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A.Z. Ginai_ Digital subtraction arthrography
F.C. van Biezen . . .

P.A.M. Kint in preoperative evaluation

W.C.3 Hop of painful total hip arthroplasty

Abstract Objective.The objective  thrography was also the most impor-
of this clinical study was to define tant modality for predicting a loose

A.Z. Ginai, M.D., Ph.D. []) the diagnostic value of plain radiog- femoral component3=0.001), while

P.A.M. Kint, M.D1 raphy, digital subtraction arthrogra- the plain radiograph was of signifi-

Department of Radiology, phy and two-phase bone scintigraphgant £=0.04) additional value and

BP"ﬁélsgy;‘t'grSﬁg%: Egkz'gt Rotterdam,  jn patients with clinically loose or  scintigraphy was of no additional

3015 GDWRottgrd'am The Netherlands  Infected hip prostheses. value P=0.13) on multivariate anal-
) ’ Design.Digital subtraction arthro-  ysis.

F.C. van Biezen, M.D. grams, scintigrams and plain radio- Conclusion Digital subtraction ar-

Bﬁﬁ,ae'}tsrﬂgn,jg;ﬁgrc’paed'cs’ graphs of 70 consecutive patients thrography gives the best results in

Dijkzigt and Erasmus University RotterdamWho underwent revision hip arthro- the prediction of loosening of ace-

The Netherlands plasty were scored individually and tabular and femoral components.
H.Y. Oei, M.D., Ph.D. in masked fashion for the presence Plain radiographs give additional in-
Department of Nuclear Medicine, or absence of features indicating  formation on loosening of the femo-
University Hospital, loosening of femoral and/or acetabural component, but scintigraphy of-

?Eﬁzﬁétiré?.ﬂﬁim”s University Rotterdamya components. The operative find- fers no additional advantage.

ings acted as the gold standard.
W.C.J. Hop, M.Sc. ResultsDigital subtraction arthrog- Key words Digital subtraction - Hip
Bﬁﬁ/ae"rtsrﬂgnég;gt'gftat'sucs' raphy was besP&0.001) for pre-  arthrography - Hip arthroplasty -
Dijkzigt and Erasmus University Rotterdamdicting a loose acetabular compo-  Loose hip prosthesis - Preoperative
The Netherlands nent, while no significant additional evaluatior:
Present address: predictive value was found for plain
1 St. Ignatius Hospital, Wilhelminasingel 33,radlographsF€=Q-24) and scintigra-
4817 JX Breda, The Netherlar.ds phy (P=0.27). Digital subtraction ar-

toms that bring the patient for orthopedic consultation
are pain and disability. Since pain may be due to causes
There is a worldwide increase in the number of total hipher than a loose prosthesis, it is desirable to document
arthroplasties being carried out. This steady increasdossening as the cause of the patient's symptoms before
largely due to increased longevity of the population adéciding to operate, as there are increased risks associat-
a trend for operating on younger patients due to contirag with revision surgery [2].
ing improvements in prosthetic design and surgical tech-Plain radiographs are not always sufficient to diag-
nique. Hip replacement surgery can increase functioose loosening. Hip arthrography (combined with joint
and reduce pain in most patients with diseased or pairffuid aspiration) and two-phase bone scintigraphy are the
hips, but the return of these symptoms may indicatesgecific investigations for the diagnosis of a loose or in-
complication of arthroplastic surgery [1]. fected prosthesis. Digital subtraction arthrography has
Mechanical loosening of prosthetic components apet been universally employed for this purpose but we
pears to be the major late complication leading to surgiarted its use at our institution in 1988.
cal revision of hip arthroplasty. The most common symp- The purpose of this study was to define the diagnostic
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value of digital subtraction arthrography, plain radiogrd0 ml) according to the size of the capsule and presence of bursae

phy and two-phase bone scintigraphy in loosening of K cavities around the prosthesis. Digital subtraction views were

arthroplasty obtained at a speed of 1 per second with a maximum of 20 views.
: These were later studied and a few of the most representative im-

ages were saved on X-ray film by means of a laser imager. Post-

processing by means of pixel shift was often necessary to obtain

images of reasonable quality. Post-ambulatory anteroposterior and

axial views (without subtraction) of the hip were also obtained af-

] ) ter the patient had walked for a couple of minutes.

