (each 24
beds) were calculated as a model under the assumption of a
medical and nursing service deployment that was based on
those of a University Hospital and has no universal validity.
The calculations were based on a 3-shift model for nursing
staff. For the medical staff, a 2-shift model was used in the
ICU, a 1-shift model on the peripheral ward. The require-
ments of the regulation on the determination of minimum
nursing staff levels in nursing-sensitive areas in hospitals
were observed. According to the PpUGV (Nursing Staff
Lower Limits Ordinance), a patient-to-nurse ratio of 10 to
1 (day shift) and 20 to 1 (night shift) was set for the periph-
eral ward per shift. For intensive care, a ratio of 2 to 1 was
applied for the day shift and 3 to 1 for the night shift.

The personnel costs for the nursing and medical service
were averaged for a 24-hour day over a 7-day week, with
different staffing on Monday to Friday and Saturday to Sun-
day/public holidays. By dividing by the number of beds
the proportional personnel costs per bed/24-hour day were
calculated.

Surgical costs

For each treatment case of hip and shoulder, the surgical
costs were calculated by adding the OR personnel costs and
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the implant costs. The surgical costs per group were calcu-
lated from the average values.

Contribution margins

To approximately calculate the contribution margins, a cost-
revenue analysis was performed using the mean values per
each group:

Contribution margin = @ Total revenue — (@ Surgical
costs + @ Total personnel costs).

Results
Hip

145 treatment cases were initially included. Of these, 2 cases
with elective total hip arthroplasty and hemophilia A were
excluded due to the high additional charges for the periop-
erative administration of coagulation factor VIII. Table 1
provides an overview of the demographic, clinical and DRG
data, as well as the implant costs, for the 143 cases included.

Table 1 Data of hip interventions

Group 1 Proximal femoral fracture with nail fixation

A total of 61 cases with an average LOS of 11 days were
evaluated. The DRG reimbursement, including deductions
and surcharges, was 5.906 EUR which together with the
nursing care reimbursement (2.516 EUR) resulted in the
total reimbursement of 8.440 EUR. Due to an increased care
requirement an additional charge of 18 EUR could be billed.
The OR time was 53 min with implant costs of 398 EUR.

Group 2 Femoral neck fracture with cemented HA

52 cases were included. The average LOS was 13 days. The
DRG reimbursement was highest with 6.930 EUR, also
the total reimbursement (9.600 EUR) and the nursing care
reimbursement (2.638 EUR) due to the longest LOS. The
additional charge of 32 EUR was based on an increased care
requirement and dialysis. The OR time was longest with
87 min, the implant costs were 749 EUR.

Parameter Group 1 Group 2 Group 3
Proximal Medial/lateral Primary/secondary hip
femoral fracture femoral neck fracture osteoarthritis
(Mean+SD) (Mean=+SD) (Mean=+SD)

Number of cases 61 52 30

Surgical intervention Nail fixation Cemented hemi-arthroplasty Cementless total arthroplasty
(Gamma nail) (HA) (TA)

ICD Codes

OPS Codes

Gender (female, male)

Age (years)

DRG

PCCL

LOS total (days)

LOS peripheral ward (days)
LOS ICU (days)

Deduction (EUR)
Surcharge (EUR)

Effective CW

Effective DRG remuneration (EUR)

Nursing care
remuneration (EUR)

Additional charge (EUR)
Total remuneration (EUR)
Base rate Bavaria (EUR)
Nursing care fee value (EUR)
OR time (minutes)

Implant costs (EUR)

S$72.10, S72.11, S72.2

5-790.5f, 5-793.af, 5-794.af
female: 41, male: 20
77,93+12,15

108F

0,84+1,15
11,36+5,84
11,18+5,57
0,18+0,78
22,81+176,65
156,15+£446,49
1,57+0,13
5.905,73+492,82
2.516,00+1.813,46

18,30+ 71,20
8.440,03+2.164.48
3.757,18+68,24
244,34+ 98,39
53,20+20,47
397.88+85,07

S72.01, S72.08 M16.0, M16.1, M16.3, M16.6,

M16.7, M87.05, M87.15, M87.95

5-820.41 5-820.00
female: 36, male: 16 female: 12, male: 18
83,42+6,79 63,77+12,48
147B 147C
1,13£1,26 1,30+1,44
12,87+5,56 8,00+2,76
12,58+5,24 8,00+£2,76
0,29+1,28 0,00£0,00
187,31+£528,51 0,00+0,00
140,81+£381,02 14,03+52,48
1,85+0,18 1,54+0,02
6.930,05+707,38 5.781,29+82,41

2.637,89+1.519,02 1.300,19+£808,92

32,31+144,53
9.600,25+1.974,09
3.753,17+70,71
234,06+ 97,89
87,04+21,29
748,71+ 36,73

161,06+ 534,79
7.242,55+1.176,21
3.747,39+67,07
218,31+95,53
7533+ 15,36
1,489,094 142,27

