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OBJECTIVE. This article reviews the imaging features of revisions and complications 
of hip replacement arthroplasty and relates these features to the current understanding about 
how and why these failures occur.

CONCLUSION. Short-term failures of hip replacements are most commonly the result 
of instability and dislocation. Complications ranging from osteolysis caused by granuloma-
tous reaction to particulate wear debris lead to many long-term failures. Attempts to reduce 
wear debris through changes in design and materials have reduced the rate of some compli-
cations but have resulted in new ones. Infection remains a devastating complication that is 
difficult to resolve.
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olysis; osteolysis leads to aseptic loosening and 
periprosthetic fractures [6–8]. Particles of bone 
cement, polyethylene, titanium alloy, cobalt-
chromium alloy, stainless steel, and ceramic 
released from implant surfaces by mechanical 
wear have all been implicated in this process, 
and particle size, particle load, particle type, 
and host response may be important factors. 

Osteolysis is a biologic process that is ini-
tiated by macrophage phagocytosis of partic-
ulate debris. An aseptic foreign body granu-
lomatous reaction ensues, and the regions of 
osteolysis are filled with granulation tissue 
with phagocytosed particulate debris. Cell-
mediated activation of osteoclasts has a prom-
inent role in osteolysis, but inhibition of os-
teoblasts may also be involved [7]. Osteolysis 
first occurs where joint fluid has access to 
bone and may then progress like a membrane 
around the cement-bone interfaces in cement-
ed THA and around the metal-bone interfac-
es in cementless THA. The implant becomes 
separated from the host bone, resulting in me-
chanical loosening. In the presence of a con-
tinuing supply of new particles, osteolysis is 
an unceasing, relentless process [8]. 

Osteolysis may be observed radiogra-
phically as a thin zone of radiolucency that 
may slowly extend around the bone-cement 
or bone-prosthesis interface (Fig. 1). Mas-
sive localized osteolysis may also occur in 
the bone adjacent to components (Fig. 2). 
The most common cause of periprosthetic lu-
cency is mechanical loosening and osteolysis 
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G
iven sufficient time, hip joint re-
placements may fail and require re-
vision. Survival rates are the stan-
dard outcome measure for joint 

replacement arthroplasty and are expressed as 
the percentage of prostheses remaining within 
living patients at a given time. However, surviv-
al of the prosthesis does not necessarily mean a 
good clinical outcome. The mean revision rate 
for total hip arthroplasty (THA), based on 
National Joint Replacement Registry datasets 
from six countries (Finland, Sweden, Norway, 
Denmark, New Zealand, and Australia), is 1.29 
revisions per 100 observed component years 
[1]. This revision rate corresponds to a survival 
rate of 93.6% after 5 years and 87.1% after 10 
years. In 2009, approximately 58,000 revision 
THAs were performed in the United States, rep-
resenting approximately 13% of all THAs per-
formed [2] and exceeding previous estimates of 
utilization [3]. As newer generations of prosthe-
ses are implanted using improved surgical tech-
niques, the patterns and types of complications 
have changed [4]. This article reviews current 
issues relating to the failure and revision of 
hip replacements with an emphasis on radio-
graphic features. A companion article, part 1 
[5], reviews current issues relating to primary 
hip replacement arthroplasty and the expect-
ed radiographic appearances.

Osteolysis and Aseptic Loosening
THA failures that occur 5 or more years af-

ter implantation are mostly the result of oste-
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due to either “particle disease” or infection, 
which can look similar radiographically.

Instability and Dislocation
Instability of the joint and recurrent dis-

locations are common complications after 
THA. The reported rate of dislocation var-
ies from 0.5% to 10% after primary THA 
and increases to approximately 10–25% af-
ter revision procedures [9]. The risk of dis-
location is influenced by multiple factors in-
cluding the age and sex of the patient, the 
surgical approach, the surgical technique, 
the design of the prosthesis, the underlying 
diagnosis, the lifetime of the prosthesis, and 
the patient’s compliance with restrictions 
[10] (Fig. 3). Most dislocations occur in the 
early postoperative period during the initial 
weight bearing. The surgical approach is re-
lated to the direction of dislocation. Posterior 
approaches predispose to posterior disloca-
tion and anterior approaches, to anterior dis-
location [11, 12].

Early dislocation within the first 3 months 
after surgery is usually caused by laxity of 
the immature pseudocapsule of the joint and 
surrounding soft tissues. Atraumatic disloca-
tion occurring between 3 months and 5 years 
after surgery is usually caused by component 
malposition. Dislocation occurring more than 
5 years after placement is usually the result of 
gradual stretching of the pseudocapsule and 
surrounding soft-tissue laxity, and women 
are at greater risk than men [13]. This tem-
poral classification is useful because it high-
lights the differences in the causes of disloca-
tion in each category that, in turn, determine 
the type of treatment that is selected. 