Seventy consecutive patients (53 women, 17 men; age rangeThe criterion used to define loosening of the femoral compo-

34-86 years) who underwent revision hip arthroplasty and rient consisted of any contrast leakage at the prosthesis-cement in-

whom digital subtraction arthrography and scintigraphy had begface up to or beyond the intertrochanteric level (zones 1 or 7;

carried out preoperatively were studied. Digital subtraction aFfigs. 1, 2) at the cement-bone interface. In the case of the acetabu-

thrography and scintigraphy were carried out either on the samecomponent, contrast leakage at the bone-cement interface had

day or within 1 week of each other in patients with suspectgsibe in at least two zones or around the whole of the component

loose hip arthroplasty. in order for it to be considered loose (Figs. 1, 3). These criteria are

Conventional plain radiographs were available in all but 1 casienilar to those described by others [5, 6].

in anteroposterior and lateral views (frogleg or axial). There was

often an interval of 1-26 weeks between the plain radiographs and

arthrography. Plain frontal digital radiographs were, however, glyo-phase bone scintigraphy

ways available as a scout view before contrast injection for ar-

thrography. . Two-phase bone scintigraphy was performed (on the same day as
The types of hip prostheses were: 16 Charnley, 14 McKee-Fafrography or within 1 week of it) after intravenous injection of
rar, 14 McKee-Arden and 14 Muller. The remaining 3 patients hggg MBq 99"Tc-labelled methylene diphosphonate. The first im-
a hemiarthroplasty. There was thus a total of 70 femoral comp@re was taken 2—6 min after injection in an anteroposterior posi-
nents and 67 acetabular components in this study. There wergi&4 with counts obtained for 2 min. Increased uptake of isotope
cemented, 4 uncemented coated and 2 uncemented noncogigiglates hyperaemia, and can be a sign of infection. After 2 h an-
prostheses. . . . teroposterior, posteroanterior and, if necessary, obligue images
_The digital subtraction arthrograms, plain radiographs afgye taken by collecting 400000 counts to detect increased uptake
scintigrams of the patients undergoing revision arthroplasty wejigng the acetabular or femoral components which was indicative

evaluated in masked fashion (in relation to each other and reg@fdnosening. Scintigrams of 4 patients were not available for eval-
ing the outcome of surgery) for signs of loosening of one or bqiRtion.

components of hip arthroplasty. All studies were read indepen-
dently by two radiologists. In cases of discrepancies in readings (5
examinations) a consensus opinion was reached. ° ;

Surgical findings acted as the gold standard for this study. ﬁloam radiography
differentiation was made between toggle (limited movement of t
prostheses) and frank loosening. All patients in this study were
erated on by the same orthopedic surgeon.

Materials and methods

Bfain radiographs were available in all patients as digital scout
ORws obtained before subtraction arthrography, but large-format
radiographs were missing in 1 patient. Criteria used for loosening
of the femoral and acetabular component were similar to those al-

Technique of digital subtraction arthrography ready well described in the literature.

Arthrography was performed on a Philips DVI system (14-inc§| . .
image intensifier, 512x512 image matrix). urgical evaluation

The leg on the side of the examination was immobilized usin . . .
a strap over the knee and the thigh regions. To avoid punctur decision to operate was based on both clinical signs and
the femoral artery its position was marked on the skin with an #nptoms and the results of the imaging studies in all patients ex-
delible marker. The puncture area was cleaned and draped mﬁt 1 (see Results). The interval between diagnostic investigation
sterile covers. About 10 ml of 1% nonbacteriostatic xylocaine w@gd surgical revision was usually a few weeks, but varied between
used as local anaesthetic. A 12.5 cm long spinal puncture neddfd 26 weeks. The revisions were all performed by the same or-
(20 gauge) was then introduced parallel to the table top and diré@¢paedic surgeon (F.v.B.), who by means of traction and rotation
ed slightly cranially for a lateral puncture route [3, 4]. We used% the prosthesis at surgery evaluated macroscopic loosening of
lateral puncture in'most patients but in difficult cases, particulaffje Prosthetic components. No differentiation in scoring was made
those with heterotopic bone formation, an anterior or anterolate?§fween toggle and frank loosening. Antibiotic cover was started 1
route had to be used. When the pseudocapsule around theNHigfore surgery and continued postoperatively. Joint fluid was ob-
prosthesis is punctured and the tip of the needle touches the mé&4i€d at surgery for bacteriological analysis.
lic neck of the femoral component, the position is usually correct
and is confirmed fluoroscopically. o

