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Abstract

Purpose Total hip arthroplasty (THA) is a widespread
option for treating hip osteoarthritis. Peri-prosthetic com-
plications after THA represent a common event influencing
patient outcome and costs. The purpose of this paper is to
report the use of ultrasonography (US) to detect peri-
prosthetic complications in symptomatic patients who
underwent THA.

Methods We retrospectively reviewed the records of
patients with THA who underwent imaging evaluation
between January 2009 and December 2012 at two different
institutions. We evaluated the presence/absence of
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superficial and/or deep peri-prosthetic collections as well
as the presence/absence of a cutaneous sinus tract. For
patients who underwent both MRI and US, a concordance
correlation analysis between US and MR findings was
performed.

Results In the reference period, 532 symptomatic patients
(mean age &+ standard deviation 74 + 12 years) under-
went X-ray and MRI examinations for suspected peri-
prosthetic complications. Among them, 111 (20.9 %)
underwent also US. Overall, 108 patients underwent both
US and MRI. US findings included 67 superficial collec-
tions, 48 subcutaneous fistulas, 74 deep peri-prosthetic
collections. Twenty-four patients had solid, mass-like peri-
prosthetic collections. In 11 patients, no peri-prosthetic
complications were seen. MRI findings included 68
superficial collections, 49 subcutaneous fistulas, 79 deep
peri-prosthetic collections. Twenty-four patients had solid,
mass-like peri-prosthetic collections. In four patients, no
peri-prosthetic complications were seen. Concordance
analysis between US and MRI findings showed almost
perfect agreement (k > 0.89).

Conclusion US is an efficient and practical imaging
modality to evaluate peri-prosthetic complications in
patients with THA, being almost comparable to MRI in
detecting and characterizing these complications.

Keywords Ultrasound - Total hip arthroplasty - Hip
infection - Magnetic resonance imaging

Riassunto

Obiettivo L’ artroprotesi totale di anca (PTA) rappresenta
una valida opzione per il trattamento della patologia oste-
oartrosica. L’incidenza di complicanze post-intervento €
una problematica che influenza costi e risultato terapeutico.
Scopo del lavoro ¢ stato riportare la nostra esperienza nella
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valutazione ecografica di complicanze peri-protesiche in
pazienti sottoposti a PTA.

Metodi Abbiamo riesaminato retrospettivamente i referti
di pazienti con sospetto di complicanze peri-protesiche che
hanno eseguito follow up diagnostico presso due ospedali
da Gennaio 2009 e Dicembre 2012. Abbiamo valutato la
presenza/assenza di raccolte superficiali e/o profonde e la
presenza di eventuali fistole cutanee. Per ogni paziente che
ha eseguito risonanza magnetica (RM) ed ecografia abbi-
amo stimato la concordanza dei dati.

Risultati 1In tale periodo, 532 pazienti (eta media £ de-
viazione standard 74 4+ 12 anni) hanno eseguito follow-up
radiologico e RM presso gli istituti di riferimento. Cen-
toundici pazienti (20.9 %) hanno anche effettuato ecogra-
fia. I pazienti che hanno eseguito ecografia e RM sono stati
108. T reperti ecografici includevano: 67 raccolte superfi-
ciali e 74 profonde, 48 fistole sottocutanee. Ventiquattro
pazienti mostravano raccolte solide. Undici pazienti non
mostravano complicanze. I reperti di risonanza magnetica
includevano: 68 raccolte superficiali e 79 profonde, 49
fistole cutanee. Ventiquattro pazienti mostravano raccolte
solide. Quattro pazienti non mostravano complicanze.
L’analisi statistica dei dati ha dimostrato un’alta concor-
danza tra reperti ecografici e RM (k > 0.89).

Conclusioni 1’ecografia € una modalita di imaging pratica
ed efficace nel valutare pazienti sottoposti ad artoprotesi
d’anca con sospetto di complicanze peri-protesiche, con
alta correlazione con I’esame RM.

