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1. Introduction

Total hip arthroplasty (THA) is an increasingly common and successful operation, with
76,759 procedures logged in the National Joint Registry for England and Wales in 2010 [1].
Overall satisfaction rates rank amongst the highest of any joint replacement procedure, with
over 90% reporting a good to excellent overall outcome [2, 3].

Complications related to THA can be classified as either procedure specific or systemic. Ad-
vances in technology, anaesthesiology and surgical technique have resulted in an overall
temporal decrease in complication rates despite the increasing incidence of co-morbidities in
the patient population [4]. Table 1 highlights rates of complications most commonly encoun-
tered after THA.

2. Systemic / non-surgical

2.1. Thromboembolic complications

Deep Vein Thrombosis

Distal deep vein thrombosis (DVT) can range from being asymptomatic, to resulting in long
term valvular damage resulting in chronic venous insufficiency. Proximal propagation can
result in more serious pulmonary embolism. The overall incidence of DVT, including both
radiologically diagnosed asymptomatic DVT and symptomatic DVT, post THA in early
studies was reported to be as high as 70% without any form of prophylaxis [15]. Recent sys-
tematic review of several randomised control trials concerned with DVT prophylaxis has es-
timated this figure to be around 44% [16]. The recent FOTO study has shown a symptomatic
DVT rate of 1.3% in THA patients with extended duration [36 day) chemical prophylaxis [8].
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The overall combined incidence of asymptomatic and symptomatic DVT with prophylaxis
has not declined with time, converse to the findings with knee arthroplasty in which the in-
cidence has declined significantly [17]. This may be due to the increasing frequency of co
morbidities within patients undergoing THA which act as risk factors for DVT.

Systemic Procedure Specific
Complication Rate Complication Rate
Subclinical Fat Embolism 90%[5] Dislocation (Posterior 0.49%|6]
approach with repair)
Symptomatic Fat Embolism Unknown Leg length discrepancy 30%]!7]
(patient perceived)
Symptomatic Deep Vein 1.3%]8] Infection 1.08%]9]
Thrombosis with prophylaxis

Symptomatic Pulmonary 0.5-0.6%[10] Aseptic Loosening 2% failure rate at 15 years

Embolism with prophylaxis (Corail uncemented stem)

[11]
3.2% failure rate at 30 years
(Exeter Cemented Stem)[12]

Mortality 0.29-0.6%[4] Periprosthetic Fracture 1.1%[13]
(Postoperative femoral)
Myocardial Infarction 0.5%[10] Heterotopic Ossification 3-7%[14]
(Grade 111/1V)

Table 1. Complication rates for Total Hip Arthroplasty

THA is thought to mainly affect 2 limbs of Virchow’s triad, namely hypercoagulability and
venous stasis. Activation of the coagulation cascade begins during surgery, primarily during
preparation and insertion of the femoral prosthesis, with cemented prostheses providing a
greater stimulus than uncemented implants [18]. Whether this increases the incidence of
DVT with cemented fixation is unclear as the evidence is inconclusive [15, 19]. Venous hae-
modynamics are also altered not only during surgery, but also for up to 6 weeks post opera-
tively [20]. Significant reductions in venous capacitance and outflow are seen in both legs,
with greater changes seen in the operated leg, and this has been shown to correlate directly
with the incidence of postoperative DVT [20]. Complete femoral vein occlusion has also
been noted during THA, particularly during the posterior approach when the limb is inter-
nally rotated and flexed for operation on the femur [18].

Numerous risk factors for postoperative DVT have been identified. Major risk factors in ap-
proximate order of importance include: hip fracture, malignancy, antiphospholipid syn-
drome, immobility, previous history of DVT, use of selective oestrogen receptor modulators,
oral contraceptives, morbid obesity, stroke, atherosclerosis and a ASA greater than 3 [21].
However 50% of patients who develop DVT have no identifiable clinical risk factor [21]. Ge-
netic predispositions include antithrombin III and protein C deficiency and prothrombin
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gene mutation [21]. In order to aid recognition of “at risk” patients, the National Institute for
Health and Clinical Excellence (NICE) has published a table of relevant patient related risk

factors as shown in Table 2 [16].

Active cancer or cancer treatment

Active heart or respiratory failure

Acute medical illness

Age over 60 years

Antiphospholipid syndrome

Behcet's disease

Central venous catheter in situ

Continuous travel of more than 3hours approximately

4weeks before or after surgery

Immobility (for example, paralysis or limb in plaster)

Inflammatory bowel disease

Myeloproliferative diseases

Nephrotic syndrome

Obesity (body mass index > 30kg/m2]

Paraproteinaemia

Paroxysmal nocturnal haemoglobinuria

Personal or family history of VTE

Pregnancy or puerperium

Recent myocardial infarction or stroke

Severe infection

Use of oral contraceptives or hormonal replacement therapy

Varicose veins with associated phlebitis

Inherited Thrombophilias for example:

High levels of coagulation factors (for example, Factor

VIl

Hyperhomocysteinaemia

Low activated protein C resistance (for example, Factor V Protein C, S and antithrombin deficiencies

Leiden)

Prothrombin 2021A gene mutation

Table 2. Patient related risk factors for Venous Thromboembolism [16]

Prophylaxis against DVT begins with the type of anaesthesia used. Regional compared to

general anaesthesia has been shown to reduce the risk of DVT post THA by over 50% [22,
23]. This is thought to be due to the relative hyperkinetic blood flow seen in the lower limbs

during regional anaesthesia compared to general anaesthesia, and the stabilising effect of lo-

cal anaesthetics on the cell membranes of vascular endothelium and platelets [24]. Mechani-

cal and chemical prophylaxis remains a somewhat contentious issue, with various differing

opinions existing regarding prophylaxis regimes. Numerous randomised controlled trials

exist supporting the use of mechanical methods such as pneumatic compression devices

(figure 1) and chemical methods such as low molecular weight heparins and fondaparinux,

a factor Xa inhibitor [25-34].
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Figure 1. Left: Thrombo-Embolic Deterrent Stockings, Right: Flotron pumps (Huntleigh Healthcare Ltd, Luton, UK)

There has been recent increasing interest in oral factor Xa inhibitors such as Rivaroxaban
and Apixaban. The RECORD trial has demonstrated greater effectiveness for oral Rivaroxa-
ban compared to subcutaneous Enoxaparin with equal side effect profiles [35, 36]. Pooled
analysis of the ADVANCE-2 and ADVANCE-3 trials has also demonstrated greater efficacy
for oral Apixaban compared to subcutaneous Enoxaparin [37]. There has been some recent
concern however regarding the increased rate of wound complications, specifically with the
use of Rivaroxaban [38]. A retrospective analysis by Jensen et al. demonstrated a greater re-
turn to theatre rate for wound complications such as prolonged drainage and haematoma
associated with the use of Rivaroxaban compared to Tinzaparin [38]. The authors suggest
that trial data to date has not fully evaluated the complications profile of Rivaroxaban, as
only major bleeding was used as a primary outcome measure, and further randomised trials
are necessary to examine rates of surgical complications.

Current recommendations by National Institute for Health and Clinical Excellence (NICE) in
England state that, THA patients should be offered mechanical prophylaxis in the form of
intermittent pneumatic compression devices or compression stockings, and chemical pro-
phylaxis with either low molecular weight heparin, Fondaparinux, Rivaroxaban or Dabiga-
tran. This should be continued for 28-35 days post operatively [39].

2.2. Pulmonary embolism

DVTs that propagate proximally have the potential embolise to the lungs resulting in pulmo-
nary emboli (PE). Mild emboli can be asymptomatic, whereas massive embolism can be fatal,
and PE is one of the leading causes of mortality post THA. Rates for symptomatic pulmonary
embolism in recent large case series of primary THA in which chemical prophylaxis was
used, has been between 0.51-0.6% [10, 40]. In the absence of prophylaxis this is estimated to be
around 3%, with approximately 6% of symptomatic PEs post THA result in fatality [16].
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As with DVT, both mechanical and chemical methods such as pneumatic compression
pumps and low molecular weight heparins have been shown to provide effective prophy-
laxis against symptomatic PE [25, 41-44]. However due to the low rate of fatal PE, trials and
even meta-analyses have failed to demonstrate statistically significant effects on the rate of
fatal PE by using thromboembolic prophylaxis [45]. Power analysis indicates a trial involv-
ing 67,000 patients would be needed to demonstrate a statistically significant difference [46].

Vena Caval filters as shown in figure 2 can also be used to prevent migration of venous em-
boli into the pulmonary circulation. However no RCTs exist supporting their use in surgical
patients and significant complications such as pneumothorax, air embolism and arteriove-
nous fistulae can develop either during their placement or post procedure [47]. UK NICE
guidelines therefore recommend their use in patients with recent or existing thromboembol-
ic disease in whom anticoagulation is contraindicated [39].

Figure 2. Retrievable Inferior Vena Caval Filter, courtesy of Cook Medical

2.3. Fat embolism

During insertion of the femoral component, rises in intramedullary pressure can force me-
dullary fat and marrow contents into the venous circulation via the metaphyseal vessels
[48-50]. Fat and marrow embolus can then pass into and through the pulmonary circulation
depending on the size of the emboli [51, 52]. Large emboli can lodge within the pulmonary
circulation leading to pulmonary hypertension and haemodynamic instability. Trans-pul-
monary passage of micro-emboli can result in cerebral embolism potentially causing neuro-
logical complications [51, 53].
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Subclinical fat embolisation can been detected in up to 90% of patients undergoing THA [5].
However the exact incidence of fat embolism syndrome characterised by the classic triad of
respiratory insufficiency, neurolgic symptoms and upper body petechiae is unknown [54].

Measures to reduce the risk of fat embolism include medullary lavage to reduce the fat load
during cement pressurisation [55]. Vacuum cementation techniques using drainage cannu-
lae have also been shown to be effective in reducing the intramedullary pressure rises dur-
ing cementation therefore reducing the risk of emboli [56]. Treatment of established fat
embolism syndrome is essentially supportive, frequently requiring intensive care unit ad-
mission for respiratory support.

3. Mortality and cardiorespiratory complications

Published rates for mortality following primary THA are low, ranging from between 0.29%
to 0.6% [4, 10]. Mortality rates have declined slightly with time despite the increasing inci-
dence of relevant co-morbidities [4]. Cardiovascular complications account for the most
common cause of death [57].

Age has been identified as one of the strongest predictors of post operative mortality after
joint arthroplasty [10]. Octegenarians have been shown to have a mortality rate 3.4 times
higher than patients between 65-79 years of age and were 2.4 times more likely to suffer a
post operative myocardial infarction [58]. Other significant risk factors for post operative
mortality and morbidity include male sex, smoking and higher American Society of Anes-
thesiologists”  (ASA) grade which is representative of relevant significant co-morbidities
such as artherosclerosis, diabetes, renal impairment and valvular disease [10, 59, 60].
Greenfield et al. found that the incidence of morbidity after THA varied from 3% to 41%
when comparing those with the lowest and highest incidence of co-morbidities [61]. The
role of anaesthesia is somewhat controversial. Some studies suggest regional compared to
general anaesthesia may reduce the risk of thromboembolic and cardiorespiratory compli-
cations and short term mortality [62, 63]. Others have shown no difference between the 2
groups in terms of morbidity and mortality [64]. Therefore no conclusive evidence exists
supporting one form of anaesthesia, but the overall consensus would appear to favour re-
gional techniques [54].

4. Procedure specific / surgical complications

4.1. Dislocation

Dislocation is the 3rd most common cause for revision after THA [65]. Published rates for
dislocation after primary THA vary widely between 0.2% to 7% [66]. Up to 70% of disloca-
tions occur early within 6 weeks [67]. Early dislocation carries a better prognosis compared
to late dislocation which is defined as occurring after 3 months, as late dislocation usually
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has a multifactiorial aetiology including component wear and soft tissue laxity [68, 69]. Ap-
proximately a third of dislocating THAs managed conservatively after the first episode will
go on to become recurrent dislocators [67]. Risk factors for dislocation can be classified as
either patient, surgery or implant related.

4.2. Patient related risk factors

Patients with neuromuscular and cognitive disorders such as cerebral palsy, muscular dys-
trophy and dementia, have been shown to have higher rates of dislocation [70]. Fracture as
the primary indication for surgery is the indication most strongly linked with dislocation
[71]. This is thought to be due to the lack of capsular hypertrophy normally seen with osteo-
arthritis which provides additional stability. Previous hip surgery of any sort has also been
shown to double the risk of dislocation [68]. Factors such as height, weight, age and sex of
the patient have not been conclusively shown to affect the rates of dislocation [67].