In all cases an attempt was made to aspirate joint fluid befé&atistics
contrast injection. In cases where no fluid could be aspirated, a
few millilitres of nonbacteriostatic physiological saline were inSurgical findings acted as the gold standard for this study.
jected into the joint and reaspirated. The aspirate was saved andPercentages were compared between groups of patients using
sent for bacteriological analysis and culture. Fisher's exact test. Multivariate analysis regarding the probability

The patient was positioned so that both components were fuifya loose component at surgery in relation to the three diagnostic
visible for evaluation before contrast injection. A scout view wasodalities was carried out using multiple logistic regression [7].
obtained and the non-ionic contrast medium lohexol 300 (Ofemparison of paired percentages within groups of patients was
nipaque) injected using a connecting tube and hand injection. Taeried out using McNemar's test. Rvalue of 0.05 (two-sided)
amount of contrast medium varied between 10 and 40 ml (mostigs considered the limit of significance.
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Fig. 1 A diagrammatic representation of the various zones useddne or both components. The indication for surgery in

def|n|ng |005ening Of the femoral and acetabu@.l’ Componentstﬁé 1 patlent Operated Wlthout any radlologlcal Slgns Of
hip arthroplasty. System also used by Lyons et ai [6] loosening was severe disability and pain.

Fig. 2 Subtraction arthrogram showing contrast in zones 1 and 7
(see Fig. 1) at the cement-bone interface, graded as a loose femo-

ral component. The component was also found to be loose at sur-
gery cetabular componenbh£67)

o oo o o 1 S e ceegl Pl radiographe . diagnosie of loose acetabua
bone interface. The femoral 'compon%nt shows no signs of Ioos% mponent was made in 50% of patients. At surgery th‘_e
ing percentage of loose acetabular components was 70% in
this group. Of the 50% of components considered solid
on plain radiographs, 52%°£0.20) were found to be
Results loose at surgery.
On scintigraphy a loose acetabular component was di-

The lateral or anterolateral technique of hip puncture fagnosed in 52% of patients and at surgery 76% of these
performance of digital subtraction arthrography was easymponents were found to be loose. Of the 48% consid-
in 60 patients. In 10 patients difficulty arose in punctuezed solid on scintigraphy, 43%=0.01) were found to
due mainly to heterotopic bone formation and obesitg loose at surgery.
and in these patients a repuncture or anterior route had t®n digital subtraction arthrography a loose acetabular
be employed. In 2 patients a longer needle was necessamponent was diagnosed in 67% of patients and 84% of
for puncture, due to obesity. Motion artifacts due to prese components were found to be loose at surgery. Of
tient movement were correctable on subtraction views e 33% considered solid on digital subtraction arthrog-
using post-processing (pixel shift), which gave adequasgphy, 14% P<0.001) were found to be loose at surgery.
quality views in all patients. Multivariate analysis of the three modalities showed

Four of the patients operated on did not have a lodkat subtraction arthrography was béxt@.001) for pre-
prostheses at surgery. Two of these 4 had a fematiating a loose acetabular component, while no signifi-
hemiarthroplasty and on revision a total hip prosthesiant additional predictive value was found for plain ra-
(THP) was placed. In the other 66 patients, of whom @Bgraphs P=0.24) or scintigraphyR=0.27). The out-
had a THP, the femoral, acetabular or both componectsnes of the three diagnostic methods in relation to the
were found to be loose at surgery. In all patients exceputgical findings are shown in Table 1. The upper half of
at least one diagnostic method indicated looseningtbé table groups patients according to whether a loose
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Table 1 Acetabular component. The upper part of the tableith percentages in parentheses. [In 5 additional patients one diag-
presents patients grouped according to various combinationsno$tic method was not performed: 2 patients (X+) and (AR+)
loose (+) or solid ) prosthetic component as scored on digitgdboth loose at surgery); 1 patient{Xand (AR-) (loose at sur-
subtraction arthrography (AR), plain radiography (X) and twagery); 1 patient (X+) and (AR (solid at surgery); 1 patient
phase bone scintigraphy (SC). The lower part of the table shqAa&+) and (SC+) (loose at surgery)]

