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Summary

Approximately half of all hospitals in Germany per-
form primary hip and knee arthroplasty. Sympto-
matic osteoarthritis is the cause of 80 % of primary 
hip replacements and 96 % of primary knee replace-
ments. In accordance with mandatory external quali-
ty assurance measures for hospitals, an increase in 
the documentation of appropriate indications has 
been observed for a growing proportion of patients 
over the last few years and reached 96 % for both 
types of surgery in 2014. A limiting factor, however, 
is that some of the relevant indication criteria do not 
yet exist in a standardized or evidence-based format. 
Hip and knee replacements are amongst the most 
commonly performed inpatient procedures. Patients 
who undergo primary hip or knee replacement 
 account for approximately 2 % of all full-time inpa-
tients. Over the past years, the length of hospital stay 
for arthroplasty patients has been declining continu-
ously with a greater decline relative to the average 
length of stay for all other types of hospital treat-
ments. In 2014, the average length of stay was ap-
proximately 11.8 days and 10.6 days for total hip and 
for total knee arthroplasty respectively. Surgical com-
plications during inpatient stays for primary arthro-
plasty have been declining for years and are now in 
the lower single-digit percentage range. Routine 
statutory  health insurance data between 2005 and 
2006 show that that 3.5 % of primary hip arthroplasty 
patients and 3.8 % of primary knee arthroplasty 
 patients underwent premature revision total replace-
ment within the first 2 years after surgery. The risk of 
complications from endoprosthetic surgery depends 
on numerous factors. Influencing factors include the 
implant itself and the type surgery performed 
(includ ing the surgeon’s experience, surgical tech-
niques, the duration of surgery, etc.), the patient’s 
medical characteristics (concomitant diseases, com-
pliance, etc.) as well as the type of rehabilitation care 
and ambulatory follow-up care. To date, no relevant 
data on service lives and influencing factors have 
been systematically collected in Germany. However, 
this is expected to change thanks to the German 
 arthroplasty registry »Endoprothesenregister 
Deutschland« which was established in 2011.  Reha-
bilitation treatment should start soon after surgery 
and in the majority of cases this is commenced a few 
days after discharge from hospital. However, due to 

shorter lengths of hospital stays, patients in rehabili-
tation clinics have greater care requirements. Older 
multimorbid patients in particular, require targeted 
geriatric, interdisciplinary care. Surveys carried out 
on statutory health insurees have indicated that 
most patients show a significant reduction in symp-
toms after surgery and that this is still the case even 
5 years after surgery. In addition, a large majority of 
patients are satisfied with the procedure. These ef-
fects are more pronounced in hip surgery patients 
than in patients who have undergone knee replace-
ments. The vast majority of patients return to work 
following the procedure.

Quality of care cannot be ascribed to an implant 
alone as a number of other factors need to be taken 
into consideration. To a greater degree, the entire 
ambulatory medical care chain, including medical 
care before admission into hospital, acute care, fol-
low-up care and rehabilitation, are crucial to the 
quality of care. Nationwide quality initiatives in 
Germany aim at improving the transparency and 
analysis of medical services as well as improving the 
quality in the provision of care. The following chap-
ter describes the chain of care and quality aspects of 
care. 

3.1 Basis of the Study 

Illustrations of the use and quality aspects of re-
placement surgery in Germany are founded on nu-
merous expert reviews and reports, as well as on 
different data sources. The expert reviews refer to 
three data sources: 
1. Data based on § 21 of the German Hospital Re-

muneration Law. 
2. Routine data from individual statutory health 

insurances. 
3. Routine data on the prevalence of all reported 

procedures according to the German proce-
dure classification »Operationen- und Proze-
durenschlüssel (OPS)« compiled by the Federal 
Statistical Office of Germany.

On the whole, different primary and secondary data 
studies based on the volume and quality of care exist 
(. Tab. 3.1). 
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3.2 Ambulatory Care

Different groups of specialist physicians are 
 involved in the ambulatory care of patients who 
have undergone hip and knee replacements. The 
chain of care comprises primary care physicians 
(general practitioners and internists working as 
primary care physicians), orthopedic and trauma 
surgery specialists in as well as radiologists. Physio-

 .  Tab. 3.1 Overview of selected publications, focusing on case numbers and database analysis of hip and knee 
 arthroplasty

Author Publication Analysis topic Sample Period Focus 

AQUA 
Institute 

Bundesaus-
wertungen

Hip and knee 
endoprostheses

Accounting data acc. to 
§ 301 Volume V of the Ger-
man Social Security Code

2009–2014 Quality indicators 

AQUA 
Institute

Hüftendopro-
thesenversorgung 
Abschlussbericht

Hip endo-
prostheses

Settlement data acc. to 
§ 301 Volume V German 
Social Security Code

2004–2010 Development of 
quality indicators 

AQUA 
Institute

Knieendoprothe-
senversorgung 
Abschlussbericht

Knee endo-
prostheses

Accounting data acc. to 
§ 301 Volume V German 
Social Security Code

2004–2010 Development of 
quality indicators 

Barmer 
GEK

Barmer GEK Kran-
kenhaus-Report 
2010

Hip and knee 
endoprostheses

SHI routine data, patient 
survey approx. 8 million 
patients

2003–2009 Case number 
development 

Braun hkk-Gesund-
heitsreport 2013

Hip and knee 
endoprostheses

hkk routine data; Federal 
Statistical Office data

2008– 2012/ 
2006–2011

Development of 
revision surgery 
over time; services 
associated with 
joint replacements 

Haas 
et al.

EndoCert®-Zerti fi-
zierung von endo-
prothetischen 
Zen tren in 
Deutsch land 2013

Hip and knee 
endoprostheses

Federal Statistical Office 
data

2004–2010 Factors influenc-
ing the quality of 
care 

Lüring 
et al.

Report der 
DGOOC/Bertels-
mann Stiftung 
2013

Knee endopros-
theses

AOK routine data; approx. 
25 million insurees

2005–2011 Regional differ-
ences 

Raben-
berg

Robert Koch 
Institut, Arthrose 
2013

Hip and knee 
endoprostheses

Federal Statistical Office 
data (in addition to GEK 
and AOK)

2010 Endoprostheses 
prevalence (case 
number develop-
ment) 

Schäfer 
et al.

Krankenhaus 
Report 2012

Hip and knee 
endoprostheses

AOK routine data; approx. 
25 million insurees

 2005–2009 Regional differ-
ences 

Source: IGES – own presentation 

therapists and occupational therapists are also in-
volved. 

The indication for joint replacement surgery is 
made by specialists in orthopedics and trauma sur-
gery, based on clinical and radiological criteria that 
take into consideration the related benefits and risks 
(Section 1.2). 

Usually, patients suffering from arthrosis have 
been in ambulatory medical care for years before a 
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hip or knee replacement becomes necessary. Con-
servative arthrosis therapy comprises the use of 
 therapeutic products and medical aids (. Fig. 3.1) as 
well as pain management drugs (AWMF 2009a, b). 

In many cases, joint replacement constitutes the 
primary treatment of femoral neck fractures. In 
contrast to the case of osteoarthritis, surgical care 
here is urgent (acute), i.e. should take place shortly 
after the event as otherwise an imminent and con-
siderable deterioration of the patient’s state of health 
is to be expected (Claes et al. 2012). 

. Tab. 3.2 shows the use of ambulatory treat-
ment of  statutory health insurance patients prior to 
joint replacement for the period 2003 to 2009. Ac-
cording to patient reports, e.g. 74 to 85 % of patients 
who received a hip or knee joint replacement had 
taken medication for joint pain prior to surgery 
(Barmer GEK 2010). 

An analysis of routine data from the SHI Han-
delskrankenkasse (hkk) found that ambulatory ser-
vices prior to joint replacement surgery accounted 
for around two thirds of all ambulatory services (i.e. 
pre- and postoperative, for 6 months each). This was 
the case for both total hip and total knee arthroplas-
ty (Braun 2013).

Owing to the remuneration and  visiting con-
sultant system, the orthopedic specialist who treat-
ed the patient in ambulatory care and who made the 
recommendation for surgical inpatient care has the 
option of performing the surgery. 

Visiting consultants with admission privileges 
are »(...) statutory health insurance physicians who 
are not employed by the hospital and are entitled to 
treat their patients in hospital as inpatients or day-
care patients using the services, facilities and mate-
rials available without receiving any remuneration 
from the hospital (§ 121 [2] Volume V German So-
cial Security Code). Fee-based physicians are also 
not employed by the hospital but make their servic-
es available to the hospital for a fee. 

The number of cases of hip joint replacements 
and revisions (including partial replacements) and 
knee joint replacements in visiting consultant wards 
are declining (. Fig. 3.2). 

 . Fig. 3.1 Factors of conservative, non-drug treatment of 
osteoarthritis. (Source: IGES – Claes et al. 2012 and Wirtz 
2011) 

Physiotherapy
e. g. (conventional)
movement therapy

Physical therapy
e. g. massages, cold and

heat therapy

Occupational therapy
e. g. information on

appropriate joint 
protection

Orthopedic aids
e. g. walking aids, 
orthopedic show 
finishings/insoles

 .  Tab. 3.2 Annual patient use of ambulatory treatment services prior to joint replacement (questionnaire survey)

Joint Hip Knee

Population Barmer GEK insurees 

Evaluation period 2003 (n = 555) 2009 (n = 1,080) 2003 (n = 301) 2009 (n = 940) 

Pain management 
with drugs

76.4% 74.1% 82.4% 85.0% 

Physiotherapy 50.6% 46.4% 39.5% 40.2% 

Massage 19.8% 14.3% 14.6% 12.3% 

Physical therapy 20.0% 13.4% 17.6%  9.3% 

Source: IGES – Barmer GEK 2010 
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3.3 Inpatient Care 

3.3.1 Primary Arthroplasty 

Capacity of care, proximity to domicile and 

waiting times 

Hip and knee joint replacements rank amongst the 
most common procedures performed in the inpa-
tient care sector. According to 2013 DRG statistics, 
out of a total of 18,531,819 patients in inpatient care, 
approximately 2% of these underwent primary hip 
and knee joint replacements (Destatis 2014). 

The AQUA Institute conducted a national »Ex-
ternal Quality Assurance for Inpatient Care« assess-
ment for elective primary  total hip arthroplasty 
(THA), recorded 1,075 hospitals performing prima-
ry THA (AQUA-Institut 2013a). 1,031 hospitals 
performed primary  total knee arthroplasty (TKA) 
(AQUA-Institut 2013c). In total, more than half of 
all German hospitals performed primary hip or 
knee joint replacement surgery in 2013 (Destatis 
2015a). Between 2009 and 2013, there was a decline 
in the number of hospitals that performed total hip 

arthroplasty. It must be noted, however, that there 
was a decline in the overall number of hospitals as 
well (. Tab. 3.3). 

Between 2009 and 2010, the number of hospitals 
that performed primary TKA increased slightly, af-
ter which it remained relatively steady until 2013 
(AQUA-Institut 2012c, 2013c, 2014c, 2015d, 2010c, 
2014c). The percentage of centers performing endo-
prosthetic surgery in relation to the total number of 
hospitals increased from 49.0 % to 51.7 %. 

In 2014, the method used to count hospitals for 
inpatient quality care assurance purposes changed, 
whereby additional locations of each hospital were 
also included in the count. Hence, as of 2014, the 
number of recorded hospitals performing THA re-
placement surgery increased to 1,229 hospitals 
(AQUA-Institut 2015b) and to 1,160 hospitals per-
forming TKA (AQUA-Institut 2015d). 

A study evaluated the distance patients traveled 
to hospitals for hip joint replacements (OPS 5-820, 
including partial prostheses), for both elective sur-
gery and emergency treatment, based on data from 
hospital cases of 71,870 AOK insurees in 2006 (Fried-

 . Fig. 3.2 Number of cases of the most common DRGs for hip and knee joint replacements in visiting consultant wards, 
 patients with normal length of stays, 2006–2013. (Source: IGES – InEK 2015) 
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rich and Beivers 2009). The average distance to the 
service-providing hospitals was 17.6 kilometers 
(elective surgery 19.7 km, emergency procedures 
12.4 km). A total of 41% of the patients had the pro-
cedure performed in the hospital closest to their 
domicile (elective surgery 34.3 %, emergency pro-
cedures 56.8 %). Older patients in particular were 
treated close to their homes and had the lowest av-
erage travel distances. For elective surgery, the pa-
tient travel distances in rural areas were the longest. 
Moreover, patients in urban areas often did not 
choose the nearest hospital. On the whole, the study 
results indicate that hospital care close to the domi-
cile of the patient becomes more important with 
increasing age. Hospitals located further away are 
particularly chosen for specific elective surgery. 
These are usually smaller establishments specialized 
in performing specific procedures (Friedrich and 
Beivers 2009). 

Waiting times for surgery are not systematically 
recorded in Germany (Finkenstädt and Niehaus 
2013). A telephone survey conducted in 2010 by the 
American foundation »Commonwealth Fund« 
found that patients in Germany have a waiting time 
of 4 months at most for elective surgery (of any 
kind). 78 % of those surveyed had this surgery per-
formed within one month (The Commonwealth 
Fund 2010).

Overviews of health economic data show broad 
spans of waiting times for hip joint replacements. In 
2008, the waiting time in Germany and Austria was 

between 1 month and 12 months. In Switzerland, 
the waiting period was between less than 1 month 
and 6 months, and in Great Britain approximately 8 
months (Effenberger et al. 2008). 

More up-to-date data on waiting times, provi-
sion of care close to the patient’s domicile and wait-
ing times specifically for patients with indications 
for knee replacements could not be sourced. Over-
all, the decision with regard to waiting times for hip 
or knee joint replacements must take into consider-
ation minimizing the time the patient has to live 
with diminished quality of life and avoiding revision 
surgery over their lifetime and/or an as long as pos-
sible service life of the endoprosthesis. Additionally, 
study results suggest that a realistic waiting period 
as well as regular and transparent communication 
during the waiting period have a positive influence 
on patient satisfaction with regard to waiting times 
(Conner-Spady 2011). 

 jIndication (underlying disease) 

Symptomatic osteoarthritis constitutes the most 
common underlying disease in patients who are ad-
mitted to hospital for hip or knee joint replace-
ments. A study based on routine data from a statu-
tory health insurance fund found that osteoarthritis 
of the hip joint accounted for 80.1% of all proce-
dures and osteoarthritis of the knee joint accounted 
for 96 % (. Tab. 3.4). Femoral neck fractures consti-
tuted 12.5 % of all indications for hip joint replace-
ments (Barmer GEK 2010). 

 .  Tab. 3.3 Total number of hospitals in Germany, centers that performed hip and knee joint replacements, and per-
centage of hospitals performing endoprosthetic surgery 2009–2014 

2009 2010 2011 2012 2013 

Number of hospitals in Germany1) 2,084 2,064 2,045 2,017 1,996 

Number of hospitals that performed primary THA2) 1,156 1,149 1,112 1,091 1,075 

Proportion of hospitals that perform THA out of all 
hospitals in Germany1), 2) 

55.5%  55.7% 54.4% 54.1% 53.9% 

Number of hospitals that performed primary TKA3) 1,022 1,036 1,030 1,033 1,031 

Proportion of hospitals that perform TKA out of all 
hospitals in Germany1), 3) 

49.0% 50.2% 50.4% 51.2% 51.7%

Source: IGES calculations – 1) Destatis 2015a, 2) AQUA-Institut 2010b, 2011b, 2012a, 2013a, 2014a, 3) 2010c, 2011c, 
2012c, 2013c, 2014c 
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However, with the patients« increasing age, an 
increase in the percentage of hip joint replacements 
due to fractures can be observed. In the 65 to 74 
years age group, femoral neck fractures were the 
surgical indication for hip joint replacement in 8.6% 
of cases and in the 75 to 84 years age group femoral 
neck fractures accounted for 26.8%. In addition, it 
was found that 66.1 % of those receiving hip joint 
replacements due to femoral neck fractures were 
over the age of 85 (Barmer GEK 2010) (. Fig. 3.3). 

 jComorbidity and perioperative risk 

The most common  concomitant diseases of patients 
undergoing hip or knee joint replacement were de-
termined by several studies based on administrative 
data from  statutory health insurances (. Tab. 3.5). 