4.3. Surgical risk factors

Surgical factors include surgical approach, soft tissue tension, component design and orien-
tation, and surgeon experience. The majority of dislocations occur in a posterior direction
and therefore the posterior approach has been deemed to be the approach with the highest
risk of dislocation. Early data supported this theory with Woo et al reporting a rate of 5.8%
for posterior approach compared to 2.3% for an antero-lateral approach [68]. However re-
cent research investigating the role of posterior capsular and external rotator repair has
shown comparable rates to other approaches [72, 73]. A recent meta-analysis has shown a
reduction of the dislocation rate from 4.46% to 0.49% by carrying out a posterior soft tissue
repair [6]. Therefore with meticulous soft tissue repair, surgical approach should have little
effect on dislocation rates. Besides the posterior structures, the glutei and joint capsule also
provide soft tissue tension reducing dislocation risk. Therefore following a transtrochanteric
approach, trochanteric non union greater than lcm can result in abductor insufficiency in-
creasing the rates of dislocation by over 6 fold [68]. Inadequate offset is another factor affect-
ing soft tissue tension and has been shown to increase dislocation risk [74].

4.4. Implant related factors

Component positioning and design both play key roles in reducing dislocation risk. “Safe
zones” for acetabular cup position are defined as an abduction angle of 40° + 10° and ante-
version of 20° + 10° [75, 76]. With a posterior approach reduced cup anteversion has been
shown to be a major risk factor for dislocation [77]. Archbold et al. have suggested the use of
the transverse acetabular ligament as a landmark to judge cup anteversion [78]. Using this
technique they reported a 0.6% dislocation rate using a posterior approach with soft tissue
repair. How this relates to the traditionally defined safe zones is currently being examined.
Femoral component positioning has been less well studied. Recent studies have suggested
the use of a ‘combined anteversion” technique in which the acetabular and stem combined
anteversion should be 35° + 10° [79, 80].
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Femoral head size also affects stability. Larger heads provide more favourable head-neck ra-
tios, reducing possible impingement, and seat deeper within the acetabulum requiring a
greater ‘jump distance’ to cause dislocation as illustrated in figure 3. Such advantages have
been validated using cadaveric and computer modelling [81-83]. Clinical data from both the
Norwegian and Australian joint registries has also shown a reduction in rates of revision for
dislocation with increasing head size [84, 85].

Surgeon experience is another factor that has been identified in influencing dislocation rates.
Hedlundh et al. found that surgeons who had performed less than 30 THAs had a double
rate of dislocation compared to more experienced surgeons [86]. A recent systematic review
has also demonstrated reduced dislocation rates with increased surgical volume [87].

Figure 3. Jumping Distance highlighted by red arrow demonstrates distance the head needs to travel before disloca-
tion occurs. Increasing head size increases this distance

5. Management

Management of dislocation initially involves closed reduction which is usually successful in
the majority of cases. This should be performed ideally under anaesthesia with muscle relax-
ation to reduce the chance of damage to the femoral head [88, 89]. Some surgeons advocate
the use of an abduction brace after reduction but little evidence exists supporting their use.

Indications for operative intervention include recurrent or irreducible dislocation, compo-
nent malposition, soft tissue laxity and dislocation due to impingement. Strategies during
revision include component realignment, removal of osteophytes causing impingement,
modular component exchange to increase head size and improve head-neck ratio, liner ex-
change if worn and addressing soft tissue laxity using capsulorrhaphy, trochanteric ad-
vancement or tendon allografts.

Selected patients unsuitable for major revision surgery can be treated with posterior lip aug-
mentation devices (PLAD) as shown in figure 4. These consist of a C shaped piece of
UHMWPE and a steel backing plate, and are applied to the posterior lip of the acetabulum
and held in place with up to 5 screws. This constrains the head within the augmented sock-
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et. Contraindications to its use include gross component malalighment and loosening.
McConway et al. reviewed 307 recurrently dislocating THAs treated with PLADs [90]. Per-
sistent instability occurred in only 5 patients [1.6%) and there was no evidence of accelerated
loosening affecting the acetabular component.

Salvage procedures for failed revision or uncorrectable aetiology include the use of con-
strained cups or conversion to bipolar hemiarthroplasty. However both of these procedures
are associated with poor functional outcome and constrained cups can result in premature
loosening [70]. Therefore their use is usually reserved for low demand patients. The final
salvage option is Girdlestone resection for the unreconstructable hip.

Figure 4. Posterior Lip Augementation Device (PLAD, Depuy, UK)

5.1. Leg length discrepancy

Leg length discrepancy (LLD) is the most common cause of patient dissatisfaction and sub-
sequent litigation after THA [91]. LLD can result in nerve palsies, abnormal gait, lower back
pain and reduced functional outcome [92]. Wylde et al. showed up to 30% of patients after
primary THA can have a perceived LLD, but only 36% of these had an anatomic LLD great-
er than 5mm [7].

Nerve palsies are potentially the most serious complications of LLD. Sciatic and peroneal
nerve palsies have both been associated with limb lengthening. Edwards et al suggested sci-
atic and peroneal nerve palsies are associated with lengthening greater than 4 and 3.8cm re-
spectively [93]. Farrell et al however found an average lengthening of only 1.7cm was a
significant risk factor for nerve palsies [94]. Therefore safe limits for limb lengthening before
traction nerve palsies develop are yet to be defined, and it may be that any minor degree of
lengthening may make the nerve more susceptible to other trauma [94].

Minor LLD less than 1cm is usually well tolerated by patients. However LLD greater than
2cm has been shown to significantly affect the gait cycle, increasing physiological demand
[95]. LLD greater than 3cm in the elderly was shown to cause significant increases in heart
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rate and quadriceps activity in the lengthened limb, which may be especially relevant in pa-
tients with cardio-respiratory co-morbidities [95].

Avoiding potential problems with LLD begins with patient history and examination. It is
crucial to determine patient perceived leg length in order to counsel the patient effectively
regarding likely outcomes. True leg length can then be determined, measuring from the ipsi-
lateral anterior superior iliac spine to the medial malleolus, followed by apparent leg length
by measuring from the umbilicus to the medial malleolus. Apparent leg length can be affect-
ed by pelvic obliquity secondary to either lumbar spine pathology or contractures about the
hip. Significant LLD due to fixed pelvic obliquity secondary to chronic lumbar spine pathol-
ogy cannot usually be corrected as it may involve significant shortening or lengthening.
With pelvic obliquity secondary to contractures, the true length only needs to be corrected
as after the THA the pelvis will balance with time [96].

Radiographs can also be used to determine leg length by referencing the position of the less-
er trochanter in relation to a line drawn across the inferior aspect of the pelvis as shown in
figure 5. Templating can then be carried out to determine the correct level of the neck cut for
the femoral prosthesis and the position of the acetabular component in order to determine
the new hip centre. Both of these directly affect leg length.

Figure 5. Radiographic estimation of LLD can be made by measuring vertically from the top of the lesser trochanter to
a line drawn across the inferior margin of the pelvis

Intraoperative methods include the use of measurements taken from reference pins placed
in the pelvis to a mark on the greater trochanter [97-99]. Mihalko et al described using a
large fragment screw placed above the superior rim of the acetabulum and marking a point
on the greater trochanter a fixed distance from this prior to dislocation. After insertion of the
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prostheses this distance was rechecked giving an indication of leg length changes [98]. Shir-
amizu et al used a similar method but with a steimann pin in the ilium and a custom calliper
to measure the distances [99]. They found a mean LLD of only 2.1mm with this method.

Minor LLD postoperatively can be treated using a shoe raise. Prescription of such devices
should be delayed for 3-6 months to allow any residual pelvic tilt secondary to contractures
to resolve as the soft tissues can progressively relax. Failure of conservative measures and
symptoms such as severe pain, nerve palsies and instability can necessitate surgical inter-
vention. Shortening can be treated using soft tissue release and exchange of modular heads
to give modest changes in leg length or more extensive surgery such as exchange of the fem-
oral component to give greater neck length or offset. Lengthening can also be treated with
component exchange but secondary procedures such as trochanteric advancement or the use
of larger heads or stems with increased offset may be needed to maintain stability [100].

5.2. Infection

Infection post THA is potentially one of the most catastrophic and challenging to treat com-
plications. During the early development of THA, Charnley reported a deep infection rate of
9.4% in unventilated operating theatres [101]. This initial unacceptably high deep infection
rate stimulated the development of several prophylactic measures including ultraclean lami-
nar air flow ventilation and peri-operative antibiotics. With the aid of such measures, infec-
tion rates in the UK between 1993 and 1996 fell to 1.08% [9].

5.3. Prophylaxis

Bacterial contamination of theatre air was initially recognized as a risk factor for post opera-
tive sepsis by Lister in 1867 [102]. Charnley later introduced the concept of ultraclean air
flow ventilation that produces less than 10 colony forming units per cubic meter [103]. His
reported infection rates in THA fell to 1% with the use of such enclosures. A MRC trial pub-
lished in 1982 demonstrated a deep sepsis rate of 0.6% with ultraclean ventilation compared
to 1.5% with conventional ventilation [104]. The use of ultraclean air ventilation during joint
arthroplasty has subsequently become universally adopted practice within the UK [105].

The use of peri-operative antibiotics during THA is also a common prophylactic measure.
Early trials using cloxacillin in THA found a 12% infection rate without prophylaxis com-
pared to 0% with [106]. Currently cephalosporins are commonly used prophylaxis for THA.
There is however a gradual move away from these due to the emergence of MRSA and
problems with Clostridium difficile infection. Alternative regimens include flucloxacillin
and gentamicin, or vancomycin and gentamicin. There is no conclusive evidence with re-
gards to the optimal antibiotic regimen or duration of administration. However no benefit of
extended prophylaxis beyond 24 hours has been demonstrated [107]. Therefore antibiotic re-
gimes should be ideally guided by local microbiological knowledge so locally prevalent or-
ganisms can be targeted. Other measures shown to reduce rates of infection or bacterial load
include the use of occlusive clothing, exhaust suits, pulsed wound lavage, preoperative
showering and reducing theatre traffic [105].
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5.4. Pathogenesis

Infection can arise by direct bacterial contamination at the time of surgery or later haema-
togenous spread. Staphylococcus aureus was the most common causative organism in an
early series published by Charnley [108]. Coagulase negative staphylococci have become in-
creasingly prevalent over the years with a recent series showing such organisms responsible
for 58% of infections [109]. This is thought to be due to the effect of antibiotic use on bacteri-
al flora [105]. Risk factors for periprosthetic infection include obesity, revision surgery, in-
flammatory arthritis, open skin lesions on the affected limb, blood transfusion, urinary
infections and high ASA score [110].

Pathogenesis begins with bacterial adhesion. Primary adhesion occurs due to physical inter-
actions (hydrophobic/electrostatic) between the bacteria and prosthetic surface. This is fol-
lowed by bacterial aggregation through membrane adhesion molecules and generation of
exopolysaccharides which form a glyocalyx or biofilm surrounding the bacteria [111]. This
biofilm is thought to protect the bacteria from antibiotics and host defences [112].

5.5. Classification

Periprosthetic infections can be classified into 4 main catogeries [113]. Early postoperative
infection is one that becomes apparent within one month of the procedure. Late chronic in-
fection presents later than 1 month after operation and has an insidious course of gradual
onset of pain and swelling with minimal systemic symptoms. Acute haematogenous spread
results in an acute onset of symptoms associated with a documented or suspected bacterae-
mia. The final type is positive intra-operative culture, this is an occult infection diagnosed
by positive cultures taken at time of revision surgery.

5.6. Diagnosis

Diagnosis of peri-prosthetic infection can be extremely challenging. Hip pain is the most
consistent symptom. Presence of systemic symptoms such as fevers or rigors can be very
variable. Examination may reveal local wound tenderness, signs of inflammation, discharge,
sinuses and a painful range of movement.

Plain radiographs may show evidence of osteopenia or osteolysis, periostiitis and endosteal
scalloping. However none of these can reliably differentiate between infection and aseptic
loosening. Radionucleotide scanning using technetium or gallium can also been used. Tech-
netium uptake reflects active bone turnover and gallium binds to transferrin, accumulating
in inflammatory foci. Technetium scanning has a greater sensitivity than gallium for infec-
tion but their inability to differentiate infection and aseptic loosening limits their application
[114, 115]. However its relatively high negative predictive value can make technetium bone
scanning a useful initial screening test [116]. 18F-Fluoro-deoxyglucose [18-FDG) PET scan-
ning is a newer technique that has increased sensitivity and specificity for infection. Pooled
data from recent studies demonstrate a sensitivity of 85.5% and a specificity of 92.6% for
periprosthetic infection [117]. Availability of PET scanners however still remains poor. Us-
ing radio-labelled white cells or immunoglobulins is another technique which has shown
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improved sensitivity and specificity relative to traditional three phase bone scans. Their
widespread availability combined with the lack of established diagnostic criteria for 18-FDG
PET scans, makes labelled white cell scans the current nuclear medicine investigation of
choice for periprosthetic infection [118].