the surgical results in patients with a loose or solid prosthes.s,

Diagnostic group

A B C D E F G H
Imaging findings
AR - - - - + + + +
X - - + + - - + +
SC - + - + - + - +
Surgical results
Loose 0 (0) 1(33) 0 (0) 1(33) 6 (67) 9 (82) 7 (100) 13 (93)
Solid 9 2 5 2 3 2 0 2
Total 9 3 5 3 9 11 7 15

(+) or solid ) prosthesis was scored on digital subtrac- On digital subtraction arthrography 79% loose femo-
tion arthrography (AR), plain radiography (X) and tworal components were diagnosed, of which 91% were
phase bone scintigraphy (SC). The lower half of the taliéeind to be loose at surgery. Of 21% considered solid on
gives the surgical results in the same patients. Of théigital subtraction arthrography, 209%°<0.001) were
patients in whom only subtraction arthrography indicatéelund to be loose at surgery.
loosening (group E), only 67% showed a loose acetabu-Multivariate analysis of the three diagnostic investiga-
lar component at surgery. However, this percentage tlighs showed that the most important one for predicting a
not differ significantly from the groups in which one oloose femoral component at surgery was subtraction ar-
both of the other diagnostic methods also indicated lotisrography P=0.001), while plain radiographs were of
ening (groups F, G and H). significant £=0.04) additional diagnostic value. No ad-
The superiority of subtraction arthrography for prelitional predictive value (0.13) was found for scintigra-
dicting a loose acetabular component was confirmpbly.
when only those patients were considered who had alable 2 shows the surgical findings for the femoral
loose component at surgery. In this group, the percentageponent in relation to combinations of outcomes of
of patients who had a loose component on subtractionthe three diagnostic modalities. In the group of patients
thrography (93%) was significantly higher comparewlith a loose femoral component indicated by subtraction
with those with a loose component indicated by plain @thrography as well as plain radiographs44), 98%
diographs (58%) or scintigraphy (66%). The latter tw@3/44) of patients appeared to have a loose component
percentages did not differ significantly from each otherat surgery. This percentage, however, was significantly
No significant differences between the three modaldwer (70%;P=0.02) in the group of 10 patients who had
ties were found regarding the percentages of patientstilbose component indicated by subtraction arthrography
whom a loose component was falsely diagnosed in thg not by plain radiograph.
light of the findings at surgery. The inferior value of scintigraphy for the diagnosis of
a loose component was confirmed when only those pa-
tients were considered who were found to have a loose
Femoral componenh€70) component at surgery. In this group the percentage of
cases with a loose component as indicated by scintigra-
The plain radiographs showed loosening of the femopdly (78%) was significantly lower than the correspond-
component in 74% of patients, of whom 88% were fouin percentage (98%) in which a loose component was
to have a loose component at surgery. Of the 26%iridicated by subtraction arthrography and/or plain radio-
whom a solid femoral component was diagnosed graph. No significant differences were present between
plain radiographs, 44%P€0.001) were found to have ahe percentages of patients in whom a loose component
loose component at surgery. was indicated falsely by subtraction arthrogram, plain ra-
On scintigraphy 68% loose femoral components wet®graph or scintigraphy but who did not have a loose
diagnosed, of which 89% were found to be loose at sagmponent at surgery.
gery. Of 32% considered solid on scintigraphy, 52% Infection was found in 8 (11%) patients in this series,
(P<0.003) were found to be loose at surgery. as shown by a positive culture of the joint fluid.
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Table 2 Femoral component. The upper part of the table preseststs in patients with a loose or solid prosthesis, with percentages
patients grouped according to various combinations of loose (+)mrparentheses. [In 5 additional patients one diagnostic method
solid (-) prosthetic component as scored on digital subtraction aras not performed: 2 patients{Xand (AR-) (both solid at sur-
thrography (AR), plain radiography (X) and two-phase bone scigery); 2 patients (X+) and (AR+) (both loose at surgery); 1 patient
tigraphy (SC). The lower part of the table shows the surgical (&R+) and (SC) (solid at surgery’