Introduction

Total hip arthroplasty (THA) is a common and widespread
option for treating hip osteoarthritis [1]. Peri-prosthetic
complications after THA represent a relatively common
event [2] and, despite numerous prophylactic measures,
cases of early and late infections still occur, with an inci-
dence ranging from 0.5 to 2 % [3].

Several imaging modalities are currently available to
perform post-operative follow-up in patients who under-
went THA. Plain radiographs are limited to assess the
correct positioning of hip implants, implant loosening or
dislocation. However, this modality can be helpful only at
later stages, when at least 30 % of bone mineralization is
lost. Computed tomography (CT) has several limitations in
evaluating soft tissue surrounding hip prosthesis, due to
striking artifacts induced by metallic implants. Magnetic
resonance imaging (MRI) may also suffer from suscepti-
bility artifact induced by metallic implants. Although the
recent introduction of specific sequences and parameters
(i.e., metal artifacts reduction sequences, MARS) improved
the visualization of peri-prosthetic soft tissues, image
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degradation may be relevant, especially with certain types
of metallic alloys [4]. Furthermore, MRI is relatively
expensive and time consuming. Ultrasonography (US) is
considered as a valuable tool in the assessment of ortho-
pedic surgical complications and infections [5]. The ability
to study soft tissues as well availability, low cost, and lack
of ionizing radiation are advantages of this technique over
others [6]. Being capable of real-time evaluation, US is
also a valid option to guide interventional procedures, such
as needle biopsy or aspiration, not only to confirm diag-
nosis, but also to perform therapeutic loco-regional treat-
ments [7, 8].

The purpose of our study is to report our experience in
the use of US to detect peri-prosthetic complications during
follow-up of patients suspected to have prosthesis
complications.

Materials and methods

Two radiologists with 10 and 5 years experience in mus-
culoskeletal ultrasound retrospectively reviewed in con-
sensus the records of our picture archiving and
communication system of patients with THA undergone
US evaluation for clinical suspicion of peri-prosthetic
infection between January 2009 and December 2012 at two
different institutions. US examination was performed in
addition to conventional post-operative imaging including
conventional radiography and MRI. All patients had
abnormal white blood cell count and/or erythrocyte sedi-
mentation rate.

Different US systems (MyLab 70 XvG, Esaote, Italy;
iU22, Philips, The Netherlands) equipped with convex
(36 MHz) and high-resolution broadband linear array
transducers (13-6 and 12-5 MHz, respectively) were used.
Examinations were performed by different radiologists
with different experience (5-25 years) in musculoskeletal
US.

Patients were asked to lie on a bed in supine position to
evaluate the anterior aspect of the hip joint. Longitudinal
images were first obtained by placing the convex or the
linear transducer parallel to the femoral neck of the pros-
thesis. Then, transverse images, perpendicular to the major
axis of the implant were performed covering the entire area
of the hip, from the anterior superior iliac spine up to the
middle portion of the thigh. Then, patients were asked to
turn to lie on the side opposite to the affected prosthesis to
assess the peri-trochanteric tissues. There, longitudinal and
transverse images were obtained by moving the linear
transducer in cranio-caudal and antero-posterior directions.

For each US examination, the presence/absence of
superficial and/or deep peri-prosthetic collections, classi-
fying them according to their consistency (fluid, solid,
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particulate) as well as the presence/absence of a cutaneous
sinus tract was recorded. At US, a fluid collection was
defined as an anechoic area with increased through trans-
mission. A solid mass was defined as a hypo/isoechoic
mass with space-occupying appearance. A particulate col-
lection was defined as a hypo/anechoic area containing
spotty bright internal echoes.

For patients who underwent both MRI and US, a con-
cordance correlation analysis between US findings and
their corresponding MR findings as indicated on MR
reports was performed using Cohen’s kappa statistics and
subgroup analysis was performed using the Fisher’s exact
test. A P value lower than 0.05 was considered as statis-
tically significant. The SPSS (SPSS Inc., Harmonk, USA)
was used.

