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Summary

Arthroplasty is defined as the surgical replacement of 
a joint with artificially produced material. Total ar-
throplasty refers to the replacement of all joint sur-
faces concerned, while partial replacement involves 
the replacement of only one or some of the surfaces 
but not the entire joint. Hip and knee joints are those 
that are most frequently replaced. The most common 
indications for hip or knee arthroplasty are sympto-
matic osteoarthritis and femoral neck fractures (hip). 
When patients undergo hip or knee replacement for 
the first time (due to osteoarthritis) they are usually 
between 60 and 70 years of age. More than two 
thirds of patients who undergo arthroplasty due to 
femoral neck fractures are over 85 years of age. Pri-
mary arthroplasty refers to the first hip or knee re-
placement and revision arthroplasty refers to fol-
low-up surgery on the same joint. The period of time 
(without complications) between primary arthroplas-
ty and revision arthroplasty is termed as »service 
life«. In symptomatic osteoarthritis, arthroplasty is 
performed after all conservative and joint preserving 
therapy options have been exhausted. With regard to 
femoral neck fractures, joint replacement is usually 
the primary treatment option. Surgery aims to im-
prove the quality of life, to restore the greatest possi-
ble functionality, mobility and freedom from pain, to 
assure a long service life with good weight-bearing 
capacity and to avoid secondary complications. 
These constitute important prerequisites for leading 
an independent life in old age. 

1.1 Definition 

 Arthroplasty is defined as the essential surgical re-
placement of a joint with artificially produced ma-
terial which is fixated in the bone (joint replace-
ment, endoprosthetic surgery, alloarthroplasty) 
(Claes et al. 2012; Wirtz 2011).  Total replacement 
refers to the replacement of all the joint surfaces 
concerned while partial replacement involves the 
replacement of only one or some of the surfaces but 
not the entire joint. Hip and knee joints are the most 
frequently replaced, but endoprosthetic implants 
are also used to replace other joint functions, such 
as shoulder or elbow joints (Claes et al. 2012; Wirtz 
2011). 

The most common reason for joint replace-
ments is joint surface destruction from wear of the 
cartilage lining due to degenerative diseases such as 
osteoarthritis, fractures and other changes in bone 
and connective tissue structures. Under certain cir-
cumstances, these can lead to permanent loss of 
function, permanent pain and impaired mobility of 
the affected joint, as well as a decrease in quality of 
life. If these symptoms cannot be treated otherwise, 
replacement with an artificial joint becomes neces-
sary in order to avoid secondary complications and 
to restore the patient’s ability to participate ade-
quately in everyday life. 

The causes and consequently also the risk of re-
quiring joint replacements are largely dependent on 
age. On average, patients are aged between 60 and 
70 years when they receive an artificial hip or knee 
joint replacement for the first time. 

1.2 Etiology, Indications 
and Treatment Goals

1.2.1 Etiology 

Symptomatic  osteoarthritis constitutes the most 
common reason for requiring hip joint replacement 
(Claes et al. 2012; Wirtz 2011). Over 80 % of all pri-
mary hip surgery is due to osteoarthritis-related 
symptomatic degenerative changes in the articular 
surfaces (osteoarthritis of the hip) (Barmer GEK 
2010). Other reasons include periarticular fractures, 
such as femoral neck fractures (Strohm et al. 2015), 
chronic inflammatory rheumatic diseases, mis-
alignments and pathological changes of the bone 
substance, due to tumors for example, metastases or 
osteoporosis, which increase the risk of periarticu-
lar fractures (Claes et al. 2012). 

In the majority of cases, osteoarthritis also con-
stitutes the main reason for requiring knee joint 
replacement (osteoarthritis of the knee). Osteo-
arthritis is responsible for 96 % of all primary endo-
prosthetic procedures on the knee (Barmer GEK 
2010). Other reasons for knee joint replacements are 
much less frequent (Wirtz 2011).
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 j Osteoarthritis 

Numerous potential risk factors for osteoarthri-
tis-related joint changes exist (. Tab. 1.1). If these 
risk factors cannot be clearly ascertained, the osteo-
arthritis is classified as primary or idiopathic. In 
contrast, secondary osteoarthritis has one or more 
identifiable risk factors that may contribute to the 
advancement of the disease. General risk factors in-
clude age, sex as well as genetic, biomechanical and 
inflammatory factors. In addition body weight,  os-
teoporosis, cardiovascular and metabolic diseases 
can also negatively affect cartilage metabolism. Risk 
factors resulting in local effects include injuries, cir-
culatory disorders, congenital or acquired malfor-
mations and too much strain on only one side of the 
joint. As a result, multicausal rather than mono-
causal explanatory models are therefore generally 
favored nowadays (Günther et al. 2013). 