Blood investigations include ESR, CRP and Interleukin-6. ESR and CRP are non specific in-
flammatory markers and therefore can be elevated by concurrent illnesses. In the absence of
such conditions an ESR greater than 30 mm/hr has a sensitivity and specificity of 82 and 85%
respectively for peri-prosthetic infection, and the values for a CRP greater than 10mg/I are
96% and 92% [119]. Elevated levels of interleukin-6 have also been associated with peripros-
thetic infection with a sensitivity and specificity of 100% and 95% in one study [120]. How-
ever other chronic inflammatory conditions such as rheumatoid arthritis and other illnesses
such as AIDS and Multiple Sclerosis can also cause elevated levels.

Cytological and microbiological analysis of hip aspirate taken under sterile conditions can
give useful information regarding not only the presence of infection but also the potential
offending organism. Ali et al. have shown a sensitivity and specificity of 0.82 and 0.91 for
radiologically guided guided hip aspiration. However recent antibiotics can affect cultures
and therefore antibiotics must be stopped for at least 2 weeks prior to aspiration.

5.7. Treatment

The aims of treatment of an infected prosthesis are eradication of infection and restoration of
function. The classification by Tsukyama et al. can be used to help guide treatment [113].
Acute infections either presenting as early infection or acute haematogenous spread can be
treated by component retention and thorough debridement, irrigation and intravenous anti-
biotics. However such treatment must be undertaken within 2 weeks of onset of symptoms
[121]. Success rates between 50-74% have been reported with such a strategy [113].

Late chronic infection is best treated with full revision. This can be performed as a single
stage exchange arthroplasty or a 2 stage exchange procedure. Originally described by Bu-
cholz, a single stage procedure involves prosthesis removal, soft tissue debridement and
lavage, followed by re-implantation of a new prosthesis if a clean uninfected bed is ach-
ieved, followed by appropriate antibiotic therapy [122]. Review of 1299 cases treated with
single stage revision showed an 83% success rate at an average follow up of 4.8 years [123].
Factors associated with successful outcome were good general health of the patient, absence
of wound complications after the primary procedure, methicillin sensitive organisms and in-
fection with organisms sensitive to antibiotics within the cement [123]. Advantages of a sin-
gle stage procedure include lower patient morbidity and lower incidence of complications
such as fracture and dislocation. However 2 stage procedures have consistently demonstrat-
ed higher success rates compared to single stage procedures [124-128]. Thus 2 stage ex-
change still remains the most common strategy.

2 stage procedures involve initial prosthesis removal, soft tissue debridement and insertion
of an antibiotic loaded cement spacer. This can be in the form of an articulating spacer al-
lowing some range of movement and reducing soft tissue contracture. This is followed by
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appropriate antibiotic therapy and a usual interval of 6 weeks prior to reimplantation of the
definite new prosthesis. Success rates of between 87 to 94% have been reported with cement-
ed 2 stage revision [124, 125, 128].

6. Nerve and vessel injury

The overall incidence of nerve injury after THA is estimated to be around 1% [129]. Sciatic
nerve palsies account for 79% of all cases, followed by femoral nerve palsies (13%), com-
bined femoral and sciatic nerve palsy (5.8%) and obturator nerve palsy (1.6%) [129]. In the
majority of cases (47%) the aetiology is unknown. Other causes include traction (20%), con-
tusion (19%), haematoma (11%) and dislocation (2%), with laceration only accounting for 1%
of all nerve palsies [130]. Risk factors for nerve injury include female sex, revision surgery
and developmental dysplasia of the acetabulum [129].

When the sciatic nerve is affected, it most commonly involves the common peroneal divi-
sion. This is thought to be due to the lower amount of connective tissue present between the
funiculi and its relatively tethered position at the sciatic notch compared to the tibial branch
[129, 131]. These factors are thought to make the peroneal branch more susceptible to trau-
ma and traction. The use of the posterior approach has traditionally been associated with in-
creased risk of sciatic nerve damage. However a Cochrane review in 2006 found no
difference in the incidence of nerve palsy between the posterior and direct lateral ap-
proaches [132]. Femoral nerve palsy is less common and is usually secondary to direct com-
pression, usually due to a malpositioned retractor [130].

Indications for surgical intervention in a patient with nerve palsy include haematoma caus-
ing compression, palsy associated with excessive lengthening and palsy that can be definite-
ly attributed to implanted metalwork. Electrodiagnostic studies can be helpful in
determining the level of the lesion. Outcomes of nerve palsies are variable, with 40% of pa-
tients showing a good recovery, 45% of patients having mild residual motor or sensory
symptoms and 15% left with a dense motor or sensory deficit [129]. Partial nerve lesions and
maintenance of some motor function are good prognostic indicators, with recovery possible
for up to 3 years after the initial insult [133].

Vascular injury during THA is extremely rare. Published incidence varies between 0.04 to
0.08% [134, 135]. As opposed to knee arthroplasty, vascular injury in THA is usually the re-
sult of direct trauma either during component insertion or removal [136]. Risk factors in-
clude revision surgery, previous vascular injury or surgery and pre-existing atherosclerosis
[137]. The majority of vascular injuries are arterial but venous injury has been described
[138]. Venous injuries however may be under diagnosed as they may run a relatively benign
course remaining undetected.

The majority of vascular injuries are either the result direct trauma from acetabular retrac-
tors or acetabular screw insertion [130]. Wasielewski et al. have described an acetabular
quadrant system to help guide safe screw insertion [139]. The postero-superior and poster-
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inferior quadrants are the safest zones for screw insertion as they have they areas of greatest
bone stock [139].

6.1. Wear and aseptic loosening

Aseptic loosening is the most common cause for revision surgery, accounting for 75% of re-
vision cases [140]. Aseptic failure occurs as a result of a chronic inflammatory reaction sec-
ondary to particulate wear debris eventually resulting in osteoclast activation, osteolysis
and loosening [141].

The pathogenesis begins with the generation of wear particles from the bearing surface, and
also non bearing surfaces such as the interface between acetabular shell and the liner insert,
known as backside wear. The morphology of the wear debris is dependent on the type of
implant used. Particles from polyethylene bearing surfaces can vary from submicron in size
to several millimetres. The average size of polyethylene debris has been shown to be around
0.5 pm and it is this submicron sized particle that has been shown to have the most bio-reac-
tivity [142, 143]. The rate of generation of the wear particles has also been shown to correlate
with the degree of osteolysis [142]. Inadequate initial fixation can also contribute to loosen-
ing by generating micromotion and increasing the rate of generation of particulate debris
[144]. This highlights the importance of good cementation techniques in reducing the risk of
aseptic failure. Pressure within the joint fluid has also been suggested to contribute to os-
teolysis. Increased joint fluid pressure in animal models has been shown to induce bone loss
at the prosthesis bone interface possibly by interfering with bone perfusion causing osteo-
cyte death [145, 146]. Increased joint fluid pressures have been noted in THAs undergoing
revision and pressure waves generated by load bearing have been demonstrated in retroace-
tabular lytic lesions [147, 148]. Thus increased fluid pressures may directly contribute to os-
teolysis and also perpetuate the dissemination of the wear debris throughout the prosthesis
bone interface, enhancing the biological response.

The primary response to wear debris is predominantly macrophage mediated. The exact
mechanism of macrophage activation is still unclear. Macrophages can be activated as a re-
sult of either phagocytosis of particulate matter and also possibly through cell membrane in-
teractions with particulate matter [149]. Macrophage activation causes the release of pro-
inflammatory cytokines and growth factors including TNF-a, Interleukin-1, TGF- and
RANKL [150]. This results in the production of a pseudomembrane at the bone cement pros-
thesis interface consisting of macrophages, fibroblasts and lymphocytes within a connective
tissue matrix [151]. TNF-a and Interleukin-1 both promote osteoclastic differentiation and
activation, but it is the up regulation of the RANK/RANKL pathway that is the key to acti-
vating osteoclastogenesis and subsequent osteolysis [143]. Recent studies have suggested in-
dividual genetic susceptibility to osteolysis may exist via single nucleotide polymorphisms
in the implicated cytokine genes, possibly by altering the magnitude of the biological re-
sponse [152-155].

Alternative bearing surfaces can be used to reduce wear rates, debris generation and subse-
quent osteolysis. Highly crosslinked polyethylene, ceramic on ceramic and metal on metal
bearings have all been shown to have reduced wear rates compared to standard ultra-high
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molecular weight polyethylene (UHWPE) [156-164]. However there are concerns regarding
the increased bioreactivity of crosslinked polyethylene debris compared to standard
UHWPE which may offset the benefits of reduced volumetric wear [165, 166]. Volumetric
wear is also lower with metal on metal bearings. However as the particle size is much small-
er, usually between 20-90nm, the overall surface area is much larger compared to UHWPE
raising concerns of possible increased bioreactivity.

Pain is usually the primary presenting symptom of aseptic failure. Gross acetabular loosen-
ing can cause groin pain whereas thigh pain can indicate femoral loosening [167]. Early loos-
ening however may also be asymptomatic merely detected on routine follow up
radiographs. Clinical signs may include inability to straight leg raise, shortening of the leg
due to subsidence and increasing external rotation of the leg if the femoral stem twists into
retroversion. Investigations for aseptic loosening are similar to those for infection discussed
earlier. Blood inflammatory markers such as CRP are usually normal with aseptic loosening
[168]. Radiological tests include plain radiography, subtraction and nuclear arthrography
and bone scintigraphy. Meta-analysis has shown similar diagnostic performance for all of
these tests and therefore suggests plain radiographs and bone scintigraphy as the tests of
choice due to their lower risk of patient morbidity [169]. CT 3D imaging is also useful for the
evaluation of lytic lesions as plain 2 dimensional radiographs can underestimate the size of
the lesion as demonstrated in figure 1 [170, 171].

Figure 6. Top left & right, Progressive acetabular osteolysis over 1.5 years, Bottom left, 3D CT reconstruction demon-
strating lesion and pelvic discontinuity, Bottom right, defect reconstructed with mesh and bone graft and plate to
posterior column to address discontinuity
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Treatment of aseptic loosening is guided by the severity of the patient’s symptoms and the
rate and volume of osteolysis. Indications for surgical treatment in asymptomatic patients
are progressive osteolysis and risk of catastrophic mechanical failure such as periprosthetic
fracture. Nonsurgical treatment using bisphosphonates and anti cytokine therapy such as
anti-TNF-a to prevent progression of osteolysis has been suggested. However their efficacy
is yet to be determined [172]. Goals of surgical treatment include removal of wear debris
and also the wear generator, reconstruction of the osseous lesion and restoration of mechan-
ical stability [173]. This can involve exchange of bearing surfaces, bone grafting of lytic le-
sions and revision of loose components.

7. Bearing specific complications

7.1. Ceramic on ceramic bearings

Ceramic articulations have become increasingly popular due to their low wear profile and
good biocompatibility. However potential complications of ceramic bearings include chip-
ping and incomplete seating of ceramic liners during insertion, fracture and bearing gener-
ated noise.

Currently all ceramic acetabular bearings consist of a modular ceramic liner which is insert-
ed into a metal shell implanted into the acetabulum. Incomplete seating of the liner due to
soft tissue interposition or deformation of the metal shell has been reported [174, 175]. Thus
extra care and good visualisation of the acetabulum is imperative when inserting a modular
ceramic liner. Chipping during impaction has also been reported and this can also be secon-
dary to deformation of the metal shell [176]. Using titanium sleeved or recessed ceramic lin-
ers has been shown to reduce such risks [177].

Risk of fracture for modern 3™ generation ceramic bearings is extremely low. Willman et al.
found a fracture rate of 0.004% for femoral heads manufactured after 1994 [178]. Fracture of
both the liner and femoral head have however been reported [179, 180]. Head fracture has
been associated with improper handling during implantation. Contamination of the stem-
ball interface with blood or soft tissue has been shown to significantly reduce the load re-
quired for inducing fracture [181]. Impingement of the femoral neck on the edge of ceramics
liner is thought to be a major risk factor for liner fracture [179, 182]. Therefore correct posi-
tioning of the acetabular component is especially important for ceramic bearings.

Noise generated from ceramic bearings is a recently described phenomenon. Published rates
of “squeaky” ceramic bearings range from 2.7% to 20.9% [183, 184]. Component malposition
has been implicated [185]. However recent studies have found no association between cup
inclination and version and the incidence of squeaking [183, 184]. Short neck length is the
only factor that has been associated with squeaking, possibly due to impingement or micro-
seperation to due increased joint laxity [184]. Revision of squeaking hips has revealed evi-
dence of stripe wear but there is currently no evidence to suggest squeaking is a precursor
for ceramic fracture [186, 187].
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7.2. Metal on metal bearings

Metal on metal bearings also have superior wear rates compared to standard UHMWPE
[161, 163, 164]. However there is increasing concern regarding metal ion toxicity and hyper-
sensitivity type reactions. Volumetric wear is considerably lower for metal bearings com-
pared to UHMWPE, but the absolute number of particles generated is estimated to be 13500
times higher [188]. Therefore the total surface area is considerably higher. Thus the bioreac-
tivity of metal wear particles may be higher than polyethylene or ceramic debris, and the
nanometre scale of the particles and dissolution of metal ions allows distant transport, rais-
ing concerns of systemic toxicity.