DRG diagnosis related groups; EUR Euro; HA hemi-artrhroplasty; /CU intensive care unit; LOS length of stay; OR operation; PCCL patient
clinical complexity level; SD standard deviation; 74 total arthroplasty; CW cost weight
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Group 3 Hip osteoarthritis with cementless TA

A total of 30 cases were analysed with the shortest LOS
of eight days. The DRG reimbursement was lowest with
5.781 EUR, as well as the nursing care reimbursement with
1.300 EUR and the total reimbursement (7.243 EUR). The
additional charge of 161 EUR was based on extracorporeal
photopheresis and dialysis. The implant costs were highest
with 1.489 EUR, the OR time was 75 min.

Shoulder

A total of 69 patients were included. Table 2 presents the
demographic, clinical and DRG data, as well as the implant
costs.

Group 4 Proximal humeral fracture with locking plate
fixation

A total of 32 cases were included with an average LOS of

seven days. The DRG reimbursement of 5.226 EUR and the
total reimbursement (6.663 EUR) including the nursing care

Table 2 Data of shoulder interventions

reimbursement of 1.437 EUR were lowest. The OR time of
101 min was longest with implant costs of 724 EUR.

Group 5 Proximal humeral fracture with rTSA.

27 cases were analysed. The mean LOS of 12 days was lon-
gest and the DRG reimbursement was highest with 9.050
EUR. Due to the fracture situation with bony defect of the
proximal humerus and modular type of prosthesis used, an
additional charge of 1.345 EUR was billed. The total reim-
bursement of 12.675 EUR was highest including the nursing
care reimbursement of 2.280 EUR. The implant costs were
highest with 3.470 EUR, the OR time was 95 min.

Group 6 Shoulder ostearthritis with rTSA

Ten cases were included. The average LOS of five days was
shortest. The DRG reimbursement (8.695 EUR) and the
total reimbursement (9.520 EUR) were second highest. The
nursing care reimbursement of 825 EUR was lowest due to
the shortest LOS. The OR time of 98 min was comparable
to group 5. The implant costs of 3.103 EUR were second
highest.

Parameter Group 4 Group 5 Group 6
Proximal Proximal Primary/secondary
humeral fracture humeral fracture shoulder osteoarthritis
(Mean+SD) (Mean=+SD) (Mean+SD)

Number of cases 32 27 10

Surgical intevention Locking plate fixation Reverse total shoulder Reverse total shoulder
(PHILOS plate) arthroplasty arthroplasty

ICD Codes

OPS Codes

Gender (female, male)

Age (years)

DRG

PCCL

LOS total (days)

LOS peripheral ward (days)
LOS ICU (days)

Deduction (EUR)
Surcharge (EUR)

Effective CW

Effective DRG remuneration (EUR)

Nursing care
remuneration (EUR)

Additional charge (EUR)
Total remuneration (EUR)
Base rate Bavaria (EUR)
Nursing care fee value (EUR)
OR time (minutes)

Implant costs (EUR)

S42.20, S42.21, S42.22, S42.24

S42.20, S42.21, S42.22

M19.01, M19.11,
M19.21, M19.91, M25.31

5-793.k1, 5-794 k1 5-824.21 5-824.21

female: 20, male: 12 female: 22, male: 5 female: 8, male: 2
62,19+12,23 72,63+10,35 71,90+8,57

113E 105B 105B

0,31+0,77 1,00+17,39 0,20+0,60
6,53+4,34 11,52+6,06 5,301,119
6,53+4,34 11,30+5,99 5,30+1,19
0,00+0,00 0,22+0,57 0,00+0,00
0,00+0,00 54,37+186,02 0,00+0,00
95,09+339,85 219,76+701,76 0,00+0,00
1,39+0,09 2,41£0,20 2,35+0,01
5.225,66+354,49 9.049,79+736,82 8.694,73+166,87

1.437,24+1.275,60

0,00+ 0,00
6.662,90+ 1.499.41
3.771,67+46,81
27522+111,61
100,63+38,92
724,35+ 75,77

2.279,71+1.256,18

1.345,00+£ 641,21
12.675,07+1.595,22
3.757,04+71,91
256,93+116,84
95,48+23,94
3.470,25+227,19

824,81+£359,01

0,00+ 0,00
9.519,54+455,07
3.693,06+ 53,89
191,77+64,03
98,00+ 22,74
3.102,84+168,72

DRG diagnosis related groups; EUR Euro; ICU intensive care unit; LOS length of stay; OR operation; PCCL patient clinical complexity level;

SD standard deviation; CW cost weight
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Table 3 Ratios of hip and shoulder interventions

Table 5 Calculation OR costs of hip and shoulder interventions

Surgical Ratio

intervention

Hip DRG DRG DRG remu-
remuneration/ remuneration/ neration/
LOS OR time Implant costs
(EUR/day) (EUR/minute) (EUR/EUR)