Results

In the reference period, 532 patients with symptomatic hip
prosthesis (mean age + standard deviation 74 & 12 years)
underwent X-ray and MRI examinations for suspected peri-
prosthetic complications. Among them, 111 underwent also
US (20.9 %). Overall, 108 patients underwent both US and
MRI

US findings included 67 superficial collections, 48
subcutaneous fistulas, 74 deep peri-prosthetic collections.
Twenty-four patients had solid, mass-like peri-prosthetic
collections. In 11 patients, no peri-prosthetic complications
were seen.

MRI findings included 68 superficial collections (fluid,
n = 61; particulate, n = 5; solid, n = 2), 49 subcutaneous
fistulas, 79 deep peri-prosthetic collections (fluid, n = 34;
particulate, n = 45). Twenty-four patients had solid, mass-
like peri-prosthetic collections. In four patients, no peri-
prosthetic complications were seen. Concordance analysis
between US and MRI findings showed almost perfect
agreement (k > 0.89). Subgroup analysis regarding the
nature of the collections revealed no significant differences
between US and MRI evaluation (P > 0.87). Full data are
reported in Table 1.

Figures 1, 2, 3 and 4 show the spectrum of findings in
our series.

Discussion

In recent years, THA has become a widely accepted option
for treating hip osteoarthritis. The demand for primary
THA is estimated to grow by almost 175 % in the next

Table 1 Agreement between ultrasound and magnetic resonance
imaging in detecting peri-prosthetic hip complications

Ultrasound ~ Magnetic resonance Statistical
(%) imaging (%) analysis
Superficial 67/108 (62) 68/108 (63) k= 0.96
collections
Fluid 60 61 P =099
Particulate 5 5
Solid 2 2
Subcutaneous ~ 48/108 (44) 49/108 (45) k=094
fistulas
Deep 74/108 (69) 79/108 (73) k=10.89
collections
Fluid 30 34 P =0387
Particulate 44 45

Fig. 1 Coronal scan of a large fluid collection (arrows) around the
greater trochanter (7)

Fig. 2 X-ray of a patient with hip dislocation and suspected
infection. Antero-posterior projection shows cranial dislocation of
implant femoral head (white arrow) and peri-prosthetic soft tissues
swelling. Asterisks show air within peri-prosthetic soft tissues
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Fig. 3 Extended field of view ultrasound image of a large solid mass
with fluid area within soft tissues around an infected hip implant

Fig. 4 a T2-weighted axial magnetic resonance image of a large
fluid peri-prosthetic collection (arrows) that reach the skin surface.
Note the remarkable susceptivity artifact induced by the metal
implant (asterisk). b Ultrasound image obtained after aspiration and
antibiotic treatment. The size of the collection is remarkably reduced
(calipers). However, a sinus tract (arrows) can be clearly seen

15 years [9]. Although relatively uncommon, infection is
one undesirable complication that can occur after THA,
during early and late follow-up, often leading to surgical
revision of the implant [10, 11]. For these reasons, early
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diagnosis of peri-prosthetic complications is essential for
improving patient outcome and reducing costs due to
revision surgery. In this setting, the prompt and correct
management of symptomatic patients is of great impor-
tance [12, 13].

Radiographic examination still represents the first
approach when a prosthesis complication/infection is sus-
pected, despite its low sensitivity and specificity. Radio-
grams may be negative in the first weeks from
complication onset and cannot be used for early detection.
Early sign of infection may be soft tissue swelling. Only at
later stages it may reveal periostal reaction or the presence
of osteolysis as a radiolucent area around the prosthesis
[14].