The studies showed that patients with hip or knee 
replacements suffered from diseases such as diabe-
tes mellitus and heart failure, which are particularly 
common at an older age (RKE 2015). 

In the survey for TKA care documented in the 
»2010 Barmer GEK Hospital Report« (Barmer GEK 
Krankenhaus-Report 2010), 46.5 % (initial survey 
2009) and 56.6 % (follow-up survey 2009) of pa-
tients reported suffering from at least one concom-
itant disease. Amongst the patients with THA, 
39.8 % (initial survey 2009) and 50.2 % (follow-up 
survey 2009) suffered from at least one concomitant 
disease. The prevalence of individual concomitant 
diseases was comparable for patients with THA and 
TKA (Barmer GEK 2010). 

Each surgical procedure involves certain risks 
that are not only related to the operation itself but also 
the required anesthesia. These added risks prevail for 
the duration of the surgery as well as for a certain 
period subsequent to the surgery (perioperative com-

 .  Tab. 3.4 Frequency of treatment diagnosis for hip 
or knee joint replacements (primary replacement) 
amongst statutory health insurees (Barmer GEK, 
2007–2009) 

Diagnosis Description Percentage 

Hip 

M16 Osteoarthritis of hip 80.1% 

S72 Fracture of femur 12.5% 

M87  Osteonecrosis  3.1% 

T84 Complications of inter-
nal orthopedic pros-
thetic devices 

 2.1% 

M Other diseases of the 
musculoskeletal system 

 1.0% 

C Malignant neoplasms  0.5% 

Other diagnoses 0.6% 

Knee 

M17 Osteoarthritis of knee 96.0% 

T84 Complications of inter-
nal orthopedic pros-
thetic devices 

 2.0% 

M Other diseases of the 
musculoskeletal system 

 1.6% 

Other diagnoses  0.3% 

Source: IGES – Barmer GEK 2010

 .  Tab. 3.5 Examples of common concomitant dis-
eases of hip and knee joint replacement patients 
(n = 149,717) 

Concomitant disease Prevalence

Diabetes mellitus 16.0% 

Heart failure  7.7% 

Chronic renal failure  5.9% 

COPD  5.2%

Asthma  1.9% 

Arteriosclerosis  1.7% 

Malignant neoplasms  1.0% 

Acute renal failure  0.4% 

Barmer GEK (2010), Initial 
survey 2009 

Hip
(n = 1,120) 

Knee
(n = 1,033) 

Diabetes mellitus 10% 12.7% 

Cancer excluding leukemia  9%  8.6% 

COPD  7.7%  8.7%

Stomach ulcer  7.6%  9.9% 

Heart failure  7.1% 10.2% 

Source: IGES – Barmer GEK 2010; Jeschke and Günster 
2014 
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plication risk). Amongst other things, surgical risk 
depends on the extent of the surgery, the expected 
duration, anatomical conditions, blood loss and pa-
tient positioning. Anesthetic risk is described as the 
risk associated with the anesthetic method applied. 
For elective surgery in particular, the benefits must be 
carefully weighed against the risks of the surgery and 
anesthesia (Claes et al. 2012; Wirtz 2011). 

Furthermore, the comorbidity of patients who 
undergo endoprosthetic surgery constitutes a signi-
ficant influencing factor for the overall risk associ-
ated with the procedure (Singh 2013, Lau 2016). 
The American Society of Anesthesiology classifica-

tion (ASA classification system) has been used to 
estimate patients« perioperative risks for a long 
time. The treating anesthetist documents the ASA 
classification during premedication, based on the 
American Society of Anesthesiology (ASA) classifi-
cation requirements. The ASA classification groups 
patients into up to six classes (7 Chapter 1). Pa-
tients« ASA classifications were also included in the 
external quality assurance conducted by the AQUA 
Institute (AQUA-Institut 2015d). The majority of 
patients were assigned to ASA class 2 (with mild 
systemic disease) or class 3 (with severe systemic 
disease and functional limitations) (. Tab. 3.6). 
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 . Fig. 3.3 Age distribution of femoral neck fractures (S72) treated with hip joint replacements (Source: IGES – 
Barmer GEK 2010) 

 .  Tab. 3.6 ASA classification for primary THA (n = 160,559) and TKA (n = 130,802) (2014) documented for External 
Quality Assurance for Inpatient Care  

ASA Description THA classification [%] TKA classification [%] 

ASA 1 A normal, healthy patient 8.4 5.5

ASA 2 A patient with mild systemic disease 61.3 61.1

ASA 3 A patient with severe systemic disease and functional 
limitations  

29.8 33.0

ASA 4 A patient with severe systemic disease that is a 
 constant threat to life  

0.5 0.4

ASA 5 A moribund patient  0.01 0.01

ASA = American Society of Anesthesiology
Source: IGES – AQUA-Institut 2015b and AQUA-Institut 2015d 
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This seems plausible in view of the fact that only 
healthy patients are classified into ASA 1 and pa-
tients who undergo hip or knee joint replacement 
already have an underlying symptomatic disease. 
Over the period 2009 to 2014, the distribution of the 
documented patient population within the ASA 
classifications remained almost constant (AQ-
UA-Institut 2010b, c, 2011b, c, 2012a, c, 2013a, c, 
2014a, c, 2015b, d). 

A limiting factor, however, is that the ASA clas-
sification has been subject to strong criticism for 
several decades. One particular point of criticism is 
the lack of distinct criteria for classifying patients 
into the ASA categories. This especially affects ASA 
classes 2 and 3, to which most patients are assigned. 
Study results suggest that the allocation to a given 
ASA class is often undertaken subjectively and phy-
sicians’ evaluations often differ in this respect (Shah 
et al. 2013). In addition, the ASA classification is 
hardly relevant to later patient pathways. 

In contrast, specific comorbidities or clinical 
parameters, such as blood sugar values, tachypnea 
and lack of sinus rhythm, are of much higher impor-
tance for clinical decision-making and periopera-
tive risk assessment. With regard to the long-term 
complication risks and/or the long-term success of 
treatment following endoprosthetic surgery, other 
specific concomitant diseases seem to have a signif-
icant influence. For example, it was demonstrated 
that obesity, diabetes mellitus and hyperglycemia 
are associated with an increased risk of joint inflam-
mation during the first post-operative year (Jämsen 
et al. 2012). 

On the whole, studies suggest that using scores 
which enable differentiated and objective assess-
ments of a patient’s general comorbidity, such as the 
Charlson Comorbidity Score (Charlson et al. 1987), 
enable good predictions of postoperative mortality 
and morbidity (Singh et al. 2013, Lau et al. 2016). 

In addition, analyses of mortality after endo-
prosthetic surgery do exist. Based on Barmer GEK 
routine data, patients who received primary joint 
replacements were identified and analyzed with re-
gard to cases of death (Barmer GEK 2010). The 
study shows that 1.0 % of patients who underwent a 
hip joint replacement died during the inpatient stay. 
4.3 % of the patients died within 365 days after dis-
charge from hospital, but distinct differences in the 

underlying diseases were observed. 21.4% of pa-
tients with a femoral fracture died within one year 
after discharge from hospital. In contrast, only 0.7 % 
of the patients with osteoarthritis of the hip died 
within one year after discharge from hospital (Bar-
mer GEK 2010). 

An inpatient mortality of 0.1% was observed in 
patients who had undergone knee joint replace-
ments. 1.3 % of the patients died within one year 
after discharge from hospital. In individual sub pop-
ulations, hardly any differences could be identified 
with regard to mortality (Barmer GEK 2010). 

 jSurgical procedures 

Jaschinski et al. (2014) conducted a nationwide sur-
vey in Germany on elective total hip and knee 
 arthroplasty based on data from hospitals that re-
corded a minimum of 100 primary operations in 
their 2010 quality reports. Chief physicians from 
694 orthopedics/trauma surgery departments and 
the respective anesthetists were contacted in writing 
with the aim of gaining insight into treatment pro-
cesses and medical approaches as well as obtaining 
suggestions for optimizing care. 31.8 % of the hos-
pitals contacted responded. 303 questionnaires 
from 221 hospitals were statistically evaluated, 
based on which the authors concluded that the 
study was representative (Jaschinski et al. 2014). 

50% of the surgery was performed by the chief 
physicians, 40% by senior physicians and approxi-
mately 10% by other physicians in senior positions 
(heads of division, lead physicians, assistant physi-
cians) on the day of admission or no later than one 
day after admission (Jaschinski et al. 2014). Other 
study results show that the duration of surgery was 
on average 75 minutes (hip) or 85 minutes (knee) 
(AQUA-Institut 2012a, c, 2013a, c, 2014a, c, 2010b, 
c, 2011b, c). Postoperative pain management and 
perioperative antibiotic prophylaxis were docu-
mented for almost all patients (. Tab. 3.7; Jaschinski 
et al. 2014; AQUA-Institut 2012a, c, 2013a, c, 2014a, 
c, 2010b, c, 2011b, c). 

 j Length of stay

According to a nationwide analysis conducted in 
Germany by the AQUA Institute, the length of stay 
and the length of postoperative stay for primary 
THA and TKA surgery have been declining for 



50 Chapter 3 · Status of Healthcare 

3

years. In Germany, the average length of stay for a 
patient who has undergone a hip or knee replace-
ment is about 5 days longer than that of a patient 
admitted to hospital for other reasons. From 2009 to 

2013, the length of stay for THA and TKA showed a 
greater decline than the average  length of stay for all 
other types of hospital treatment in Germany 
(. Fig. 3.4 and . Fig. 3.5). 

 jDischarge from hospital 

The AQUA Institute’s External Quality Assurance 
for Inpatient Care assessment examines quality in-
dicators for treatment (nationwide). One of the pre-
determined quality goals for at the time of hospital 
discharge is that 80% of the primary TKA patients 
are able to bend the knee joint by >90° in addition 
to being able to fully stretch it. In addition, two pa-
rameters for patient independence were examined: 
independent walking and autonomous daily hy-
giene (AQUA-Institut 2015d). 

With regard to the ability to walk, it was ob-
served in 2014 that after TKA 99.5 % of the patients 
were able to walk independently upon discharge 
(AQUA-Institut 2015d). Of the 0.4 % of patients 
who were unable to walk independently upon dis-
charge, 56.6 % had been able to walk independently 
prior to the surgery. 

In addition, the data shows that 99.4 % of pa-
tients were able to perform their daily hygiene rou-
tine independently upon discharge. Of the 0.5 % of 
patients who were unable to carry out their daily 
hygiene routine independently upon discharge, 
48.8 % had been able to do so prior to surgery 
(AQUA-Institut 2015d). 

The reported ability to walk independently and 
to perform a daily hygiene routine upon discharge 
only fluctuated slightly over the past few years 
(AQUA-Institut 2012a, 2013a, 2014a, b, 2010b, 
2011b). 

A current survey of  rehabilitation hospitals in 
North Rhine-Westphalia found that the percentage 
of patients who were unable to care for themselves 
independently was significantly higher: Only 20.4 % 
of the patients who had undergone TKA were able 
to walk on admission (> 50 m), 17 % were able to 
bend the operated knee by > 90°and a further 63 % 
of the patients by between 70° to 90° (Quack 2015). 

The specific location into which a patient is dis-
charged following his/her inpatient stay for primary 
THA can be identified based on the »Reason for 
discharge« documented in the External Quality As-
surance for Inpatient Care assessment. Two main 

 .  Tab. 3.7 Description of inpatient care for THA and 
TKA

Description THA (per-

centage of 

patients) 

TKA (per-

centage of 

patients) 

Jaschinski et al. (2014) 

Surgery on day of 
 admission 

16% 17% 

Surgery one day after 
admission 

84% 83% 

Drainage of the surgical 
site 

93% 94% 

Removal of drain on the 
second postoperative day 

80% 83% 

Pain management: 

- Opiates 97% 91% 

- NSA 85% 85% 

- COX-2 inhibitors 60% 58% 

- Paracetamol 20% 19% 

- Epidural catheter 10% 12% 

- Peripheral nerve blocks 30% 91% 

- Cooling  0% 37% 

AQUA-Institut 2014 

Medium duration of 
surgery 

74.5 min 85.2 min 

Use of special navigation 
systems 

 1.3% 10% 

Perioperative antibiotic 
prophylaxis 

99.7% 99.7% 

Application of minimally 
invasive surgical 
 techniques 

13.9%  1.8% 

Application of surgery 
robots 

1 case 4 cases 

Source: IGES – AQUA-Institut (2012c, 2013c, 2014c, 
2015d, 2010c, 2014c) 
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discharge scenarios exist. In 2014, »Normal termi-
nation of treatment« was the reason provided for 
47.3 % of patients and »Discharge into in a rehabil-
itation establishment for follow-up care« for 48.3 % 
of the patients. This shows that about half the pa-
tients are transferred directly into rehabilitation 
 follow-up care and almost the same number of pa-

tients is initially discharged into their home envi-
ronment. This distribution of figures had been sim-
ilar in the previous years (AQUA-Institut 2012a, 
2013a, 2014a, b, 2010b, 2011b). 

The AQUA evaluation results are in accordance 
with the 2010 Barmer GEK Hospital Report survey 
results. Amongst the patients who received a new 
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 . Fig. 3.4 Length of stay for THA and in general in Germany, in days (2009–2014). (Source: IGES – AQUA-Institut 2012a, 
2013a, 2014a, 2014b, 2010b, 2011b and Destatis 2015a) 
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hip joint in 2008/2009 and who were interviewed in 
2009, 48.5 % were transferred directly into a rehabil-
itation establishment upon discharge. 11.5 % were 
discharged into a home environment and 39.1 % 
initially went home and subsequently into a rehabil-
itation hospital (Barmer GEK 2010). 

According to AQUA Institute data based on dis-
charge after primary TKA in 2014, treatment of 
50.2 % of patients was terminated normally, i.e. they 
were discharged to return home. 45.8 % of the pa-
tients were discharged directly into a rehabilitation 
facility. Further reasons for discharge were the nor-
mal termination of treatment with planned fol-
low-up care (2.2 %), transfer to another hospital 
(1.1 %) and discharge to a care establishment (0.2 %) 
(AQUA-Institut 2015d). 

The AQUA evaluation results are also con-
firmed by the 2010 Barmer GEK Hospital Report 
study results (Barmer GEK 2010). 48.2 % of the pa-
tients who underwent TKA in 2008/2009 were 
transferred directly into a rehabilitation hospital 
upon discharge. 41.7 % of the patients initially went 
home and were admitted into a rehabilitation hos-
pital later. The remaining patients were discharged 
to return home or into another establishment. 

An analysis conducted by the statutory pension 
insurance DRV Bund elucidates that about half of 
THA patients and over a third of all TKA patients 
were transferred straight into a rehabilitation hospi-
tal after surgery (. Fig. 3.6 and . Fig. 3.7). 