The main symptoms of osteoarthritis are pain 
and increased restriction in mobility of the affected 
joints. In most cases, the disease usually progresses 
chronically, initially with symptoms such as joint 
stiffness which at first only occur after a longer pe-
riod of strain on the affected joint. At first, pain only 
occurs following certain movements or after longer 
periods of rest (pain on initial movement). At a later 
stage, the pain is not associated with strain and be-
comes continuous (resting pain, nocturnal pain) 
(Claes et al. 2012). 

Osteoarthritis is characterized by an imbalance 
in the cartilage metabolism in which catabolic pro-
cesses prevail.  Cartilage degeneration initially leads 
to the formation of new less resistant cartilage tis-
sue. Therefore, joint function is restored but the 
joint is less resistant to strain. Over time, the carti-
lage tissue can be completely destroyed and the 
 exposed bone underneath becomes deformed and 
the joint thickens (Claes et al. 2012). 

In the advanced stage (active osteoarthritis) the 
increasing destruction of cartilage tissue and conse-
quent inflammation of the synovial membrane lead 
to acute episodes of pain, movement restriction, 
swelling, joint warmth and sensations of tension. 
Sensitivity to weather, heat and cold are also typical 
symptoms during this phase. Generally, this stage of 
the disease can last several years and can include 
phases with and without symptoms (Claes et al. 
2012) (. Fig 1.1). 

During the late stage of the disease (decompen-
sated osteoarthritis), the progressive destruction of 
the joint is accompanied by permanent pain and 
functional restrictions. This leads to diminished 
quality of life in patients as daily life activities (e.g. 
washing, getting dressed) and mobility are affected. 
Pain then occurs during minor movements or even 
at rest. Chronic pain can also develop, caused by 
cartilage destruction, sclerosis and the formation of 
bone projections ( osteophytes) as well as damage to 

 .  Tab. 1.1  Osteoarthritis classification and risk factors (selection) 

Classification Risk factors Description

Primary
(idiopathic) 

localized (hip, knee) or generalized (polyosteoarthritis, more than 
three joint regions affected)

Secondary congenital and acquired joint 
 defects

e.g. hip dysplasia, malalignments of the knee

endocrine diseases e.g. diabetes mellitus 

metabolic disorders e.g. hemochromatosis, hypercholesterolemia, hyperuricemia

posttraumatic e.g. following joint fractures, fractures near the hip, cruciate liga-
ment injury in the knee

other causes e.g. sepsis, inflammatory rheumatic disease, circulatory disorders 
of the bone near the joint in avascular necrosis of the femoral head 
and femoral condyle 

Source: IGES – Günther et al. 2013
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adjacent structures such as bones, muscles, capsules 
and ligaments. Osteoarthritis can ultimately lead to 
stiffness and instability of the affected joints result-
ing in immobility of the patient and consequently in 
the development of severe secondary diseases (Claes 
et al. 2012). 

According to the Robert Koch Institute (RKI), 
the lifetime prevalence of osteoarthritis in Germany 
in 2012 was 27.8 % in women and 19.7 % in men. 
There was a noticeable rise in the prevalence of the 
disease in older age groups: In the 30 to 44 years age 
group, 9.2 % of the women surveyed and 8.9 % of 
men reported to have osteoarthritis, in the 45 to 64 
years age group, 32.3 % and 26.1 % respectively re-
ported to have osteoarthritis as did approximately 
50 % all women and 36 % of men who were older 
than 65 years of age (. Fig. 1.1). Previous studies 
have shown that the prevalence of symptomatic os-
teoarthritis in the population is estimated to be 
around 10 % in people over 60 years of age (Sun et 
al. 1997). 

Due to the expected future demographic trends 
in Germany, a significant rise in degenerative joint 
diseases and therefore in hip and knee osteoarthritis 
requiring treatment can be expected (RKI 2009). 
Corresponding estimates for the increased needs of 
endoprosthetic care for other countries (Culliford et 
al. 2015; Kurtz et al. 2007) cannot be directly applied 
to Germany. However, prognoses published in rela-
tion to the development in  musculoskeletal diseases 

(Ewerbeck and Dreinhofer 2009) together with esti-
mates from the German Society for Orthopaedics 
and Trauma (Deutsche Gesellschaft für Orthopädie 
und Unfallchirurgie e. V.) (DGOU)) (Schmitt 2014) 
based on demographic trends and disease burdens 
give reason to expect an increase in these age-relat-
ed diseases the future. An increase in the number of 
heavily overweight people in the population consti-
tutes another influencing factor that will play an 
important role with regard to knee joint replace-
ments (Derman et al. 2014). 