As previously reported, the use of CT in the evaluation
of hip implants is limited by the presence of implant-
related striking artifacts on images, particularly around the
implant. However, CT demonstrated to have increased
diagnostic performance compared to radiography in
detecting bone abnormalities and prosthesis loosening.
Overall, CT has limited accuracy in evaluating peri-pros-
thetic soft tissues and cannot detect bone edema. In addi-
tion, ionizing radiation makes the use of CT questionable,
especially when repeated scans are needed [15].

MRI performed with metal artifact reduction sequences
has been demonstrated to be excellent in evaluating the
involvement of the superficial and deep soft tissues sur-
rounding hip prosthesis, the presence of fistulae and bone
edema [15]. MRI is also helpful in characterizing the nat-
ure of collection as serous, purulent, or hematic. Great
limitations of MRI are high costs and low availability.

US is not recommended as first-line examination to
assess peri-prosthetic bone complications [16], being lim-
ited by the deep location of the hip implant. However, US
can be efficiently used to detect the presence of peri-
prosthetic fluid collections, being also occasionally able to
differentiate septic from aseptic collections. Also, US is
able to detect the presence of sinus tracts within soft tissues
[5, 17, 18].

Despite all the above-mentioned limitations, in the
present series we demonstrated that US has a high corre-
lation with MRI in detecting peri-prosthetic hip compli-
cations. In particular, we note that for superficial
collections, US seems to have comparable outcome com-
pared to MRI. When dealing with deeper collections, US
was able to detect the presence of peri-prosthetic collec-
tions in a lower percentage of patients (—4 %). However,
this was probably related to the small size of these col-
lections and their clinical implication is yet to be demon-
strated. At any rate, the almost perfect concordance
between US and MRI for both superficial and deep col-
lections, as well as the absence of any significant differ-
ences regarding the subgroup analysis, indicate that US is
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mostly comparable to MRI in this setting, with the
advantages of reduced costs and higher availability.

In the last few years several authors analyzed the role of
US in the assessment of peri-prosthetic complications. In
2006, Miller et al. [19] provided a broad review of the
sonographic appearances of complications after arthro-
plasty of the hip, as well as the shoulder and knee.

More recently, in 2011 and 2012, Long [20] and Douis
[21], respectively, reviewed the most common US findings
in a series of patients after THA. They concluded their
works emphasizing the great advantages of US compared
to other imaging modalities. They established that US is a
valuable tool in patients with THA because the soft tissue
surrounding the prosthetic joint are not obscured by
metallic artifacts and because US enables hands-on
examination of the painful site, dynamic evaluation of
moving structures, and comparison with the opposite side.
Certainly, US is not ideally suited to evaluating the pros-
thesis and periprosthetic bone because of the inability of
sound beams to penetrate metal or bone. However, US is an
excellent modality in evaluating for joint effusion and
extra-articular fluid collections, as well as to visualize the
soft tissues surrounding the hip such as the iliopsoas ten-
don/bursa, gluteal tendons, greater trochanteric bursa, and
iliotibial band.

Other advantages of US are the ability to perform US-
guided diagnostic and therapeutic procedures, the lack of
ionizing radiation, lower cost, and the possibility to per-
form in patients with MR contraindications such as claus-
trophobia or presence of pacemakers.

This work has certainly limitations. First, it is a retro-
spective review of a case series that partially limits the
value of our results. Second, we compared the US images
with what were included in MRI reports. This was done for
uniformity, as images were not available for all patients for
review. As we did not reanalyze MR images, we had to rely
on what the radiologist included in the report. Last, despite
the high experience of the operators in performing mus-
culoskeletal examinations, the implication of different
radiologists scanning patients at different institutions may
represent a non-negligible bias in the acquisition of the
presented data. However, images were reviewed in con-
sensus by two experienced operators, thus limiting this
issue.

In conclusion, we think that US is an efficient and
practical imaging modality to detect peri-prosthetic com-
plications in patients with THA. US has been demonstrated
to be comparable to MRI in detecting and characterizing
these complications.
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