Early dislocation is often successfully 
treated with nonoperative means. In contrast, 
late dislocation occurs after 5 years and gen-
erally requires surgical treatment [14].

Revision THA for late dislocations may 
use larger femoral head sizes, constrained 
acetabular liners, and tripolar prosthe-
ses. Larger femoral head sizes are associ-
ated with decreased dislocation rates and 
may also decrease the risk for osteolysis and 
aseptic loosening in the long term [15]. Con-
strained acetabular liners fit into normal met-
al acetabular shells but can be closed around 
the femoral head like a clamshell to lock it 
in place; a metal ring around the periphery 
keeps the liner closed (Fig. 4). Once placed, 
the ring should never move relative to the lin-
er or shell. Tripolar prostheses consist of a 
bipolar component with a polyethylene-lined 
metal head placed inside a constrained ace-

tabular liner placed inside a metal acetabular 
shell (Fig. 5) or a bipolar component with a 
polyethylene head placed inside a highly pol-
ished metal shell. In both types, motion may 
occur within the bipolar component as well 
as between the bipolar component and the 
acetabular component. Dislocation rates are 
decreased with tripolar components [16] but 
unique modes of failure may occur because 
of their complexity [17].

Infection
Deep joint infection after THA is a serious 

complication that requires surgical and pro-
longed medical management. The costs of 
treating an infection after THA are report-
ed to be at least US$50,000 per patient [18]. 
Reported infection rates in the literature are 
currently 1–2% for primary THA and are 
higher after total hip revision [19]. There is 
no one specific test that offers great specific-
ity and sensitivity for the diagnosis of infec-
tion. False-negative and false-positive cul-
ture results have been reported in more than 
10% of joint fluid aspirates [2]. Berbari et al. 
[20] performed a meta-analysis of the accu-
racy of serologic markers for periprosthetic 
joint infections. They found that diagnostic 
accuracy was best for interleukin 6, followed 
by C-reactive protein level, erythrocyte sed-
imentation rate, and WBC count, although 
only a few studies included interleukin 6. 

Radiographic findings can vary from 
completely normal to frank bone destruction 
mimicking loosening or particle disease. A 
distinction between septic and aseptic loos-
ening often cannot be made on a single ra-
diograph. Usually, previous radiographs are 
necessary for comparison. Aseptic loosening 
usually takes a slowly progressive course, 
whereas infection usually occurs with a rap-
id time course and an aggressive appearance 
[21]. Although the appearance of osteolysis 
cannot distinguish infectious from noninfec-
tious loosening, the presence of femoral peri-
osteal reaction or an adjacent soft-tissue col-
lection is highly predictive [22] (Fig. 6). 

In North America, delayed or two-stage 
exchange is considered the standard treat-
ment of infected hip arthroplasty. With the 
two-stage procedure, the infected prosthesis 
is removed and the hip undergoes a thorough 
débridement, leaving it free of any foreign 
material. The interval period between re-
moving the infected prosthesis and implant-
ing a new prosthesis is 6 weeks to 3 months. 
During this interval, IV antibiotics are ad-
ministered to help eradicate infection, and 

a temporary cement spacer laden with an-
tibiotics may be used in the hip joint [23] 
(Fig. 7A). The prosthesis of antibiotic-loaded 
acrylic cement (PROSTALAC) system was 
first developed to allow functional hip move-
ment by creating a temporary joint prosthesis 
surrounded by antibiotic-loaded cement [24]. 
The current design consists of an articulat-
ing polyethylene acetabular liner and a metal 
femoral head prosthesis. The nonarticulating 
surfaces are coated or embedded with antibi-
otic-loaded acrylic cement. The radiograph-
ic appearance is that of a slim, tapered fem-
oral stem and attached femoral head with a 
wide zone of surrounding bone cement from 
the femoral neck distally that also projects 
above the margins of the proximal femoral 
bone. The acetabular component appears to 
be almost entirely composed of cement ex-
cept for a thin uniform radiolucent rim of the 
polyethylene liner cup that encompasses the 
femoral head [25] (Fig. 7B). Complications 
after PROSTALAC insertion include dislo-
cation, periprosthetic fracture, and superim-
posed infection [23] (Fig. 7C).

Periprosthetic Fracture
Periprosthetic fractures occur more of-

ten around the femoral than the acetabular 
components. The increased risk for fracture 
after revision THA is probably because of 
compromised bone quality and focal bone 
deficiencies. The Vancouver classification, 
which was introduced by Duncan and Masri 
[26], is divided into three major types. The 
types are based on the location of the frac-
ture, the amount of available proximal bone 
stock, and the stability of the stem. Type 
A fractures are peritrochanteric fractures 
(subtypes: AL = lesser trochanter and AG = 
greater trochanter). Type B fractures occur 
around or just below the tip of the stem (sub-
types: B1  = well-fixed stem, B2 = not-well-
fixed stem, B3 = poor bone stock in the prox-
imal femur and not-well-fixed stem). Type C 
fractures occur so far below the femoral stem 
that their treatment is independent of the 
presence of a hip replacement in situ (Fig. 8).