In the 2010 Barmer GEK Hospital Report, pa-
tient surveys from 2004 and 2009 also provide data 
on the frequency of  follow-up rehabilitation care. In 
the initial interview in 2009, 88.6 % of all primary 
hip or knee arthroplasty patients reported having 
undergone  rehabilitation treatment. Amongst pa-
tients who had received revision surgery, the per-
centage was 75.6 %. In the initial 2004 survey, the 
values were markedly closer together (88.9 % vs. 
85.7 % respectively). This report also does not pro-
vide information on whether all the surveyed pa-
tients were capable of undergoing rehabilitation and 
required it, so it is not apparent as to why post- 
operative rehabilitation did not take place. 

From these different datasets, it can be conclud-
ed that not all patients actually receive follow-up 
rehabilitation, and not all patients are transferred 
from acute hospital treatment to a rehabilitation 

46.7%

24.4%

14.5%

14.4%

Immediate transfer (admitted on the same day) 
Early transfer (1 to 4 days)
Late transfer (5 to 14 days)
Not specified

 . Fig. 3.6 Time between hospital discharge and admission 
to a rehabilitation hospital following THA (2007). (Source: 
IGES – Deutsche Rentenversicherung Bund 2010) 

 . Fig. 3.7 Time between hospital discharge and admission 
to a rehabilitation hospital following TKA (2007). (Source: 
IGES – Deutsche Rentenversicherung Bund 2010) 
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hospital »As soon as possible after achieving early 
mobilization« (Deutsche Rentenversicherung Bund 
2009). 

After the introduction of DRGs in 2003, the 
length of stay in acute-care hospitals reduced signif-
icantly. The »REhabilitation und DIAgnosis Related 
Groups« study (REDIA-Studie), a prospective, mul-
ti-center, randomized, long-term study, investigated 
the effects of introducing DRGs into acute care on 
the medical service requirements and rehabilitation 
costs. During the observational period from 2003 to 
2009, the average length of stay for THA patients, 
for instance, decreased by 3.6 days from 17.7 days to 
13.3 days. Furthermore, during the period of study, 
it was observed that the patients« condition at the 
start of the rehabilitation phase deteriorated with 
regard to postoperative general condition and pain 
levels (van Eiff 2011). 

3.3.2 Revision Total Arthroplasty 

 jCapacity for provision of care 

The number of hospitals in Germany that perform 
hip joint revision surgery based on standards set by 
the External Quality Assurance for Inpatient Care 
procedures is lower than the number of hospitals 

that perform primary THA (. Tab. 3.8). The abso-
lute number of these hospitals is also decreasing, in 
line with trends seen in the number of hospitals in 
general. The percentage of hospitals that perform 
revision surgery after TKA shows a slight upwards 
trend. 

The reasons why not all hospitals that perform 
primary replacement surgery do perform revision 
total arthroplasty are largely unclear. Nonetheless, 
endoprosthetic implant and implant component re-
placements are significantly more demanding tech-
nically and more complicated than primary replace-
ments (AQUA-Institut 2014d, 2012f). Perhaps not 
all hospitals are capable of performing this surgery. 

 jReasons for revision total arthroplasty

Both primary replacements and/or the replacement 
of endoprosthetic hip implants and implant compo-
nents are recorded for the External Quality Assur-
ance for Inpatient Care procedures in Germany. 
Replacing an endoprosthesis may become necessary 
if the individual prosthesis components loosen due 
to wear and tear, amongst other things. In the Exter-
nal Quality Assurance for Inpatient Care proce-
dures, the reasons for these replacements are docu-
mented in the form of preoperative radiological 
findings. The prevalence of each particular reason is 

 .  Tab. 3.8 Percentage of hospitals that performed primary replacement surgery and percentage of hospitals that 
performed revision surgery 

Description 2009 2010 2011 2012 2013 

Number of hospitals in Germany 2,084 2,064 2,045 2,017 1,996 

Hip 

Percentage [%] of hospitals that performed primary 
replacements out of the total number of hospitals 

55.5 55.7 54.4 54.1 53.9 

Percentage [%] of hospitals that performed revision 
surgery out of the total number of hospitals 

51.8 52.4 51.1 52.0 51.4 

Knee 

Percentage [%] of hospitals that performed primary 
replacements of the total number of hospitals 

49.0 50.2 50.4 51.2 51.7 

Percentage [%] of hospitals that performed follow-
up surgery of the total number of hospitals 

44.6 45.6 46.0 48.0 48.7 

Source: IGES – Destatis 2015a, AQUA-Institut 2011a, 2012a, 2012b, 2013a, 2013b, 2014a, 2014b, 2010b, 2011b, AQUA-
Institut 2013d, 2014d, 2010d, 2011d, 2012d 
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illustrated in Figure 3.8. Based on this, significant 
reasons include (recurring) (sub)luxation of the en-
doprosthesis, implant migration, implant failure, 
implant or joint wear, pain, bacterial infections and 
inflammation of the joint (AQUA-Institut 2014b). 

From a data interpretation perspective, it must 
be noted that multiple responses are possible. Loss 
of the femoral bone, for example, may be accompa-
nied by a loosened femoral stem component and 
implant migration while a periprosthetic fracture or 
luxation is frequently cited as the sole indication for 
revision  hip replacement.

A systematic review conducted by Prokopetz et 
al. (2012) investigated the risk factors for revision 
total arthroplasty after primary THA. The risk fac-
tors identified, which were consistent and statisti-
cally significant across the studies evaluated, includ-
ed younger patient ages at the time of primary re-
placement, increased comorbidity, the presence of 
bone necrosis (rather than osteoarthritis) and the 
surgeon’s experience (number of joint operations 
carried out) and larger femoral heads. The review 
does not state the size of the femoral head from 
which point the level of risk increases. In two of the 
three studies examined, the maximum femoral head 
size of the implanted femoral component was 28 
mm (Prokopetz et al. 2012). The review conducted 
by Prokopetz et al. (2012) shows that alongside wear 

and tear, other factors such as the surgeons’ experi-
ence constitute a significant risk of revision surgery. 
Likewise, the revision surgery itself and the service 
life constitute important  quality indicators for pri-
mary replacement, as well as for the overall long-
term success of the treatment. 

Men are at a higher risk of requiring revision 
total arthroplasty due to aseptic implant loosening 
or infection. Longer operation times constitute an-
other risk factor for revision surgery due to infec-
tion. The results also show that smaller femoral 
heads (≤28 mm) of the femoral component consti-
tute a risk factor for revision surgery due to disloca-
tions (Prokopetz et al. 2012). 

In the External Quality Assurance for Inpatient 
Care in Germany, conducted by the AQUA Insti-
tute, the replacement of knee endoprostheses and/
or prosthesis components are also evaluated. All 
surgeries performed on patients from the age of 20 
are recorded. At least one of the indication criteria 
in the following overview must be present for the 
operation to be included in the quality assurance 
evaluation (AQUA-Institut 2015a). 

 . Fig. 3.8 Preoperative, radiological findings for revision THA (2014). *Multiple answers possible. (Source: IGES – AQUA- 
Institut 2014b) 
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Indication criteria for including cases in 

the quality assurance evaluation conduct-

ed by the AQUA Institute 

 5 (Sub)luxation of the prosthesis 
 5 Implant migration, implant failure and iso-

lated change of inlay (OPS: 5-823.19, 
5-823.27, 5-823.b0, 5-823.f0) 
 5 Wear and tear of the bearing surface and 

isolated change of inlay (OPS: 5-823.19, 
5-823.27, 5-823.b0, 5-823.f0) 
 5 At least one pain criterion and at least one 

radiological criterion 
 5 At least one pain criterion and at least one 

positive pathogen detection 
 5 Laboratory signs of inflammation and one 

positive pathogen detection

(Source: IGES – AQUA-Institut 2015a)

The common reasons for revision TKA in 2014, de-
termined by the AQUA Institute’s external quality 
assurance using objective radiological criteria, are 
shown in Figure 3.9. 

The 2010 Barmer GEK Hospital Report evaluat-
ed revision hip and knee joint surgery data recorded 

until the end of 2009, based on patients who had 
undergone THA and TKA between 2006 and 2008. 
Within 90 days after discharge from hospital, 1.0 % 
of THA patients and 0.6% of TKA patients conse-
quently had to undergo surgery on the same side, i.e. 
revision surgery including revisions without re-
placements. Within one year following primary 
 replacements, 2.0% of THA patients and 3.7% of 
patients with osteoarthritis who were being fol-
lowed up underwent another operation on the same 
joint. In a small group of patients with atypical diag-
noses, the revision rate was 6% (Barmer GEK 2010). 
A survey based on routine data from the SHI Tech-
niker Krankenkasse found that 3.5% of patients 
 after primary THA and 3.8% of patients after pri-
mary TKA underwent revision total arthroplasty 
within the first two years (Linder et al. 2012). 

The correlation between the time of revision 
surgery and the quality of the resulting outcome was 
investigated in a further study (Hardeman et al. 
2012). Early revision total arthroplasty taking place 
less than two years after primary replacement had 
higher failure rates than revision total arthroplasty 
carried out later. Better results were observed in old-
er patients (> 65 years) and in partial revision sur-
gery. Patients with low KSS scores (Knee Society 
Score) before revision total arthroplasty also had 

 . Fig. 3.9 Radiological findings for revision TKA in the External Quality Assurance for Inpatient Care evaluation (2014). 
(Source: IGES – AQUA-Institut 2015a)  
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lower scores after the revision. However, the im-
provement in score in this group was significantly 
higher than for patients who had had higher values 
at the start of the study (Hardeman et al. 2012). 

 jPerioperative risk 

The 2014 quality assurance of inpatient care analyses 
recorded ASA classifications, which are aimed at giv-
ing a point of reference in the assessment of periop-
erative risk. Here, the analyses indicated that the 
majority of patients who underwent revision THA 
were allocated to ASA class 3 (patients with severe 
systemic disease and functional limitations) (50.5 %). 
Patients who underwent revision TKA were propor-
tionately more frequently grouped into class 2 (mild 
systemic disease) (52.7 %) (. Fig. 3.10). Compared to 
primary replacement (hip and knee), patients under-
going hip or knee revision surgery often have a high-
er ASA score (AQUA-Institut 2015c). Differences in 
ASA scores between primary and revision surgery 
patients are particularly due to the higher average 
age of hip replacement patients and hence also asso-
ciated with a higher age-related comorbidity. 

 jSurgical procedures 

Compared to primary replacements, revision total 
arthroplasty is described as technically more de-
manding and more complicated (Claes et al. 2012; 

Wirtz 2011). The surgeon performing the proce-
dure has to take into account primary replacement 
surgery, the procedure and materials used. The cur-
rent status of the patient, in particular with regard 
to the periarticular status (bone structure, soft tis-
sue) must also be taken into account. If an infection 
is suspected, additional laboratory tests must be 
conducted. In contrast to primary replacements, the 
entire joint may not need replacing but potentially 
only the defective parts. Both cemented and unce-
mented fixation of the new endoprosthesis are pos-
sible (AQUA-Institut 2012f). 

According to information from the External 
Quality Assurance for Inpatient Care assessments, 
the average duration of both revision THA and TKA 
has been about 2 hours for several years, which is 
considerably longer than the time taken for primary 
replacements (75 or 85 minutes) (AQUA-Institut 
2010a, 2011a, 2012b, 2013b, 2014b, 2015d). 

 j Length of stay 

Patients undergoing revision total arthroplasty usu-
ally have a considerably longer length of hospital 
stay than for primary replacements. 

Just as is the case for primary TKA, the length of 
stay in hospital after revision TKA is longer (by ap-
proximately 8 days) than the general average length 
of stay in German hospitals. After revision surgery, 

 . Fig. 3.10 ASA classification of revision THA and TKA recorded for the External Quality Assurance for Inpatient Care evalua-
tion (2014). ASA = American Society of Anesthesiology. (Source: IGES – AQUA 2015c, e) 
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 . Fig. 3.11 Length of stay of patients undergoing revision surgery, primary THA, and the average length of stay in Germany, 
in days. Note: At the time of writing, the average length of stay in Germany for 2014 was not yet available. (Source: IGES – 
AQUA-Institut 2010a, 2011a, 2012b, 2013b, 2014b and Destatis 2015a) 
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 . Fig. 3.12 Mean length of stay in days for revision surgery after TKA, 2009 to 2014. Note: At the time of writing, the average 
length of stay in Germany for 2014 was not yet available. (Source: IGES – AQUA-Institut 2013d, 2014d, 2015e, 2010d, 2011d, 
2012d and Destatis 2015c) 
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patients remained in hospital for 3 to 4 days longer 
than after primary replacement surgery (. Fig. 3.11 
and . Fig. 3.12). 

 jDischarge from hospital 

In Germany, patient independence upon discharge 
after revision total arthroplasty differed from pa-
tient independence after primary total arthroplasty. 

With regard to THA, more patients were unable 
to walk independently or perform daily hygiene in-
dependently upon discharge after revision THA 
than after the primary replacement (6.3 % vs. 0.4 % 

and 7.1 % vs. 0.5 % respectively) (. Fig. 3.13 and 
Section 3.3.1). 

As with primary arthroplasty, the results showed 
only minor variations over the previous years 
(AQUA-Institut 2010a, 2011a, 2012b, 2013b, 2014b, 
2015c). 

97.6% of patients who had undergone revision 
TKA were able to walk independently upon discharge 
(99.5% after primary arthroplasty) (AQUA-Institut 
2015e). 97.6% of the patients were able to perform 
their daily hygiene themselves upon discharge (pri-
mary arthroplasty: 99.4%) (. Fig. 3.14). 

 . Fig. 3.13 Ability to walk independently and carry out autonomous daily hygiene after revision THA at the time of dischar-
ge in 2014. (Source: IGES – AQUA-Institut 2015c) 
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 . Fig. 3.14 Ability to walk independently and to carry out autonomous daily hygiene after revision TKA at the time of 
discharge in 2014. (Source: IGES – AQUA-Institut 2015e) 
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 .  Tab. 3.9 Reasons for discharge following primary and revision total arthroplasty (2014) 

Reasons for discharge in 2014 (acc.to § 301 

 Volume V German Social Security Code)

Primary THA Revision THA Primary TKA Revision TKA

Discharge into a rehabilitation establishment (%) 48.3 32.1 45.8 32.9 

Treatment ended normally (%) 47.3 52.6 50.2 59.0 

Transfer to another hospital (%) 1.4 5.6 1.1 2.6 

Discharge into nursing care (%) 0.3 3.7 0.2 0.9 

Death (%) 0.2 1.8 0.1 0.4 

Source: IGES – AQUA-Institut 2015b, 2015c, 2015d, 2015e 

The External Quality Assurance for Inpatient 
Care assessment shows that as with primary re-
placement, only a small number of patients are 
transferred straight into a rehabilitation facility after 
revision surgery (. Tab. 3.9). 

3.3.3 Accompanying Measures during 
Inpatient Stay 

 jPain management 

Regardless of the surgical access route, endopros-
thetic surgery for osteoarthritis of the hip (THA) 
and osteoarthritis of the knee (TKA) is associated 
with a high intensity of pain (Laubenthal and Neu-
gebauer 2009). Effective pain management contrib-
utes to improved convalescence, rapid mobilization 
and a reduced rate of complications such as deep 
vein thrombosis (DVT) (Simanski 2008). Pain man-
agement comprises pre-, intra- and postoperative 
phases and also plays an important role for the pa-
tients« in long-term ambulatory care (Laubenthal 
and Neugebauer 2009). 

