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Potential complications associated with the 
implantation of endoprostheses

Clinical Abstract

Joint replacement operations are among 
the most common elective surgical proce-
dures. In 2009, nearly 2.9 million joint 
replacement operations were performed 
worldwide. These included 1.4 million hip 
replacements and 1.1 million knee endo-
prostheses implantations (1). The main 
indications are arthrosis, which approxi-
mately 355 million people suffer from 
worldwide (1) and rheumatoid arthritis 
(2). At the same time, joint replacement 
operations are among the safest surgical 
procedures, particularly considering the 
generally advanced age and thus fre-
quently associated multimorbidity of the 
patients. The perioperative mortality involved 

with cemented total hip replacement 
implantation is approximately 0.06 – 0.09% 
(3 – 5).

As with any surgical procedure, arthro-
plasty-related complications can occur as 
well. In the overwhelming majority of these 
cases, there is no connection with the use 
of osteocementum, meaning these com-
plications can occur both in conjunction 
with cemented as well as non-cemented 
procedures. Table 1 provides an overview 
of complications that can occur with any 
operation as well as specifi c endoprosthe-
sis-related complications.

Frequent complications associated with 
endoprosthetic operations

Venous thrombo-embolism (6, 7) is one of 
the most frequent complications seen in 
patients undergoing more serious ortho-
paedic surgery, such as for femoral neck 
fractures, knees and, in particular, total 
hip replacements. Without thrombosis 
prophylaxis, 40 – 80% of patients belong-
ing to a high-risk group experience a deep 
leg vein thrombosis within 7–14 days; 
4 –10% of these patients suffer from a 
clinically-relevant, potentially fatal pulmo-
nary embolism (8). Here, the risk following 
a total hip replacement operation is 
greater than for a total knee replacement 
operation. However, the administration of 
heparin and anticoagulants for thrombosis 
prophylaxis is still not practiced to a suffi -
cient extent in many cases (9, 10). 
According to the results of a prospective 
Swiss study, patients undergoing knee 
replacements (94 %), hip replacements 
(81%) and fracture treatments (80 %) as 
well as after therapeutic arthroscopy 
(73 %) receive adequate thrombosis 
prophylaxis more often than patients who 
have just undergone cancer, for example 
(11). By far the most serious complication 
following implantation of an endoprosthe-
sis is periprosthetic infection (detailed 
information on periprosthetic infection 
can be found in the Up2dates publica-
tions “Biofi lm” and “The prophylactic use 

General complications Special endoprosthesis-related 
complications

  Thrombosis and pulmonary embolism 
after the procedure

 Wound healing disorders

 Infection, swelling

  Injury of blood vessels and nerves, 
after-bleeding and haematomas

 Anaesthesia-related complications

 Allergic reactions

 Restricted mobility

 Fractures near the prosthesis

  Instability of the prosthesis, aseptic 
loosening of the prosthesis

  Periprosthetic infection, soft-tissue 
infection

 Persistent pain

  Bone cement implantation syndrome 
(BCIS)

The risk of complication associated with both cemented and non-cemented arthroplasty is generally very low. The careful preparation of 
the patient prior to the procedure and conscientious surgical techniques, especially in terms of modern cementing methods can further 
reduce the risk of complications.
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Table 1. Possible complications involved with a joint replacement operation
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of antibiotic-containing osteocementum in 
primary endoprosthetics”). On average, 
about 5 % of all surgical implants become 
infected (12). The infection rates in the 
case of endoprostheses are < 1% for total 
hip replacements and < 2 % for total knee 
replacements (13). Contamination from 
foreign material usually occurs periopera-
tively or at a later time due to the haema-
togenous spread of pathogens; the infec-
tions are usually biofi lm-related (14, 15).

What complications associated with 
cementing can occur?