 jFemoral neck fracture 

Besides osteoarthritis, another important risk factor 
for hip joint replacement is the femoral neck frac-
ture. It gains growing importance with increasing 
patient age (Claes et al. 2012; Strohm et al. 2015). 
Femoral neck fractures are close to the joint and 
require surgical treatment in most cases. Conserva-
tive therapy is only possible in cases of stable, 
non-impacted fractures. The surgical procedures 
available include procedures that preserve the joint 
and endoprosthetic procedures. The procedure se-
lected will depend on the type of fracture and the 
age of the patient, amongst other factors. Usually, an 
 endoprosthesis is implanted in patients over 65 
years of age and in patients already suffering from 
joint osteoarthritis (Pfeifer et al. 2001). Osteosyn-
thetic procedures aim to preserve the joint with the 
help of locking nails, cannulated screws or dynamic 

 . Fig. 1.1 Lifetime prevalence of osteoarthritis in Germany in 2012. (IGES – RKI 2014) 
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hip screws consisting of extramedullary plates and 
antirotation screws (Claes et al. 2012). 

The most common causes of femoral neck frac-
tures are falls that occur at home which in turn can 
be ascribed to underlying diseases, for instance neu-
rological or heart diseases. 

A femoral neck fracture is one of the most com-
mon late-stage complications of osteoporosis 
(Stöckle et al. 2005). The prevalence of  osteoporosis 
amongst the over 50 age group is approximately 
14 % (women: 24 %; men: 6 %) (Hadji et al. 2013).

Factors which contribute to femoral neck frac-
tures include age-related reduced bone mineral 
density and a higher risk of falling. Risk factors for 
falls include vitamin D deficiency (which affects the 
muscles), coordination disorders (for example due 
to medication), dizziness, defective vision, weak-
ness, multimorbidity or existing diseases of the 
musculoskeletal system. The average age of patients 
with femoral neck fractures is relatively high and 
hence rapid mobilization is particularly important 
in order to avoid further complications. Preserva-
tion of the femoral head is given primary impor-
tance solely in younger patients (Claes et al. 2012). 

Femoral neck fractures in younger patients are 
rare and are usually the result of so-called  high-en-
ergy traumas, i.e. road traffic accidents and falls 
from great heights. Additionally, malignant diseases 
that are accompanied by bone destruction can also 
lead to femoral neck fractures (pathological frac-
tures). 

Femoral neck fractures are associated with se-
vere pain in the hip region, restricted mobility of the 
hip joint and on walking. Often, the affected leg is 
noticeably shorter and rotated outwards. External 
signs of injury include hematomas or swelling above 
the hip joint. In cases of impacted fractures, clinical 
signs can be very discrete in that patients may still 
be able to walk for several days despite the fracture 
(Claes et al. 2012). 

The risk of femoral neck fractures in one’s life-
time is indicated to be between 11 % to 23 % in 
women and 5 % to 11 % in men (Stöckle et al. 2005). 

This incidence rises with increasing age with a 
marked increase from the age of 74 years in particu-
lar (RKI 2009). Consequently, with a steadily in-
creasing proportion of older people in the popula-
tion, it can be assumed that the absolute number of 

femoral neck fractures will also rise (Berufsverband 
der Fachärzte für Orthopädie e. V. 2004, Pfeifer et al. 
2001). Given the current demographic trends in Eu-
rope, it is assumed that the incidence of femoral 
fractures will increase by at least fourfold over the 
next 60 years. 

To date, only limited data from studies on the 
incidence of  femoral neck fractures in Germany is 
available. An epidemiological investigation based 
on hospital statistics from 2004 found an incidence 
of 140.9 per 100,000 inhabitants. In correlation with 
the age-dependency, the incidence in older popula-
tion groups (over 65 years) was significantly higher 
(662 per 100,000 inhabitants as opposed to 21.7 per 
100,000 inhabitants in groups aged below 65 years) 
and was also significantly higher in women than in 
men (Icks et al. 2008). 

According to the latest hospital diagnoses data, 
the number of inpatient cases in 2013 was 144 per 
100,000 inhabitants (age standardized). The num-
ber of cases in the over 65 years of age group was at 
875 cases per 100,000 inhabitants and as expected, 
women were affected more than twice as often as 
men (. Fig. 1.2). 

 jFemoral head necrosis

In femoral head necrosis the bone tissue of the fem-
oral head dies ( osteonecrosis). This is a result of  is-
chemia (circulatory disorder) of the affected area 
(Meizer et al. 2007). 