Particularly after TKA, individually tailored and 
continuous pain management is considered crucial 
in the success of treatment. Various studies show 
that continuous postoperative pain management is 
better relative to single injections or to the adminis-
tration of medication as required. Moreover, it has 
been demonstrated that continuous analgesia by 
means of peripheral catheter procedures reduces 
the use of postoperative morphine and contributes 
to quicker rehabilitation compared to single injec-

tions. In addition, evidence shows that peripheral 
catheter procedures can lead to early mobilization 
and better functionality compared to the general 
administration of systemic opioids (Cappelleri et al. 
2011). 

The S3 guideline »Treatment of acute periopera-
tive and posttraumatic pain«1 recommends the use 
of non-opioid analgesics after both THA and TKA 
for pain management after discharge from hospital 
(Laubenthal and Neugebauer 2009). Randomized 
studies have demonstrated the effectiveness of 
 conventional, non-steroidal antiphlogistics and 
non-opioid analgesics, such as paracetamol for post-
operative pain control (Lohom et al. 2002; Peduto et 
al. 1998; Silvanto et al. 2002). For high intensity pain 
these can be combined with strong opioids in multi-
modal analgesic therapy (Simanski 2008). 

 j Thromboprophylaxis 

Besides appropriate pain management and mobili-
zation, thromboprophylaxis plays an important role 
in THA and TKA procedures. Hip and knee joint 
replacements are amongst the primary causes of ve-
nous  thromboembolism (VTE) (European Society 
of Cardiology 2014). VTE includes deep vein 
thrombosis (DVT) and pulmonary embolism (PE), 
which are the most serious complications of DVT. 
The PE mortality rate within the first few weeks fol-
lowing THA is between 0.09 % and 0.19 % (Fender 

1 The implementation of the S3 guideline on the »Treatment 
of acute perioperative and posttraumatic pain« is currently 
under review.
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et al. 1997; Howie et al. 2005; Khan et al. 2007; Shep-
herd and Mills 2006). 

 Thrombosis is a vascular disease that occurs 
when a blood vessel is narrowed or occluded by a 
blood clot. Causes include damage to the vascular 
walls through surgery (Perka 2011). In order to 
avoid such complications, blood coagulability is re-
duced through medication (anticoagulation) 
(AWMF 2015). Anticoagulants are used to inhibit 
the growth of the thrombus and constitute a prereq-
uisite for physiological fibrinolysis which dissolves 
the thrombus. The period of risk period associated 
with VTE begins with surgery. Several days or weeks 
can elapse before a thrombus develops and as a re-
sult most cases of symptomatic vein thrombosis 
occur after the inpatient stay. As a result, thrombo-
embolism prophylaxis is also necessary after dis-
charge (AWMF 2015). 

Although in principle VTE is associated with all 
types of surgery, orthopedic patients are at a higher 
risk owing to the activation of coagulation due to 
tissue and bone injuries, vein damage, immobiliza-
tion and heat generation from the use of bone 
 cement (Perka 2011). Further distinctive factors 
 include advanced age (above 60 years), weight (BMI 
> 30), tumor diseases and previous venous throm-
boembolism in the patient or the patient’s family 
history (AWMF 2015, Cionac Florescu et al. 2013; 
Falck-Ytter et al. 2012). 

Without thromboprophylaxis, approximately 
40 %–60 % of all patients who undergo elective 
THA and TKA develop VTE (Perka 2011). With 
thromboprophylaxis, this is reduced to 1.09 % in 
patients who undergo knee replacement surgery 
and 0.53 % of patients who undergo hip replace-
ment surgery (Januel et al. 2012). 

 kPharmacological VTE prophylaxis 

The rate of VTE complications can be reduced 
 significantly through medication (AWMF 2015) 
(European Society of Cardiology 2014; Falck-Ytter 
et al. 2012). Pharmacological prophylaxis can also 
be accompanied by physical and mobilization meas-
ures to further reduce the risk of VTE. The same 
approach should be taken for VTE prophylaxis for 
both inpatient and ambulatory care. Certain guide-
lines recommend pharmacological prophylaxis for 
hip joint surgery over a period of 28 to 35 days and 

for at least 10 to 14 days after knee joint surgery 
(AWMF 2015; Falck-Ytter et al. 2012). For TKA, the 
current American College of Chest Physicians 
(ACCP) guidelines recommend extending pharma-
cological prophylaxis for a period of up to 35 days 
after the inpatient stay (Falck-Ytter et al. 2012). If 
the VTE risk is increased, especially due to addi-
tional concomitant diseases, VTE prophylaxis 
should be continued for as long as the disease per-
sists (AWMF 2015). 

A recent prospective study by Jorgensen et al. 
indicates that thromboprophylaxis for the duration 
of inpatient stay is sufficient for patients who are 
treated according to a »fast track« THA and TKA 
treatment concept, and that there are no additional 
benefits exist in continuing the treatment during 
ambulatory care (Jorgensen et al. 2013). In this 
study, approximately 4,700 patients with a length of 
stay of ≤ 5 days received VTE prophylaxis. During 
the 90 day follow-up period, thromboembolic 
events occurred in 0.84 % of the patients and VTE 
was found in 0.41 %. These complication rates cor-
respond to those observed in other studies in which 
VTE prophylaxis was conducted over a longer pe-
riod. However, due the study design, it cannot be 
ultimately concluded that conducting VTE prophy-
laxis solely during the period of inpatient stay is 
sufficient. The study by Jorgensen et al. did not com-
pare its findings with an internal control group but 
with data from different studies in which the patient 
populations might have differed with regard to rele-
vant risk factors (e.g. comorbidity, immobilization, 
length of stay). 

Currently recommended, effective VTE phar-
macoprophylaxis after joint replacement includes 
factor Xa inhibitors, (low-molecular-weight) hepa-
rins (LMWH), thrombin inhibitors, vitamin K an-
tagonists (VKA) and other anticoagulants (AWMF 
2015; European Society of Cardiology 2014). 

Acetylsalicylic acid should not be used as a 
monotherapy due its low prophylactic effect against 
VTE compared to the other medications mentioned 
above (AWMF 2015; Falck-Ytter et al. 2012). The 
Association of the Scientific Medical Societies in 
Germany (AWMF) does not recommend the use of 
VKA such as warfarin and phenprocoumon, after 
taking into consideration the effectiveness and the 
 risk of bleeding compared to the heparins (Encke et 
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al. 2015). The AWMF refers to a study conducted by 
Samana et al., amongst others, which demonstrated 
that there was no difference between VTE prophy-
laxis with warfarin or LMWH in patients with hip 
surgery with regard to DVT rates, but that the pa-
tients treated with warfarin showed a much higher 
prevalence of bleeding complications (5.5 % versus 
1.4 %) (Samana et al. 2002). In contrast, the ACCP 
and European Society of Cardiology (ESC) guide-
lines advocate the use of VKA for VTE prophylaxis 
(European Society of Cardiology 2014; Falck-Ytter 
et al. 2012). 

Contraindications for  thromboprophylaxis are: 
the known risk of bleeding, hemorrhagic and is-
chemic strokes within the previous six months and 
gastrointestinal bleeding within the previous month 
(European Society of Cardiology 2014). If contrain-
dications exist, intermittent pneumatic compres-
sion (e.g. foot, calf and thigh) should instead be used 
for patients who have had THA and physical meas-
ures (e.g. medical compression stockings) for pa-
tients after TKA (AWMF 2015). 

 kBleeding risk in patients on anticoagulant 

therapy 

The primary risk of anticoagulant therapy for VTE 
prophylaxis is bleeding, which accounts for 2 % to 
3 % over a period of 3 months (Scherz et al. 2013). 
Specific patient characteristics that are associated 
with an increased bleeding risk during anticoagulant 
therapy are renal failure, a history of bleeding and a 
simultaneous intake of platelet aggregation inhibitors 
(Decousus et al. 2011; Falck-Ytter et al. 2012). The 
level of risk doubles in older patients (≥ 65 years) 
compared to younger patients (Spencer et al. 2008). 

Different scoring methods have been developed 
to assess an individual patient’s risk of bleeding 
(Beyth et al. 1998; Kearon 2003; Kuijer et al. 1999; 
Ruíz-Giménez et al. 2008). These scores stratify the 
patients according to their bleeding risk. However, 
these risk scores have not been sufficiently tested in 
patients in orthopedic surgery (Falck-Ytter et al. 
2012), and do not differentiate between low and 
high bleeding risks precisely enough, particularly in 
older patients (≥ 65 years) (Scherz et al. 2013). 
Hence, there is a need to develop and validate tools 
to stratify risks in patient populations after THA 
and TKA. 

 jPhysiotherapeutic measures and mobility 

In general, physiotherapeutic and physical therapies 
such as balneotherapy, massage, gait training and 
cooling should be carried out after joint surgery. 
According to the S3 guideline »Prophylaxis of ve-
nous thromboembolism (VTE)« further physical 
measures for the preventing VTE include medical 
compression stockings, e.g. thigh-length and knee-
length stockings that increase venous blood velocity 
and consequently prevent thrombus formation. 
Such measures are particularly prudent when a con-
traindication for pharmacological VTE prophylaxis 
exists, e.g. due to an increased bleeding risk (AWMF 
2015). 

Physiotherapy aims to assist mobilization and in 
the prevention of functional impairments, as well as 
in pain relief, and therefore an integral part of com-
prehensive pain management regimes (Laubenthal 
and Neugebauer 2009). A recent review showed that 
particularly early mobilization (defined as »getting 
out of bed« and »walking« as soon as possible after 
hip or knee replacement surgery) can result in 
shortening the length of stay by approximately 2 
days (Guerra et al. 2015; Tayrose et al. 2013). More-
over, improvements were noted with regard to free 
movement, muscle power and health-related quality 
of life. Undesired events caused by early mobiliza-
tion, such as hemodynamic instability or the in-
creased risk of falling, did not occur significantly 
more frequently when compared to control groups 
without early mobilization (Guerra et al. 2015). 
Other studies were able to demonstrate lower risks 
of DTV, PE, chest infections and urinary retention 
during early mobilization (Renkawitz et al. 2010). 

3.3.4 Complications 

Intra- and postoperative surgical complications 
during inpatient stays are recorded for the External 
Quality Assurance for Inpatient Care assessments in 
Germany. The case rates for primary total arthro-
plasty in 2014 are summarized in . Tab. 3.10. 

The documented rate of operations that in-
volved at least one complication during the inpa-
tient stay lies in the single-digit percentage range. 
Over the last few years, this rate has been declining, 
as has the rate of all cases, except for fractures. How-
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ever, a change in the counting method since 2013 
(number of operations rather than of patients) only 
permits a limited comparison with the case rates in 
previous years. 

The percentage of patients with at least one 
 general postoperative complication that required 
treatment following joint replacement (primary and 
revision surgery) is in the single digit range, as with 
the rates for the other cases (. Tab. 3.11). 

Compared to 2009, a decline in the rate of post-
operative wound infections can be observed, al-
though the overall case rates (other wound infec-
tions) stagnated or rose during the same period 
(. Tab. 3.12). 

In addition, for primary arthroplasty, it is im-
portant to note the rate of registered, revision sur-
gery required resulting from complications related 
to hip endoprostheses during the inpatient stay. 
This also showed a decrease from 2009 (1.7 %) to 
2014 (1.4 %). The rate of revision surgery required 
due to complications with the knee endoprostheses 
ranged between 1.4 % of patients in 2009 and 0.87 % 
of patients in 2012. In 2013 and 2014, revision sur-
gery due to complications was at 1.3 % and/or 
1.15 % for hip and knee surgery respectively. 

. Tab. 3.13 and . Tab. 3.14 show that the rate of 
complications in revision total arthroplasty is 
 several times higher than the rate of complications 
in primary replacements. The same applies to the 
rate of registered, revision surgery required due to 
complications. For revision total arthroplasty, these 
varied between 5.6 % and 7.5 % between 2009 and 
2014. In contrast to primary replacements, a 
 noticeable declining trend in case rates is not 
 apparent. It should be noted that the rate of com-
plications mentioned so far refer to the period dur-
ing which the patient is treated in an acute-care 
hospital.

Up to a third of the complications following hip 
joint replacements occur after an inpatient stay, as 
shown by an analysis conducted by the AOK Re-
search Institute (Wissenschaftliches Institut der 
AOK, WIdO) (Jeschke and Günster 2014). The 
analysis used AOK routine data while conducting 
»Quality Assurance with Routine Data« procedures 
(Section 3.3.4) 

The evaluation included 154,470 patients from 
930 hospitals who had undergone primary hip joint 
replacements (THA and partial replacements) be-
tween 2007 and 2009 whose treatment diagnosis 

 .  Tab. 3.10 Intra-/postoperative surgical complications requiring treatment after primary and revision total arthro-
plasty during hospital stays in Germany in 2014 

Intra-/postoperative surgical complications 

requiring treatment

Primary THA Revision hip Primary TKA Revision knee

Number of operations with at least one com-
plication (%) 

2.76 9.00 1.91 4.29 

Malposition of the implant (%) 0.05 0.19 0.03 0.12 

Dislocation of the implant (%) 0.10 0.40 0.03 0.06 

Luxation of the endoprosthesis (%) 0.27 1.94 – 0.09 

Misalignment of the patella (%) 0.02 0.1 

Wound hematoma/postoperative bleeding (%) 0.86 2.95 0.86 2.17

Vascular lesion (%) 0.03 0.16 0.02 0.07 

 Nerve damage (%) 0.25 0.56 0.1 0.09 

Fracture (%) 0.82 1.73 0.15 0.39 

Other (%) 0.54 2.09 0.8 1.69 

Source: IGES – AQUA-Institut 2015b, 2015c, 2015d, 2015e 
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 .  Tab. 3.11 General postoperative complications requiring treatment following primary and revision total arthro-
plasty during hospital stays in Germany in 2014 

General postoperative complications 

 requiring treatment

Primary hip 

replacement

 Revision hip Primary knee 

 replacement 

Revision 

knee 

Number of patients with at least one 
 complication (%) 

2.92 7.98 3.02 4.91 

Pneumonia (%) 0.16 0.86 0.17 0.38 

Cardiovascular complications (%) 0.67 2.44 0.62 1.22 

Deep vein thrombosis in leg/pelvis (%)  0.09 0.16 0.40 0.26

Pulmonary embolism (%) 0.08 0.28 0.17 0.24 

Other (%) 2.11 5.40 1.89 3.31 

Source: IGES – AQUA-Institut 2015b, 2015c, 2015d, 2015e 

 .  Tab. 3.12 Postoperative wound infection after primary and revision total arthroplasty during inpatient stays in 
Germany in 2014 

Postoperative wound infection Primary hip 

replacement 

Revision hip Primary knee 

replacement 

Revision 

knee 

Surgery with wound infections (%)  0.42  4.18  0.26  1.8 

Of which according to CDC classification: 

A1 (superficial infection) (%) 39.47 22.56 53.22 24.92 

A2 (deep infection) (%) 53.02 66.61 38.01 60.57 

A3 (cavities/organs) (%)  7.51 10.83  8.77 14.51 

Source: IGES – AQUA-Institut 2015b, 2015c, 2015d, 2015e 

 .  Tab. 3.13 Rate of complications after acute-inpatient treatment following hip joint replacement 

Quality indicator Total number 

of cases (n)

Follow-up obser-

vation period (%)

Inpatient phase pri-

mary replacement (%)

Overall 

 period (%) 

Revision surgery within 365 days 149,637 1.88 1.65  3.53 

Surgical complications within 90 days 152,567 1.96 5.29  7.25 

Thrombosis/pulmonary embolism 
within 90 days 

152,354 0.43 0.69  1.12 

Femoral fracture within 90 days 152,885 0.25 1.74  1.99 

Mortality within 90 days 154,220 0.48 0.43  0.91 

Complication index* 154,240 3.36 7.73 11.09 

* Sum of individual quality indicators, cases in which a patient had several complications were counted as a single 
event. 
Source: IGES – Jeschke and Günster 2014
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was documented as »osteoarthritis of the hip« (97 % 
of patients). Patients who had already undergone a 
hip joint replacement two years prior to the index 
surgery were excluded, as well as hospitals with few-
er than 30 cases in the above-mentioned period 
(. Tab. 3.13). 