The possibility of systemic toxicity has raised interest in serum metal ion levels in patients with
modern metal on metal bearings. Recent studies using standardised measurement techniques
have reported mean serum chromium levels of between 0.86 — 17.7 ug/L [189-192]. Safe levels
of serum metal ion levels have however yet to be determined [193]. Concerns regarding carci-
nogenesis and immune suppression secondary to raised blood metal ion levels have been
raised [194, 195]. Teratogenicity is also another potential concern as transplacental crossage of
metal ions has been demonstrated [196]. However, currently no conclusive evidence exists
supporting these theories [197, 198]. A positive correlation between cup inclination and blood
metal ion levels has been demonstrated with metal on metal bearings [191, 199]. This is proba-
bly due to increased edge loading with increasing cup inclination and serum metal ion levels
have been suggested as a tool to monitor the performance of metal on metal bearings [190].
Therefore metal ion exposure can be minimised with proper cup orientation.

Local tissue reactions to metal on metal articulations have also been reported [200-202]. Met-
al ions are thought to induce an immune reaction leading to tissue necrosis and osteolysis.
This is in contrast to UHMWPE which induces a macrophage reaction to particulate wear
debris. Willert et al. has called this unique reaction, aseptic lymphocytic vasculitic associated
lesions (ALVAL) [200]. Histologically this reaction is characterised by perivascular lympho-
cytic infiltration and plasma cells. Clinical presentation can vary between chronic groin pain
to extensive tissue necrosis forming pseudotumours [201]. Exact incidence of such tissue re-
actions is unknown but is estimated to be around 1% [201]. Risk factors associated with the
development of these adverse reactions include small component size and component mal-
position [203]. Stemmed metal on metal hip replacements also appear to have a higher rate
of revision and their use has now been discouraged [204].

8. Periprosthetic fracture

Periprosthetic fractures can occur either intraoperatively or in the postoperative period. Over-
all, periprosthetic fractures more commonly affect the femoral component of the THA. Data
from the largest published series by Berry et al. reports the incidence of intra- and postopera-
tive femoral fracture as 1% and 1.1% respectively [13]. Rates of intraoperative fracture after ce-
mentless fixation are higher, 5.4% for primary THAs and 21% for revision surgery [13].
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The treatment of unstable postoperative periprosthetic femoral fractures is now almost al-
ways operative. Loosening, non-union, varus malunion and morbidity associated with pro-
longed immobility have made conservative management unpopular [205]. Treatment can be
guided by using the Vancouver classification which is the most widely accepted system for
classifying such fractures [206]. This system takes into account three main factors, site of the
fracture, stability of the implant and quality of the surrounding bone. Type A fractures oc-
cur in the trochanteric region and are subdivided into type A; and A; fractures. A fractures
involve the greater trochanter and usually stable and can therefore be treated conservatively
with protected weightbearing. A; fractures involve the lesser trochanter, and are also usual-
ly insignificant unless a large portion of the calcar is involved potentially affecting implant
stability, in which case revision THA may be necessary. Type B fractures occur around or
just distal to the stem and are subdivided into type B,, B, and B; fractures. B, fractures have
a well fixed stem and can be treated with open reduction and internal fixation. Combined
plate and cerclage wire systems are commonly used for such fractures. Type B, fractures
have a loose stem but good bone stock. These are usually revised with long stem implants
bypassing the fracture, and can be augmented by plates, cables and strut allografts to im-
prove stability. Type B; fractures have a loose stem and poor stock stock. These are the most
difficult to treat and require either revision THA with structural allografts to reconstitute the
proximal femur, distally fixed long stemmed implants of custom proximal femoral replace-
ment. Type C fractures occur distal to the stem. The stem can therefore essentially be ignor-
ed and the fracture treated with standard open reduction and internal fixation.

Acetabular fractures are somewhat less common with reported intraoperative rates ranging
between 0.02-0.4% [207, 208]. Data regarding postoperative fractures is currently not availa-
ble [13]. The majority of intraoperative acetabular fractures occur during acetabular inser-
tion especially during impaction of pressfit cementless components [209]. Underreaming by
greater than 2mm has been suggested to significantly increase fracture risk [210].

The aims of treatment of intraoperative acetabular fractures include stabilizing the fracture
and preventing further propagation and maintaining component stability [209]. Techniques
include plating the anterior and posterior columns and using bone graft and jumbo revision
cups if there is marked bone loss. Treatment of postoperative fractures follows similar prin-
ciples. Early postoperative fractures with stable cups and minimally displaced fractures, es-
pecially around uncemented implants with supplemental screw fixation, can be treated
conservatively. Unstable cups require revision with fixation of the fracture. Late presenting
fractures are frequently associated with osteolysis and therefore usually require revision
with bone grafting [211].

9. Heterotopic ossification

Heterotopic ossification (HO) is the abnormal formation of mature lamellar bone within ex-
traskeletal soft tissues. HO is most commonly asymptomatic, merely detected on follow up
radiology. When symptomatic, stiffness is the most common presentation. Pain and soft tis-
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sue signs such as localised warmth, mild oedema and erythema are uncommon but can
cause confusion raising concerns over infection [212].

Early changes of HO within the soft tissues can be detected after 3 weeks on bone scan and
plain radiographic changes can take 6 weeks to become apparent [212]. Extensive bone dep-
osition can occur within 3 months, but full maturation takes up to one year [213]. The abduc-
tor compartment is most commonly affected. HO is most commonly classified using the
Brooker classification [214]. This is based upon plain anteroposterior radiographs of the pel-
vis and is outlined in figure 7.

a ; b ;
d
Cc i
Figure 7. Brooker classification showing a) grade 1: islands of bone within the soft tissues about the hip, b) grade 2:
bony spurs from either the femur or the pelvis, with a gap of more than 1 cm between opposing bony ends, c) grade

3: the gaps between the spurs are less than 1 cm and d) grade 4: apparent ankylosis of the hip due to the heterotopic
ossification.
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The pathophysiology is believed to involve inappropriate differentiation of pluripotent mes-
enchymal stem cells into osteoblasts, causing the excess bone formation [215]. Overexpres-
sion of bone morphogenetic protein-4 has been implicated [216, 217].

Incidence of clinically significant HO is reported to be between 3 — 7% [218, 219]. Risk factors
include male gender, previous history of HO, pre-existing hip fusion, hypertrophic osteoar-
thritis, ankylosing spondylitis, diffuse idiopathic skeletal hyperostosis, Paget’s disease, post
traumatic osteoarthritis, osteonecrosis and rheumatoid arthritis [14]. Surgical factors include
extensive soft tissue dissection, haematoma and persistence of bone debris. Evidence impli-
cating the role of surgical approach is debatable [14].

Treatment of symptomatic patients can initially involve intensive physiotherapy during the
maturation phase. The efficacy of this treatment is however yet to be determined. Surgical
management involves excision of the HO after maturation of the bone is allowed, followed
by appropriate prophylaxis. Improvements in range of motion in all planes has been report-
ed with surgical excision [220].

Patients at high risk of HO should be given prophylaxis either in the form of non steroidal
anti-inflammatory medication (NSAIDs) or radiotherapy. Preoperative radiotherapy, 4
hours before, or post operative radiotherapy within 72 hours has been shown to be the most
effective method of prophylaxis [221-223]. This involves a single dose of between 7 — 8 Gy.
Combination therapy with NSAIDs and radiotherapy can be considered in patients at high-
est risk of HO such as patients undergoing excision of symptomatic HO [14].

10. Conclusion

* Complications following total hip arthroplasty can be classified into procedure specific or
systemic. On the whole complication rates have fallen with time due to improved surgical
and anaesthetic technique.

* The most common symptomatic systemic complication is DVT and data suggests that
DVT rates post THA have not fallen with time.

* The most common cause for revision is aseptic loosening. Registry data suggests up to
75% of revision surgery may be due to aseptic loosening.

* Infection is one of the most feared complications. Rates with prophylactic measures such
as antibiotics and clean air enclosures have however dropped significantly to below 1%.

* Leg length discrepancy is one of the most common causes of patient dissatisfaction and is
the most common cause of litigation in the USA.

Despite the potential wide range of complication that can occur after THA, it remains one of
the most successful orthopaedic interventions
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List of abbreviations used

THA: Total Hip Arthroplasty

DVT: Deep Vein Thrombosis

PE: Pulmonary Embolism

THA: Total Hip Arthroplasty

PLAD: Posterior Lip Augmentation Device

UHMWPE: Ultra High Molecular Weight Polyehtylene
LLD: Limb Length Discrepancy

TGEF-B: Transforming Growth Factor — Beta

RANKL: Receptor activator of nuclear factor kappa-B ligand
UHMWPE: Ultra High Molecular Weight Polyethylene
TNF-a: Tumour Necrosis Factor — Alpha

ALVAL: aseptic lymphocytic vasculitic associated lesions

HO: Heterotopic Ossification

Author details

Asim Rajpura and Tim Board
*Address all correspondence to: tim@timboard.co.uk

Wrightington Hospital, Hall Lane, Appley Bridge, Wigan, Lancashire, UK

References

[1] Registry NJ. Summary of annual statistics (England and Wales). National Joint Regis-
try 2009 [cited 2009 04/02/2009].

[2] Jones CA, Voaklander DC, Johnston DW, Suarez-Almazor ME. Health related quality
of life outcomes after total hip and knee arthroplasties in a community based popula-
tion. ] Rheumatol. 2000 Jul;27(7):1745-52.

[3] Mancuso CA, Salvati EA, Johanson NA, Peterson MG, Charlson ME. Patients' expect-
ations and satisfaction with total hip arthroplasty. ] Arthroplasty. 1997 Jun;12(4):
387-96.



[7]

[11]

[12]

[15]

[16]

Complications Following Total Hip Arthroplasty
http://dx.doi.org/10.5772/53030

Liu SS, Gonzalez Della Valle A, Besculides MC, Gaber LK, Memtsoudis SG. Trends
in mortality, complications, and demographics for primary hip arthroplasty in the
United States. Int Orthop. 2008 May 7.

Pitto RP, Koessler M. The risk of fat embolism during cemented total hip replace-
ment in the elderly patient. Chir Organi Mov. 1999 Apr-Jun;84(2):119-28.

Kwon MS, Kuskowski M, Mulhall K], Macaulay W, Brown TE, Saleh KJ. Does surgi-
cal approach affect total hip arthroplasty dislocation rates? Clin Orthop Relat Res.
2006 Jun;447:34-8.

Wylde V, Whitehouse SL, Taylor AH, Pattison GT, Bannister GC, Blom AW. Preva-
lence and functional impact of patient-perceived leg length discrepancy after hip re-
placement. Int Orthop. 2008 Apr 25.

Samama CM, Ravaud P, Parent F, Barre ], Mertl P, Mismetti P. Epidemiology of ve-
nous thromboembolism after lower limb arthroplasty: the FOTO study. ] Thromb
Haemost. 2007 Dec;5(12):2360-7.

Blom AW, Taylor AH, Pattison G, Whitehouse S, Bannister GC. Infection after total
hip arthroplasty. The Avon experience. ] Bone Joint Surg Br. 2003 Sep;85(7):956-9.

Mantilla CB, Horlocker TT, Schroeder DR, Berry DJ, Brown DL. Frequency of myo-
cardial infarction, pulmonary embolism, deep venous thrombosis, and death follow-
ing primary hip or knee arthroplasty. Anesthesiology. 2002 May;96(5):1140-6.

Hallan G, Lie SA, Furnes O, Engesaeter LB, Vollset SE, Havelin LI. Medium- and
long-term performance of 11,516 uncemented primary femoral stems from the Nor-
wegian arthroplasty register. ] Bone Joint Surg Br. 2007 Dec;89(12):1574-80.

Ling RS, Charity J, Lee AJ, Whitehouse SL, Timperley A]J, Gie GA. The long-term re-
sults of the original exeter polished cemented femoral component a follow-up report.
J Arthroplasty. 2009 Jun;24(4):511-7.

Berry DJ. Epidemiology: hip and knee. Orthop Clin North Am. 1999 Apr;30(2):
183-90.

Board TN, Karva A, Board RE, Gambhir AK, Porter ML. The prophylaxis and treat-
ment of heterotopic ossification following lower limb arthroplasty. ] Bone Joint Surg
Br. 2007 Apr;89(4):434-40.