Intraoperative femoral fractures may oc-
cur during placement of the femoral stem 
and are more frequently associated with ce-
mentless components than cemented ones. 
Postoperative femoral fractures may also oc-
cur any time after the surgery, typically at 
the level of the tip of the femoral stem be-
cause of “stress risers” at this level caused by 
the difference in stiffness between the met-
al stem and bony shaft (Fig. 9). The cause 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 5

0.
17

6.
18

8.
6 

on
 0

9/
15

/1
6 

fr
om

 I
P 

ad
dr

es
s 

50
.1

76
.1

88
.6

. C
op

yr
ig

ht
 A

R
R

S.
 F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d 



572	 AJR:199, September 2012

Mulcahy and Chew

of each term or agreement that all metallo-
sis develops into pseudotumors or that asep-
tic lymphocytic vasculitis–associated lesions 
are necessarily present [40]. 

Investigators have suggested that these ab-
normal soft-tissue reactions may be attributed 
to two causes: wear-related cellular cytotox-
icity and hypersensitivity [41]. Radiographs 
usually show normal findings, but in advanced 
cases there may be evidence of loosening or 
femoral neck narrowing in resurfacing arthro-
plasty [42]. Cystic or solid masses can be de-
tected on MRI, CT, and ultrasound. There are 
three types of pseudotumors based on MRI 
findings: Type 1 are thin-walled cystic masses 
(cyst wall < 3 mm); type 2, thick-walled cys-
tic masses (cyst wall > 3 mm but less than the 
diameter of the cystic component); and type 3, 
predominantly solid masses [43].

There is no evidence to suggest gadolin-
ium is useful when no lesion is seen on the 
unenhanced scan [44] (Figs. 16 and 17).

Component Failure
Component failure can affect the femoral, 

acetabular, and other supplementary fixation 
components. The stem of the femoral compo-
nent can break, representing a metal-fatigue 
stress fracture, because the metal stem is more 
stiff and less yielding than the surrounding 
femoral bone; however, the incidence of this 
fracture depends on the geometry and metal 
composition of the stem [21] (Fig. 18A). The 
modular component of femoral stem can dis-
sociate (Fig. 18B), and the sintered beads of a 
femoral stem may shear off. Metal bead shed-
ding is defined as opaque microfragments sep-
arated from the porous-coated femoral stem 
(Fig. 19). These metal beads are seen in the 
soft tissue adjacent to the joint, and their in-
crease in number on follow-up indicates loos-
ening. In addition to gradual full-thickness 
wear, the acetabular liner can frankly break 
and dissociate from the metal acetabular shell 
(Fig. 20). Massive acetabular bone deficiency 
is the most challenging reconstruction in re-
vision THA surgery, and surgical options in-
clude structural and morselized bone grafting, 
metallic augments, use of a pelvic reinforce-
ment cage or ring, and major column acetab-
ular allograft [45] (Fig. 21). These supplemen-
tary fixation components such as acetabular 
screws, acetabular-constrained liners, fixation 
cables, and wires can break and displace.

Complications of Hemiarthroplasty
In hemiarthroplasty, the femoral head and 

neck are replaced by a prosthesis that articulates 

of postoperative periprosthetic femoral frac-
tures is most often a minor episode of trau-
ma. Intraoperative periprosthetic acetabu-
lar fractures are a phenomenon ascribable 
to the use of press-fit cementless acetabular 
components. Acute postoperative acetabular 
fractures are uncommon and occur primarily 
as a result of either a traumatic event or oste-
olysis [27] (Fig. 10). 

Complications associated with trochanter-
ic reattachment after disruption of the great-
er trochanter, either from acute fracture or 
chronic nonunion, manifest with significant 
functional deficits (Fig. 11). These complica-
tions include pain, limp, weakness, bursitis, 
and dislocation [28]. Improved union rates 
have been suggested with the use of a claw 
plate that can grip the trochanteric fragment.

Femoral neck fracture is the most common 
complication of resurfacing arthroplasty that 
is not present in THA. The incidence of femo-
ral neck fracture in metal-on-metal hip resur-
facing arthroplasty ranges from 0% to 2.4% in 
various retrospective studies, which represents 
a marked improvement from the 7–12% frac-
ture rate seen with metal-on-polyethylene im-
plants [29]. Femoral fractures have multifac-
torial causes usually related to deficiencies in 
surgical technique; the significance of vascu-
lar changes remains controversial [30].