With regard to primary replacements, the study 
shows that complications caused by the surgery can 
especially develop in the period of up to 90 days 
following discharge from hospital. The »Surgical 
complications« quality indicator was defined by the 
ICD-10 diagnosis codes »Luxation« (ICD-10: S73), 
»Complications of internal orthopedic prosthetic 
devices« (ICD-10: T84.0/5/8/9) and »Complica-
tions of procedures« (ICD-10: T81.2/3/5/8/9). The 
evaluation primarily investigated the connection 
between complications occurring during inpatient 
stays and during the follow-up period of observa-
tion. The publication makes the following general 
statement: »With regard to hospital-related compli-
cations, barely any links can be observed between 
the events during the initial inpatient stay and dur-
ing the follow-up period for any of the indicators 
investigated […]« (Jeschke and Günster 2014).

Similar analyses are available for knee endo-
prostheses. The Federal Association of the AOK’s 
final 2007 report on the Quality Assurance of Hos-

pital Care using Routine Data (QSR) analyzed 2003 
routine data of postoperative complications of 
AOK insurees who had undergone knee replace-
ments (bicondylar surface replacement prosthesis 
or hinged endoprosthesis) (WiDO 2007). In total, 
data from 40,483 patients who had undergone knee 
joint replacements in 2003 were analyzed (73.8 % 
women, average age of 70.1 years). Patients of 30 
years of age or younger were excluded. The most 
frequently documented complications were general 
surgical risks, such as bleeding or a thrombotic 
event (. Tab. 3.14). 

During the inpatient stay, revision TKA with 
replacement or removal was performed in 0.3 % of 
the patients (WiDO 2007). 

An analysis based on pre-defined reasons for 
readmission to hospital showed that in the first year 
after TKA, 1.8 % of patients were readmitted for re-
vision with replacement or removal of the prosthe-
sis. Revisions without replacement or removal were 
performed on an inpatient basis in 0.6 % of patients 
within the period of one year (WiDO 2007). 

 .  Tab. 3.14 Postoperative complications of AOK patients after TKA 

Description Patients Percentage [%]

Total 40,483 100

Pneumonia 149  0.4 

Pulmonary embolism 215  0.5 

Thrombotic events 828  2.0 

Bleeding complications 5,267  13.0 

Ventilation for over 24 h 69  0.2 

Postoperative infection 143  0.4 

Other postoperative complications 514  1.3 

Complications through orthopedic endoprostheses, implants or transplants 689  1.7 

Luxation, sprain and strain of the knee joint and knee joint ligaments 67  0.2 

Source: IGES – WiDO 2007 
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3.4 Rehabilitation 

According to § 26 of the German Social Security 
Code Volume IX, the overall goals of medical reha-
bilitation services are: 
1. To prevent, overcome, minimize, stabilize and 

inhibit the deterioration of a disability, includ-
ing chronic disease. 

2. To avoid, overcome and minimize restrictions 
in the ability to work, reduce nursing care re-
quirements, prevent deterioration of the disa-
bility and thwart a premature need for contin-
uous social security benefits and/or reduce 
the amount of ongoing social security benefits. 

Medical rehabilitation comprises treatment by the 
physician, drugs and wound dressings,  therapeutic 
products, orthopedic devices and other medical 
technical aids and if necessary, endurance tests. The 
major medical rehabilitation payers are  statutory 
health insurances (SHI), the  German Statutory 
 Pension Insurance (Deutsche Rentenversicherung 
(DRV)) and the German Statutory Social Accident 
Insurance (Deutsche Gesetzliche Unfallversiche-
rung (DGUV)). According to the German Social 
Security Code Book policy »Rehabilitation before 
Nursing Care«, statutory health insurances are 
obliged to fund rehabilitation treatment for patients 
who are no longer of working age. The DRV funds 
treatment for patients of working age according to 
the »Rehabilitation Before Pension« policy (Kladny 
2013). 

Rehabilitation measures that are initiated with-
out prior hospital treatment are termed »Heilver-
fahren (HV)« (curative procedure) in German. Re-
habilitation after surgery is termed »Anschlussreha-
bilitation« or »Anschlussheilbehandlung (AHB)« 
( subsequent rehabilitation). Socio-medical prereq-
uisites for subsequent rehabilitation (AHB) are that 
the diagnosis is included in the AHB indication 
group list, that there is an existing need of rehabili-
tation, that the patient is able to undergo rehabilita-
tion and a has positive rehabilitation prognosis. 
»Status post endoprosthetic surgery of the hip joint, 
knee joint, shoulder joint and the ankle joint« is 
considered to be a diagnosis eligible for subsequent 
rehabilitation (AHB). Further prerequisites for sub-
sequent rehabilitation (AHB) are that rehabilitation 

is to be conducted »Subsequent to postoperative 
care« and that »Persistent postoperative functional 
restrictions« exist (Deutsche Rentenversicherung 
2005). 

The German Statutory Pension Insurance con-
siders patients to be in need of rehabilitation if the 
ability to work is severely jeopardized or already 
impaired. Statutory health insurances consider pa-
tients to be in need of rehabilitation if everyday 
functions are impaired for a longer period of time 
than normal. If there is solely residual muscle weak-
ness and restriction of movement, ambulatory ther-
apeutic products and functional training are 
deemed sufficient (Maier-Börries and Jäckel 2013). 
An indication for postoperative rehabilitation 
should therefore be made if patients have restric-
tions in performing activities of daily living and 
participating in daily life, which require medically 
led and supervised interdisciplinary multimodal 
treatment. 

A patient’s  ability to undergo rehabilitation en-
compasses both the physical and psychological abil-
ity to use all of the therapeutic services offered as 
well as a willingness to do so. A patient undergoing 
rehabilitation treatment must 
 4 have undergone early mobilization and be able 

to eat without assistance, wash themselves and 
to move about in the ward; 
 4 be strong enough to endure effective rehabili-

tation treatment; 
 4 be motivated and have the mental capacity and 

necessary physical strength to actively partici-
pate in rehabilitation treatment (DRV-Indika-
tionsliste AHB). 

Overall basic prerequisites for inpatient rehabilita-
tion treatment after hip and knee replacement sur-
gery usually include: 
 4 non-irritated wound without any indication of 

local infection, 
 4 being predominantly independent with regard 

to the most important activities of daily living 
(Barthel ADL index score of at least 65), 
 4 having sufficient and safe mobility, at least for 

short walking distances in the ward (with the 
help of walking aids), 
 4 having already attained minimum satisfactory 

functionality of the operated joint: 
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 4 hip: extension/flexion 0/0/80° 
 4 knee: extension/flexion 0/5/80–90°, 
 4 having sufficient personal motivation to 

 undergo rehabilitation and 
 4 being in a sufficient cognitive state (no severe 

dementia). 

The aim of  subsequent rehabilitation (AHB) is to 
prepare the patients for the demands of their every-
day and working lives. An important focus is the 
regain of lost functions and/or learning to compen-
sate for them as much as possible. Rehabilitation 
prognosis is an assessment of the likelihood of a 
patient reaching set rehabilitation goals. Reaching 
of these goals must be highly likely, and should take 
into consideration both the type as well as the dura-
tion of the treatments required in order to enable 
the patient to participate in daily life. 

Ambulatory rehabilitation services have re-
ceived special funding with the range of services 
having been expanded over the past few years 
(Deutsche Rentenversicherung Bund 2009) which 
are based on certain legal requirements (cf. § 19, 
section 2, Volume IX of the German Social Security 
Code). Prerequisites for participation in ambulatory 
rehabilitation are that patients are physically and 
emotionally capable and have a degree of mobility 
that is higher than the degree required for inpatient 
rehabilitation. Patients must be able to reach the 
 facility by means of public transport within a rea-
sonable amount of time. The following aspects sup-
port the case for inpatient rehabilitation (Heisel and 
Jerosch 2007): 
 4 walking distance under 100 m, 
 4 use of public transport and use of a private 

 vehicle not possible, 
 4 danger of falling due to insecure gait, 
 4 unable to climb stairs, 
 4 increased need of nursing care, 
 4 provision of care at home not guaranteed, 
 4 comorbidities in need of treatment, 
 4 driving distance to an ambulatory rehabilita-

tion center of longer than 30 minutes. 

Applications for subsequent rehabilitation (AHB) 
are made by the treating physician on behalf of the 
patient. Consequently, the applicant is the person 
undergoing rehabilitation. The physician is respon-

sible for assessing the necessary prerequisites and 
for making recommendations for the need for sub-
sequent rehabilitation (AHB) to the relevant social 
insurance institution. 

Existing data with regard to (medical) rehabili-
tation is generally considered to be very limited, 
fragmented and in need of improvement (Augurzky 
et al. 2011; SVR Gesundheit 2014). The following 
chapters aim to portray the circumstances for pa-
tients who have undergone total arthroplasty. 

3.4.1 Therapy Recommendations 
and Standards

In general, hardly any guidelines exist with recom-
mendations for specific rehabilitation therapy for 
individual diseases (SVR Gesundheit 2014). How-
ever, extensive textbooks (Heisel and Jerosch 2007; 
Imhoff et al. 2015; Stein and Greitemann 2015) and 
specific scientific publications (Heisel 2012; Kladny 
2007; Rupp and Wydra 2012) exist which describe 
the basics in detail. 

The  German Statutory Pension Insurance 
(DRV) has developed standards for subsequent re-
habilitation (AHB) therapy following THA and 
TKA. These standards constitute part of the DRV’s 
quality assurance. They differ from the general 
guidelines in that they do not include any therapy 
algorithms. They aim to put forward »Evi-
dence-based care provision of therapeutic rehabili-
tation services«. The standards are predominantly 
based on scientific guidelines, literature reviews, 
expert surveys as well as on an analysis of rehabili-
tation services that have actually been covered in 
Germany by the pension insurance (Deutsche 
 Rentenversicherung Bund 2010). The standards 
 apply to both THA and TKA indication fields. 
 Evidence-based treatment modules (ETM) were 
 derived from this. These individual modules in-
clude a list of services in accordance with the stan-
dardized classification of therapeutic services (KTL) 
with a minimum of specific ETM (Deutsche Ren-
tenversicherung Bund 2011). Fields of major signi-
ficance include movement therapy, training in ac-
tivities of daily living, as well as educating patients 
in matters related to total arthroplasty and health 
(. Tab. 3.15). 
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3.4.2 Provision of Care 

In 2014, almost 2 million patients underwent inpa-
tient rehabilitation. No explicit data is available for 
the indications and case numbers for hip and knee 
joint replacements. In 2014, there were 399 rehabil-
itation hospitals with specialist orthopedic depart-
ments in Germany which treated approximately 
650,000 patients in total (Destatis 2014). 

For some indications, particular emphasis is 
placed on the importance of having access to reha-
bilitation services close to the patient’s domicile, as 
this allows for incorporating family and social envi-
ronments into the treatment. However, rehabili-
tation does not necessarily take place close to a pa-
tient’s home. The German Statutory Pension Insur-
ance figures for 2014 demonstrate that, within the 
country, a patient’s domicile and the rehabilitation 
hospital are not always in the same region. For ex-
ample, many patients living in Berlin, Hamburg or 
Bremen undergo inpatient rehabilitation treatment 
in other federal states, while, on the other hand for 
example, more patients undergo rehabilitation 
treatment in Hessen, Mecklenburg-Western Pomer-

ania and Schleswig-Holstein than are residents of 
those federal states (GBE-Bund 2015). 

According to the Integrated Care Policy (§ 140, 
Volume V German Social Security Code), contracts 
are concluded between  statutory health insurance 
funds and service providers of acute and rehabilita-
tion care. The contracts aim to better interlink acute 
inpatient treatment and the subsequent hospital or 
ambulatory rehabilitation measures. A study on im-
proving care demonstrated that integrated care con-
cepts, which ensure a seamless connection between 
the acute phase and inpatient rehabilitation for hip 
and knee joint replacement patients, had positive 
effects on patient satisfaction and  outcome quality 
(Bethge et al. 2011). 

3.4.3 Utilization of Services 

The Federal Statistical Office publishes the number 
of full-time inpatients in preventive medicine facili-
ties and rehabilitation establishments with over 100 
beds, classified according to the main diagnoses 
groups (Destatis 2015b). In 2014, a total of 1.66 mil-

 .  Tab. 3.15 Evidence-based rehabilitation therapy standards for THA and TKA developed by the German Statutory 
Pension Insurance 

ETM Description Minimum percentage of patients to be treated 

 accordingly (%) 

01 Movement therapy 90 

02 Activities of daily living training 90 

03 Physical therapy 50 

04 THA/TKA patient education 80 

05 Health education 80 

06 Nutritional education 20 

07 Psychological counseling and therapy 10 

08 Relaxation training 10 

09 Social and social security law counseling 30 

10 Job integration support 20 

11 Follow-up care and social integration 50

ETM = Evidence-based therapy modules 
Source: IGES – Deutsche Rentenversicherung Bund (2011) 
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lion patients were treated, of which 606,000 were 
treated in orthopedic departments. 518,000 patients 
had diseases of the musculoskeletal system, a further 
102,000 suffered from injuries. The most common 
main diagnosis in 2014 was osteoarthritis of the hip 
(coxarthrosis), followed by osteoarthritis of the knee 
(gonarthrosis). Approximately 104,500 patients with 
an indication of osteoarthritis of the hip (ICD-10 
M17) were treated in these facilities. The highest pa-
tient numbers were recorded for the age group be-
tween 70 and 75 years (21,099) and between 75 and 
80 years (20,808). With further increasing age, pa-
tient numbers decreased significantly. In total, sig-
nificantly more women than men with osteoarthritis 
of the hip (approx. 63,000 vs approx. 41,000 respec-
tively) underwent rehabilitation treatment. This ra-
tio was even more pronounced for osteoarthritis of 
the knee (66,000 vs. 38,000) (Destatis 2015b). These 
figures take into account all payers, but no distinc-
tion is made between curative procedures for osteo-
arthritis and subsequent rehabilitation (AHB) after 
replacement surgery. 

DRV statistics show that in 2014 over 1 million 
medical rehabilitation services were provided for 
people in employment, of which 350,655 (36 %) 
were related to »Skeletal system/muscles/connec-
tive tissue« disorders. Follow-up services for reha-
bilitation constituted about one third of all medical 
rehabilitation services (337,618). One in three of the 

procedures are performed for musculoskeletal indi-
cations (Deutsche Rentenversicherung Bund 
2014b). Figure 3.15 illustrates the developments 
since 2004 as well as the number of services per-
formed for indications in the main diagnosis group 
for »Skeletal system/muscles/connective tissue« dis-
orders according to gender. Besides hip and knee 
replacements, the 56,603 procedures recorded for 
men and 52,652 for women in 2014 also include fur-
ther procedures on the spine and other extremities. 