Nail fixation 519,87 111,01 14,84

Cemented HA 538,47 79,62 9,26

Cementless TA 722,66 76,75 3,88

Shoulder DRG DRG DRG remu-
remuneration/ remuneration/ neration/
LOS OR time Implant costs
(EUR/day) (EUR/minute) (EUR/EUR)

Locking plate 800,25 51,93 7,21

fixation

rTSA (Trauma) 785,57 94,78 2,61

rTSA (Elective) 1.640,51 88,72 2,80

DRG Diagnosis related groups; EUR Euro; HA hemi-arthroplasty;
LOS length of stay; OR operation; rTSA reverse total shoulder arthro-
plasty; T4 total arthroplasty

Table 4 Calculation OR personnel costs of hip and shoulder interven-
tions

Hip Personnel costs OR (EUR)
(Mean+SD)

286,97+114,95

Nail fixation

Cemented HA 498,20+ 129,14

Cementless TA 449,63 +128,41

Shoulder Personnel costs OR (EUR)
(Mean+SD)

Locking plate fixation 625,97+281,50

rTSA (Trauma) 629,64+190,91

rTSA (Elective) 619,56+229,57

EUR Euro; HA hemi-arthroplasty; OR operation; #TSA4 reverse total
shoulder arthroplasty; SD standard deviation, TA total arthroplasty

Ratios

Table 3 provides an overview of the DRG reimbursements
in relation to LOS, OR time and impant costs as ratios of
all groups.

The DRG reimbursement per day of LOS was highest
for elective rTSA with 1.641 EUR/day and lowest for nail
fixation of proximal femoral fractures with 520 EUR/day.

Regarding OR time, proximal femoral fractures with nail
fixation showed the highest DRG reimbursement of 111
EUR/minute. It was lowest for locking plate fixation at the
proximal humerus with 52 EUR/minute.

In relation to implant costs, the DRG reimbursement of
15 EUR/EUR was highest for proximal femoral fractures
with nail fixation and lowest for rTSA (trauma and elective)
with 3 EUR/EUR.

Surgical intervention OR costs
Hip Implant costs Personnel costs Total
(EUR) OR (EUR) costs
(EUR)
Nail fixation 397,88 286,97 684,85
Cemented HA 748,71 498,20 1.246,91
Cementless TA 1.489,09 449,63 1.938,72
Shoulder Implant costs Personnel costs Total
(EUR) OR (EUR) costs
(EUR)
Locking plate 724,35 625,97 1.350,32
fixation
rTSA (Trauma) 3.470,25 629,64 4.099,89
rTSA (Elective) 3.102,84 619,56 3.722,40

EUR Euro; HA hemi-arthroplasty; OR operation; rTSA reverse total
shoulder arthroplasty; 74 total arthroplasty

Cost data

The highest OR personnel costs of 630 EUR were calcu-
lated for rTSA in trauma cases, the lowest costs of 287 EUR
for nail fixation at the proximal femur (Table 4).

The total OR costs were highest for fracture rTSA with
4.100 EUR and lowest with 685 EUR for nail fixation of
proximal femoral fractures (Table 5).

For the ward, the highest total personnel costs of 2.520
EUR were calculated for cemented HA, the lowest costs of
958 EUR for elective rTSA (Table 6).

Contribution margins

Fracture arthroplasty showed the highest contribution mar-
gins with 6.339 EUR for rTSA and 5.833 EUR for HA. It
was lowest for TA of the hip with 3.842 EUR (Fig. 7).

Discussion

This study was designed to analyze DRG reimbursements
of elective total arthroplasty of hip and shoulder joint com-
pared to acute fracture interventions with regard to LOS,
OR time, implant and personnel costs.

Overall, fracture arthroplasty of the hip and shoulder
showed the highest DRG remuneration and estimated con-
tribution margins with 6.930 EUR and 5.833 EUR respec-
tively for cemented HA of femoral neck fractures as well as
9.050 EUR and 6.339 EUR respectively for rTSA of proxi-
mal humeral fractures.

However, it should first be noted critically for the clas-
sification of the results that in our study, more complex
cases with revenue-relevant secondary diagnoses and
higher-value DRGs were excluded in all groups to allow
better comparability of acute trauma patients and elective
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Table 6 Calculation personnel Hip