Inadequate blood supply can result from trau-
matic factors (posttraumatic osteonecrosis), such as 
tearing or overstretching following a femoral neck 
fracture, or various different risk factors and under-
lying diseases (nontraumatic osteonecrosis). There 
are several different risk factors and underlying dis-
eases which can lead to nontraumatic osteonecrosis. 
Identifiable risk factors which are observed in 50 % 
to 80 % of cases include alcohol and nicotine abuse, 
dyslipidemia, pregnancy and hereditary coagula-
tion disorders such as thrombophilia. In addition, 
high-dose corticosteroid intake (for example, for 
chronic inflammatory diseases) is associated with a 
high risk of disease development. Diseases that have 
been observed to result in higher rates of femoral 
head necrosis include systemic lupus erythemato-
sus, HIV, malignancies, and inflammatory bowel 
diseases, amongst others. 
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Symptoms associated with femoral head necro-
sis vary greatly between individuals and are non-
specific (Hofmann et al. 2002). Particularly at the 
start of the disease, which advances bilaterally in 
30 % to 70 % of cases, there may initially be no 
symptoms such as pain on weight bearing or diffi-
culty walking. During the later stage, femoral head 
necrosis leads to movement restrictions and strong 
recurrent hip pain radiating into the thigh and knee. 
With the progression of the disease, pain at rest may 
also occur and in the final stages of the disease os-
teoarthritis of the hip with complete destruction of 
the joint may occur (AWMF 2009b). 

Early diagnosis of femoral head necrosis is cru-
cial to joint-preserving treatment and improved 
long-term prognosis. In 85 % of patients, the disease 
will progress within two years if the initial diagnosis 
is left untreated and results in femoral head collapse 
with complete destruction of the joint in over half of 
the patients (Hofmann et al. 2002). Based on the 
criteria developed by the Association Research Cir-
culation Osseous (ARCO), idiopathic femoral head 
necrosis (without any known cause) is categorized 
into five different stages (0 to IV). The progression 
of each stage varies greatly between individuals and 
the duration can also vary from a period of several 

days to several years (ARCO classification) (AWMF 
2014). 

In German-speaking countries, the incidence of 
femoral head necrosis is estimated at 0.01 %, which 
corresponds to approximately 5,000 to 7,000 pa-
tients a year (Hofmann et al. 2002). The disease oc-
curs mainly between the ages of 25 and 55 years with 
a peak at 35 years of age. Men are affected four times 
as often as women. According to a  routine data 
analysis conducted by the Barmer GEK, bone ne-
crosis was indicated as the relevant main diagnosis 
upon discharge in approximately 3 % of primary 
 total hip arthroplasty (THA) cases (Barmer GEK 
2010). 

1.2.2 Indications 

 jPrimary arthroplasty

The indication for a hip or  knee replacement is 
based on patient-relevant clinical and radiological 
criteria together with a thorough examination of the 
patient’s medical history (Claes et al. 2012, Wirtz 
2011). 

The clinical diagnosis includes an examination 
of the affected joint as well as of the structures and 

 . Fig. 1.2 Inpatient case numbers per 100,000 inhabitants with a femoral fracture (S72) by age group and by sex (age- 
standardized) (2013). (IGES – Federal Statistical Office 2014) 
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tissue surrounding the joint. It also includes func-
tional tests and pain assessments, for example, de-
termining how far the patient can walk free of pain. 
The mobility of the joint can only be assessed by 
clinical examination. In addition, pain and other 
complaints can be evaluated by means of standard-
ized patient surveys (AWMF 2009a, 2008; Claes et 
al. 2012; Wirtz 2011). 

Besides objective criteria, a patient’s degree of 
suffering and his or her requirements at the time of 
the examination play a substantial role in the deci-
sion for or against replacement of the affected joint. 
For instance, a replacement should not be recom-
mended if the radiological findings show a joint af-
fected by osteoarthritis but the patient does not have 
osteoarthritis-related symptoms or does not have 
many complaints (AWMF 2009a, 2008; Claes et al. 
2012; Wirtz 2011). 

According to Claes et al. (2012), an indication 
for a hip joint replacement exists if a patient’s qual-
ity of life is severely affected by pain or functional 
impairment. Additional factors include conserva-
tive therapies that are insufficiently effective (medi-
cation, avoiding strain on the affected joint, physio-
therapy, physical therapy, etc.) as well as visible 
causative radiological changes such as morphologi-
cal joint damage, which cannot be treated conserva-
tively (Claes et al. 2012). Furthermore, indications 
for hip joint replacements exist for patients over the 
age of 60 years who have femoral neck fractures and 
in patients with femoral fractures due to  pathologi-
cal bone diseases (for example metastases, osteopo-
rosis) (Claes et al. 2012). 