Ambulatory rehabilitation services account for 
13 % of the entire range of medical rehabilitation 
services funded by the DRV, of which around two 
thirds of the indications are in the musculoskeletal 
domain. In the main diagnosis group »Skeletal sys-
tem/muscles/connective tissue«, the percentage of 
ambulatory services out of the entire volume of 
medical rehabilitation services is under 25 %. This 
accounts for about 76,000 measures (Deutsche 
Rentenversicherung Bund 2014a). 

According to the Federal Statistical Office, in 
2014 patients within the main diagnosis group »Mus-
culoskeletal system and connective tissue«, had an 
average length of stay of 22.1 days in (inpatient) pre-
ventive medicine and rehabilitation facilities with 
over 100 beds. The length of stay was 21.1 days for 
cases within the more specific main diagnosis group 
»Polyosteoarthritis and osteoarthritis« (ICD-10 M05-
06 and M15-19) (Statistisches Bundesamt 2013). 

 . Fig. 3.15 Services provided in subsequent rehabilitation treatment (AHB) in the DRV (2004 to 2014) (Source: IGES – Deut-
sche Rentenversicherung Bund 2014b) 
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3.4.4 Implementation of Therapeutic 
Measures

The »Therapy standards for medical rehabilitation 
following THA and TKA« developed by the  Ger-
man Statutory Pension Insurance provides an over-
view of therapeutic measures performed during 
subsequent rehabilitation (AHB) (Section 3.4.1) 
(Deutsche Rentenversicherung Bund 2011). The 
standards were developed based on an analysis of all 
rehabilitation measures funded by DRV Bund 
which were completed between 1 January 2007 and 
the cut-off date of November 10, 2007 (Deutsche 
Rentenversicherung Bund 2010). 

This analysis included patients in subsequent 
rehabilitation (AHB) who received therapy and who 
had a primary or secondary diagnosis of »osteo-
arthritis of the hip« (ICD-10 M16) or »osteoarthritis 
of the knee« (ICD-10 M17) recorded in their dis-
charge summary and who had had a joint implant 
(Z96.6 or Z98.8). Under these criteria, 66,842 KTL 
datasets from 3,652 patients after hip replacement 

and 41,459 KTL datasets from 2,186 patients after 
knee replacement were recorded (Deutsche Renten-
versicherung Bund 2010). 

The KTL data analysis contains information on 
the percentages of patients who received treatment 
with the evidence-based therapy modules in ques-
tion and the average number of therapy units that 
were performed in one week (Gülich et al. 2010). 
The results are summarized in Figure 3.16 and Fig-
ure 3.17. 

According to this table, the majority of patients 
received physiotherapy (99.5 %), physical therapy 
(96.0 %), movement therapy (89.0 %) and health 
education (89.0 %). Over half the patients received 
occupational therapy/nursing care (61.0 %), THA/
TKA education (51.0 %) and therapy with a move-
ment brace (CPM) (51.0 %). It is important to note 
that the DRV therapy standards were revised in 
2011 and in part include some reworded evi-
dence-based therapy module titles and different 
KTL code allocations. However, the titles of some 
modules remain the same and the core contents 

 . Fig. 3.16 KTL analysis: Percentage of patients undergoing rehabilitation with at least one therapy unit/ rehabilitation. 
(Source: IGES – Deutsche Rentenversicherung Bund 2010). Note: KTL = classification of therapeutic services (Klassifikation 
therapeutischer Leistungen); the data presented is derived from the commonly used German Statutory Pension Insurance 
classification system for therapeutic services. The system uncodes all the services rendered with the help of four-figure 
codes. The data is collected routinely every year and serves the purpose of documentation and quality control within the 
German Statutory Pension Insurance. 
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are comparable (cf. Deutsche Rentenversicherung 
Bund 2011, 2010). This means that the current pro-
vision of care, if provided according to the revised 
therapy standards, may differ slightly from the re-
sults presented. 

It should be noted that the analyses only include 
working people. Accordingly, the patients« ages are 
comparatively low (THA: 54.1; TKA: 55.7) and can-
not be considered representative of all patients un-
dergoing rehabilitation after endoprosthetic surgery 
(Gülich et al. 2010). 

 Statutory health insurances are responsible for 
funding subsequent rehabilitation (AHB) of a ma-
jority of patients who are not working. However, to 
date, only little data on rehabilitation for SHI insu-
rees has been published. 

The Barmer GEK reports that in 2009 almost 
90 % of approximately 2,200 insurees who had un-
dergone THA or TKA underwent inpatient rehabil-
itation. Their average age was 65 years, two thirds 
were over the age of 60 (Barmer GEK 2010). 

The AOK Rheinland conducted a pilot project 
with the intention of establishing rehabilitation 
timelines and investigated 120 THA and 110 TKA 

patients. The average ages were 75 and 74 years re-
spectively. The final quality outcome of rehabilita-
tion  outcome quality was measured based on the 
Staffelstein-score which takes into account both 
objective clinical findings and subjective aspects. 
»Pain«, »Activities of daily living« and »Range of 
movement« are each weighted one third. A total 
score of 120 points can be achieved. The evaluation 
was conducted with reference to an achievable reha-
bilitation potential. It is suitable for both THA and 
TKA. The Staffelstein-score improved from 64 to 92 
in the group of investigated THA patients and from 
57 to 87 in the group of TKA patients. On average, 
the greatest progress in rehabilitation determined 
by this score was observed in the first 2 weeks of 
therapy. The rehabilitation goal for both groups was 
set at a score of 86, which was achieved by 76 % of 
THA patients and by 57 % of TKA patients. The av-
erage length of stay was 19.1 and 19.8 days respec-
tively. However, in both groups almost 10 % of the 
patients needed significantly more than 21 days 
(Tuncel et al. 2015b). 

An investigation conducted by the Techniker 
Krankenkasse as part of the »TK EVA« rehabilita-

 . Fig. 3.17 KTL analysis: Therapy units per week (mean values). (Source: IGES – Deutsche Rentenversicherung Bund 2010). 
Note: KTL = classification of therapeutic services (Klassifikation therapeutischer Leistungen); the data presented is derived 
from the commonly used German Statutory Pension Insurance classification system for therapeutic services. The system un-
codes all the services rendered with the help of four-figure codes. The data is collected routinely every year and serves the 
purpose of documentation and quality control within the German Statutory Pension Insurance.
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tion project investigated over 8,600 THA and 8,100 
TKA patients in 9 rehabilitation hospitals in Rhine-
land-Palatinate between 2007 and 2009. The aver-
age patient age was just under 75 years. By means of 
a modified Staffelstein-score, the measured THA 
outcomes improved from 53 % to 78 % and the TKA 
outcomes from 50 % to 76 % (Baulig et al. 2015). 

3.4.5 Effectiveness of Subsequent 
 Rehabilitation 

Rehabilitation is generally regarded as a multi-
dimensional intervention and is consequently diffi-
cult to evaluate. Literature reviews have described 
that numerous small-scale controlled studies illus-
trate the positive effects of subsequent rehabilitation 
treatment (AHB) after total hip and knee replace-
ment (Aliyev 2010; Baulig et al. 2015; Kladny et al. 
2002, 2001; Middeldorf and Caaer 2010; Müller et 
al. 2015; Tuncel et al. 2015a, 2015b). Clear indica-
tions of improved pain reduction, improved joint 
mobility, increased mobility and independence, re-
duced falls, self-management as well as improve-
ments in performing activities of daily living and 
participation in daily life have been observed. 

A systematic literature review on the effective-
ness of different rehabilitation therapies in patients 
who have undergone hip and knee joint replace-
ments have shown that the studies conducted are 
vastly heterogeneous, and do not contain enough 
significant data. Up to now, it has been demonstrated 
that individual therapy measures, such as sports and 
movement therapy as well as physiotherapy, are 
 effective. However, the data did not allow for conclu-
sions about the required frequency and duration of 
the measures (Müller et al. 2009). In 2014, the Advi-
sory Council on the Assessment of Developments in 
the Healthcare System (Sachverständigenrat zur Be-
gutachtung der Entwicklung im Gesundheitswesen 
(SVR)) established that »the lack of an evidence base 
common to many cases does not automatically prove 
that rehabilitation is ineffective«. Even though there 
is predominantly no proof of efficacy under con-
trolled conditions, it can indeed be assumed that 
benefits exist. However, it is often questionable as to 
whether they have an added benefit over alternative 
treatments (SVR Gesundheit 2014). 

3.4.6 Post-Rehabilitation Care 

Post-rehabilitation care aims to guarantee the long-
term outcome and presents an ongoing challenge. 
Most patients require further treatment after their 
rehabilitation treatment is completed. To this end, 
the German Statutory Pension Insurance has initi-
ated a post-rehabilitation care system called »IRE-
NA« (Intensivierte REhabilitations NAchsorge) 
which, however, has not yet been adopted by other 
payers. The system permits the patient to continue 
with movement therapy measures after completion 
of the DRV-funded rehabilitation. These measures 
usually take place in groups in rehabilitation facili-
ties close to the patient’s domicile. Alternatively, the 
practice-based treating physician prescribes 3 to 8 
weeks of physiotherapy or device-based physiother-
apy. However, not all patients need this therapeutic 
prescription in which case continuing with the 
training program learned during rehabilitation for 
a period of about 6 weeks sufficiently compensates 
for any remaining deficits. Patients can also be inte-
grated into functional training which, for example, 
is organized by the  German league against rheuma-
tism (Rheumaliga). 

3.4.7 Challenges 

After the introduction of DRGs in 2003, the length 
of acute-care hospital stays reduced significantly. 
The »REhabilitation und DIAgnosis Related 
Groups« study (REDIA-Studie) is a prospective, 
multi-center, randomized long-term study on the 
effects of DRG introduction into acute care on med-
ical service requirements and the costs of rehabilita-
tion (von Eiff et al. 2011). 10 years later, admission 
to rehabilitation hospitals after hip or knee replace-
ment is, on average, one week earlier. Due to this 
premature start of rehabilitation, a significant dete-
rioration in the patients« condition at the start of the 
rehabilitation was observed. This, in turn, led sig-
nificantly higher costs for the rehabilitation hospi-
tals, i.e. for more staff to assist with the therapy, 
changing dressings and wound treatment as well as 
for more pain medication, antibiotics, thrombo-
prophylaxis and laboratory tests. Patient resilience 
was affected owing to the reduced overall condition 
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after surgery. The Staffelstein-score decreased from 
78 to 70. The number of complications also in-
creased steadily. Therefore, between 2003 and 2009, 
the number of wound healing complications in-
creased from 1.6 to 6.5 %, the number of hemato-
mas from 4 to 10.8 % and mobility impairments due 
to complications from 1.6 to 12.3 %. A consequent 
increase in the number of patient transferals back 
into acute care constituted a significant cost factor 
for the rehabilitation institutions involved, as the 
transport costs are usually included in the rehabili-
tation  case fees. 

While these figures undoubtedly demonstrate a 
higher financial burden on the rehabilitation insti-
tutions, no increase of the remuneration rates for 
subsequent rehabilitation treatment (AHB) can be 
seen in practice, not even for the nursing rates paid 
by the statutory health insurance funds. 

Process changes could potentially lead to im-
provements: The immediate start of so-called »fast-
track rehabilitation« in the acute-care hospital could 
become an interesting option. A recent literature 
review found that this can reduce the length of hos-
pital stays. In addition, there were indications that 
early intervention can improve the patient’s physical 
state at the start of rehabilitation treatment (Quack 
et al. 2015). 

3.4.8 Outlook 

The demographic change with its increasingly aging 
population and simultaneous improved care has led 
to a marked rise in the number of patients who 
 undergo elective  joint replacement surgery and in 
 endoprosthetic treatment of femoral neck fractures 
(Dreinhofer and Schwarzkopf 2010). Evidently, this 
has a significant impact on acute-care hospitals and 
particularly also on the rehabilitation hospitals: An 
increasing number of multimorbid patients with 
significant mobility restrictions and who are in need 
of nursing care need to be looked after. 

This demands a structural change: The develop-
ment of geriatric traumatology centers can be un-
derstood as a response to the increasing number of 
fragility fractures and is characterized by the inter-
disciplinary treatment through surgical depart-
ments and geriatric institutions. However, given the 

expected patient numbers in orthopedics and trau-
ma surgery, covering this demand through geriatric 
departments will be very challenging. In addition, 
not all elderly patients benefit from geriatric treat-
ment because they do not require it (Kladny 2015). 
More often, specialist rehabilitation by a multidisci-
plinary team with competency in geriatric medical 
care will be required. Specialist rehabilitation treat-
ment will have to adapt to the specific requirements 
of a patient group which is growing increasingly 
older (Dreinhofer and Schwarzkopf 2010). 

This urgently requires structural and financial 
adaptations. At present, there is only one so-called 
rehabilitation phase in orthopedic treatment, 
which, as described earlier, has prerequisites such 
as the ability to undergo rehabilitation and is large-
ly based on patients who are mobile and can look 
after themselves. Meanwhile, however, this is un-
doubtedly no longer the case. A multi-phase care 
system with several levels of care, as has already 
been introduced in neurology, also seems worth-
while for orthopedics. The patient is assigned to a 
specific rehabilitation phase depending on the in-
tensity of the required assistance and nursing care. 
With increasing independence, the rehabilitation 
the phase may be changed to the next phase. Natu-
rally, the required resources for phases that require 
a high intensity of nursing care are significantly 
higher and are consequently accompanied by high-
er nursing care fee rates. 

From a scientific perspective, the data situation 
for assessing the effectiveness and cost-effectiveness 
for rehabilitation measures, including their duration 
and intensity, is limited for subsequent rehabilitation 
(AHB) following replacement surgery as well as for 
most other procedures. Moreover, no clear criteria 
for allocating patients to ambulatory or inpatient re-
habilitation exist. In 2014, the Advisory Council on 
the Assessment of Developments in the Healthcare 
System found: »There is a lack of high-quality, multi- 
armed, prospective studies which could be conduc-
ted in a rehabilitation setting despite some metho-
dological challenges. In order to realize such studies, 
more rehabilitation research funding is needed so 
that appropriate high-quality study designs can be 
applied to large patient cohorts. To this end, rehabili-
tation research should be organized across the payer 
institutions in future« (SVR Gesundheit 2014). 
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3.5 Quality Aspects of Care 

 Quality of care can be considered from different 
perspectives. From the angle of attaining treatment 
outcomes which are relevant to the patient, factors 
such as avoiding complications and improving 
 quality of life are in the foreground. From a statu-
tory health insuree perspective, maintaining high 
average treatment outcomes throughout Germany, 
avoiding unnecessary primary replacements and 
premature revision surgery are important for ma-
king efficient use of financial resources. On the 
 other hand, the providers of core medical services 
(replacements/ revision surgery) and rehabilitation 
establishments are interested in avoiding compli-
cations in patients and attaining optimal results 
with limited funds. In doing so, they aim to fulfill 
their medical responsibility, successfully acquire 
 patients in competition with other establishments 
and, beyond this, fulfil statutory quality assurance 
standards. The following section will discuss fac-
tors that could have an influence on the quality of 
care. 