Diagnostic group

A B C D E F G H
Imaging findings
AR - - - - + + + +
X - - + + - - + +
SC - + - + - + - +

Surgical results

Loose 0 (0) 1 (50) 0 (0) 2 (66) 3 (100) 4 (57) 8 (89) 33 (100)
Solid 4 1 4 1 0 3 1 0
Total 4 2 4 3 3 7 9 33
Discussion olution of this technique also allows detection of even ti-

ny amounts of contrast at the cement-bone or cement-
The decision to carry out a revision hip arthroplasty prosthesis interfaces.
our patient group was based both on the clinical symp-The lateral approach for hip joint puncture has been
toms and the results of the imaging techniques, i.e. sablvocated and described previously [4, 11, 12]. In 10 pa-
traction arthrography, plain radiographs and scintigréents a repuncture and a more anterior route was neces-
phy. None of the patients underwent surgery on the basisy. We came across no complications associated with
of the results of the imaging techniques alone. this procedure.

Of 70 patients operated on, 66 were found to haveThere appears to be a wide variation between criteria
loosening of the femoral, acetabular or both componenised by different authors for defining prosthetic loosen-
Four patients had solid prostheses at surgery but posithg [13—-15]. Many studies do not use surgical assess-
arthrograms (false positive). Each of these 4 patientsn{gnt as a reference standard for prosthetic loosening,
with a hemiarthroplasty) had a very small pseudocaphich may account for the variability in results [1]. Sur-
sule. Extravasation of contrast medium between bagery is probably the best available gold standard but it
and cement was seen up to but not beyond zone 1 oceftainly does not appear to be objective. In our study,
This has been known to occur in cases with a small capwever, all patients were tested and operated on by the
sule [6]. Caution is therefore required in making a diagame orthopaedic surgeon.
nosis of femoral component loosening solely on the basislt must be recognized that the group of patients in our
of contrast leakage up to zone 1 or and 7 in these eiudy is highly selected. All had clinical evidence of fail-
cumstances. The decision to operate, however, was uvat of hip prostheses with sufficient disability to require
based solely on the results of the arthrograms but alsaevision surgery. Our results, however, are very similar to
the severity of symptoms, i.e. pain and disability. those of other authors [6, 16—19].

Subtraction arthrography gives better differentiation We used the same classification zones as described by
of contrast extravasation between radiopague cement atiéér authors [1, 6] for defining loosening or leakage of
prosthesis or cement and bone [8] compared with n@ontrast during digital subtraction arthrography (Fig. 1).
subtraction films. Conventional subtraction arthrograpHspr the femoral component any contrast leakage between
which is well described in the literature, has the disaghetal-cement interface beyond or at least up to the intertro-
vantages of being time consuming, requiring darkroachanteric line in the cement-bone interface was considered
personnel and no patient movement during the injectido indicate loosening of the component (Figs. 1, 2). In fem-
which limits the clarity of the subtraction views [9, 10Joral component loosening many authors have described ac-
It has been shown that digital subtraction arthrographycigmulation of contrast medium at the tip of the stem [20],
equal to or better than manual subtraction technigogt we have rarely observed this in our series. We also do
[10]. The results are immediately available as the teciot agree with Bloom et al. [21] that more than 1 cm of
nique allows real time review of injection dynamics. Daontrast leakage around the femoral component is a signifi-
ta manipulation by pixel shift after the examination [1@ant sign of loosening. For the acetabular component, the
is often necessary despite immobilization of the leg withiterion for loosening consisted of contrast at the cement-
a strap and Polythene blocks. The enhanced contrast bese interface in at least two zones (Figs. 1, 3).
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According to some authors post-ambulation radibene interface [12, 23]. Another reason for false negative
graphs help to improve the sensitivity of digital subtracesults can be large bursae or cavities around the prosthe-
tion arthrography, as signs of loosening may be cleasig which may hinder filling of the bone-cement or ce-
visible only on these films [22, 23]. In our experience tmeent-metal interface due to reduced injection pressure.
post-ambulatory views did not show sufficient increase When the plain film is strongly suggestive of a loose
in the extent of contrast leakage around a prostheaiicsolid prosthesis and arthrography results show a dis-
component to alter significantly the diagnosis made orepancy then the results of plain films should be taken
subtraction views. into consideration [27].