According to Wirtz (2011), an indication for  to-
tal knee arthroplasty (TKA) in primary and second-
ary osteoarthritis of the knee exists if the conditions 
are associated with severe pain and movement im-
pairments which can be confirmed radiologically 
(Wirtz 2011). Both the European League Against 
Rheumatism (EULAR) and the US National Insti-
tutes of Health (NIH) consider the indication for a 
knee joint replacement to exist if, alongside the ra-
diological evidence of osteoarthritis, a patient has 
continuous pain that is not manageable with drugs, 
or if the disease is accompanied by substantial func-
tional impairments (EULAR 2002, NIH 2004). 

 j Revision arthroplasty 

 Revision arthroplasty entails the removal and re-
placement of one or more components of the hip or 
knee endoprosthesis. It is therefore a follow-up sur-
gical procedure for primary hip or  knee arthroplas-
ty that is performed on the same joint. 

Follow-up surgery without replacement or re-
moval of the (entire) artificial joint can also be per-
formed if the endoprosthesis is not functioning en-
tirely correctly (EPRD 2015), for example to remove 
a hematoma (revision without replacement). The 
time between  primary replacement and t revision is 
termed as »service life« (EPRD 2015). 

Usually, revision arthroplasty is performed after 
the »natural« service life of the endoprosthesis has 
come to an end. In some cases, however, earlier revi-
sion replacement might become necessary. Reasons 
for revision arthroplasty include loosening of the 
implant, instability of the artificial joint, extensive 
bacterial  infections and progressive degeneration of 
parts of the joint that have not yet been replaced. 
Revision can also become necessary if functional 
impairments of the artificial joint severely restrict a 
patient’s activities and are often accompanied by 
pronounced pain. Additionally, acute or chronic in-
fections as well as traumatic fractures close to the 
joint or the endoprosthesis as well as problems with 
the implant and the primary replacement procedure 
may make revision replacement necessary. Other 
reasons include local inflammatory tissue reactions, 
wear (micro-abrasive particles) of the endopros-
thetic material and the quality of the endoprosthesis 
fixation. Patient compliance and characteristics 
such as age or weight also have a significant impact 
on the endoprosthetic service life (Section 1.3.3). 
Documented arthroplasty in the  German joint 
 replacement registry »Endoprothesenregister 
Deutsch land (EPRD)« will enable a reliable deter-
mination of the service life in future, which can be 
related to the different levels of care such as to the 
surgeon, the hospital performing endoprosthetic 
surgery, the individual endoprosthesis and the type 
of endoprosthesis depending on the initial docu-
mentation. 
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1.2.3 Surgery Goals and Objectives

Primary arthroplasty aims to restore joint function 
as much as possible, to reduce pain caused by osteo-
arthritis (hip or knee) and by other diseases. It also 
aims to rapidly mobilize patients after femoral neck 
fractures. A further goal is to achieve a long service 
life with good weight-bearing capacity and to avoid 
(secondary) complications. On the whole, a pa-
tient’s quality of life should be improved and their 
mobility enhanced (Claes et al. 2012; Wirtz 2011). 
Mobility is a basic prerequisite for leading an inde-
pendent life and preserving patients from social 
isolation, especially in older age groups (Moon 
2014). 

1.3 Materials, Surgical Procedures 
and Risks 

1.3.1 Material Requirements 

Ideally, the primary endoprosthesis should be re-
tained over a lifetime. Despite tremendous technical 
advances and the availability of high-quality mate-
rials, this cannot be achieved for all patients. In gen-
eral, both hip and knee endoprostheses are weight 
bearing body parts and must be designed accord-
ingly, also with regard to the material selected (Claes 
et al. 2012, Wirtz 2011). 

The implants undergo extensive testing with 
 regard to functionality, quality, reliability and safety 
which constitutes a prerequisite for  statutory prod-
uct requirements. Corresponding requirements can 
be found in international standards which are re-
viewed every five years (BVMed 2014). 

Regardless of the field of application, implants 
must have the longest possible durability which why 
is hard-wearing materials with minimal wear even 
when used in combination with other materials are 
employed. In addition, the materials must be ac-
cepted by the body as there is risk of potential rejec-
tion. It is recommended that metals (such as cobalt-
chromium and titanium alloys) be used which are 
connected to the bone and tribologically paired 
with synthetic materials (polyethylene) or ceramics 
(NICE 2014). 

Meanwhile, many different variations of these 
artificial joints exist. Therefore, a short overview of 
how they function and the most important features 
is provided in the following paragraphs. 