Personnel costs

Personnel costs Personnel costs total (EUR)

costs peripheral ward, ICU and Peripheral ward (EUR)  ICU (EUR) (Mean+SD)
total (peripheral ward+ICU) of (Mean+SD) (Mean+SD)
hip and shoulder interventions Nail fixation 2.046,74+1.021,44 138.28+599,87  2.185,02+1.319,58
Cemented HA 2.298,99+ 959,36 221,42+987,28 2.520,41+1.470,72
Cementless TA 1.461,72+508,46 0,00+0,00 1.461,72+ 508,46
Shoulder Personnel costs Personnnel costs  Personnel costs total (EUR)
Peripheral ward (EUR) ICU (EUR) (Mean+SD)
EUR Euro; HA herpi-arthro- . (Mean=SD) (Mean=SD)
P;?{;W ICU “t‘“t’nlswhe Cal‘;e unit; 70 king plate fixation  1.198,12%800,61 0,00+ 0,00 1.198,12+800,61
rind reverse total Showlder g A (Trauma) 2.065,90+ 1.089,06 170,58=436,90  2.236,48+1.208,50
arthroplasty; SD standard devia- )
tion; TA total arthroplasty ITSA (Elective) 958,06+ 214,58 0,000,00 958,06+214,58
Fig. 7 Contribution margins of
hip and shoulder interventions.
rTSA
€=FEUR (Trauma) 6.339 €
Cemented
SINGO - 5.833 €
fracture)
Nail fixa-
N « 5.570 €
fracture)
rTSA
*« 4839 €

osteoarthritis patients. The exclusion of these cases may
lead to an overestimation of the economic performance of
acute fracture interventions. Since more complex trauma
cases with higher PCCL values and DRG revenues, but also
very high overall treatment costs, account for a significant
portion of daily trauma care, our results do not comprehen-
sively reflect clinical practice.

At the hip, the ratios DRG reimbursement/OR time of
111 EUR/minute and DRG reimbursement/implant costs
of 15 EUR/EUR were highest for nail fixation of proximal
femoral fractures followed by HA with 79 EUR/minute and
9 EUR/EUR respectively. In fracture scenarios, nail osteo-
synthesis seems to be better reimbursed due to the lower
implant costs and shorter OR time compared to arthro-
plasty. The cost analysis of Liu et al. showed comparable
results with a higher cost-effectiveness of internal fixation
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(Elective)

Locking
plate
(Shoulder
fracture)

Cement-
less TA
(Hip osteo-
arthritis)

+ 3.842€

for femoral neck fractures compared to hemi-arthroplasty,
since total costs were lower [13, 14].

Our results showed that implant costs for hip and shoul-
der arthroplasty are much higher than for osteosynthetic
treatments. The DRG reimbursement regarding implant
costs was lowest for fracture and elective rTSA at the shoul-
der with 3 EUR/EUR and second lowest for elective TA at
the hip with 4 EUR/EUR. Implants represent a major cost
driver in arthroplasty, with prices varying considerably
internationally in recent years [1, 15]. Particularly in revi-
sion arthroplasty, certain complex procedures cannot be
performed cost-effectively due to the high implant costs,
as demonstrated by a cost-benefit analysis by Awwad et al.
using mega-prostheses [16].

Reverse shoulder arthroplasty is considered a cost-
intensive procedure for the treatment of proximal humeral
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fractures due to the high costs of prostheses. This is dem-
onstrated by a study by Rosas et al., who found in a cost
analysis of three standard surgical procedures for proximal
humeral fractures, that rTSA had the highest initial and total
treatment costs compared to hemiarthroplasty and plate
osteosynthesis [17]. Packer et al. analyzed the treatment
costs of rTSA for proximal humeral fractures and showed
that implant and personnel costs are the primary cost driv-
ers, with implants accounting for up to 40% of the total costs
[18]. However, Politzer et al. concluded that despite the
higher initial costs, reverse shoulder arthroplasty should be
considered for the treatment of complex proximal humeral
fractures, as it has similarly high total costs within the first
postoperative year as hemi-arthroplasty [19]. Further stud-
ies have shown that reverse shoulder replacement can be a
cost-effective strategy for fracture treatment in the long term
compared to plate osteosynthesis [20-23].

Despite the high implant costs, elective rTSA is also
considered a cost-effective arthroplasty procedure, as Bach-
man et al. demonstrated in a prospective study comparing
reverse shoulder arthroplasty and total hip arthroplasty in
osteoarthritis with regard to cost-effectiveness and quality
of life [24]. Coe et al. and Cregar et al. found similar con-
clusions by cost-effectiveness analyses of elective reverse
shoulder arthroplasty [25, 26].

Generally, surgical costs are largely influenced not only
by implant costs but also by personnel costs, which depend
on the OR time and the professional qualifications of the
staff. In our study, we calculated the highest overall surgical
costs 0f 4.100 EUR for rTSA in fracture scenarios due to the
highest implant and personnel costs. The lowest total surgi-
cal costs of 685 EUR we found for nail fixation of proximal
femoral fractures based on the lowest implant costs and the
shortest OR time, which further underlines the results men-
tioned above.