Kim YH, Oh SH, Kim JS. Incidence and natural history of deep-vein thrombosis after
total hip arthroplasty. A prospective and randomised clinical study. ] Bone Joint Surg
Br. 2003 Jul;85(5):661-5.

NICE. Venous thromboembolism: reducing the risk of venous thromboembolism
(deep vein thrombosis and pulmonary embolism) in inpatients undergoing surgery:
National Collaborating Centre for Acute Care; 2007.

Xing KH, Morrison G, Lim W, Douketis J, Odueyungbo A, Crowther M. Has the inci-
dence of deep vein thrombosis in patients undergoing total hip/knee arthroplasty

403



404  Arthroplasty - Update

[18]

[19]

[20]

[24]

[25]

[28]

changed over time? A systematic review of randomized controlled trials. Thromb
Res. 2008;123(1):24-34.

Sharrock NE, Go G, Harpel PC, Ranawat CS, Sculco TP, Salvati EA. The John Charn-
ley Award. Thrombogenesis during total hip arthroplasty. Clin Orthop Relat Res.
1995 Oct(319):16-27.

Borghi B, Casati A. Thromboembolic complications after total hip replacement. Int
Orthop. 2002;26(1):44-7.

McNally MA, Mollan RA. Total hip replacement, lower limb blood flow and venous
thrombogenesis. ] Bone Joint Surg Br. 1993 Jul;75(4):640-4.

Beksac B, Gonzalez Della Valle A, Salvati EA. Thromboembolic disease after total hip
arthroplasty: who is at risk? Clin Orthop Relat Res. 2006 Dec;453:211-24.

Modig J, Hjelmstedt A, Sahlstedt B, Maripuu E. Comparative influences of epidural
and general anaesthesia on deep venous thrombosis and pulmonary embolism after
total hip replacement. Acta Chir Scand. 1981;147(2):125-30.

Davis FM, Laurenson VG, Gillespie W], Wells JE, Foate ], Newman E. Deep vein
thrombosis after total hip replacement. A comparison between spinal and general an-
aesthesia. ] Bone Joint Surg Br. 1989 Mar;71(2):181-5.

Davis FM, Laurenson VG, Gillespie W], Foate ], Seagar AD. Leg blood flow during
total hip replacement under spinal or general anaesthesia. Anaesth Intensive Care.
1989 May;17(2):136-43.

Stannard JP, Harris RM, Bucknell AL, Cossi A, Ward ], Arrington ED. Prophylaxis of
deep venous thrombosis after total hip arthroplasty by using intermittent compres-
sion of the plantar venous plexus. Am ] Orthop. 1996 Feb;25(2):127-34.

Ryan MG, Westrich GH, Potter HG, Sharrock N, Maun LM, Macaulay W, et al. Effect
of mechanical compression on the prevalence of proximal deep venous thrombosis as
assessed by magnetic resonance venography. ] Bone Joint Surg Am. 2002 Nov;84-
A(11):1998-2004.

Zufferey P, Laporte S, Quenet S, Molliex S, Auboyer C, Decousus H, et al. Optimal
low-molecular-weight heparin regimen in major orthopaedic surgery. A meta-analy-
sis of randomised trials. Thromb Haemost. 2003 Oct;90(4):654-61.

Lassen MR, Borris LC, Anderson BS, Jensen HP, Skejo Bro HP, Andersen G, et al. Ef-
ficacy and safety of prolonged thromboprophylaxis with a low molecular weight
heparin (dalteparin) after total hip arthroplasty--the Danish Prolonged Prophylaxis
(DaPP) Study. Thromb Res. 1998 Mar 15;89(6):281-7.

Turpie AG, Bauer KA, Eriksson BI, Lassen MR. Fondaparinux vs enoxaparin for the
prevention of venous thromboembolism in major orthopedic surgery: a meta-analy-
sis of 4 randomized double-blind studies. Arch Intern Med. 2002 Sep 9;162(16):
1833-40.



[30]

[34]

[35]

[38]

[40]

Complications Following Total Hip Arthroplasty
http://dx.doi.org/10.5772/53030

Lassen MR, Bauer KA, Eriksson BI, Turpie AG. Postoperative fondaparinux versus
preoperative enoxaparin for prevention of venous thromboembolism in elective hip-
replacement surgery: a randomised double-blind comparison. Lancet. 2002 May
18;359(9319):1715-20.

Pitto RP, Hamer H, Heiss-Dunlop W, Kuehle ]J. Mechanical prophylaxis of deep-vein
thrombosis after total hip replacement a randomised clinical trial. ] Bone Joint Surg
Br. 2004 Jul;86(5):639-42.

Kakkar VV, Howes ], Sharma V, Kadziola Z. A comparative double-blind, rando-
mised trial of a new second generation LMWH (bemiparin) and UFH in the preven-
tion of post-operative venous thromboembolism. The Bemiparin Assessment group.
Thromb Haemost. 2000 Apr;83(4):523-9.

Dahl OE, Andreassen G, Aspelin T, Muller C, Mathiesen P, Nyhus S, et al. Prolonged
thromboprophylaxis following hip replacement surgery--results of a double-blind,
prospective, randomised, placebo-controlled study with dalteparin (Fragmin).
Thromb Haemost. 1997 Jan;77(1):26-31.

Turpie AG, Eriksson BI, Lassen MR, Bauer KA. A meta-analysis of fondaparinux ver-
sus enoxaparin in the prevention of venous thromboembolism after major orthopae-
dic surgery. ] South Orthop Assoc. 2002 Winter;11(4):182-8.

Eriksson BI, Borris LC, Friedman R], Haas S, Huisman MV, Kakkar AK, et al. Rivar-
oxaban versus enoxaparin for thromboprophylaxis after hip arthroplasty. N Engl |
Med. 2008 Jun 26;358(26):2765-75.

Kakkar AK, Brenner B, Dahl OE, Eriksson BI, Mouret P, Muntz J, et al. Extended du-
ration rivaroxaban versus short-term enoxaparin for the prevention of venous throm-
boembolism after total hip arthroplasty: a double-blind, randomised controlled trial.
Lancet. 2008 Jul 5;372(9632):31-9.

Raskob GE, Gallus AS, Pineo GF, Chen D, Ramirez LM, Wright RT, et al. Apixaban
versus enoxaparin for thromboprophylaxis after hip or knee replacement: pooled
analysis of major venous thromboembolism and bleeding in 8464 patients from the
ADVANCE-2 and ADVANCE-3 trials. ] Bone Joint Surg Br. 2012 Feb;94(2):257-64.

Jensen CD, Steval A, Partington PF, Reed MR, Muller SD. Return to theatre following
total hip and knee replacement, before and after the introduction of rivaroxaban: a
retrospective cohort study. ] Bone Joint Surg Br. 2011 Jan;93(1):91-5.

NICE. Venous thromboembolism, reducing the risk of venous thromboembolism
(deep vein thrombosis and pulmonary embolism) in patients admitted to hospital.
London: National Clinical Guideline Centre; 2010.

Pulido L, Parvizi ], Macgibeny M, Sharkey PF, Purtill JJ, Rothman RH, et al. In hospi-
tal complications after total joint arthroplasty. ] Arthroplasty. 2008 Sep;23(6 Suppl 1):
139-45.

405



406 Arthroplasty - Update

[41]

[43]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

Roderick P, Ferris G, Wilson K, Halls H, Jackson D, Collins R, et al. Towards evi-
dence-based guidelines for the prevention of venous thromboembolism: systematic
reviews of mechanical methods, oral anticoagulation, dextran and regional anaesthe-
sia as thromboprophylaxis. Health Technol Assess. 2005 Dec;9(49):ii-iv, ix-x, 1-78.

Haas S, Breyer HG, Bacher HP, Fareed ], Misselwitz F, Victor N, et al. Prevention of
major venous thromboembolism following total hip or knee replacement: a random-

ized comparison of low-molecular-weight heparin with unfractionated heparin
(ECHOS Trial). Int Angiol. 2006 Dec;25(4):335-42.

Hooker JA, Lachiewicz PF, Kelley SS. Efficacy of prophylaxis against thromboembo-
lism with intermittent pneumatic compression after primary and revision total hip
arthroplasty. ] Bone Joint Surg Am. 1999 May;81(5):690-6.

Eriksson BI, Kalebo P, Anthymyr BA, Wadenvik H, Tengborn L, Risberg B. Preven-
tion of deep-vein thrombosis and pulmonary embolism after total hip replacement.
Comparison of low-molecular-weight heparin and unfractionated heparin. ] Bone
Joint Surg Am. 1991 Apr;73(4):484-93.

Handoll HH, Farrar MJ, McBirnie J, Tytherleigh-Strong G, Milne AA, Gillespie W]J.
Heparin, low molecular weight heparin and physical methods for preventing deep
vein thrombosis and pulmonary embolism following surgery for hip fractures. Co-
chrane Database Syst Rev. 2002(4):CD000305.

Fender D, Harper WM, Thompson JR, Gregg PJ. Mortality and fatal pulmonary em-
bolism after primary total hip replacement. Results from a regional hip register. ]
Bone Joint Surg Br. 1997 Nov;79(6):896-9.

Joels CS, Sing RF, Heniford BT. Complications of inferior vena cava filters. Am Surg.
2003 Aug;69(8):654-9.

Kallos T, Enis JE, Gollan F, Davis JH. Intramedullary pressure and pulmonary embo-
lism of femoral medullary contents in dogs during insertion of bone cement and a
prosthesis. ] Bone Joint Surg Am. 1974 Oct;56(7):1363-7.

Tronzo RG, Kallos T, Wyche MQ. Elevation of intramedullary pressure when meth-
ylmethacrylate is inserted in total hip arthroplasty. ] Bone Joint Surg Am. 1974 Jun;
56(4):714-8.

Wenda K, Degreif ], Runkel M, Ritter G. Pathogenesis and prophylaxis of circulatory
reactions during total hip replacement. Arch Orthop Trauma Surg. 1993;112(6):260-5.

Colonna DM, Kilgus D, Brown W, Challa V, Stump DA, Moody DM. Acute brain fat
embolization occurring after total hip arthroplasty in the absence of a patent foramen
ovale. Anesthesiology. 2002 Apr;96(4):1027-9.

Forteza AM, Koch S, Romano JG, Zych G, Bustillo IC, Duncan RC, et al. Transcranial
doppler detection of fat emboli. Stroke. 1999 Dec;30(12):2687-91.



[53]

[54]

[55]

[56]

[57]

[58]

[61]

Complications Following Total Hip Arthroplasty
http://dx.doi.org/10.5772/53030

Edmonds CR, Barbut D, Hager D, Sharrock NE. Intraoperative cerebral arterial em-
bolization during total hip arthroplasty. Anesthesiology. 2000 Aug;93(2):315-8.

Memtsoudis SG, Rosenberger P, Walz JM. Critical care issues in the patient after ma-
jor joint replacement. ] Intensive Care Med. 2007 Mar-Apr;22(2):92-104.

Christie J, Robinson CM, Singer B, Ray DC. Medullary lavage reduces embolic phe-
nomena and cardiopulmonary changes during cemented hemiarthroplasty. ] Bone
Joint Surg Br. 1995 May;77(3):456-9.

Pitto RP, Kossler M, Draenert K. [Prevention of fat and bone marrow embolism in ce-
mented total hip endoprosthesis with vacuum cement technique]. Z Orthop Ihre
Grenzgeb. 1998 Jul-Aug;136(4):0a24.

Aynardi M, Pulido L, Parvizi ], Sharkey PF, Rothman RH. Early mortality after mod-
ern total hip arthroplasty. Clin Orthop Relat Res. 2009 Jan;467(1):213-8.

Kreder HJ, Berry GK, McMurtry IA, Halman SI. Arthroplasty in the octogenarian:
quantifying the risks. ] Arthroplasty. 2005 Apr;20(3):289-93.

Eagle KA, Berger PB, Calkins H, Chaitman BR, Ewy GA, Fleischmann KE, et al.
ACC/AHA Guideline Update for Perioperative Cardiovascular Evaluation for Non-
cardiac Surgery--Executive Summary. A report of the American College of Cardiolo-
gy/American Heart Association Task Force on Practice Guidelines (Committee to

Update the 1996 Guidelines on Perioperative Cardiovascular Evaluation for Noncar-
diac Surgery). Anesth Analg. 2002 May;94(5):1052-64.

Moller AM, Pedersen T, Villebro N, Munksgaard A. Effect of smoking on early com-
plications after elective orthopaedic surgery. ] Bone Joint Surg Br. 2003 Mar;85(2):
178-81.

Greenfield S, Apolone G, McNeil BJ, Cleary PD. The importance of co-existent dis-
ease in the occurrence of postoperative complications and one-year recovery in pa-
tients undergoing total hip replacement. Comorbidity and outcomes after hip
replacement. Med Care. 1993 Feb;31(2):141-54.