Nowadays, hip endoprostheses usually consist 
of an acetabular cup and a femoral stem onto which 
a modular endoprosthesis head is attached. The cup 
may consist of one piece (usually polyethylene) or of 
a metal cup with an inlay (modular cup). Frequent-
ly, fractures in elderly people are treated by solely 
replacing the femoral head with a so-called  hemien-
doprosthesis without replacing the cup. In this case, 
a (usually modular) head which has the size of the 
natural femoral head is attached to the endopros-
thetic stem. Special procedures such as surface re-
placements are of minor relevance for hip joints 
(Claes et al. 2012). 

Parts of the knee joint or the joint surface are 
replaced by bowl-shaped implants on the femoral 
side and a tibial baseplate, which can be fixated into 
the medullary cavity with or without a stem. The 
bearing surface between the femur and the tibia can 
be connected with the baseplate or be mobile and 
gliding. The back of the patella may be replaced with 
an implant (Wirtz 2011). 

The contact surface between the bone and im-
plant is of great importance for weight bearing on 
the joint after surgery. This connection technique is 
generally referred to as fixation. An implant can be 
fixated with or without bone cement – combined 
solutions are termed  hybrid fixation or partial ce-
mentation. The applied bone cement is a special 
artificial cement (polymethylmethacrylate). Unce-
mented endoprosthesis components can have a spe-
cial surface design or coating (e.g. titanium specifi-
cations or hydroxylapatite) in order to support sec-
ondary bone ingrowth. Primary stable fixation is 
achieved by fixing the endoprosthesis to the bone 
(so-called press-fit) (Claes et al. 2012; Wirtz 2011) 
with the aim of permanently attaching the endopros-
thesis to the bone bed. Opinions on the advantages 
and disadvantages of cemented an uncemented fixa-
tion vary and the choice of procedure depends on 
different factors (such as age and bone quality) (see 
Section 1.3.3) (Claes et al. 2012, Wirtz 2011). 
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1.3.2 Surgery 

Prior to surgery the physician informs the patient of 
any possible complications and risks. Specific treat-
ment planning includes selecting the appropriate 
endoprosthesis based on clinical and radiological 
criteria as well as deciding on the surgical access 
route (. Fig. 1.3). 

In  hip arthroplasty, the natural structures of the 
pelvis and the upper leg are usually replaced, i.e. the 
acetabulum in the pelvis and part of the femoral shaft 
as well as the femoral head in the upper leg. When all 
these structures are replaced, the procedure is re-
ferred to as  total replacement or  total arthroplasty. 
 Total arthroplasty also includes short stem femoral 
head prostheses, which are usually used in younger 
patients, as well as surface replacement prostheses. 

If the acetabular cup does not need replacing, 
the procedure is termed as partial replacement, 

hemiarthroplasty or partial arthroplasty. An exam-
ple of this is the dual head prosthesis, which is par-
ticularly used in cases of femoral neck fractures in 
elderly patients (Claes et al. 2012). 

The accuracy of the endoprosthetic fit is tested 
regularly by means of a trial prosthesis while the 
joint is being surgically prepared. The surgeon must 
ensure that there is enough tension on the ligaments 
and the soft tissue for the artificial joint to glide and 
to avoid dislocation. The implantation of the actual 
endoprosthesis is performed either with or without 
bone cement. Subsequently, the surgical access 
route is closed. The position of the endoprosthesis 
is checked by x-ray immediately after surgery (Claes 
et al. 2012). 

Special care must be taken when positioning the 
patient during arthroplasty. Cushioning materials 
are used to prevent pressure points on the patient 
and warming systems are used to prevent hypother-

 . Fig. 1.3 Elements of treatment planning based on hip arthroplasty. (IGES – Wilken et al. 2014)
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mia. The patient can be placed in a lateral or supine 
position. It is important to accurately secure the pa-
tient in the selected position with the help of props 
and straps in order to avoid any changes in position 
during the surgery (Claes et al. 2012).

In  knee arthroplasty, parts of the upper leg (dis-
tal femur) and the lower leg (proximal tibia) are re-
placed with artificial material. Different types of 
implants are used depending on the nature and se-
verity of the underlying disease. Structures that are 
usually replaced include portions of the femoral 
bone ( femoral component) to substitute the defec-
tive condyle as well as parts of the lower leg around 
the tibial plateau ( tibial component) and the me-
nisci. The patella may or may not be replaced. A 
synthetic component is placed on the  tibial compo-
nent in order to minimize friction between the tib-
ial and femoral components (»inlay«) (Wirtz 2011).

Unicondylar surface replacement, i.e. on one 
side of the joint only, is possible if knee function is 
not yet severely impaired by cartilage abrasion and 
the bone is affected on only one side of the knee 
joint. Usually, the medial (inner) side is replaced. 
Besides the structure of the cartilage and bone, the 
condition of the ligaments is also crucial to decision 
making. Unilateral surface replacement is often 
termed unicompartmental  knee replacement using 
a unicondylar sled prosthesis that may also be re-
ferred to as sled prosthesis or mono-sled (Wirtz 
2012).