In conjunction with the cementing of an 
implant or after the blood fl ow occlusion is 
terminated, a set of symptoms referred to 
as bone cement implantation syndrome 
(BCIS) can occur (16). The clinical picture 
can take on very different forms. It is char-
acterised by a drop in blood pressure, 
usually in combination with bradycardia, 
increased pressure in pulmonary circula-
tion and a deterioration in gaseous 
exchange (17). The syndrome can also 

appear after performing cement-free 
anchoring of an endoprosthesis. The exact 
incidence is unknown. In a study of 48 
patients who underwent total hip replace-
ments, 2 % showed a drop in systolic 
blood pressure greater than 30 %; 17 % of 
patients showed a drop in oxygen satura-
tion greater than 5 % (18).

The particularities of the aetiology and 
pathophysiology are not fully understood. 
Four main hypotheses have emerged from 
the scientifi c discussion which seek to 
explain the occurrence of implantation 
syndrome:

 The methyl methacrylate (MMA) 
hypothesis: This hypothesis is based 
mainly on the fi nding that toxic MMA 
monomers circulating in the blood can 
cause vasodilation (19). However, animal 
experiments performed on dogs have 
shown that maximum in vivo MMA con-
centrations found in the plasma are con-
siderably lower than those necessary for 
causing pulmonary or cardiovascular 
effects (20, 21). Thus, the direct effect of 
MMA monomers on the vascular system is 
unlikely to be the cause of BCIS (22, 23).

 The embolism hypothesis: Today, 
researchers assume BCIS is of embolic 
origin. In this respect, the syndrome 
appears in the form of tiny fat and bone 
marrow particles caused by a dissemi-
nated pulmonary embolism, which is trig-
gered by the intravascular “pressing” of 
the contents in the marrow cavity (Fig. 1) 
(23). Several fi ndings support this hypoth-
esis. For example, during the operation 
echocardiograms have shown tiny embo-
lisms (“snow fl urries”) in the right region 
of the heart and in the pulmonary arteries. 
Interestingly, these mini-embolisms were 
seen both in patients with prosthesis using 
cemented and non-cemented anchoring. 
Studies of dogs showed comparable 
results showing post-operative fat and 
bone marrow embolisms in the lungs (22). 
A combination of mechanical obstruction 
from the pulmonary embolism and media-

Fig. 1. Blood drained on both sides at the same time from the internal iliac artery during and immediately after simultaneous cementing 
of both femora while asleep. When the osseous bed is fl ushed using a blow syringe (right side) there is a considerably greater fat super-
natant – a sign of bone marrow mobilisation – than when the osseous bed is fl ushed using pulse lavation (left side) (23, 24).

© Springer Verlag (25)

© Springer Verlag (25)



3

tor-affected vascular constriction are 
being discussed as the cause of the 
hypoxia and lower oxygen saturation (26). 
The embolism hypothesis currently in 
favour is still unable to explain all phe-
nomena of the implantation syndrome.  
For example, the embolisation is not 
always attributed to haemodynamic 
changes, and there is only a weak correla-
tion between the extent of embolisation 
and the extent of the drop in blood pres-
sure or hypoxia (18). Furthermore, there 
were no indications that MMA monomers 
are capable of causing embolisms and 
haemodynamic changes (23).

 The anaphylaxis hypothesis: An ana-
phylactic-allergic reaction was discussed 
as a potential cause for bone cement 
implantation syndrome. Hence, an 
increase in plasma histamine was discov-
ered in patients who exhibited a drop in 
blood pressure with the endoprosthetic 
implantation (27). Premedicating with H1 
and H2 anti-histamines made it possible 
to reduce the frequency of clinical effects. 
A complement activation with an increase 
of anaphylatoxins during implantation was 
also documented, which could potentially 
trigger an anaphylactic reaction (28). A 
small controlled, double-blind study showed 
that high dosages of methylprednisolone 
can reduce the complement activation as 
well as the hypoxia (29). However, more 
recent studies were unable to verify a com-
plement activation (30) or in crease in his-
tamine (31, 32). Therfore this hypothesis 
still requires further evidence.