In terms of length of stay in the hospital, elective hip and
shoulder arthroplasty showed the highest DRG reimburse-
ments. For elective total hip arthroplasty, the DRG remu-
neration per day was 723 EUR with a mean LOS of 8 days.
Since patients with proximal femoral fractures had a LOS
up to 5 days longer, the DRG reimbursement for cemented
HA and nail osteosynthesis was approximately 200 EUR
per day lower. Compared to elective hip patients, patients
with proximal femoral fractures are usually older with many
comorbidities and longer lengths of stay, often in special-
ized geriatric trauma centers, which can lead to higher treat-
ment costs and revenue deficits for the hospitals [27, 28].
This is demonstrated by the results of Rohrer et al., who
found a correlation between longer LOS for multimorbid
orthopaedic patients and higher costs as well as revenue
losses in the Swiss DRG system [4].

For the shoulder, in our study the DRG remuneration per
day was even 1.641 EUR for elective rTSA with a mean
length of stay of five days versus 786 EUR for rTSA in
trauma cases with a much longer LOS of 12 days.

This confirms the data of Menendez et al., who found a
correlation between total treatment costs and length of stay,
but not with the operating time for reverse shoulder replace-
ment [29]. In addition, Rosas et al. showed by retrospective
cost analysis of shoulder arthroplasty that revenues are sig-
nificantly influenced by comorbidities, which affect length
of stay [30].

In the University Orthopaedic Trauma Department
examined in the present study, both acute trauma patients
and elective osteoarthritis patients are mobilized postop-
eratively through physiotherapy, and discharge goals are
defined depending on the general condition, home care situ-
ation and mobility status, including transfer to an orthope-
dic or geriatric rehabilitation clinic or discharge home. For
geriatric, frail patients, there is also a structured concept
involving geriatricians and acute geriatric early complex
treatment by an interdisciplinary team of specialized medi-
cal and nursing service and therapists within the framework
of a certified geriatric trauma center. The management of
postoperative care and mobilization generally has a signifi-
cant structural influence on the length of hospital stay and
thus on treatment costs, and should therefore be designed
as efficiently as possible, taking into account the patients’
clinical condition.

Due to the longer LOS of patients with proximal femoral
and proximal humeral fractures, the calculated total person-
nel costs for the ward in our study were highest with 2.520
EUR and 2.236 EUR compared to patients undergoing elec-
tive hip and shoulder arthroplasty with 1.462 EUR and 958
EUR respectively.

Despite the higher total ward personnel costs, our results
showed higher estimated contribution margins for acute
fracture interventions compared to elective arthroplasty
procedures, especially at the hip. However, these are merely
case-specific, approximately calculated contribution mar-
gins, which ultimately do not allow any conclusions about
the profitability of the department. Since structural costs,
such as emergency department infrastructure or the standby
capacity of the operating room and intensive care unit, were
not considered in the calculations in the present study, the
significance of the results regarding the overall structural
profitability of the clinic is limited.

To summarize, the classification of trauma cases with
fractures into higher-rated DRG case-based flat rates is
appropriate and justified, especially in older multimorbid
patients with longer length of stay and costly inpatient treat-
ment. Despite trauma cases seem to be better reimbursed,
there is a considerable higher effort with 24-hour availability
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of emergency room and operating room in trauma surgery
compared to elective orthopaedics, which can lead to a
financial burden for the hospitals [31]. Furthermore, the
above-mentioned fact that treatment of acutely injured and
more fragile patients is most likely more expensive com-
pared to elective orthopaedic patients justifies higher reim-
bursements in trauma and seems to be appreciated by the
aG-DRG system.

Limitations

This retrospective study is limited by several factors. First,
there was no financial analysis of total hospital costs pos-
sible due to the structure of cost recording at the University
Hospital with missing data of total treatment costs per case.
Therefore, personnel costs were calculated by model and
contribution margins were estimated. An assessment of the
cost coverage rate from the hospital’s perspective was not
possible. Another limitation is that personnel and implant
costs can vary between hospitals, influencing the total treat-
ment costs and the cost coverage rate. Furthermore, this
study is certainly limited regarding generalizability, as the
results are not universally applicable and the estimated con-
tribution margins are institution-specific outputs, not sys-
tem-level truths. Another limitation is the purely descriptive
statistical analysis without formal statistical comparisons,
which nevertheless allowed the extensive data set to be pre-
sented in an overview in terms of a health economic revenue
analysis.

Conclusion

Elective total arthroplasty of the hip and shoulder joint is
not generally more cost-effective in the current aG-DRG
system. Acute fracture-related surgical interventions at the
proximal femur and the proximal humerus seem to be better
reimbursed regarding OR time and implant costs, elective
total arthoplasty seems more profitable regarding LOS in the
hospital. Due to the high standby costs for the 24-hour avail-
ability of emergency room, intensive care unit and operat-
ing room capacity, traumatology can represent a financial
burden for the hospitals. The treatment of acutely injured
and often multimorbid patients is usually more complex and
costly compared to elective orthopaedic patients. Therefore,
a performance-based representation of treatments within the
aG-DRG system and the introduction of availability pay-
ment for traumatology planned as part of the German hos-
pital reform appear justified in order to reduce the economic
pressure on hospitals.