Parker MJ, Handoll HH, Griffiths R. Anaesthesia for hip fracture surgery in adults.
Cochrane Database Syst Rev. 2001(4):CD000521.

Sculco TP, Ranawat C. The use of spinal anesthesia for total hip-replacement arthro-
plasty. ] Bone Joint Surg Am. 1975 Mar;57(2):173-7.

O'Hara DA, Duff A, Berlin JA, Poses RM, Lawrence VA, Huber EC, et al. The effect of
anesthetic technique on postoperative outcomes in hip fracture repair. Anesthesiolo-
gy. 2000 Apr;92(4):947-57.

Skutek M, Bourne RB, MacDonald §J. (i) International epidemiology of revision THR.
Current Orthopaedics. 2006;20(3):157-61.

Patel PD, Potts A, Froimson MI. The dislocating hip arthroplasty: prevention and
treatment. ] Arthroplasty. 2007 Jun;22(4 Suppl 1):86-90.

407



408 Arthroplasty - Update

[67]

[68]

[69]

[70]

[71]

[73]

[74]

[75]

[76]

[77]

[78]

Sanchez-Sotelo ], Berry DJ. Epidemiology of instability after total hip replacement.
Orthop Clin North Am. 2001 Oct;32(4):543-52, vii.

Woo RY, Morrey BF. Dislocations after total hip arthroplasty. ] Bone Joint Surg Am.
1982 Dec;64(9):1295-306.

von Knoch M, Berry DJ, Harmsen WS, Morrey BF. Late dislocation after total hip ar-
throplasty. ] Bone Joint Surg Am. 2002 Nov;84-A(11):1949-53.

Soong M, Rubash HE, Macaulay W. Dislocation after total hip arthroplasty. ] Am
Acad Orthop Surg. 2004 Sep-Oct;12(5):314-21.

Lee BP, Berry DJ, Harmsen WS, Sim FH. Total hip arthroplasty for the treatment of
an acute fracture of the femoral neck: long-term results. ] Bone Joint Surg Am. 1998
Jan;80(1):70-5.

Goldstein WM, Gleason TF, Kopplin M, Branson JJ. Prevalence of dislocation after to-
tal hip arthroplasty through a posterolateral approach with partial capsulotomy and
capsulorrhaphy. ] Bone Joint Surg Am. 2001;83-A Suppl 2(Pt 1):2-7.

White RE, Jr., Forness TJ, Allman JK, Junick DW. Effect of posterior capsular repair
on early dislocation in primary total hip replacement. Clin Orthop Relat Res. 2001
Dec(393):163-7.

Fackler CD, Poss R. Dislocation in total hip arthroplasties. Clin Orthop Relat Res.
1980 Sep(151):169-78.

Lewinnek GE, Lewis JL, Tarr R, Compere CL, Zimmerman JR. Dislocations after total
hip-replacement arthroplasties. ] Bone Joint Surg Am. 1978 Mar;60(2):217-20.

Barrack RL, Lavernia C, Ries M, Thornberry R, Tozakoglou E. Virtual reality comput-
er animation of the effect of component position and design on stability after total
hip arthroplasty. Orthop Clin North Am. 2001 Oct;32(4):569-77, vii.

Nishii T, Sugano N, Miki H, Koyama T, Takao M, Yoshikawa H. Influence of compo-
nent positions on dislocation: computed tomographic evaluations in a consecutive
series of total hip arthroplasty. ] Arthroplasty. 2004 Feb;19(2):162-6.

Archbold HA, Mockford B, Molloy D, McConway ], Ogonda L, Beverland D. The
transverse acetabular ligament: an aid to orientation of the acetabular component
during primary total hip replacement: a preliminary study of 1000 cases investigat-
ing postoperative stability. ] Bone Joint Surg Br. 2006 Jul;88(7):883-6.

Amuwa C, Dorr LD. The combined anteversion technique for acetabular component
anteversion. ] Arthroplasty. 2008 Oct;23(7):1068-70.

Barsoum WK, Patterson RW, Higuera C, Klika AK, Krebs VE, Molloy R. A computer
model of the position of the combined component in the prevention of impingement
in total hip replacement. ] Bone Joint Surg Br. 2007 Jun;89(6):839-45.



Complications Following Total Hip Arthroplasty 409
http://dx.doi.org/10.5772/53030

[81] Kluess D, Martin H, Mittelmeier W, Schmitz KP, Bader R. Influence of femoral head
size on impingement, dislocation and stress distribution in total hip replacement.
Med Eng Phys. 2007 May;29(4):465-71.

[82] Burroughs BR, Hallstrom B, Golladay GJ, Hoeffel D, Harris WH. Range of motion
and stability in total hip arthroplasty with 28-, 32-, 38-, and 44-mm femoral head
sizes. ] Arthroplasty. 2005 Jan;20(1):11-9.

[83] Bartz RL, Nobel PC, Kadakia NR, Tullos HS. The effect of femoral component head
size on posterior dislocation of the artificial hip joint. ] Bone Joint Surg Am. 2000 Sep;
82(9):1300-7.

[84] Bystrom S, Espehaug B, Furnes O, Havelin LI. Femoral head size is a risk factor for
total hip luxation: a study of 42,987 primary hip arthroplasties from the Norwegian
Arthroplasty Register. Acta Orthop Scand. 2003 Oct;74(5):514-24.

[85] Conroy JL, Whitehouse SL, Graves SE, Pratt NL, Ryan P, Crawford RW. Risk factors
for revision for early dislocation in total hip arthroplasty. ] Arthroplasty. 2008 Sep;
23(6):867-72.

[86] Hedlundh U, Ahnfelt L, Hybbinette CH, Wallinder L, Weckstrom J, Fredin H. Dislo-
cations and the femoral head size in primary total hip arthroplasty. Clin Orthop Re-
lat Res. 1996 Dec(333):226-33.

[87] Battaglia TC, Mulhall KJ, Brown TE, Saleh KJ. Increased surgical volume is associat-
ed with lower THA dislocation rates. Clin Orthop Relat Res. 2006 Jun;447:28-33.

[88] Schuh A, Mittelmeier W, Zeiler G, Behrend D, Kircher ], Bader R. Severe damage of
the femoral head after dislocation and difficult reduction maneuvers after total hip
arthroplasty. Arch Orthop Trauma Surg. 2006 Mar;126(2):134-7.

[89] Kop AM, Whitewood C, Johnston DJ. Damage of oxinium femoral heads subsequent
to hip arthroplasty dislocation three retrieval case studies. ] Arthroplasty. 2007 Aug;
22(5):775-9.

[90] McConway ], O'Brien S, Doran E, Archbold P, Beverland D. The use of a posterior lip
augmentation device for a revision of recurrent dislocation after primary cemented
Charnley/Charnley Elite total hip replacement: results at a mean follow-up of six
years and nine months. ] Bone Joint Surg Br. 2007 Dec;89(12):1581-5.

[91] Hofmann AA, Skrzynski MC. Leg-length inequality and nerve palsy in total hip ar-
throplasty: a lawyer awaits! Orthopedics. 2000 Sep;23(9):943-4.

[92] Konyves A, Bannister GC. The importance of leg length discrepancy after total hip
arthroplasty. ] Bone Joint Surg Br. 2005 Feb;87(2):155-7.

[93] Edwards BN, Tullos HS, Noble PC. Contributory factors and etiology of sciatic nerve
palsy in total hip arthroplasty. Clin Orthop Relat Res. 1987 May(218):136-41.

[94] Farrell CM, Springer BD, Haidukewych GJ, Morrey BF. Motor nerve palsy following
primary total hip arthroplasty. ] Bone Joint Surg Am. 2005 Dec;87(12):2619-25.



410 Arthroplasty - Update

[95]

[96]

[97]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

Gurney B, Mermier C, Robergs R, Gibson A, Rivero D. Effects of limb-length discrep-
ancy on gait economy and lower-extremity muscle activity in older adults. ] Bone
Joint Surg Am. 2001 Jun;83-A(6):907-15.

Maloney W], Keeney JA. Leg length discrepancy after total hip arthroplasty. ] Ar-
throplasty. 2004 Jun;19(4 Suppl 1):108-10.

Desai AS, Connors L, Board TN. Functional and radiological evaluation of a simple
intra operative technique to avoid limb length discrepancy in total hip arthroplasty.
Hip Int. 2011 Apr 5;21(2):192-8.

Mihalko WM, Phillips MJ, Krackow KA. Acute sciatic and femoral neuritis following
total hip arthroplasty. A case report. ] Bone Joint Surg Am. 2001 Apr;83-A(4):589-92.

Shiramizu K, Naito M, Shitama T, Nakamura Y, Shitama H. L-shaped caliper for
limb length measurement during total hip arthroplasty. ] Bone Joint Surg Br. 2004
Sep;86(7):966-9.

Clark CR, Huddleston HD, Schoch EP, 3rd, Thomas BJ. Leg-length discrepancy after
total hip arthroplasty. ] Am Acad Orthop Surg. 2006 Jan;14(1):38-45.

Charnley J. A Clean-Air Operating Enclosure. Br ] Surg. 1964 Mar;51:202-5.

Lister J. Antiseptic principle in the practice of surgery. Br Med J. 1967 Apr 1,2(5543):
9-12.

Charnley J. Low Friction Arthroplasty of the Hip Theory and Practice. Berlin/Heidel-
berg: Springer-Verlag; 1979.

Lidwell OM, Lowbury EJ, Whyte W, Blowers R, Stanley SJ, Lowe D. Effect of ultra-
clean air in operating rooms on deep sepsis in the joint after total hip or knee replace-
ment: a randomised study. Br Med J (Clin Res Ed). 1982 Jul 3;285(6334):10-4.

Bannister G. (v) Prevention of infection in joint replacement. Current Orthopaedics.
2002;16(6):426-33.

Ericson C, Lidgren L, Lindberg L. Cloxacillin in the prophylaxis of postoperative in-
fections of the hip. ] Bone Joint Surg Am. 1973 Jun;55(4):808-13, 43.

Nelson CL, Green TG, Porter RA, Warren RD. One day versus seven days of preven-
tive antibiotic therapy in orthopedic surgery. Clin Orthop Relat Res. 1983 Jun(176):
258-63.

Charnley ], Eftekhar N. Postoperative infection in total prosthetic replacement ar-
throplasty of the hip-joint. With special reference to the bacterial content of the air of
the operating room. Br ] Surg. 1969 Sep;56(9):641-9.

Gambhir AK, Wroblewski BM, Kay PR. (iii) The infected total hip replacement. Cur-
rent Orthopaedics. 2000;14(4):257-61.



[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

Complications Following Total Hip Arthroplasty
http://dx.doi.org/10.5772/53030

Pulido L, Ghanem E, Joshi A, Purtill JJ, Parvizi J. Periprosthetic joint infection: the in-
cidence, timing, and predisposing factors. Clin Orthop Relat Res. 2008 Jul;466(7):
1710-5.

Dunne WM, Jr. Bacterial adhesion: seen any good biofilms lately? Clin Microbiol
Rev. 2002 Apr;15(2):155-66.

Gristina AG, Shibata Y, Giridhar G, Kreger A, Myrvik QN. The glycocalyx, biofilm,
microbes, and resistant infection. Semin Arthroplasty. 1994 Oct;5(4):160-70.

Tsukayama DT, Estrada R, Gustilo RB. Infection after total hip arthroplasty. A study
of the treatment of one hundred and six infections. ] Bone Joint Surg Am. 1996 Apr;
78(4):512-23.

Levitsky KA, Hozack WJ, Balderston RA, Rothman RH, Gluckman SJ, Maslack MM,
et al. Evaluation of the painful prosthetic joint. Relative value of bone scan, sedimen-
tation rate, and joint aspiration. ] Arthroplasty. 1991 Sep;6(3):237-44.

Kraemer WJ, Saplys R, Waddell JP, Morton ]. Bone scan, gallium scan, and hip aspi-
ration in the diagnosis of infected total hip arthroplasty. ] Arthroplasty. 1993 Dec;
8(6):611-6.

Bauer TW, Parvizi ], Kobayashi N, Krebs V. Diagnosis of periprosthetic infection. J
Bone Joint Surg Am. 2006 Apr;88(4):869-82.

Zhuang H, Yang H, Alavi A. Critical role of 18F-labeled fluorodeoxyglucose PET in
the management of patients with arthroplasty. Radiol Clin North Am. 2007 Jul;45(4):
711-8, vii.

Love C, Marwin SE, Palestro CJ. Nuclear medicine and the infected joint replace-
ment. Semin Nucl Med. 2009 Jan;39(1):66-78.

Spangehl MJ, Masri BA, O'Connell JX, Duncan CP. Prospective analysis of preopera-
tive and intraoperative investigations for the diagnosis of infection at the sites of two
hundred and two revision total hip arthroplasties. ] Bone Joint Surg Am. 1999 May;
81(5):672-83.