Bicondylar and hinge prostheses are used for 
total knee arthroplasty. Here, the degree of coupling 
is an important distinguishing factor. Hinge pros-
theses are axially supported. Usually, this type of 
prosthesis is selected if the ligamentous apparatus is 
severely impaired because the hinge significantly 
restricts mobility. However, surface replacement 
prostheses without coupling or with partial cou-
pling are used more frequently. A prerequisite for 
using these types of endoprosthesis is sufficient 
functionality of the patient’s ligamentous apparatus. 
The artificial knee is often fixated with bone ce-
ment, but uncemented or  hybrid fixation is also fea-
sible (Wirtz 2011). 

Positioning during knee arthroplasty is designed 
to allow frequent changes in position of the leg as 
specific steps during treatment require the extremi-
ties to be mobile. Therefore, rolls and special leg 

holders are used allowing the leg to be positioned in 
an upright 90 degree position (Wirtz 2011). 

Numerous studies on various surgical access 
routes for both the hip and the knee joint exist. 
However, no significant advantage in any one of the 
particular procedures has been shown. Less invasive 
access routes have been advocated in recent years, as 
they reduce the extent of tissue incision. However, 
actual clinical effectiveness is a matter of debate and 
they may also bear a higher risk of complications. In 
hip  revision surgery, for instance, the initial access 
route used during primary surgery is often used 
again. Additionally, these procedures require more 
extensive imaging of tissue and bone structures 
(Claes et al. 2012; Wirtz 2011). 

 jAnesthesia 

Two anesthetic techniques can be used for both en-
doprosthetic hip and knee surgery:  general anesthe-
sia and  regional anesthesia. General anesthesia re-
quires artificial ventilation and is based on anxioly-
sis, analgesia, muscle relaxation and sedation. Un-
der certain circumstances, regional anesthesia, in 
which the patient is conscious, may also be used in 
the form of spinal anesthesia or by blocking periph-
eral nerves or regions with a single injection or by 
continuous application by means of a catheter. Gen-
eral and regional anesthesia can be used alone or in 
combination. Anesthesia aims to allow for pain-free 
surgery, rapid mobilization after surgery and as 
much pain reduction as possible in the early reha-
bilitation phase (Claes et al. 2012, Wirtz 2011). 

1.3.3 Factors Influencing Treatment 
Success and Complications 

A number of factors can influence the success of 
joint replacement treatment (. Fig. 1.4). Besides the 
design of the implant and surgical procedure, a pa-
tient’s individual characteristics can impact total hip 
and knee arthroplasty outcomes. These characteris-
tics include age, sex, degree of preoperative osteo-
arthritis and functional status of the joint in ques-
tion. Additionally,  concomitant diseases (particu-
larly obesity, cardiovascular diseases, diabetes mel-
litus and immune system disorders) can lead to 
perioperative and postoperative complications. 
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 Social deprivation, personality traits and patient 
 expectations with regard to the surgery also play an 
influencing role (Günther et al. 2015; Schäfer et al. 
2010). Patient  compliance, i.e. the degree to which a 
patient correctly follows medical advice with regard 
to daily care of the joint, constitutes a further impor-
tant factor in the success of joint replacement. 

Optimal presurgical planning is important, in-
cluding investigation into risk factors of a patient 
that are potentially modifiable. Well-planned post-
operative rehabilitation treatment (ambulatory or 
inpatient rehabilitation) contributes to treatment 
success (Claes et al. 2012; Wirtz 2011) and plays an 
important role in attaining longer service life of an 
implant, high patient satisfaction and cost-effective-
ness (Krummenauer et al. 2008; Krummenauer et 
al. 2006). 

Arthroplasty procedures are associated with po-
tential risks caused by surgical and  anesthetic 
 procedures in general or with the insertion of the im-
plant itself. Joint replacement can involve the follow-
ing major risks (Anonymous, Günther et al. 2015): 
 4 Inflammation and suppuration ( periprosthetic 

infection): Artificial joint replacements are al-
ways associated with an increased risk of in-

flammation (infection) because pathogens 
(bacteria) that enter the body or that already 
exist therein tend to accumulate on the surface 
of foreign bodies. Once a certain number of 
bacteria have accumulated, pus may begin to 
develop around the implant. These  infections 
can occur shortly after the operation (»early 
infection«) or later (»late infection«). The risk 
of infection can vary between different patient 
groups. Patients with diseases associated with a 
weakened immune system in particular bear a 
higher risk of infection. These diseases include 
diabetes mellitus and rheumatic diseases. Mo-
reover, patients who have a focus of infection 
in other parts of the body or who suffer from 
obesity have a higher risk of infection. The risk 
of infection is reduced through the administra-
tion of antibiotics during surgery. 
 4 Blood clots (thrombosis and embolism): The 

formation of blood clots constitutes a general 
risk in surgery of the knee and hip joints. 
 Antithrombotic drugs are recommended for 
the prevention of  thrombosis.
 4  Nerve damage: During surgery, inadvertent 

damage to the nerves may occur through phy-

 . Fig. 1.4 Factors influencing treatment success. (IGES – Günther et al. 2015) 