3.5.1 Materials 

The materials used in replacement surgery have 
been subject to continuous step-by-step innovation 
for a long time. All materials used in endoprosthet-
ics are subject to mechanical strain, especially the 
articular joint surfaces, i.e. the bearing, high-fric-
tion surfaces. Over time, friction will inevitably lead 
to wear and tear of the material, through which par-
ticles can also be released into the surrounding tis-
sue. This can lead to tissue reactions and bone loss 
which, in turn, lead to loosening and failure of the 
joint implant. Materials are advanced with the help 
of tribology research, as has been the case, for in-
stance, with more wear-resistant materials (Mit-
telmeier et al. 2012). 

Joint replacement registries can contribute to 
the early detection of undesired features or anoma-
lies in certain product types and devices, even 
though validation through direct comparison is not 
possible and despite the fact that international reg-
istries have neither consistent nor uniform early 
warning concepts (Liebs et al. 2014). 

The meanwhile established  German joint 
 replacement registry »Endoprothesenregister 
Deutschland (EPRD)« (Section 4.3) aims to inform 
manufacturers »through an early warning system 
that provides early feedback on potential problems, 
innovation risks and outcome shortfalls« as well as 
longer-term results for the implants used (Hassen-
pflug and Liebs 2014). For example, for hip and knee 
prostheses, the Australian National Joint Replace-
ment Registry separately details specific, concrete 
products with higher than anticipated rates of revi-
sion (AOA 2014). As different registries use differ-
ent systems, detailed knowledge of the registry’s 
methodology is necessary for evaluating and com-
paring the results. 

3.5.2 Surgery and Perioperative 
 Management 

There are no conclusive study results which permit 
definite comparisons and demonstrate a specific 
procedure to be fundamentally superior. For hip 
joint replacements, less invasive access routes with 
techniques that are sparing with the soft tissue (no 
detachment of the muscle insertions) are consid-
ered advantageous. There are some studies which 
suggest that using such techniques subsequently 
result in less pain, shorter lengths of stay and fewer 
blood transfusions. However, a higher learning 
curve must be taken into account on introducing 
less invasive access techniques and their overall sig-
nificance is ultimately still unclear (Ibrahim et al. 
2013). To date, for knee joint replacements, it has 
not been shown that less invasive access techniques 
with reduced muscular trauma and less impact on 
the tissues surrounding the joint are advantageous 
compared to conventional access techniques (Ibra-
him et al. 2013). Precise implant alignment plays a 
major role in knee replacement. A wrong alignment 
and incorrect rotation can result in an abnormally 
high degree of implant abrasion, early loosening 
and patellofemoral problems (Ibrahim et al. 2013). 

A retrospective analysis of over 1,100 cases of 
primary hip replacements in a German university 
hospital suggests that a longer duration of surgery 
significantly increases the probability of postopera-
tive complications, particularly if the surgery takes 
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longer than 90 minutes (6.4-fold increased risk of 
complication). Therefore, a shorter duration of sur-
gery is more favorable for the treatment outcome 
(Zenk et al. 2014). 

In addition, Prokopetz et al. (2012) report a link 
between longer surgery duration and revision sur-
gery and the occurrence of infections. In Germany, 
performing a TKA takes an average of 74.5 minutes. 
In contrast, average revision surgery, as defined by 
External Quality Assurance for Inpatient Care 
standards, takes over 2 hours and has higher com-
plication rates during the inpatient stay compared 
with inpatient stays for primary replacement. 

Hip revision can be performed in one-stage or 
two-stage (i.e. in two steps over time) procedures. 
According to the report on External Quality Assur-
ance for Inpatient Care in Germany, 9.4 % of all 
 revision surgery in 2014 was reported to have been 
performed in a two-stage procedure (AQUA-Insti-
tut 2015b). 

In cases of aseptic loosening, one-stage surgery 
is generally accepted, whereas revision surgery for 
infected endoprostheses (septic endoprosthesis) is 
usually performed in a two-stage procedure. At any 
rate, early and radical wound debridement with re-
moval of the infected implant is considered impor-
tant in the treatment of septic endoprostheses. The 
two-stage procedure permits identifying the patho-
gen and potential resistance between removing the 
endoprosthesis and the actual revision. A disadvan-
tage here is a higher morbidity and lower quality of 
life during the time when the patient is without an 
endoprosthesis (Gravius et al. 2011). 

Preoperative patient information ranks highly 
amongst the non-surgical quality assurance meas-
ures. This not only involves providing information 
about risks, advantages, the procedure and fol-
low-up care for the respective surgery, which alone 
can lead to reduced pain and less anxiety for the 
patient. Matching the surgeon’s and the patient’s ex-
pectations for the treatment outcome is of greater 
importance as these often diverge and, additionally, 
there is a link between patient satisfaction and ful-
filled expectations. 

The anesthetic method is individually selected 
for the patient and takes into account the perioper-
ative risk, the surgical procedure and the expected 
(postoperative) pain and mobility, amongst other 

things. In studies and meta-analyses,  regional anes-
thesia for hip replacements is considered superior to 
general anesthesia with regard to the duration of 
surgery, blood loss, the need for transfusions, the 
risk of thromboembolic events, postoperative nau-
sea and vomiting. A positive effect on functional 
outcomes 3, 6 and 12 months after surgery is unclear 
(Atchabahian et al. 2015). The intraoperative injec-
tion of local anesthetics into the area surrounding 
the joint can have a positive effect on the postoper-
ative pain (Andersen and Kehlet 2014; Kerr and 
Kohan 2008). 

Antibiotic prophylaxis, which is also performed 
in the majority of cases in Germany, is deemed nec-
essary and reduces the risk of postoperative wound 
infections, particularly when administered as a sin-
gle shot, regardless of whether this is done locally 
(in the cement) or systemically (Gollwitzer et al. 
2011). Multimodal (interdisciplinary) care concepts 
(such as »fast track« or »enhanced recovery«) en-
compass the inpatient treatment period from ad-
mission to discharge. The concepts aim to shorten 
the time required for functional recovery and in-
crease patient satisfaction by reaching functional 
goals more rapidly during inpatient treatment and 
consequently shortening the length of stay. More-
over, they aim at reducing the overall patient mor-
tality and morbidity. Additionally, avoiding com-
plications while accelerating convalescence can 
contribute to improved cost efficiency (Husted 
2012). The multimodal care concepts implement 
clinical elements such as pain management, throm-
boembolism prophylaxis and mobilization. They 
also integrate individual patient characteristics and 
aspects of their home life into structured interdisci-
plinary  treatment pathways with clearly defined and 
documented outcome parameters (therapy goals) 
(Husted 2012). 

In a meta-analysis (n = 22 studies), Barbieri et 
al. (2009) investigated the effect of structured treat-
ment pathways for hip and knee joint replacements. 
For the observed treatment pathways the rate of in-
patient complications was significantly lower and 
the length of stay shorter compared to the normal 
care pathway (Barbieri et al. 2009). 

A retrospective cohort study conducted in the 
Netherlands demonstrated a clear reduction in the 
length of stay for hip joint replacements after the 
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implementation of an enhanced recovery treatment 
pathway compared to before or after the implemen-
tation phase (den Hartog et al. 2015). 

A registry study showed that in Norway, a fast 
track treatment concept was also associated with 
low rates of complication and revision and high pa-
tient satisfaction after primary and revision hip and 
knee surgery, even in the 1 year follow-up (Winther 
et al. 2015). 

In 2014, Jaschinski et al. published a nationwide 
survey of hospital physicians in Germany, asking 
which factors the physicians considered relevant for 
reducing the length of stay (in the past and in fu-
ture). The assessments of surgeons performing hip 
and knee replacements and those of the anesthetists 
are presented in . Tab. 3.16, grouped into three de-
grees of impact (high, medium, low) for each poten-
tial influencing factor. 

 .  Tab. 3.16 Surgeons and anesthetists’ assessments and prognosis of the degree of influence of individual factors on 
length of stay reduction for hip and knee joint replacement 

Area Evaluation for the period 

2010–2012 Prognosis (2013–2015) 2010–2012 Prognosis (2013–2015) 

Hip 

Surgeon Anesthetist

Anesthetic method Low Low Medium Low 

Treatment pathways High High High High 

Fixed discharge criteria Medium Medium Medium Medium 

Reduction of complications Medium Medium Medium Medium 

Surgical technique Medium Medium High Medium 

Economic factors High Medium Medium High 

Patient education Medium High Low Low 

Patient selection Low Low Low Medium 

Pain management High High High High 

Knee 

Surgeon Anesthetist

Anesthetic method Medium Medium Medium Low 

Treatment pathways High High High High 

Fixed discharge criteria High High Medium Medium 

Reduction of complications Medium Medium Medium Medium 

Surgical technique Medium Medium High Medium 

Economic factors Medium Medium  Medium High 

Patient education Medium Medium  Low Low 

Patient selection Low Low Low Medium 

Pain management High High High High 

Source: IGES – Jaschinski et al. 2014 
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This shows that especially treatment pathways 
and pain management are considered to be factors 
that significantly influence the reduction of the 
length of stay. Patient selection (i.e. the careful selec-
tion of patients for surgery) and the anesthetic 
method chosen, on the other hand, are considered 
to have the lowest level of influence according those 
surveyed (Jaschinski et al. 2014). 

3.5.3 Surgeon 

The surgeon plays a major role. He/she is responsi-
ble for planning treatment and performing the sur-
gery, through which he/she substantially influences 
all aspects specific to the procedure which are re-
flected in the treatment outcome. 

In their systematic review, Prokopetz et al. 
demonstrated that surgeons who have conducted 
low numbers of operations constitute a risk factor 
for revision total arthroplasty after primary THA. 
Conversely, this signifies a lower risk of revision to-
tal arthroplasty when the surgeon has more experi-
ence. The surgeon’s (practical) experience therefore 
seems to be of significant importance. Regardless of 
the precise anchoring technique for hip replace-
ments (hybrid, cemented, cementless), the most 
experienced surgeons only took an average of 53.2 
(± 17.4) minutes, surgeons with medium-level ex-
perience took on average 74.5 (± 25.5) minutes and 
surgeons with the least experience took an average 
of 80.8 (± 21.9) minutes. 

The rate of postoperative complications was 
highest for the least experienced surgeons with 
5.0 %, as opposed to 3.0 % for the more experienced 
and 2.7 % for the most experienced surgeons. The 
analysis shows that for surgeons with the least expe-
rience, the risk of complications is always funda-
mentally higher, regardless of the actual duration of 
the surgery (Zenk et al. 2014).

Overviews of studies on surgeons performing 
knee and hip replacements demonstrate a predomi-
nantly positive correlation between the case numbers 
of performed operations performed by a surgeon and 
the outcome with regard to complications or revision 
(Haas et al. 2013). Experienced (specialist) surgeons 
who have performed a higher number of operations 
have a positive effect on the treatment outcome. 

3.5.4 Hospital 

Given the major role surgeons play and the impor-
tance of their degree of experience for treatment 
outcomes gives rise to the question of whether a 
minimum number of replacement surgery cases 
should be made a requirement in hospitals as well. 
Studies demonstrate a link between a surgeon’s 
number of performed cases and postoperative mor-
tality, and suggest that the mortality associated with 
hip replacements is related to the number of pa-
tients treated in the hospital (Haas et al. 2013). 

In Germany, a minimum number of cases per 
hospital has been set as a requirement for total knee 
arthroplasty (7 Chapter 4), but not yet for hip re-
placements. 

Regardless of minimum case number regula-
tions, the hospital structures are of significant im-
portance for setting discharge criteria. Discharge 
criteria can contribute to shorter length of stays 
when used in multidisciplinary settings but they 
have only been established in 40 % of hospitals in 
Germany (7 Chapter 4). 

Meanwhile, many hospitals have been certified, 
with which they aim to validate and improve their 
quality assurance measures and to inform their pa-
tients about their good quality of care. Particularly 
the EndoCert system described in 7 Chapter 4 is 
particularly worth mentioning here. 

3.5.5 Patient 

Fulfilled patient expectations with regard to the sur-
gery have a significant impact on treatment out-
come satisfaction. Therefore, it is important that the 
surgeon and the patient discuss expectations prior 
to surgery. Patient and surgeon surveys suggest that 
patients with total hip replacements have particu-
larly higher expectations of being able to do sports 
after the operation than their surgeons. In general, 
patients with more physical restrictions and those 
with lower incomes tend to be more optimistic than 
their surgeons with regard to the treatment out-
comes (Jourdan et al. 2012). 

A study involving more than 1,300 patients who 
underwent primary total hip replacement across a 
total of twelve European countries demonstrated 
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that patients with higher expectations prior to sur-
gery are more likely to have improvements after the 
operation (measured by means of functionality 
scores). Especially joint function and/or joint stiff-
ness as well as pain perception correlated positively 
with the expectations (Judge et al. 2011). . Tab. 3.17 
shows the different expectations of the patients sur-
veyed in the study in the order of frequency of re-
sponse. 

Further patient-related factors that can influ-
ence treatment outcomes can evidently be found in 
the patient prerequisites (Günther et al. 2015). In 
the past, for instance, a patient’s body mass index 
(BMI) was often discussed, i.e. how far being over-
weight has an impact on the treatment outcome. A 
review, which included a quantitative analysis, con-
cluded that obese THA patients more frequently 
have dislocations, aseptic loosening, infections and 
venous thromboembolism (Haverkamp et al. 2011). 
A higher body mass index (BMI) in knee joint 
 replacement patients can cause higher rates of post-
operative complications and a lower prosthesis ser-
vice life. Additionally, this has a negative impact on 
the (subjective) patient satisfaction (Lüring et al. 
2013). Therefore, obesity seems to tend to have a 
negative effect on the treatment outcome with re-
gard to complications. In individual studies, obesity 
was also observed to have a negative effect on hip 
revisions (Lübbeke et al. 2007). 

Other investigations, which included several 
thousand THA patients from different studies, show 
that even with a high BMI, there were significant im-
provements in patient-reported treatment outcomes 
and from this point of view, a high BMI should not be 
an obstacle for total arthroplasty (Judge et al. 2014). 

Concomitant diseases are discussed as frequent-
ly as patient-related influencing factors. They are 
considered to be cofactors for the THA implant sur-
vival period and have a direct impact on the rate of 
complications. Especially diabetes mellitus and 
 other diseases that negatively influence the patient’s 
immune response increase the rate of postoperative 
infections (Günther et al. 2015; Zhu et al. 2015). This 
is confirmed by calculations conducted by the Bar-
mer GEK based on surveys and routine data. They 
identified that a higher patient age and the presence 
of concomitant diseases constitute negative factors 
for successful surgery (Barmer GEK 2010). 

It is unclear whether exercise has a positive or 
negative impact on the (medium to long-term) 
treatment outcome. Patient surveys indicate that 
THA patients who do sports have a higher overall 
satisfaction with the surgery (Simmel et al. 2008). 
Regardless of the types of exercise »permitted« by 
international guidelines, literature recommends 
advising patients individually on the possibilities 
and risks of specific sport activities after THA, also 
with regard to specific rehabilitation measures 
that can help prepare the patient for a specific 
sport activity (Jacobs et al. 2009). Early revision 
total arthroplasty for younger patients is dis-
cussed, as they exercise a comparably higher strain 
on the endoprosthesis (Claes et al. 2012, Wirtz 
2011). 