Di Cesare PE, Chang E, Preston CF, Liu CJ. Serum interleukin-6 as a marker of peri-
prosthetic infection following total hip and knee arthroplasty. ] Bone Joint Surg Am.
2005 Sep;87(9):1921-7.

Crockarell JR, Hanssen AD, Osmon DR, Morrey BF. Treatment of infection with de-
bridement and retention of the components following hip arthroplasty. ] Bone Joint
Surg Am. 1998 Sep;80(9):1306-13.

Buchholz HW, Elson RA, Engelbrecht E, Lodenkamper H, Rottger ], Siegel A. Man-
agement of deep infection of total hip replacement. ] Bone Joint Surg Br. 1981;63-B(3):
342-53.

411



412 Arthroplasty - Update

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

Jackson WO, Schmalzried TP. Limited role of direct exchange arthroplasty in the
treatment of infected total hip replacements. Clin Orthop Relat Res. 2000 Dec(381):
101-5.

Younger AS, Duncan CP, Masri BA, McGraw RW. The outcome of two-stage arthro-
plasty using a custom-made interval spacer to treat the infected hip. J Arthroplasty.
1997 Sep;12(6):615-23.

Stockley I, Mockford BJ, Hoad-Reddick A, Norman P. The use of two-stage exchange
arthroplasty with depot antibiotics in the absence of long-term antibiotic therapy in
infected total hip replacement. ] Bone Joint Surg Br. 2008 Feb;90(2):145-8.

Sanchez-Sotelo ], Berry D], Hanssen AD, Cabanela ME. Midterm to long-term follow-
up of staged reimplantation for infected hip arthroplasty. Clin Orthop Relat Res.
2009 Jan;467(1):219-24.

Haddad FS, Masri BA, Garbuz DS, Duncan CP. The treatment of the infected hip re-
placement. The complex case. Clin Orthop Relat Res. 1999 Dec(369):144-56.

McDonald DJ, Fitzgerald RH, Jr., Ilstrup DM. Two-stage reconstruction of a total hip
arthroplasty because of infection. ] Bone Joint Surg Am. 1989 Jul;71(6):828-34.

Schmalzried TP, Noordin S, Amstutz HC. Update on nerve palsy associated with to-
tal hip replacement. Clin Orthop Relat Res. 1997 Nov(344):188-206.

Barrack RL. Neurovascular injury: avoiding catastrophe. ] Arthroplasty. 2004 Jun;
19(4 Suppl 1):104-7.

Schmalzried T, Amstutz H, Dorey F. Nerve palsy associated with total hip replace-
ment. Risk factors and prognosis. ] Bone Joint Surg Am. 1991 August 1, 1991,73(7):
1074-80.

Jolles BM, Bogoch ER. Posterior versus lateral surgical approach for total hip arthro-
plasty in adults with osteoarthritis. Cochrane Database Syst Rev. 2006,3:CD003828.

Yuen EC, Olney RK, So YT. Sciatic neuropathy: clinical and prognostic features in 73
patients. Neurology. 1994 Sep;44(9):1669-74.

Calligaro KD, Dougherty MJ, Ryan S, Booth RE. Acute arterial complications associ-
ated with total hip and knee arthroplasty. ] Vasc Surg. 2003 Dec;38(6):1170-7.

Abularrage CJ, Weiswasser JM, Dezee K], Slidell MB, Henderson WG, Sidawy AN.
Predictors of lower extremity arterial injury after total knee or total hip arthroplasty.
J Vasc Surg. 2008 Apr;47(4):803-7; discussion 7-8.

Parvizi ], Pulido L, Slenker N, Macgibeny M, Purtill JJ, Rothman RH. Vascular inju-
ries after total joint arthroplasty. ] Arthroplasty. 2008 Dec;23(8):1115-21.

Wilson JS, Miranda A, Johnson BL, Shames ML, Back MR, Bandyk DF. Vascular inju-
ries associated with elective orthopedic procedures. Ann Vasc Surg. 2003 Nov;17(6):
641-4.



[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

Complications Following Total Hip Arthroplasty
http://dx.doi.org/10.5772/53030

Doi S, Motoyama Y, Itoh H. External iliac vein injury during total hip arthroplasty
resulting in delayed shock. Br ] Anaesth. 2005 Jun;94(6):866.

Wasielewski RC, Crossett LS, Rubash HE. Neural and vascular injury in total hip ar-
throplasty. Orthop Clin North Am. 1992 Apr;23(2):219-35.

Malchau H, Herberts P, Eisler T, Garellick G, Soderman P. The Swedish Total Hip
Replacement Register. ] Bone Joint Surg Am. 2002;84-A Suppl 2:2-20.

Willert HG. Reactions of the articular capsule to wear products of artificial joint pros-
theses. ] Biomed Mater Res. 1977 Mar;11(2):157-64.

Maloney WJ, Smith RL. Periprosthetic osteolysis in total hip arthroplasty: the role of
particulate wear debris. Instr Course Lect. 1996;45:171-82.

Holt G, Murnaghan C, Reilly ], Meek RM. The biology of aseptic osteolysis. Clin Or-
thop Relat Res. 2007 Jul;460:240-52.

Hirakawa K, Jacobs JJ, Urban R, Saito T. Mechanisms of failure of total hip replace-
ments: lessons learned from retrieval studies. Clin Orthop Relat Res. 2004 Mar(420):
10-7.

Aspenberg P, Van der Vis H. Migration, particles, and fluid pressure. A discussion of
causes of prosthetic loosening. Clin Orthop Relat Res. 1998 Jul(352):75-80.

van der Vis H, Aspenberg P, de Kleine R, Tigchelaar W, van Noorden CJ. Short peri-
ods of oscillating fluid pressure directed at a titanium-bone interface in rabbits lead
to bone lysis. Acta Orthop Scand. 1998 Feb;69(1):5-10.

Walter WL, Walter WK, O'Sullivan M. The pumping of fluid in cementless cups with
holes. ] Arthroplasty. 2004 Feb;19(2):230-4.

Robertsson O, Wingstrand H, Kesteris U, Jonsson K, Onnerfalt R. Intracapsular pres-
sure and loosening of hip prostheses. Preoperative measurements in 18 hips. Acta
Orthop Scand. 1997 Jun;68(3):231-4.

Abu-Amer Y, Darwech I, Clohisy JC. Aseptic loosening of total joint replacements:
mechanisms underlying osteolysis and potential therapies. Arthritis Res Ther. 2007;9
Suppl 1:56.

Purdue PE, Koulouvaris P, Potter HG, Nestor BJ, Sculco TP. The cellular and molecu-
lar biology of periprosthetic osteolysis. Clin Orthop Relat Res. 2007 Jan;454:251-61.

Goldring S, Schiller A, Roelke M, Rourke C, O'Neil D, Harris W. The synovial-like
membrane at the bone-cement interface in loose total hip replacements and its pro-
posed role in bone lysis. ] Bone Joint Surg Am. 1983 June 1, 1983;65(5):575-84.

Malik MH, Bayat A, Jury F, Ollier WE, Kay PR. Genetic susceptibility to hip arthro-
plasty failure--association with the RANK/OPG pathway. Int Orthop. 2006 Jun;30(3):
177-81.

413



414 Arthroplasty - Update

[153]

[154]

[155]

[156]

[157]

[158]

[159]

[160]

[161]

[162]

[163]

[164]

Malik MH, Jury F, Bayat A, Ollier WE, Kay PR. Genetic susceptibility to total hip ar-
throplasty failure: a preliminary study on the influence of matrix metalloproteinase

1, interleukin 6 polymorphisms and vitamin D receptor. Ann Rheum Dis. 2007 Aug;
66(8):1116-20.

Gordon A, Kiss-Toth E, Stockley I, Eastell R, Wilkinson JM. Polymorphisms in the in-
terleukin-1 receptor antagonist and interleukin-6 genes affect risk of osteolysis in pa-
tients with total hip arthroplasty. Arthritis Rheum. 2008 Oct;58(10):3157-65.

Wilkinson JM, Wilson AG, Stockley I, Scott IR, Macdonald DA, Hamer AJ, et al. Var-
iation in the TNF gene promoter and risk of osteolysis after total hip arthroplasty. J
Bone Miner Res. 2003 Nov;18(11):1995-2001.

Engh CA, Jr., Stepniewski AS, Ginn SD, Beykirch SE, Sychterz-Terefenko CJ, Hopper
RH, Jr., et al. A randomized prospective evaluation of outcomes after total hip ar-
throplasty using cross-linked marathon and non-cross-linked Enduron polyethylene
liners. ] Arthroplasty. 2006 Sep;21(6 Suppl 2):17-25.

Muratoglu OK, Bragdon CR, O'Connor DO, Jasty M, Harris WH. A novel method of
cross-linking ultra-high-molecular-weight polyethylene to improve wear, reduce oxi-
dation, and retain mechanical properties. Recipient of the 1999 HAP Paul Award. |
Arthroplasty. 2001 Feb;16(2):149-60.

Lusty PJ, Tai CC, Sew-Hoy RP, Walter WL, Walter WK, Zicat BA. Third-generation
alumina-on-alumina ceramic bearings in cementless total hip arthroplasty. ] Bone
Joint Surg Am. 2007 Dec;89(12):2676-83.

Lusty PJ, Watson A, Tuke MA, Walter WL, Walter WK, Zicat B. Wear and acetabular
component orientation in third generation alumina-on-alumina ceramic bearings: an
analysis of 33 retrievals [corrected]. ] Bone Joint Surg Br. 2007 Sep;89(9):1158-64.

Smith SL, Unsworth A. An in vitro wear study of alumina-alumina total hip prosthe-
ses. Proc Inst Mech Eng [H]. 2001;215(5):443-6.

Clarke IC, Good V, Williams P, Schroeder D, Anissian L, Stark A, et al. Ultra-low
wear rates for rigid-on-rigid bearings in total hip replacements. Proc Inst Mech Eng
[H]. 2000;214(4):331-47.

Fisher ], Jin Z, Tipper ], Stone M, Ingham E. Tribology of alternative bearings. Clin
Orthop Relat Res. 2006 Dec;453:25-34.

McKellop H, Park SH, Chiesa R, Doorn P, Lu B, Normand P, et al. In vivo wear of
three types of metal on metal hip prostheses during two decades of use. Clin Orthop
Relat Res. 1996 Aug(329 Suppl):5128-40.

Streicher RM, Semlitsch M, Schon R, Weber H, Rieker C. Metal-on-metal articulation
for artificial hip joints: laboratory study and clinical results. Proc Inst Mech Eng [H].
1996;210(3):223-32.



[165]

[166]

[167]

[168]

[169]

[170]

[171]

[172]

[173]

[174]

[175]

[176]

[177]

[178]

Complications Following Total Hip Arthroplasty
http://dx.doi.org/10.5772/53030

Illgen RL, 2nd, Bauer LM, Hotujec BT, Kolpin SE, Bakhtiar A, Forsythe TM. Highly
crosslinked vs conventional polyethylene particles: relative in vivo inflammatory re-
sponse. ] Arthroplasty. 2009 Jan;24(1):117-24.

Iligen RL, 2nd, Forsythe TM, Pike JW, Laurent MP, Blanchard CR. Highly cross-
linked vs conventional polyethylene particles--an in vitro comparison of biologic ac-
tivities. ] Arthroplasty. 2008 Aug;23(5):721-31.

Khan NQ, Woolson ST. Referral patterns of hip pain in patients undergoing total hip
replacement. Orthopedics. 1998 Feb;21(2):123-6.

Shih LY, Wu J], Yang D]J. Erythrocyte sedimentation rate and C-reactive protein val-
ues in patients with total hip arthroplasty. Clin Orthop Relat Res. 1987 Dec(225):
238-46.

Temmerman OP, Raijmakers PG, Berkhof ], Hoekstra OS, Teule GJ, Heyligers IC. Ac-
curacy of diagnostic imaging techniques in the diagnosis of aseptic loosening of the
femoral component of a hip prosthesis: a meta-analysis. ] Bone Joint Surg Br. 2005
Jun;87(6):781-5.

Walde TA, Weiland DE, Leung SB, Kitamura N, Sychterz CJ, Engh CA, Jr., et al.
Comparison of CT, MRI, and radiographs in assessing pelvic osteolysis: a cadaveric
study. Clin Orthop Relat Res. 2005 Aug(437):138-44.

Leung S, Naudie D, Kitamura N, Walde T, Engh CA. Computed tomography in the
assessment of periacetabular osteolysis. ] Bone Joint Surg Am. 2005 Mar;87(3):592-7.

Talmo CT, Shanbhag AS, Rubash HE. Nonsurgical management of osteolysis: chal-
lenges and opportunities. Clin Orthop Relat Res. 2006 Dec;453:254-64.