There was an interval of 26 weeks in some cases beBone scintigraphy is a sensitive indicator of bone
tween plain films and arthrography. The digital scotirnover but does not distinguish infection from loosen-
view obtained before subtraction was, however, alwayg. Increased isotope uptake may be due to loosening
available to show any significant changes that occurraad infection but could also be due to heterotopic ossifi-
during this long time interval. cation, stress fracture, tumour, Paget's disease or reflex

The plain film criteria for femoral component loosersympathetic dystrophy syndrome [28]. Recent studies
ing include a lucent zone at the metal-cement or boiave shown a high rate of false positive scintigraphy re-
cement interface greater than 2 mm, particularly whéxted to increased activity, probably due to endosteal re-
progressively increasing. Migration and/or subsidencerabdelling around the prosthesis and cement [29].
the femoral component into the femoral shaft is acceptedJoint fluid aspiration and culture was used as the de-
as a definite indication of prosthetic loosening. Cracksfinitive criterion for the diagnosis of infection in our se-
the cement and radiolucency are indirect signs that ties. Prosthetic loosening caused by infection may ac-
prosthesis has moved [24]. For indicating acetabutaunt for 7-56% of the total number of loose prostheses
component loosening, radiolucency of more than 2 ni&6]. In our series cultures were positive in 8 patients
between cement and bone around almost the whole(f%). Joint aspirate could not be obtained in 7 patients
the component on the anteroposterior view or amy arthrography, but aspirates at surgery were regularly
change in position such as tilting or migration are similabtained. The results of the surgical specimens were
to the criteria used by other authors [16, 25]. similar to the joint aspirates obtained at arthrography.

According to Weissman [26] the explanation for falsehe lower incidence of infection may be partly due to
positive radiographic studies includes the observatiantibiotic cover at the time that surgical aspirates were
that radiographic abnormalities may precede “true” loosbtained.
ening and that surgical testing of component looseningin conclusion, digital subtraction arthrography of the
may be limited! A small pseudocapsule may also leadhip gives the best results in predicting loosening of ace-
a higher pressure within the capsule and small leakag¢atiular and femoral components in the preoperative eval-
contrast may take place at the bone-cement interface {@ition of patients with painful hip arthroplasty. It is
These factors may in part explain the false positivggick and easy to perform, and causes little discomfort
found in our study, where contrast was definitely seentatthe patient. The ability to view the subtraction images
the bone-cement interface but at surgery the prosthésiseal time and to manipulate the digital images after the
was found not to be loose. arthrography are clear advantages of this method of ex-

Some of the false negative results on arthrography arsination.
explainable on the basis of interpositional soft tisst knowledgements Thanks are due to Mrs. Eveline van Gelder

(such as granulation tissue, fibrous tissue or pus) blogl¢- secretarial assistance and typing the manuscript. Mr. Teun
ing passage of contrast into the metal-cement or cemetijedijk is thanked for production of illustrations.

References
1. Cain TM, Fon GT, Brumby S, Howie 4. Kilcoyne RF, Kaplan P. The lateral ap- 8. Fink BK, Fink U, Hansen M, Kirsch
DW. Plain film and arthrographic find- proach for hip arthrography. Skeletal CM, Pfahler M. Methode und
ings in painful total hip arthroplasties Radiol 1992; 21: 239-240. Stellenwert der digitalen Subtraktions-
with surgical correlation. Australas Ra- 5. De Lee JG, Charnley J. Radiological arthrographie der Hiifte beim Nachweis
diol 1990; 34: 211-218. demarcation of cemented sockets in to- von Endoprothesenlockerungen. Forts-
2. Gelman M, Coleman RE, Stevens PM, tal hip replacement. Clin Orthop 1976; chr Réntgenstr. 1991; 155: 255-259.
Davey BW. Radiography, radionuclide 121: 20-32. 9. Resnick DR, Kerr R, André M, Guerra
imaging and arthrography in the evalu- 6. Lyons CW, Berquist TH, Lyons JC, J, Cone RO, Atkinson D, Pineda CP.
ation of total hip and knee replacement. Rand JA, Brown ML. Evaluation of ra- Digital arthrography in the evaluation
Radiology 1978; 128: 677—682. diographic findings in painful hip ar- of painful joint prostheses. Invest Ra-
3. Ghelman B, Freiberger RH. The adult throplasties. Clin Orthop 1985; 195: diol 1984; 19: 432—-437.
hip. In: Freiberger RH, Kaye JJ (eds) 239-251.
Arthrography. New York: Appleton- 7. Anderson JA. Diagnosis by logistic
Century-Crofts, 1979: 189. discriminant function. Appl Stat 1974;

23: 397-404.