Soft-Tissue Abnormalities
Heterotopic new bone formation occurs in 

15–50% of patients, but a clinically significant 
limitation of motion is rare (1–5%) [31]. Predis-
posing factors include infection, posttraumatic 
arthritis, ankylosing spondylitis, and previous 
hip surgery.

Recently, Pavlou et al. [32] reported that 
the combination of male sex, total cement-
ed prosthesis, and lateral approach increased 
the rate of developing heterotopic ossification 
by 85%. In selected patients, both low-dose 
radiation and nonsteroidal antiinflamma-
tory drugs have been shown to be effective. 
Nonsteroidal antiinflammatories, particular-
ly indomethacin, are a very acceptable form 
of prophylaxis and affect inflammation pri-
marily by inhibiting the conversion of ara-
chidonic acid to prostaglandins through the 
cyclooxygenase pathway. Indomethacin may 
be preferred in certain patients, including 
young women of childbearing age. Radiation 
is preferred in patients with known gastroin-
testinal intolerance to these medications or 
with a history of peptic ulcer disease [33]. 

The radiographic description of heterotop-
ic ossification is performed on the anteropos-

terior view utilizing the Brooker classifica-
tion [34]: grade 0, no heterotopic ossification; 
grade 1, one or two foci of heterotopic ossifi-
cation less than 1 cm each; grade 2, ossifica-
tion or osteophytes occupying less than half 
the space between the femur and pelvis; grade 
3, ossification or osteophytes occupying more 
than half the space between the pelvis and fe-
mur; and grade 4, ossification that bridges the 
pelvis and femur (Fig. 12).

Pseudobursae are irregular recesses that 
communicate with the joint and are detect-
ed on arthrography or sonography. Pseudo-
bursae may track large distances around the 
hip joint, and although they may be associ-
ated with infection, they can be an inciden-
tal finding (Fig. 13). This diagnosis is an im-
portant one because pseudobursitis may be 
treated conservatively with steroid and an-
esthetic injections. The presence of irregu-
lar walls, sinus tracks, bone destruction, or 
debris in the cavity suggests infection [35].

A particular disadvantage of the metal-
on-metal bearing in hip arthroplasty is the 
release of large amounts of very small wear 
particles and metal ions. The long-term bi-
ologic consequences and the clinical effects 
of these raised metal ions remain largely un-
known. Metal ion levels may be influenced 
by the type, design, and positioning of the 
implant. The deposition of metallic wear 
particles in periprosthetic tissues induces a 
spectrum of changes. Periprosthetic soft-tis-
sue lesions have been described variously as 
metallosis [36], aseptic lymphocytic vasculi-
tis–associated lesions [37], adverse reaction 
to metal debris [38], and pseudotumors [39].

Metallosis is the macroscopic staining of 
soft tissues and is associated with abnormal 
wear, usually of the bearing surface or at the 
modular head-neck junction [36] (Fig. 14). 
Metallosis may also occur in convention-
al THA after polyethylene liner failure al-
lows the metal components to abrade against 
each other (Fig. 15). The diagnosis of asep-
tic lymphocytic vasculitis–associated lesions 
is a histologic diagnosis that may occur with 
metallosis, effusion, soft-tissue necrosis, or 
pseudotumor formation [37]. Pseudotumor 
describes a mass, which may be cystic or sol-
id, and histology tends to show aseptic lym-
phocytic vasculitis–associated lesions and 
tissue necrosis [39]. The term “adverse reac-
tion to metal debris” is an umbrella term in-
cluding metallosis, aseptic lymphocytic vas-
culitis–associated lesions, and pseudotumors 
[38]. There appears to be no clear consen-
sus in the literature defining the boundaries 
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with the native acetabulum. The metal-on-
cartilage bearing may eventually lead to loss of 
acetabular cartilage and then to erosion of the 
subchondral bone. Progressive remodeling of 
the bone may lead to protrusio acetabuli or the 
formation of an articular cavity (Fig. 22). In one 
study of revision of bipolar hemiarthroplasty, 
acetabular erosion was a factor contributing to 
the need for revision in 21 of 25 cases [46]. The 
incidence of acetabular erosion appears higher 
in those with unipolar hemiarthroplasty than 
in those with bipolar hemiarthroplasty [47]. 
In one study of 679 hemiarthroplasties of vari-
ous types inserted for displaced femoral neck 
fractures, the cumulative proportion of prosthe-
ses surviving 5 years was 90%, declining at 10 
years to 85%; bipolar hips had a higher survi-
vorship than unipolar hips [48].

Conclusion
As newer generations of prostheses are im-

planted using improved surgical techniques, 
the patterns and types of complications have 
changed. Short-term failures of hip replace-
ments are most commonly the result of insta-
bility and dislocation. Osteolysis caused by 
granulomatous reaction to particulate wear 
debris leads to many long-term failures. At-
tempts to reduce wear debris through chang-
es in design and materials have reduced the 
rate of some complications but have resulted 
in new ones. Infection remains a devastating 
complication that is difficult to resolve.