Treatment

Functionality and disability
– Functional and structural integrity or
 damage (e. g. degree of osteoarthritis,
 mobility)
– Limitations in daily activities and social
 participation (e. g. tasks, mobility, self-
 sufficiency)

Contextual factors
– Personal environment (e. g. aids and
 medical appliances, social relationships)
– Individual factors (e. g. age, personal issues
 or problems, comorbidity)

Perioperative and postoperative measures
– Patient education and information
– Anaesthesia
– Perioperative prophylaxis (infection, DVT, etc.)
– Rehabilitation (medical/occupational)
– Follow-up examinations

Implant
– Endoprosthesis (and cement if necessary)

Patient

Result

Surgeon
– Surgical access and technique
– Experience
– Communication

Clinical pathways
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sical manipulation such pressure or tension in 
the regions concerned.  Regional anesthesia 
may also cause nerve damage. Congenital hip 
dislocation also constitutes a risk factor as the 
leg may become over extended during hip joint 
surgery. 
 4 Injury of blood vessels and postoperative blee-

ding: Surgery on the hip or knee joint is gene-
rally associated with the risk of injury to blood 
vessels close to the joint. Moreover, despite 
adequate hemostasis, postoperative bleeding 
may occur due to antithrombotic therapy. 
 4 Leg length inequality and dislocations consti-

tute specific risks during hip joint replacement: 
When hip joints are replaced, the aim is to 
achieve equal leg lengths. However, the opera-
tion may lead to a lengthening and sometimes 
even a shortening of the affected leg. In addi-
tion, there is a risk of dislocation subsequent to 
surgery as on the one hand, the implant is not 
an identical copy of the joint and on the other 
hand, the surgical procedure involves opening 
and partially removing the stabilizing joint 
capsule. 
 4 Fractures: Necessary pressure exerted during 

the course of this type of surgery may cause 
fractures in rare occasions. The risk of frac-
tures is higher for in uncemented fixation as 
this requires higher pressure during insertion. 
 4  Calcification in the tissue near the prosthesis: 

During the first few months following surgery, 
calcification may occur within the surgical 
wounds which can lead to reduced mobility 
and pain. Administration of anti-inflammatory 
drugs for two weeks after surgery is recom-
mended in order to prevent this. Alternatively, 
irradiation of the affected region is possible. 
 4 Loosening of the prosthesis and material wear: 

It is rare for the prosthesis not to have success-
ful bone ingrowth. If the case should arise, 

 early replacement of the prosthesis becomes 
necessary due to loose fit. Particulate wear 
debris may be released during the course of 
prosthesis use, which can contribute to loose-
ning of the implant. However, given the quality 
of materials currently in use there is only a 
slight risk of such an abrasion occurring and 
hence individual prosthesis components rarely 
break for this reason. However, if they do 
break, it is usually due to loosening of the 
 prosthesis.  
 4 Allergies: Even though it is still currently 

 unclear if allergies to parts of the prosthesis 
 increase the risk of complications, specific 
 materials in the prosthesis should be avoided 
should a patient be allergic to them. About 
10 % of the population is allergic to nickel, for 
example. 
 4 Persisting complaints: Besides the complica-

tions described,  bursitis or tendonitis, for 
 example, may cause persisting complaints 
 following surgery. This, however, has been 
 observed in comparatively few patients. 

Repeat surgery or revision replacement may be-
come necessary due to complications. Replacing an 
implant is considerably more complicated than the 
 primary replacement (primary arthroplasty) as the 
surgeon has to deal with less bone substance there-
fore increasing the likelihood of fractures and other 
complications. A patient may also have to undergo 
 revision surgery in which the prosthesis is not re-
placed or in which only a component is added to the 
existing endoprosthesis (renewed operation with 
addition). These revisions are usually performed on 
the hip and knee to replace the bearing surfaces and 
to manage recurring hip dislocations. However, dis-
locations may also necessitate the replacement of an 
implant should this occur repeatedly (Claes et al. 
2012; Wirtz 2011). 
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