Author contributions K. H.: Data collection, Analysis, Writing — Orig-
inal Draft. M. K.: Surgical treatment of shoulder interventions, Writ-

@ Springer

ing - Review & Editing.F. B.: Surgical treatment of hip interventions,
Writing - Review & Editing.V. A.: Conceptualization, Study design,
Writing — Review & Editing.All authors read and approved the final
manuscript.

Funding Open Access funding enabled and organized by Projekt
DEAL.

Data availability The datasets generated and analyzed during the cur-
rent study are available from the corresponding author upon reason-
able request. Data are located in controlled access data storage at the
University Hospital Regensburg.

Declarations
Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.o
rg/licenses/by/4.0/.

References

1. Weiller M, Rosery H, Schonfelder T. Health Economic Aspects.
In: Blefl H-H, Kip M, editors. White Paper on Joint Replacement.
Status of Hip and Knee Arthroplasty Care in Germany. Berlin:
Springer; 2018. pp. 105-19.

2. Papanicolas I, McGuire A. Do financial incentives trump clinical
guidance? Hip Replacement in England and Scotland. J Health
Econ. 2015;44:25-36. https://doi.org/10.1016/j.healeco.2015.08.
001.

3. Clement RC, Soo AE, Kheir MM, Derman PB, Flynn DN, Levin
LS, Fleisher LA. What Incentives Are Created by Medicare Pay-
ments for Total Hip Arthroplasty? J Arthroplasty. 2016;31:69-72.
https://doi.org/10.1016/j.arth.2015. 09.054.

4. Rohrer F, Farokhnia A, N6tzli H, Haubitz F, Hermann T, Gahl B,
Limacher A, Briigger J. Profit-Influencing Factors in Orthopedic
Surgery: An Analysis of Costs and Reimbursements. Int J Envi-
ron Res Public Health. 2022;19:4325. https://doi.org/10.3390/ijer
ph19074325.

5. Agarwal N, To K, Khan W. Cost effectiveness analyses of total
hip arthroplasty for hip osteoarthritis: A PRISMA systematic
review. Int J Clin Pract. 2021;75:¢13806. https://doi.org/10.1111/
ijep.13806.

6. Kunkel ST, Sabatino MJ, Kang R, Jevsevar DS, Moschetti WE.
The Cost- Effectiveness of Total Hip Arthroplasty in Patients 80
Years of Age and Older. J Arthroplasty. 2018;33:1359—-67. https:/
/doi.org/10.1016/j.arth.2017.11.063.

7. Lavernia CJ, Iacobelli DA, Brooks L, Villa JM. The Cost-Utility
of Total Hip Arthroplasty: Earlier Intervention, Improved Eco-
nomics. J Arthroplasty. 2015;30:945-9. https://doi.org/10.1016/j.
arth.2014.12.028.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.healeco.2015.08.001
https://doi.org/10.1016/j.healeco.2015.08.001
https://doi.org/10.1016/j.arth.2015
https://doi.org/10.1016/j.arth.2015
https://doi.org/10.3390/ijerph19074325
https://doi.org/10.3390/ijerph19074325
https://doi.org/10.1111/ijcp.13806
https://doi.org/10.1111/ijcp.13806
https://doi.org/10.1016/j.arth.2017.11.063
https://doi.org/10.1016/j.arth.2017.11.063
https://doi.org/10.1016/j.arth.2014.12.028
https://doi.org/10.1016/j.arth.2014.12.028

Analysis of DRG remuneration of acute fracture procedures versus elective total arthroplasty for the German-...

Page 13 0f 13 142

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Vogl M, Wilkesmann R, Lausmann C, Plotz W. The impact of
preoperative patient characteristics on the cost-effectiveness of
total hip replacement: a cohort study. BMC Health Serv Res.
2014;14:342. https://doi.org/10.1186/1472-6963-14-342.

Nikkel LE, Fox EJ, Black KP, Davis C, Andersen L, Hollenbeak
CS. Impact of comorbidities on hospitalization costs following
hip fracture. J Bone Joint Surg Am. 2012;94:9-17. https://doi.org
/10.2106/JBJS.J.01077.

Aigner R, Hack J, Eschbach D, Ruchholtz S, Knobe M, Dodel R,
Buecking B. Is treatment of geriatric hip fracture patients cost-
covering? Results of a prospective study conducted at a German
University Hospital. Arch Orthop Trauma Surg. 2018;138:331-7.
https://doi.org/10.1007/s00402-017-2844-2.

Peng H-M, Xu Y, Ci P-W, Zhang J, Zhang B-Z, Weng X-SA. Sim-
ple Diagnosis-Related Groups-Based Reimbursement System Is
Cost Ineffective for Elderly Patients With Displaced Femoral
Neck Fracture Undergoing Hemiarthroplasty in Beijing. Front
Med. 2021;8:733206. https://doi.org/10.3389/fmed.2021.73320
6.