References
	 1.	Labek G, Thaler M, Janda W, Agreiter M, Stöckl 

B. Revision rates after total joint replacement: cu-

mulative results from worldwide joint register 

datasets. J Bone Joint Surg Br 2011; 93:293–297

	 2.	Huo MH, Dumont GD, Knight JR, Mont MA. 

What’s new in total hip arthroplasty. J Bone Joint 

Surg Am 2011; 93:1944–1950

	 3.	Kurtz S, Ong K, Lau E, Mowat F, Halpern M. Pro-

jections of primary and revision hip and knee 

arthroplasty in the United States from 2005 to 

2030. J Bone Joint Surg Am 2007; 89:780–785

	 4.	Learmonth ID. Total hip replacement and the law 

of diminishing returns. J Bone Joint Surg Am 

2006; 88:1664–1673

	 5.	Mulcahy H, Chew FS. Current concepts of hip 

arthroplasty for radiologists. Part 1. Features and 

radiographic assessment. AJR 2012; 199:559–569

	 6.	Clohisy JC, Calvert G, Tull F, McDonald D, Ma-

loney WJ. Reasons for revision hip surgery: a ret-

rospective review. Clin Orthop Relat Res 2004; 

429:188–192

	 7.	Ollivere B, Wimhurst JA, Clark IM, Donell ST. 

Current concepts in osteolysis. J Bone Joint Surg 

Br 2012; 94:10–15

	 8.	Harris WH. The problem is osteolysis. Clin Or-

thop Relat Res 1995; 311:46–53

	 9.	Fricka KB, Marshall A, Paprosky WG. Con-

strained liners in revision total hip arthroplasty: 

an overuse syndrome: in the affirmative. J Arthro-

plasty 2006; 21:121–125

	10.	Parvizi J, Picinic E, Sharkey PF. Revision total 

hip arthroplasty for instability: surgical tech-

niques and principles. J Bone Joint Surg Am 

2008; 90:1134–1142

	11.	Woo RY, Morrey BF. Dislocations after total hip 

arthroplasty. J Bone Joint Surg Am 1982; 

64:1295–1306

	12.	Enocson A, Lapidus G, Tornkvist H, Tidermark J, 

Lapidus LJ. Direction of hip arthroplasty disloca-

tion in patients with femoral neck fractures. Int 

Orthop 2010; 34:641–647

	13.	Hamilton WG, McAuley JP. Evaluation of the un-

stable total hip arthroplasty. Instr Course Lect 

2004; 53:87–92

	14.	von Knoch M, Berry DJ, Harmsen WS, Morrey 

BF. Late dislocation after total hip arthroplasty. J 

Bone Joint Surg Am 2002; 84:1949–1953

	15.	Kostensalo I, Seppanen M, Makela K, Mokka J, 

Virolainen P, Hirviniemi J. Early results of large 

head metal-on-metal hip arthroplasties. Scand J 

Surg 2012; 101:62–65

	16.	Philippot R, Adam P, Reckhaus M, et al. Preven-

tion of dislocation in total hip revision surgery us-

ing a dual mobility design. Orthop Traumatol 

Surg Res 2009; 95:407–413

	17.	Guyen O, Lewallen DG, Cabanela ME. Modes of 

failure of Osteonics constrained tripolar implants: 

a retrospective analysis of forty-three failed im-

plants. J Bone Joint Surg Am 2008; 90:1553–1560

	18.	Masterson EL, Masri BA, Duncan CP. Treatment 

of infection at the site of total hip replacement. 

Instr Course Lect 1998; 47:297–306

	19.	Spangehl MJ, Younger AS, Masri BA, Duncan 

CP. Diagnosis of infection following total hip 

arthroplasty. Instr Course Lect 1998; 47:285–295

	20.	Berbari E, Mabry T, Tsaras G, et al. Inflammatory 

blood laboratory levels as markers of prosthetic 

joint infection: a systematic review and meta-anal-

ysis. J Bone Joint Surg Am 2010; 92:2102–2109

	21.	Miller TT. Imaging of hip arthroplasty. Semin 

Musculoskelet Radiol 2006; 10:30–46

	22.	Cyteval C, Hamm V, Sarrabere MP, Lopez FM, 

Maury P, Taourel P. Painful infection at the site of 

hip prosthesis: CT imaging. Radiology 2002; 