 The thermal bone effects hypothesis: 
During hardening of the cement, heat 
from an exothermic reaction is given off to 
the surroundings. This heat was debated 
as a potential cause for local coagulation 
and subsequent embolisation of micro-
thrombi in the lungs (33, 34). However, 
there is no evidence supporting this 
hypothesis (35). In particular, the relatively 
low temperatures that are reached and the 
time course of the implantation syndrome 
are counter to the thermal hypothesis (36).

Which patients have a greater risk of 
complications?

Whether or not complications occur in the 
patient during the cemented anchoring of 
a joint replacement depends on several 
factors (Table 2). Apart from age, the pre-
operative clinical state of the patient is the 
chief determining factor. Here it is possi-
ble that cardiopulmonary concomitant dis-
eases in particular can affect the clinical 
picture of the implantation syndrome (37). 
Therefore, one can expect to see patients 
with a pre-existing right ventricular dys-
function showing a greater reaction to an 
increase in the pulmonary-vascular resist-
ance than patients who do not suffer from 
such a dysfunction (16, 38).

One other major risk factor is considered 
to be the presence of a malignant disease 
and bone metastasis. This is made clear by 
the results from a retrospective study (n=55) 
in which all three patients who had major 
intraoperative complications were suffering 
from a metastasising tumour (39). In addi-
tion, malignant diseases are often accom-
panied by hypercoagulability, which further 
promotes the development of complica-
tions. Table 2 provides an overview of 
patient-related risk factors for cemented 
endoprosthetics.

What surgery-related factors increase 
the risk of complications?

Aside from the patient related factors, there 
are also risk factors associated with the 
actual surgical procedure; in particular, 
during the intrafemoral pressure introduc-
tion phase (Fig. 2), which can increase the 
risk of complications and determine how 
the clinical picture of the implantation syn-
drome will appear (16). It has been possi-
ble to identify such factors in recent years 
(Table 3). What is clear is that implanta-
tion-associated complications occur almost 
exclusively with joint replacement opera-
tions of the hip. In the case of a hip replace-
ment, the risk is especially high when long-
shaft femur prostheses are used. In addition, 

complications occur more frequently in 
cases of a femoral canal that has not previ-
ously undergone surgery, i.e. in primary 
operations.

Finally, the cementing technique that is 
used plays a key role. The risk of compli-
cations increases when aspects of mod-
ern cementing methods are not taken into 
consideration (Table 3). Complications 
can be avoided, for example, by using 
pulse lavation to adequately fl ush the 
bone surfaces prior to cementing or by 
mixing the cement under vacuum condi-
tions and using retrograde application.

Patient-related risk factors

 Advanced age

 Low physical reserves

 Pre-existing pulmonary hypertension

  Pronounced cardiac disease 
(NYHA* III-IV)

 Bone metastases

  Concomitant hip fractures, particularly 
pathological or intertrochanteric frac-
tures

 Osteoporosis

* New York Heart Association classifi cation of heart diseases (40).

Table. 2. Patient-related risk factors (16, 37).

Surgical technique-related risk factors

  Femoral canal that has not yet under-
gone surgery (primary operation)

  Implantation of a long-shaft 
prosthesis

  Manual application of the bone 
cement

  Insuffi cient fl ushing, e.g. using a 
syringe

Table 3. Surgical technique-related risk factors (16).
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How can the risk of complications be 
minimised?

The risk of complications in terms of 
implantation syndrome can be reduced by 
taking various measures. Before the endo-
prosthetic restoration, particular attention 
should be paid to pre-existing concomi-
tant diseases (16). From the perspective 
of the internists and anaesthesiologists, 
efforts should be made to optimise the 
clinical state of risk patients preoperatively 
in consultation with the surgeons, for 
example with an optimised treatment of 
cardiopulmonary illnesses. If necessary, a 
more intensive haemodynamic monitoring 
by inserting a pulmonary artery catheter, 
invasive arterial blood-pressure test and 
central phlebopiezometry should be con-

sidered (5, 42). The results from an animal 
experiment study furthermore suggest 
that haemodynamic embolism-associated 
changes can be more pronounced when 
using inhalation anaesthetics than, for 
example, intravenous fentanyl-diazepam 
combinatory anaesthesia (43). Forgoing 
use of nitrous oxide should also be consid-
ered in order to prevent more severe air 
embolisms that may occur.