Hierl K, Schorer L, Alt V. How much does 1 min in the operating
room, 1 day on the intensive care unit and on the peripheral ward
cost? A health- economic model for calculating personnel costs in
a university orthopedic trauma surgery department. Unfallchirur-
gie. 2025https://doi.org/10.1007/s00113-025-01644-0.

Liu H, He L, Zhang G, Gong X, Li N. Comparison of total costs
between internal fixation and hemiarthroplasty for displaced fem-
oral neck fractures. J Orthop Sci. 2017;22:75-80. https://doi.org/
10.1016/j.jos.2016.08.015.

Liu H, Li N, Zhang X, He L, Li D, Li Y, Zhao G, Wu X. Inter-
nal fixation versus hemiarthroplasty for displaced femoral neck
fractures in the elderly: A cost-effectiveness analysis. Injury.
2020;51:1346-51. https://doi.org/10.1016/j.injury.2020.03.002.
Stargardt T. Health service costs in Europe: cost and reimburse-
ment of primary hip replacement in nine countries. Health Econ.
2008;17:9-20. https://doi.org/10.1002/hec.1328.

Awwad K, Gebert C, Dudda M, Hardes J, Streitbiirger A, Hanus-
richter Y, Wessling M. The Megaendoprosthesis in Revision
Arthroplasty — a Cost- revenue Analysis in the aG-DRG System.
Z Orthop Unfall. 2024;162:584-91. https://doi.org/10.1055/a-21
74-1439.

Rosas S, Kurowicki J, Yee T, Momoh E, Kalandiak SP, Levy JC.
Cost of Treatment for Proximal Humerus Fractures: An Acute
and 90-Day Cost Evaluation. J Long Term Eff Med Implants.
2018;28:173-9. https://doi.org/10.1615/JLongTermEffMedImpl
ants.2018027815.

Packer TW, Sabharwal S, Griffiths D, Reilly P. The financial bur-
den of reverse shoulder arthroplasty for proximal humerus frac-
tures. Bone Jt Open. 2020;1:731-6. https://doi.org/10.1302/2633
-1462.112.BJO-2020-0134.R1.

Politzer CS, Bala A, Seyler TM, Bolognesi MP, Garrigues GE.
Use and Cost of Reverse Shoulder Arthroplasty Versus Hemiar-
throplasty for Acute Proximal Humerus Fractures. Orthopedics.
2020;43:119-25. https://doi.org/10.3928/01477447-20200107-0
6.

Austin DC, Torchia MT, Tosteson ANA, Gitajn IL, Tapp SJ, Bell
J-E. The Cost- Effectiveness of Reverse Total Shoulder Arthro-
plasty Versus Open Reduction Internal Fixation for Proximal
Humerus Fractures in the Elderly. lowa Orthop J. 2020;40:20-9.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Bjerdal J, Fraser AN, Wagle TM, Kleven L, Lien OA, Eilertsen
L, Mader K, Apold H, Larsen LB, Madsen J-E, Fjalestad T. A
cost-effectiveness analysis of reverse total shoulder arthroplasty
compared with locking plates in the management of displaced
proximal humerus fractures in the elderly: the DelPhi trial. J
Shoulder Elb Surg. 2022;31:2187-95. https://doi.org/10.1016/jjs
¢.2022.05.022.

Khalik HA, Humphries B, Zoratti M, Axelrod D, Kruse C, Riste-
vski B, Rajaratnam K, Gardner M, Tarride J-E, Johal H. Reverse
Total Shoulder Arthroplasty Is The Most Cost-effective Treat-
ment Strategy for Proximal Humerus Fractures in Older Adults: A
Cost-utility Analysis. Clin Orthop Relat Res. 2022;480:2013-26.
https://doi.org/10.1097/CORR.0000000000002219.

Nwachukwu BU, Schairer WW, McCormick F, Dines DM, Craig
EV, Gulotta LV. Arthroplasty for the surgical management of
complex proximal humerus fractures in the elderly: a cost-utility
analysis. J Shoulder Elb Surg. 2016;25:704—13. https://doi.org/10
.1016/j.jse.2015.12.022.

Bachman D, Nyland J, Krupp R. Reverse-total shoulder arthro-
plasty cost- effectiveness: A quality-adjusted life years compari-
son with total hip arthroplasty. World J Orthop. 2016;7:123-7. ht
tps://doi.org/10.5312/wjo.v7.i2.

Coe MP, Greiwe RM, Joshi R, Snyder BM, Simpson L, Tosteson
ANA, Ahmad CS, Levine WN, Bell J-E. The cost-effectiveness
of reverse total shoulder arthroplasty compared with hemiar-
throplasty for rotator cuff tear arthropathy. J Shoulder Elb Surg.
2012;21:1278-88. https://doi.org/10.1016/j.jse.2011.10.