224:477–483

	23.	Scharfenberger A, Clark M, Lavoie G, O’Connor 

G, Masson E, Beaupre LA. Treatment of an in-

fected total hip replacement with the PROSTA-

LAC system. Part 1. Infection resolution. Can J 

Surg 2007; 50:24–28

	24.	Duncan CP, Beauchamp C. A temporary antibiot-

ic-loaded joint replacement system for manage-

ment of complex infections involving the hip. Or-

thop Clin North Am 1993; 24:751–759

	25.	Gee R, Munk PL, Keogh C, et al. Radiography of 

the PROSTALAC (prosthesis with antibiotic-

loaded acrylic cement) orthopedic implant. AJR 

2003; 180:1701–1706

	26.	Duncan CP, Masri BA. Fractures of the femur af-

ter hip replacement. Instr Course Lect 1995; 44: 

293–304

	27.	Berry DJ. Epidemiology: hip and knee. Orthop 

Clin North Am 1999; 30:183–190

	28.	Zarin JS, Zurakowski D, Burke DW. Claw plate 

fixation of the greater trochanter in revision total 

hip arthroplasty. J Arthroplasty 2009; 24:272–280

	29.	Amanatullah DF, Cheung Y, Di Cesare PE. Hip 

resurfacing arthroplasty: a review of the evidence 

for surgical technique, outcome, and complica-

tions. Orthop Clin North Am 2010; 41:263–272

	30.	Amstutz HC, Le Duff MJ, Campbell PA, Wisk 

LE, Takamura KM. Complications after metal-

on-metal hip resurfacing arthroplasty. Orthop 

Clin North Am 2011; 42:207–230, viii

	31.	Keogh CF, Munk PL, Gee R, Chan LP, 

Marchinkow LO. Imaging of the painful hip arth-

roplasty. AJR 2003; 180:115–120

	32.	Pavlou G, Salhab M, Murugesan L, et al. Risk fac-

tors for heterotopic ossification in primary total 

hip arthroplasty. Hip Int 2012; 22:50–55

	33.	Lewallen DG. Heterotopic ossification following 

total hip arthroplasty. Instr Course Lect 1995; 

44:287–292

	34.	Brooker AF, Bowerman JW, Robinson RA, Riley 

LH Jr. Ectopic ossification following total hip re-

placement: incidence and a method of classifica-

tion. J Bone Joint Surg Am 1973; 55:1629–1632

	35.	Berquist TH, Bender CE, Maus TP, Ward EM, 

Rand JA. Pseudobursae: a useful finding in pa-

tients with painful hip arthroplasty. AJR 1987; 

148:103–106

	36.	Korovessis P, Petsinis G, Repanti M, Repantis T. 

Metallosis after contemporary metal-on-metal to-

tal hip arthroplasty: five to nine-year follow-up. J 

Bone Joint Surg Am 2006; 88:1183–1191

	37.	Willert HG, Buchhorn GH, Fayyazi A, et al. Met-

al-on-metal bearings and hypersensitivity in pa-

tients with artificial hip joints: a clinical and his-

tomorphological study. J Bone Joint Surg Am 

2005; 87:28–36

	38.	Langton DJ, Jameson SS, Joyce TJ, Hallab NJ, 

Natu S, Nargol AV. Early failure of metal-on-met-

al bearings in hip resurfacing and large-diameter 

total hip replacement: a consequence of excess 

wear. J Bone Joint Surg Br 2010; 92:38–46

	39.	Pandit H, Glyn-Jones S, McLardy-Smith P, et al. 

Pseudotumours associated with metal-on-metal 

hip resurfacings. J Bone Joint Surg Br 2008; 

90:847–851

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 5

0.
17

6.
18

8.
6 

on
 0

9/
15

/1
6 

fr
om

 I
P 

ad
dr

es
s 

50
.1

76
.1

88
.6

. C
op

yr
ig

ht
 A

R
R

S.
 F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d 



574	 AJR:199, September 2012

Mulcahy and Chew

	40.	Haddad FS, Thakrar RR, Hart AJ, et al. Metal-on-

metal bearings: the evidence so far. J Bone Joint 

Surg Br 2011; 93:572–579

	41.	Campbell P, Ebramzadeh E, Nelson S, Takamura 

K, De Smet K, Amstutz HC. Histological features 

of pseudotumor-like tissues from metal-on-metal 

hips. Clin Orthop Relat Res 2010; 468:2321–2327

	42.	Grammatopoulos G, Pandit H, Murray DW, Gill 

HS. The relationship between head-neck ratio and 

pseudotumour formation in metal-on-metal resur-

facing arthroplasty of the hip. J Bone Joint Surg 

Br 2010; 92:1527–1534

	43.	Hauptfleisch J, Pandit H, Grammatopoulos G, 

Gill HS, Murray DW, Ostlere S. A MRI classifica-

tion of periprosthetic soft tissue masses (pseudo-

tumours) associated with metal-on-metal resur-

facing hip arthroplasty. Skeletal Radiol 2012; 