Stulberg BN, Della Valle AG. What are the guidelines for the surgical and nonsurgi-
cal treatment of periprosthetic osteolysis? ] Am Acad Orthop Surg. 2008;16 Suppl
1:520-5.

Squire M, Griffin WL, Mason ]JB, Peindl RD, Odum S. Acetabular component defor-
mation with press-fit fixation. ] Arthroplasty. 2006 Sep;21(6 Suppl 2):72-7.

Langdown A], Pickard R], Hobbs CM, Clarke HJ, Dalton DJ, Grover ML. Incomplete
seating of the liner with the Trident acetabular system: a cause for concern? | Bone
Joint Surg Br. 2007 Mar;89(3):291-5.

Tateiwa T, Clarke IC, Williams PA, Garino J, Manaka M, Shishido T, et al. Ceramic
total hip arthroplasty in the United States: safety and risk issues revisited. Am ] Or-
thop. 2008 Feb;37(2):E26-31.

D'Antonio JA, Capello WN, Manley MT, Naughton M, Sutton K. A titanium-encased
alumina ceramic bearing for total hip arthroplasty: 3- to 5-year results. Clin Orthop
Relat Res. 2005 Dec;441:151-8.

Willmann G. Ceramic femoral head retrieval data. Clin Orthop Relat Res. 2000
Oct(379):22-8.

415



416  Arthroplasty - Update

[179]

[180]

[181]

[182]

[183]

[184]

[185]

[186]

[187]

[188]

[189]

[190]

[191]

Ha YC, Kim SY, Kim HJ, Yoo JJ, Koo KH. Ceramic liner fracture after cementless alu-
mina-on-alumina total hip arthroplasty. Clin Orthop Relat Res. 2007 May;458:106-10.

Koo KH, Ha YC, Jung WH, Kim SR, Yoo JJ, Kim HJ. Isolated fracture of the ceramic
head after third-generation alumina-on-alumina total hip arthroplasty. ] Bone Joint
Surg Am. 2008 Feb;90(2):329-36.

Weisse B, Affolter C, Stutz A, Terrasi GP, Kobel S, Weber W. Influence of contami-
nants in the stem-ball interface on the static fracture load of ceramic hip joint ball
heads. Proc Inst Mech Eng [H]. 2008 Jul;222(5):829-35.

Min BW, Song KS, Kang CH, Bae KC, Won YY, Lee KY. Delayed fracture of a ceramic
insert with modern ceramic total hip replacement. ] Arthroplasty. 2007 Jan;22(1):
136-9.

Restrepo C, Parvizi ], Kurtz SM, Sharkey PF, Hozack W], Rothman RH. The noisy ce-
ramic hip: is component malpositioning the cause? ] Arthroplasty. 2008 Aug;23(5):
643-9.

Keurentjes JC, Kuipers RM, Wever D], Schreurs BW. High incidence of squeaking in
THAs with alumina ceramic-on-ceramic bearings. Clin Orthop Relat Res. 2008 Jun;
466(6):1438-43.

Walter WL, Insley GM, Walter WK, Tuke MA. Edge loading in third generation alu-
mina ceramic-on-ceramic bearings: stripe wear. ] Arthroplasty. 2004 Jun;19(4):402-13.

Taylor S, Manley MT, Sutton K. The role of stripe wear in causing acoustic emissions
from alumina ceramic-on-ceramic bearings. | Arthroplasty. 2007 Oct;22(7 Suppl 3):
47-51.

Manley MT, Sutton K. Bearings of the future for total hip arthroplasty. ] Arthroplas-
ty. 2008 Oct;23(7 Suppl):47-50.

Doorn PF, Campbell PA, Worrall J, Benya PD, McKellop HA, Amstutz HC. Metal
wear particle characterization from metal on metal total hip replacements: transmis-

sion electron microscopy study of periprosthetic tissues and isolated particles. J Bi-
omed Mater Res. 1998 Oct;42(1):103-11.

Daniel ], Ziaee H, Pradhan C, McMinn DJ. Six-year results of a prospective study of
metal ion levels in young patients with metal-on-metal hip resurfacings. ] Bone Joint
Surg Br. 2009 Feb;91(2):176-9.

De Smet K, De Haan R, Calistri A, Campbell PA, Ebramzadeh E, Pattyn C, et al. Met-
al ion measurement as a diagnostic tool to identify problems with metal-on-metal hip
resurfacing. ] Bone Joint Surg Am. 2008 Nov;90 Suppl 4:202-8.

De Haan R, Pattyn C, Gill HS, Murray DW, Campbell PA, De Smet K. Correlation
between inclination of the acetabular component and metal ion levels in metal-on-
metal hip resurfacing replacement. ] Bone Joint Surg Br. 2008 Oct;90(10):1291-7.



Complications Following Total Hip Arthroplasty 417
http://dx.doi.org/10.5772/53030

[192] Savarino L, Padovani G, Ferretti M, Greco M, Cenni E, Perrone G, et al. Serum ion
levels after ceramic-on-ceramic and metal-on-metal total hip arthroplasty: 8-year
minimum follow-up. ] Orthop Res. 2008 Dec;26(12):1569-76.

[193] MacDonald SJ. Can a safe level for metal ions in patients with metal-on-metal total
hip arthroplasties be determined? ] Arthroplasty. 2004 Dec;19(8 Suppl 3):71-7.

[194] Keegan GM, Learmonth ID, Case CP. Orthopaedic metals and their potential toxicity
in the arthroplasty patient: A review of current knowledge and future strategies. J
Bone Joint Surg Br. 2007 May;89(5):567-73.

[195] Hart AJ, Hester T, Sinclair K, Powell JJ, Goodship AE, Pele L, et al. The association
between metal ions from hip resurfacing and reduced T-cell counts. ] Bone Joint Surg
Br. 2006 Apr;88(4):449-54.

[196] Ziaee H, Daniel J, Datta AK, Blunt S, McMinn DJ. Transplacental transfer of cobalt
and chromium in patients with metal-on-metal hip arthroplasty: a controlled study. J
Bone Joint Surg Br. 2007 Mar;89(3):301-5.

[197] Keegan GM, Learmonth ID, Case CP. A systematic comparison of the actual, poten-
tial, and theoretical health effects of cobalt and chromium exposures from industry
and surgical implants. Crit Rev Toxicol. 2008;38(8):645-74.

[198] Smith AJ, Dieppe P, Porter M, Blom AW. Risk of cancer in first seven years after met-
al-on-metal hip replacement compared with other bearings and general population:
linkage study between the National Joint Registry of England and Wales and hospi-
tal episode statistics. BM]J. 2012;344:e2383.

[199] Hart AJ, Buddhdev P, Winship P, Faria N, Powell JJ, Skinner JA. Cup inclination an-
gle of greater than 50 degrees increases whole blood concentrations of cobalt and
chromium ions after metal-on-metal hip resurfacing. Hip Int. 2008 Jul-Sep;18(3):
212-9.

[200] Willert HG, Buchhorn GH, Fayyazi A, Flury R, Windler M, Koster G, et al. Metal-on-
metal bearings and hypersensitivity in patients with artificial hip joints. A clinical
and histomorphological study. ] Bone Joint Surg Am. 2005 Jan;87(1):28-36.

[201] Pandit H, Glyn-Jones S, McLardy-Smith P, Gundle R, Whitwell D, Gibbons CL, et al.
Pseudotumours associated with metal-on-metal hip resurfacings. ] Bone Joint Surg
Br. 2008 Jul;90(7):847-51.

[202] Pandit H, Vlychou M, Whitwell D, Crook D, Lugmani R, Ostlere S, et al. Necrotic
granulomatous pseudotumours in bilateral resurfacing hip arthoplasties: evidence
for a type IV immune response. Virchows Arch. 2008 Nov;453(5):529-34.

[203] Haddad FS, Thakrar RR, Hart AJ, Skinner JA, Nargol AV, Nolan JF, et al. Metal-on-
metal bearings: the evidence so far. ] Bone Joint Surg Br. 2011 May;93(5):572-9.



418 Arthroplasty - Update

[204]

[205]

[206]

[207]

[208]

[209]

[210]

[211]

[212]

[213]

[214]

[215]

[216]

[217]

Smith AJ, Dieppe P, Vernon K, Porter M, Blom AW. Failure rates of stemmed metal-
on-metal hip replacements: analysis of data from the National Joint Registry of Eng-
land and Wales. Lancet. 2012 Mar 31;379(9822):1199-204.

Fink B, Fuerst M, Singer J. Periprosthetic fractures of the femur associated with hip
arthroplasty. Arch Orthop Trauma Surg. 2005 Sep;125(7):433-42.

Duncan CP, Masri BA. Fractures of the femur after hip replacement. Instr Course
Lect. 1995;44:293-304.

McElfresh EC, Coventry MB. Femoral and pelvic fractures after total hip arthroplas-
ty. ] Bone Joint Surg Am. 1974 Apr;56(3):483-92.

Haidukewych GJ, Jacofsky DJ, Hanssen AD, Lewallen DG. Intraoperative fractures
of the acetabulum during primary total hip arthroplasty. ] Bone Joint Surg Am. 2006
Sep;88(9):1952-6.

Davidson D, Pike ], Garbuz D, Duncan CP, Masri BA. Intraoperative periprosthetic
fractures during total hip arthroplasty. Evaluation and management. ] Bone Joint
Surg Am. 2008 Sep;90(9):2000-12.

Sharkey PF, Hozack W], Callaghan JJ, Kim YS, Berry DJ, Hanssen AD, et al. Acetabu-
lar fracture associated with cementless acetabular component insertion: a report of 13
cases. ] Arthroplasty. 1999 Jun;14(4):426-31.

Masri BA, Meek RM, Duncan CP. Periprosthetic fractures evaluation and treatment.
Clin Orthop Relat Res. 2004 Mar(420):80-95.

Orzel JA, Rudd TG, Nelp WB. Heterotopic bone formation (myositis ossificans) and
lower-extremity swelling mimicking deep-venous disease. ] Nucl Med. 1984 Oct;
25(10):1105-7.

owsey ] CM, Robins PR. Heterotopic ossification: theoretical consideration possible
etiological factors, and a clinical review of total hip arthroplasty patients exhibiting
this phenomenon. The hip: procs 5th Open Scientific Meeting of the Hip Society.
1977:201-21.

Brooker AF, Bowerman JW, Robinson RA, Riley LH, Jr. Ectopic ossification following
total hip replacement. Incidence and a method of classification. ] Bone Joint Surg Am.
1973 Dec;55(8):1629-32.

Naraghi FF, DeCoster TA, Moneim MS, Miller RA, Rivero D. Heterotopic ossifica-
tion. Orthopedics. 1996 Feb;19(2):145-51.

Shafritz AB, Shore EM, Gannon FH, Zasloff MA, Taub R, Muenke M, et al. Overex-
pression of an osteogenic morphogen in fibrodysplasia ossificans progressiva. N
Engl ] Med. 1996 Aug 22;335(8):555-61.

Hannallah D, Peng H, Young B, Usas A, Gearhart B, Huard ]. Retroviral delivery of
Noggin inhibits the formation of heterotopic ossification induced by BMP-4, demin-



[218]

[219]

[220]

[221]

[222]

[223]

Complications Following Total Hip Arthroplasty
http://dx.doi.org/10.5772/53030

eralized bone matrix, and trauma in an animal model. ] Bone Joint Surg Am. 2004
Jan;86-A(1):80-91.

Harris WH. Clinical results using the Mueller-Charnley total hip prosthesis. Clin Or-
thop Relat Res. 1972 Jul-Aug;86:95-101.

Chao ST, Lee SY, Borden LS, Joyce M], Krebs VE, Suh JH. External beam radiation
helps prevent heterotopic bone formation in patients with a history of heterotopic os-
sification. ] Arthroplasty. 2006 Aug;21(5):731-6.

Cobb TK, Berry DJ, Wallrichs SL, Ilstrup DM, Morrey BF. Functional outcome of ex-
cision of heterotopic ossification after total hip arthroplasty. Clin Orthop Relat Res.
1999 Apr(361):131-9.

Pellegrini VD, Jr., Evarts CM. Radiation prophylaxis of heterotopic bone formation
following total hip arthroplasty: current status. Semin Arthroplasty. 1992 Jul;3(3):
156-66.

Gregoritch SJ, Chadha M, Pelligrini VD, Rubin P, Kantorowitz DA. Randomized trial
comparing preoperative versus postoperative irradiation for prevention of hetero-
topic ossification following prosthetic total hip replacement: preliminary results. Int J
Radiat Oncol Biol Phys. 1994 Aug 30;30(1):55-62.

Lo TC, Healy WL, Covall DJ, Dotter WE, Pfeifer BA, Torgerson WR, et al. Heterotop-
ic bone formation after hip surgery: prevention with single-dose postoperative hip ir-
radiation. Radiology. 1988 Sep;168(3):851-4.

419



ntechOpen

ntechOpen