Cregar WM, Beletsky A, Cvetanovich GL, Feeley BT, Nicholson
GP, Verma NN. Cost-effectiveness analyses in shoulder arthro-
plasty: a critical review using the Quality of Health Economic
Studies (QHES) instrument. J Shoulder Elb Surg. 2021;30:1007—
17. https://doi.org/10.1016/j.js.2020.07.040.

Grace TR, Patterson JT, Tangtiphaiboontana J, Krogue JD, Vail
TP, Ward DT. Hip Fractures and the Bundle: A Cost Analysis of
Patients Undergoing Hip Arthroplasty for Femoral Neck Fracture
vs Degenerative Joint Disease. J Arthroplasty. 2018;33:1681-5. h
ttps://doi.org/10.1016/j.arth.2018.01.071.

Johnson DJ, Greenberg SE, Sathiyakumar V, Thakore R, Ehren-
feld JM, Obremskey WT, Sethi MK. Relationship between
the Charlson Comorbidity Index and cost of treating hip frac-
tures: implications for bundled payment. J Orthop Traumatol.
2015;16:209-13. https://doi.org/10.1007/s10195-015-0037-z.
Menendez ME, Lawler SM, Shaker J, Bassof NW, Warner JIP,
Jawa A. Time-Driven Activity-Based Costing to Identify Patients
Incurring High Inpatient Cost for Total Shoulder Arthroplasty. J
Bone Joint Surg Am. 2018;100:2050-6. https://doi.org/10.2106/]
BJS.18.00281.

Rosas S, Sabeh KG, Buller LT, Law TY, Kalandiak SP, Levy JC.
Comorbidity effects on shoulder arthroplasty costs analysis of a
nationwide private payer insurance data set. J Shoulder Elb Surg.
2017;26:216-21. https://doi.org/10.1016/j.jse.2016.11.044.
Taheri PA, Butz DA, Lottenberg L, Clawson A, Flint LM. The
cost of trauma center readiness. Am J Surg. 2004;187:7—13. https
://doi.org/10.1016/j.amjsurg.2003.06.002.

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/jjse.2022.05.022
https://doi.org/10.1016/jjse.2022.05.022
https://doi.org/10.1097/CORR.0000000000002219
https://doi.org/10.1097/CORR.0000000000002219
https://doi.org/10.1016/j.jse.2015.12.022
https://doi.org/10.1016/j.jse.2015.12.022
https://doi.org/10.5312/wjo.v7.i2
https://doi.org/10.5312/wjo.v7.i2
https://doi.org/10.1016/j.jse.2011.10
https://doi.org/10.1016/j.jse.2020.07.040
https://doi.org/10.1016/j.arth.2018.01.071
https://doi.org/10.1016/j.arth.2018.01.071
https://doi.org/10.1007/s10195-015-0037-z
https://doi.org/10.2106/JBJS.18.00281
https://doi.org/10.2106/JBJS.18.00281
https://doi.org/10.1016/j.jse.2016.11.044
https://doi.org/10.1016/j.amjsurg.2003.06.002
https://doi.org/10.1016/j.amjsurg.2003.06.002
https://doi.org/10.1186/1472-6963-14-342
https://doi.org/10.2106/JBJS.J.01077
https://doi.org/10.2106/JBJS.J.01077
https://doi.org/10.1007/s00402-017-2844-2
https://doi.org/10.1007/s00402-017-2844-2
https://doi.org/10.3389/fmed.2021.733206
https://doi.org/10.3389/fmed.2021.733206
https://doi.org/10.1007/s00113-025-01644-0
https://doi.org/10.1016/j.jos.2016.08.015
https://doi.org/10.1016/j.jos.2016.08.015
https://doi.org/10.1016/j.injury.2020.03.002
https://doi.org/10.1002/hec.1328
https://doi.org/10.1055/a-2174-1439
https://doi.org/10.1055/a-2174-1439
https://doi.org/10.1615/JLongTermEffMedImplants.2018027815
https://doi.org/10.1615/JLongTermEffMedImplants.2018027815
https://doi.org/10.1302/2633-1462.112.BJO-2020-0134.R1
https://doi.org/10.1302/2633-1462.112.BJO-2020-0134.R1
https://doi.org/10.3928/01477447-20200107-06
https://doi.org/10.3928/01477447-20200107-06

	﻿Analysis of DRG remuneration of acute fracture procedures versus elective total arthroplasty for the German health care system – Is elective total arthroplasty really more cost-effective?
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Data collection
	﻿Hip
	﻿Shoulder
	﻿Statistical analysis
	﻿Clinical data
	﻿Billing data
	﻿Calculation of ratios
	﻿Calculation of costs and contribution margins
	﻿Personnel costs
	﻿Calculation of OR personnel costs
	﻿Calculation of personnel costs for ICU and peripheral ward
	﻿Surgical costs
	﻿Contribution margins


	﻿Results