41:149–155

	44.	Ostlere S. How to image metal-on-metal prostheses 

and their complications. AJR 2011; 197:558–567

	45.	Huo MH, Stockton KG, Mont MA, Parvizi J. 

What’s new in total hip arthroplasty. J Bone Joint 

Surg Am 2010; 92:2959–2972

	46.	Diwanji SR, Kim SK, Seon JK, Park SJ, Yoon TR. 

Clinical results of conversion total hip arthro-

plasty after failed bipolar hemiarthroplasty. J 

Arthroplasty 2008; 23:1009–1015

	47.	Hedbeck CJ, Blomfeldt R, Lapidus G, Tornkvist 

H, Ponzer S, Tidermark J. Unipolar hemiarthro-

plasty versus bipolar hemiarthroplasty in the most 

elderly patients with displaced femoral neck frac-

tures: a randomised, controlled trial. Int Orthop 

2011; 35:1703–1711

	48.	Eiskjaer S, Ostgård SE. Survivorship analysis of 

hemiarthroplasties. Clin Orthop Relat Res 1993; 

286:206–211

Fig. 1—Osteolysis and fracture. Anteroposterior 
radiograph of hybrid right total hip arthroplasty 
shows periprosthetic lucency more than 2 mm long 
in femoral zones 1 and 7 at cement-bone interface 
(arrowheads). Thin zone of lucency is present around 
cementless acetabular component in acetabular zone 
II (short arrow). There is subtrochanteric fracture of 
femoral shaft (long arrows).


Fig. 2—Osteolysis in 65-year-old woman. 
Anteroposterior radiograph of left total hip 
arthroplasty shows geographic, globular 
periprosthetic lucency in acetabular zones I and II 
(single arrow) and in femoral zone 1 (double arrows). 
Femoral head is asymmetrically seated in acetabular 
cup (black lines) indicating excessive acetabular liner 
wear. Acetabular cup remains in its original position 
but is at high risk for mechanical loosening.	 

A

Fig. 3—Dislocation in 64-year-old woman. 
A, Anteroposterior radiograph of left total hip 
arthroplasty shows anterosuperior dislocation of 
femoral prosthesis. 
B, Corresponding axial CT image shows anteriorly 
dislocated femoral head (arrow).
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Fig. 4—Anteroposterior radiograph of left 
cementless total hip arthroplasty shows properly-
positioned retaining ring of constrained acetabular 
liner (arrow).


Fig. 5—Anteroposterior radiograph of total hip 
arthroplasty in 55-year-old woman shows tripolar 
prosthesis consisting of bipolar femoral component 
with polyethylene-lined metal head (arrow) placed 
inside constrained acetabular liner (arrowhead) 
placed inside metal acetabular shell.	 

A

Fig. 6—Infection in 43-year-old woman. 
A, Anteroposterior radiograph of right total hip arthroplasty shows acetabular periprosthetic lucency in zone II (arrow). 
B, Corresponding contrast-enhanced axial CT image shows periarticular (periprosthetic) fluid collection (arrows) that turned out to be 
abscess by Pseudomonas aeruginosa.
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Fig. 8—Vancouver classification of periprosthetic 
femoral fracture. Type A fractures are 
peritrochanteric fractures (subtypes: AL = lesser 
trochanter and AG = greater trochanter). Type B 
fractures occur around or just below tip of stem. 
Type C fractures occur so far below femoral stem 
that their treatment is independent of presence of hip 
replacement in situ.)


Fig. 9—Periprosthetic femoral fracture. 
Anteroposterior radiograph of left bipolar 
hemiarthroplasty in 62-year-old woman shows 
periprosthetic femoral shaft fracture at level of tip of 
femoral stem because of “stress riser.”	 

A

Fig. 7—Treatment of infected total hip arthroplasty (THA) in 48-year-old woman. 
A, Anteroposterior radiograph of revised right THA with femoral spacer laden with antibiotics (arrow). 
B, Initial postoperative anteroposterior radiograph of revised, infected left THA in 58-year-old woman shows prosthesis of antibiotic-loaded acrylic cement 
(PROSTALAC) implant. Surrounding bone cement projects above margins of proximal femoral bone (arrow). 
C, Follow-up anteroposterior radiograph in same patient as in B shows loosening of PROSTALAC cup (single arrow), extruded cement in joint (double arrows), and 
dislocated femoral prosthesis.
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Fig. 10—Periprosthetic acetabular fracture. 
Anteroposterior radiograph of left total hip 
arthroplasty in 76-year-old man shows periprosthetic 
acetabular lucency in zones I and II (long arrow) 
due to loosening and periprosthetic fracture along 
inferior edge of cup (short arrow).


Fig. 13—Pseudobursa in metal-on-metal bearing. 
Spot arthrographic image of left total hip resurfacing 
arthroplasty in 52-year-old man shows irregular 
collection of contrast agent along lateral aspect 
of femur (arrow); this finding is consistent with 
pseudobursa.