It is also possible to reduce risks on the 
surgical side. First of all, the careful hae-
mostasis should be mentioned here in 
addition to the selection of the appropriate 
femoral prosthesis, preferably with a short 
shaft (42). However, the focus should be 
on taking measures that fall under the 
rubric of “modern cementing techniques”. 

These include vacuum-mixing of the bone 
cement in order to produce a homogene-
ous structure and reduce air pockets. As a 
result of this practice, only 11% of patients 
in a study of 72 high-risk patients with 
femoral fractures showed signs of implan-
tation syndrome when cement was vac-
uum-mixed versus 53 % for whom mixing 
was performed under normal air pressure 
conditions (44). The lavation of the spon-
giosa and the medullary canal, preferably 
using a pulse lavage system, before apply-
ing the cement is also of great prophylac-
tic importance. Suffi cient fl ushing of the 
bone minimises the quantity of potential 
embolism-causing materials by ridding 
the spongiosa structures of bone marrow 
and small bone splinters. In addition, the 
pressurised pulsing and fl ushing minimise 
the release of haemodynamic and throm-
boembolic-active mediators (23, 35, 45, 
46) (Fig. 1, 3).

Finally, the cement should not be applied 
manually but rather retrograde before the 
cement application, using a cement pistol 
to ventilate the area before the cement. 
The slow insertion of the implant, the 
careful application of pressure and use of 
a marrow cavity stopper have also proven 
advantageous (47). Table 4 provides an 
overview of the anaesthesia-relevant and 
surgical measures recommended to pre-
vent the occurrence of implantation syn-
drome.

Fig. 2. Schematic illustration of the intrafemoral pressure conditions while implanting a total hip replacement prosthesis (41).
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Fig. 3. Improved cementing results after using a pulse lavation system (right) compared to a non-lavaged femur (left).
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Conclusion

Joint replacement operations are among 
the most common and also safest opera-
tions performed worldwide. A small risk of 
complications does exist, however. Partic-
ularly when implanting hip joint prosthe-
sis, a temporarily reduced oxygen satura-
tion and drop in blood pressure can occur. 
The most probable cause is currently 
assumed to be the penetration of air and 
fat or bone marrow pieces into the blood-
stream. There is an increased risk of com-
plications in patients with concomitant 
diseases, particularly those with cardiop-
ulmonary problems or malignancies. Opti-
mum preparation of the patient and use of 
surgical methods such as modern 
cementing techniques make it possible to 
considerably reduce the risk of implanta-
tion-associated complications.

Table 4. Measures for reducing the risk of complications (16, 42, 47– 49)

Anaesthesia Surgery

  Optimisation of pre-existing concomi-
tant diseases

  More intensive intraoperative haemo-
dynamic monitoring

  Adequate intraoperative hydration 
and oxygenation of the patients

  Forgoing inhalation anaesthesia if 
necessary

 Lavation of the medullary canal

  Insertion of a marrow cavity stopper 
underneath the shaft end

  Good haemostasis before applying bone 
cement or lining with bone cement

  Selecting a shorter shaft for the hip pros-
thesis if possible

  Relief hole drilled distally to the tip of the 
prosthesis so that air can escape at the 
end of the cement plug, reducing the risk 
of an air embolism (apply vacuum if 
needed)

  Use of cement pistol and retrograde 
application of the bone cement

 Slow insertion of the implant

As with any surgical procedure, 
endoprosthetic-related complications 
can also occur. In the overwhelming 
majority of these cases, there is no 
connection with the use of osteoce-
mentum, meaning these complications 
can occur both in conjunction with 
cemented as well as non-cemented 
procedures.
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