 .  Tab. 3.17 Range of patient expectations related to 
THA 

Subject and related patient 

 expectation

percentage [%]

(n = 1,035) 

Long walking distance 46.0 

Housework 26.7 

Activities of daily living 25.7 

Sport and leisure activities 25.1 

Feeling less pain 23.6 

Being pain-free 23.0 

Gardening 19.1 

Shopping 10.9 

Work  8.2 

Leading an independent life  8.0 

Returning to normal activities as 
far as possible 

 7.3 

Driving  5.4 

Holidays  3.5 

Looking after others  3.4 

Sleeping  1.9 

Sexual activity  0.5 

No expectations  1.0 

Source: IGES – Judge et al. 2011 
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Smokers are advised to refrain from smoking for 
at least 4 weeks before and after the surgery, as this 
has shown advantages for hip and knee joint surgery 
complication risks (Gollwitzer et al. 2011). Beyond 
this, alcohol abuse is considered a patient-related 
risk factor, i.e. a behavior that is entirely within the 
patient’s responsibility, for aseptic loosening 
(AQUA-Institut 2012e). The prescribed postopera-
tive medication, e.g. for pain management, should 
be taken consistently so that the patient is as symp-
tom-free as possible (Section 3.3.3). 

Furthermore, there seems to be a link between 
high ASA scores and the frequency of postoperative 
complications. Being over the age of 70, male and 
having a concomitant disease also lead to a higher 
complication profile for knee joint replacements 
(Lüring et al. 2013). 

There also seems to be a connection between 
the preoperative stage of the disease and postoper-
ative patient satisfaction with knee replacements in 
that patients who suffer from only mild osteoar-
thritis are less satisfied (excluding mechanical rea-
sons). Additionally, existing  osteoporosis could be 
a negative factor for treatment outcome. Other fac-
tors that have a negative influence, at least in the 
short term, could be the patient’s life circumstances 
(being single, separated, widowed, unemployed, 
pensioned) or suffering from depression (Schäfer et 
al. 2010). Ultimately, however, these connections 
have not been validated, as individual studies have 
reported the opposite and the complex intercon-
nections have not yet been fully elucidated (Lüring 
et al. 2013). 

Providing good preoperative patient informa-
tion not only enables discussion of expectations, 
advantages and risks of the surgery, but also informs 
the patient about the demands of postoperative re-
habilitation and the necessity of his or her active 
participation in the recovery process. The patient’s 
compliance and motivation are of major impor-
tance, particularly for complex rehabilitation meas-
ures (AQUA-Institut 2012f). 

3.5.6 Post-Discharge Treatment 
 Outcomes 

In general, about 6 to 7 weeks following (primary) 
hip or knee joint replacement patients should largely 
be able to move the affected leg free of pain and bear 
full weight on it. Walking without any support at all 
is usually possible after 10 to 12 weeks. However, 
annual medical follow-ups should be conducted to 
examine the patient’s gait, any residual  symptoms as 
well as to assess the need for medical technical aids, 
amongst other things (Heisel 2008). Whether sport-
ing activities outside of medical rehabilitation (e.g. 
fitness workouts, cycling, swimming) can be under-
taken after a total replacement, particularly after 
THA, mostly depends on individual patient charac-
teristics such as age, concomitant diseases, bone 
quality and condition of the muscles. Psychological 
factors, including risk awareness and ambition, 
should also be taken into account when making any 
recommendations. As a rule, patients are recom-
mended to abstain from undertaking medically un-
supervised (leisure) sports activities for 3 to 6 months 
(Schmitt-Sody et al. 2011). In addition, a recent me-
ta-analysis found evidence that the behavioral and 
movement restrictions which are, in part, still fre-
quently prescribed for the first few weeks or months 
following hip replacements (e.g. supine lying posi-
tion, using walking aids, avoiding bending the hip 
joint by over 90 degrees) do not lead to lower rates of 
luxation. On the contrary, patients who were given 
more lenient behavioral restriction recommenda-
tions (»not sitting with crossed legs«) or none at all 
resumed activities earlier and showed a greater level 
of satisfaction (van der Weegen et al. 2015). 

The 2010 Barmer GEK Hospital Report investi-
gated the quality of life of selected insured patients 
and their level of outcome satisfaction following 
THA or TKA treatment by means of a written, ret-
rospective and multidimensional survey. 

The results show that the quality of life for THA 
patients who were operated in 2003 was compara-
ble to that of patients who had surgery later in 
2008/2009 (determined at an average of 9.2 and 9.3 
months after the index surgery respectively). This 
demonstrates that the quality of surgery remained 
consistent over a period of several years. The report 
uses scores based on the so-called Nottingham 
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Health Profile (NHP), a tool for collecting subjec-
tive patient reports (patient-reported outcome 
measures, PROM) for the domains energy, pain, 
emotional reaction, sleep, social isolation and phys-
ical mobility. The highest scores and hence the 
most marked limitations, were assessed for the do-
mains energy, pain, sleep and physical mobility 
(highest score, i.e. worst result: 20.4 out of a maxi-
mum of 100 for sleep in the initial 2004 survey) 
(Barmer GEK 2010). 

Three aspects were surveyed for outcome satis-
faction: satisfaction with the artificial hip joint, will-
ingness to undergo another total arthroplasty if 
 required, and willingness to recommend total ar-
throplasty. The results of the initial 2004 and 2009 
surveys are presented in . Tab. 3.18. According to 
these results, the majority of patients who had un-
dergone surgery in 2003 and in 2008/2009 were sat-
isfied with the joint replacement and were willing to 
undergo another total arthroplasty or to recom-

mend the procedure. However, a small number of 
the interviewees had undergone revision surgery 
and not primary surgery. 

Additionally, response results from patients 
who had been interviewed for the first time in 2004 
and who were again interviewed in 2009 (n = 424, n 
= 425, n = 421) differed only slightly to the previous 
results, showing that the overall level of symptoms 
remained distinctly low, even 5 years after primary 
surgery (Lequesne index). Results for patient satis-
faction were also comparable to the first survey 
(Barmer GEK 2010). 

A similar analysis is available for TKA patients. 
In initial surveys conducted in 2004 and in 2009, 
health-related quality of life and satisfaction of the 
selected patients were recorded approximately 9 
months after surgery (Barmer GEK 2010). To this 
effect, the Nottingham Health Profile was used, en-
abling the patients to self-rate their subjective health 
in six domains: energy, pain, emotional reaction, 

 .  Tab. 3.18 Patient satisfaction results after hip surgery, survey on behalf of Barmer GEK 

Hip Knee

Initial survey 2004 Initial survey 2009 Initial survey 2004 Initial survey 2009 

Satisfaction with the 
artificial hip joint: 

n = 556 n = 1,106 n = 334 n = 1,016 

- (entirely) satisfied 58.3% 63.4% 44.9% 43.2% 

- partially satisfied 33.3% 28.7% 38.0% 38.5% 

- not satisfied 8.5% 8.0% 17.1% 18.3% 

Willing to undergo 
another total arthro-
plasty if required: 

n = 559 n = 1,109 n = 335 n = 1,020 

- fully 76.9% 75.4% 62.7% 60.7% 

- with limitations 18.2% 20.9% 29.6% 27.6% 

- no 4.8% 3.7% 7.8% 11.7% 

Willing to recommend 
total arthroplasty: 

n = 552 n = 1,102 n = 332 n = 1,020 

- fully 80.3% 81.1% 68.7% 65.5% 

- with limitations 15.9% 15.5% 20.8% 21.8% 

- no 3.8% 3.4% 10.5% 12.7% 

Source: IGES – Barmer GEK 2010 
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sleep, social isolation and physical mobility. The 
highest scores, and hence the greatest limitations 
were rated for pain, sleep, physical mobility and en-
ergy. The health-related quality of life scores in 2004 
and 2009 remained almost unchanged. The overall 
highest score (31.8 out of a maximum of 100 points) 
was observed for pain in the initial 2004 survey. Six 
and a half years after the index surgery, minor to 
moderate declines were observed in all domains 
compared to the survey conducted 9 months after 
surgery. Noticeable deteriorations were observed in 
the domains of energy (+5.9) and physical mobility 
(+4.0), which are not, however, statistically signifi-
cant. The scores for pain remained at a higher level 
and relatively stable. 

The results also show that almost half of the pa-
tients with artificial knee joints were entirely satis-
fied and that the majority of patients were prepared 
to undergo another total arthroplasty and were will-
ing to recommend the procedure to others. These 
levels of satisfaction, however, tended to be lower 
than those for THA. 

The results of the follow-up survey in 2009 are 
also available. The responses of the patients who 
were followed-up in 2009 and had been interviewed 
for the first time in 2004 differed only slightly from 
the earlier results (n = 261 for satisfaction with the 
artificial knee joint, n = 260 for willingness to under-
go another total arthroplasty, n = 206 for willingness 
to recommend total arthroplasty). Consequently, the 
reduction of symptoms and the satisfaction 5 years 
after surgery were comparable to the values obtained 
9 months after surgery (Barmer GEK). 

A systematic review based on existing stud-
ies investigated postoperative patient satisfaction 

 after TKA for periods from 1990 to 1999 and from 
2001 to 2012. . Tab. 3.19 shows the most signifi-
cant  results and illustrates the patients« overall 
higher level of satisfaction and lower level of dis-
satisfaction following surgery compared to the 
previous decade. The main influencing factors 
with regard to post operative satisfaction were 
body mass index, postoperative joint function, ex-
pectations, pain, mental function and employment 
status (Schulze and Scharf 2013). In addition, pre-
operative expectations, particularly with regard to 
functional improvement, influenced treatment 
outcomes and consequently patient satisfaction 
(Judge et al. 2011). Improved outcome quality is 
linked to providing patients with realistic informa-
tion, patients« attitudes towards the procedure as 
well as the careful selection of patients. (Halawi et 
al. 2015). 

Additionally, the success of joint replacement 
surgery can be measured based on whether a patient 
reintegrates into working life. An analysis of routine 
data from the German Statutory Pension Insurance 
shows that 85 % of patients aged between 18 to 60 
years, who had undergone hip joint replacements 
and subsequent rehabilitation (AHB), were able to 
resume work within 2 years after rehabilitation 
treatment. Particular risk factors for failing to re-
turn to working life were older age and having a 
manual occupation. The analysis also shows that 
after rehabilitation approximately 37 % of the pa-
tients observed earned a lower salary and hence had 
lower social security contributions. Moreover, the 
authors demonstrated that 17 % of the patients ob-
served changed jobs after hip joint replacement 
(Krischak et al. 2013). 

 .  Tab. 3.19 Mean values and standard deviations as percentages of satisfied/dissatisfied patients after TKA 

Satisfaction (%) Dissatisfaction (%) 

1990–1999 81.2 (±9.5) 16.9 (±10.5) 

2000-2012 85.0 (±7.9)  8.5 (±5.6) 

Europe (13 publications) 83.8 (±8.0)  8.9 (±6.6) 

North America (10 publications) 85.2 (±6.9) 12.5 (±4.2) 

Source: IGES – Schulze and Scharf 2013 
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3.5.7 Indications 

A German federal group of experts defines the indi-
cator used for external quality assurance for inpa-
tient care purposes, for both primary THA and 
TKA. This is standard procedure for defining  qual-
ity indicators in general. The defined quality goal is 
that »an appropriate indication be used frequently«, 
which is why the indicator selection is based on 
equivalent features found in literature and in inter-
national guidelines. For primary hip replacements, 
data is recorded in patients with at least one pain 
criterion or at least one movement restriction crite-
rion as well as one specific documented value for the 
degree of severity of osteoarthritis. For primary 
knee replacements, data is recorded in patients who 
have at least one pain criterion and a specific docu-
mented value for the degree of severity of osteoar-
thritis. The number of operations that meet these 
documented criteria are assessed in relation to the 
total number of recorded operations (AQUA-Insti-
tut 2015b, d). 

According to in a national survey on primary 
hip and knee replacements, the overall results have 
been within the target range and have been improv-
ing continuously for several years. The increase in 
documentation of appropriate indications for the 
national survey shows that surgery with document-
ed, previously undefined indication criteria was 
performed in individual cases only (2014: < 5 %). A 
limiting factor, however, is that the fundamental 
 criteria such as the degree of pain or the time of the 

surgery, do not yet exist in standardized or evi-
dence-based forms (Claes et al. 2012, Wirtz 2011, 
Günther et al. 2013). In addition, cases with defined 
standardized indications such as trauma cases, 
amongst others, are not represented in the external 
quality assurance (7 Chapter 6).

For revision total arthroplasty, the rate of appro-
priate indications documented is lower than for pri-
mary surgery and shows a consistent trend. The 
indicator is defined differently than in primary sur-
gery. The quality goal for hip and knee arthroplasty 
here is »a frequently used appropriate indication 
based on clinical symptoms, radiological criteria or 
signs of inflammation«. Operations in patients with 
the defined criteria are assessed in relation to the 
total number of recorded operations (. Tab. 3.20; 
AQUA-Institut 2015c, e). 

3.5.8 Regional Differences 

Studies suggest that there are regional differences 
in quality of care. Figure 3.18 shows the rates for 
each federal state of unfulfilled indication criteria 
developed by the AQUA Institute based on THA 
patients. For comparison purposes, the average 
rates in  Germany are also presented. This shows 
that in Lower-Saxony, the number of unfulfilled (or 
not recorded) indication criteria is almost twice as 
high as the German average of 4.8 % or 3.4 % for 
THA and TKA respectively. Besides Lower-Saxony, 
Bava ria, Saxony-Anhalt and Rhineland-Palatinate 

 .  Tab. 3.20 Surgery with documented, fulfilled indication criteria, primary arthroplasty and revision total arthro-
plasty. Nationwide results based on operations performed in Germany (2014) 

Quality indicator  Result 2014 Trend 

Primary hip replacement with fulfilled indication criteria 95.84 % 

Revision hip replacement with fulfilled indication criteria 93.10 % 

Primary knee replacement with fulfilled indication criteria 96.86 % 

Revision knee replacement with fulfilled indication criteria 92.31 % 

Note: The arrows in the »Trend« column describe »whether progress in quality of care in 2014 compared to 2013 is 
positive (upward pointing arrow), negative (downward pointing arrow) or unchanged (horizontal arrow)«. 
Source: IGES – AQUA-Institut 2015b, c, d, e



82 Chapter 3 · Status of Healthcare 

3

 . Fig. 3.19 Percentage of unfulfilled indication criteria used for external quality assurance of inpatient care for revision THA 
and TKA in German federal states. (Source: IGES – AQUA-Institut 2014b, 2014d) 
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 . Fig. 3.18 Percentage of unfulfilled indication criteria used for external quality assurance for inpatient care for primary THA 
and TKA in German federal states (2013). (Source: IGES – AQUA-Institut 2014a, 2014c) 
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are above the national average with regard to the 
rate of unfulfilled of indication criteria for both hip 
and knee replacement surgery. These rates have 
shown relatively constant trends in most of the 
 federal states. The results for entire Germany, 
Baden-Württemberg, Bavaria and Schleswig-Hol-
stein improved relative to the previous year (AQUA- 
Institut 2013a). 

The same analysis with regard to revision total 
arthroplasty shows a different regional distribution 
(. Fig. 3.19). Saxony-Anhalt, Mecklenburg-Western 
Pomerania, Saxony, Thuringia, Rhineland-Palati-
nate, Schleswig-Holstein as well as Lower-Saxony 

are above the nationwide average of 6.4 % and 7.1 % 
with regard to unfulfilled indication criteria for the 
hip and knee respectively. 

The general trend of these rates has remained 
relatively constant in most federal states. The results 
for entire Germany, Baden-Württemberg, Bavaria 
and Schleswig-Holstein improved relative to the 
previous year (AQUA-Institut 2014a). 

While the trends for individual federal states do 
not show any significant changes compared to the 
previous year, a decrease by 0.7 percentage points 
was documented in the average for Germany 
(AQUA-Institut 2014b). 
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