Fig. 14—Metallosis and osteolysis in metal-on-
metal bearing. Anteroposterior radiograph of right 
large-headed total hip arthroplasty in 48-year-old 
man shows metallosis manifested as cloudlike 
radiodensity (arrows) surrounding neck of femoral 
component. Osteolysis is present in femoral zone 1 
(arrowheads).

Fig. 11—Greater trochanteric fracture. 
Anteroposterior radiograph of left total hip 
arthroplasty shows greater trochanteric fracture 
with bony fragment displaced superiorly (arrow).	 

Fig. 12—Heterotopic ossification. Anteroposterior 
radiograph of left total hip arthroplasty shows 
heterotopic ossification (arrow) occupying more than 
half of the space between pelvis and femur (Brooker 
grade 3).
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Fig. 15—Metallosis after polyethylene failure. 
Anteroposterior radiograph of left total hip 
arthroplasty in 65-year-old woman. Failure of 
polyethylene liner allowed femoral head to abrade 
acetabular cup. Bubblelike hyperdensities (arrows) 
represent deposited metallic debris outlining 
joint space. Other abnormal amorphous cloudy 
radiodensities in periprosthetic region (arrowhead) 
are also visualized.

Fig. 16—Cystic pseudotumor in metal-on-metal bearing. Radiographs of right 
resurfacing total hip arthroplasty with metal-on-metal bearing in 55-year-old man 
were normal (not shown). However, coronal STIR MR image of right hip shows 
periprosthetic cystic mass (arrow) consistent with pseudotumor.

A

Fig. 17—Solid pseudotumor in metal-on-metal bearing. Radiographs (not shown) of cementless right total hip 
arthroplasty with metal-on-metal bearing in 69-year-old woman were normal. 
A, Coronal T1-weighted MR image shows periprosthetic ovoid mass with low signal intensity (arrow). 
B, Mass (arrowhead) shows low signal intensity on axial STIR MR image. Patient’s serum chromium level was 
125.9 ng/mL (reference, 0.0–0.3 ng/mL) and cobalt level was 105 ng/mL (reference, 0.0–0.9 ng/mL).
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A

Fig. 18—Component failure: femoral stem. 
A, Anteroposterior radiograph of right unipolar 
hemiarthroplasty in 70-year-old woman 
shows broken femoral stem of Austin-Moore 
hemiarthroplasty. 
B, Anteroposterior radiograph of right total 
hip arthroplasty in 63-year-old woman shows 
dissociation of modular femoral stem (arrow) with 
dislocation.

B

Fig. 19—Bead shedding. Anteroposterior radiograph 
of noncemented left total hip arthroplasty in 49-year-
old man shows excessive polyethylene wear, 
osteolysis, loosening of acetabular cup, and bead 
shedding. Small metal spheres shed from porous 
coat of acetabular cup may be seen in osteolysis 
cavity (single arrows) and in soft tissues (arrowhead). 
Greater trochanteric cerclage wire (double arrows) 
is broken.

Fig. 20—Ceramic component failure. Coned 
anteroposterior view of right total hip arthroplasty 
with ceramic-on-ceramic bearing in 64-year-old 
man shows ceramic liner (arrow) is fractured and 
dislocated from metal back shell.

Fig. 21—Acetabular reconstruction cage. 
Anteroposterior radiograph of left revised total hip 
arthroplasty shows acetabular reconstruction cage 
(arrow). Bone graft and cement have been used 
to fill acetabular deficiency behind cage. There is 
polyethylene liner.
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F O R  Y O U R  I N F O R M A T I O N

This article is part of a self-assessment module (SAM). Please also refer to ”Current Concepts of Hip Arthroplasty for 
Radiologists: Part 1, Features and Radiographic Assessment,“ which can be found on page 559.

Each SAM is composed of two journal articles along with questions, solutions, and references, which can be found online. You 
can access the two articles at www.ajronline.org, and the questions and solutions that comprise the Self-Assessment Module by 
logging on to www.arrs.org, clicking on AJR (in the blue Publications box), clicking on the article name, and adding the article 
to the cart and proceeding through the checkout process.

The American Roentgen Ray Society is pleased to present these SAMs as part of its commitment to lifelong learning for 
radiologists. Continuing medical education (CME) and SAM credits are available in each issue of the AJR and are free to ARRS 
members. Not a member? Call 1-866-940-2777 (from the U.S. or Canada) or 703-729-3353 to speak to an ARRS membership 
specialist and begin enjoying the benefits of ARRS membership today!

Fig. 22—Complications of hemiarthroplasty. 
Anteroposterior radiograph of right unipolar 
hemiarthroplasty in 92-year-old woman shows 
remodeling of native acetabulum (protrusio acetabuli) 
(arrow).
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