363

10. Apple JS, Robers L, Gamba J, Marti- 17. Tehranzadeh J, Schneider R, Freiberg@5. Wejkner B, Wiege M. Correlation be-

nez S, Khoury M, Ford K. Digital sub-
traction arthrography of the prosthetic
hip. South Med J 1986; 79: 808-810.
Barentsz JO, Lemmens JM, Slooff 18.
TJJH. The use of subtraction arthrogra-
phy in total hip arthroplasties. Fortschr
Rontgenstr 1986; 144: 440-446.
Freiberger RH. Evaluation of hip pros- 19.
theses by imaging methods. Semin
Roentgenol 1986; 21: 20-28.

Brand RA, Pedersen DR, Yoder SA.

How definition of “loosening” affects

the incidence of loose total hip recon- 20.
structions. Clin Orthop 1986; 210:
185-191.

Maus TP, Berquist TH, Bender CE,

Rand JA. Arthrographic study of pain-

ful total hip arthroplasty: refined crite- 21.
ria. Radiology 1987; 162: 721-727.
Harris WH, Barrack RL. Developments
in diagnosis of the painful total hip re-
placement. Orthop Rev 1993; 22:
439-447.

Hendrix RW, McAnderson T. Arthro-
graphic and radiologic evaluation of
prosthetic joints. Radiol Clin North

Am 1981; 2: 349-364.

11.

12.

13.

14.

15.

22.

16.
23.

24.

RH. Radiological evaluation of painful
total hip replacement. Radiology 1981,
141: 355-362.

Phillips WC, Kattapuram SV. Prosthet-

ic hip replacements: plain film and ar- 26.

thrography for component loosening.
AJR 1982; 138: 677-682.

O’'Neill DA, Harris WH. Failed total
hip replacement: assessment by plain
radiographs, arthrograms, and aspira-
tion of the hip joint. J Bone Joint Surg
[Am] 1984; 66: 540-546.

Guercio N, Orsini G, Broggi S, Pasche28.

ro B. Arthrography of the prostheseti-
zed painful hip: the importance of im-

aging and functional testing. Ital J Ort- 29.

hop Traumatol 1990; 16: 93-101.
Bloom RA, Gheorghiu D, Krausz Y.
Lymphatic opacification in the pros-
thetic hip. Skeletal Radiol 1991; 20:
43-45.

Newberg AH, Wetzner SM. Digital
subtraction arthrography. Radiology
1985; 154: 238-239.

Weissman BN. Current topics in the ra-

diology of joint replacement surgery.
Radiol Clin North Am 1990; 28:
1111-1134.

Johnston RC, Fitzgerald RH, Harris
WH, Miiller ME, Sledge CB. Clinical
and radiographic evaluation of total hip
replacement. J Bone Joint Surg [Am]
1990; 72: 161-168.

tween radiologic and clinical findings
in Charnley total hip replacement. A
10-year follow-up study. Acta Radiol
1987; 28: 607-613.

Weissman BN. Evaluation of joint
prostheses and orthopedic appliances.
Curr Opin Radiol 1992; 4: 90-94.

. Warren R, Kaye JJ, Valvati EA. Arthro-

graphic demonstration of an enlarged
iliopsoas bursa complicating osteoar-
thritis of the hip: a case report. J Bone
Joint Surg [Am] 1975; 57: 413-415.
Holder LE. Radionuclide bone-imaging
in the evaluation of bone pain. J Bone
Joint Surg [Am] 1982; 64: 1391-1396.
Jasty M, Maloney WJ, Bragdon CR, et
al. Histomorphological studies of the
long-term skeletal responses to well
fixed cemented femoral components. J
Bone Joint Surg 1990; 72: 1220-1225.



