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 � As imaging techniques are ever-evolving, this article 
aims to provide a brief overview of the various modali-
ties including their limitations. The ability of imaging for 
evaluation of implant osseo-integration will be addressed 
and also the role of imaging in assessing septic and aseptic 
loosening, with a particular focus on adverse tissue reac-
tions, will be discussed. Specific features when imaging 
the big joints such as shoulder, hip, knee and ankle joint 
will also be outlined.

 � Overall, a lack of standardisation and validity was noted 
and despite the gross variety of imaging modalities, there 
is no technique covering all aspects required for evaluation 
of implant fixation and septic and aseptic loosening. Each 
imaging modality has a role, depending on the information 
required and anticipated. The choice of imaging technique 
should not be primarily based on medical considerations 
but also on availability, accessibility, expertise and costs. 
Plain radiographs alone have been recommended in cases 
of suspected peri-prosthetic joint infections, given the lack 
of evidence for additional imaging techniques in this con-
text. For aseptic loosening, ultrasound and plain radiographs 
may serve as initial screening tools. Metal artefact reducing 
sequences (MARS) MRI are advancing cross-sectional imag-
ing and are likely to promote their role in patient evaluation.

 � We conclude that imaging is one essential part in the 
work-up of patients with total joint replacements, within 
a specific clinical context. Close teamwork between expe-
rienced radiologists and orthopaedic surgeons is required 
for optimal patient care.
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Why it is important for an orthopaedic 
surgeon to know about imaging 
modalities in peri-prosthetic assessment
Imaging is one essential part in the work-up of patients 
with total joint replacements. Although the actual scans 
are not done by the orthopaedic surgeon, understanding 
the respective advantages and disadvantages of each 
imaging modality is required for optimal patient care.

With regard to failed joint replacements, pre-operative 
assessment is critical for determining the underlying fail-
ure mechanisms in order to prevent it from happening 
again. Implant type, position and stability need to be 
determined and any defects in the bone and soft tissue 
should be noted. It goes without saying that detected 
abnormalities based on imaging should be assessed for 
consistency with the patients’ history and findings from 
the physical examination before coming to a final 
impression.

The evidence shows that implant failure is most com-
monly for two reasons, aseptic loosening or infection, 
where both of them may significantly affect the patient’s 
quality of life. As treatment depends on diagnosis, an early 
and accurate decision is crucial as delayed revision surger-
ies have been associated with poorer outcome.1,2 Ideally, 
decision making should be achieved without any invasive 
diagnostic method, but in a quick, cost-effective and reli-
able way. With a steady increase in demand for joint 
arthroplasty in young adults and an aging population the 
absolute number of (failed) implants is expected to rise, 
necessitating the appropriate imaging techniques.

As imaging modalities are ever-evolving, this article 
aims to provide a brief overview of the various techniques 
including their limitations. We will then assess the ability 
of imaging in evaluating implant osseo-integration and 
discuss the role of the various imaging modalities in the 
evaluation of septic loosening and aseptic loosening. 

Imaging in peri-prosthetic assessment:  
an orthopaedic perspective

Christoph H. Lohmann1

Sanjiv Rampal1

Martin Lohrengel1

Gurpal Singh2

2.1600EOR0010.1302/2058-5241.2.160058
research-article2017

 Instructional Lecture: General Orthopaedics  



118

A  particular focus will be on adverse tissue reactions. 
Finally, specific features when imaging big joints, such as 
shoulder, hip, knee and ankle, will be determined. This 
paper will be completed with some suggestions for future 
directions. The authors would like to highlight that all 
information is evaluated from an orthopaedic perspective. 
Technical details will not be addressed.

Which considerations should be taken into 
account prior to imaging?
Various imaging modalities for peri-prosthetic assessment 
exist. An overview of the different techniques and their 
respective advantages and disadvantages is provided in 
Table 1. Generally speaking, there is no “one-fits-all” solu-
tion. Each imaging modality has a role, depending on the 
information required and anticipated. Apart from medical 
considerations, factors such as availability, accessibility, 
costs and the need for expertise need to be taken into 
account as discussed in more detail below .

Artefacts due to the presence of metal are a well-known 
problem in cross-sectional imaging, especially in mag-
netic resonance imaging (MRI). Metal artefact reduction 
sequence (MARS)-MRI is a method of minimising metal 
artefacts without grossly compromising image quality. 
Specifically, one MRI technique, slice encoding for metal 
artefact correction (SEMAC), has been reported as favour-
able in the presences of metal implants.3–6 Compared 
with conventional MRI however, MARS-MRI is more 

time-consuming and image quality is inferior due to 
reduced resolution and signal-to-noise ratio.7 Interest-
ingly, fewer artefacts in MARS-MRI have been found for 
implants made of titanium or oxidised zirconium as com-
pared with cobalt-chromium which may be explained by 
differences in susceptibility.8

Bone loss is a typical feature in implant loosening. Mul-
tiple classification systems have been designed to assess 
bone loss and guide treatment. Most of these grading sys-
tems are based on whether or not the defect is contained. 
It is important however to acknowledge that true bone 
loss is often underestimated on pre-operative radiographs 
as reported in a retrospective study of 31 patients with 
symptomatic TKAs and osteolytic lesions confirmed by 
computed tomography (CT). Plain radiographs however 
detected only 17% of the osteolytic lesions.9 From our 
own experience, we feel that this is especially true in certain 
situations – bone loss due to osteolysis around the acetab-
ular cup of a total hip arthoplasty (THA) and the femoral 
component of the total knee arthroplasty (TKA). The 
underlying reason is the complex curved design of those 
implants components which cover the extent of bone 
loss. Therefore, size, symmetry and extent of bone loss are 
ultimately determined intra-operatively after implant 
removal. A standardised evaluation of any image obtained 
should be a given as small alterations may provide impor-
tant information. This may also improve validity of radio-
logical reports as poor inter-observer reproducibility has 
been reported for peri-prosthetic osteolysis.10

Table 1. A comparison of most commonly-used imaging modalities in peri-prosthetic assessment summarised and modified after a review by Nam et al.50

Imaging modality Advantages Disadvantages

Non-nuclear 
scanning test

Ultrasound •  Easily available and accessible
•  Quick to perform
•  Low costs
•  May be used to guide injections and biopsy
•  Can differentiate between cystic and solid lesions
•  Allows imaging in motion
•  Not affected by metal artifacts
•  No ionising radiation

•  Highly dependent on the operator
•  Poor in assessing bony lesions
•  Poor in defining exact extension of abnormalities
•  Poor in evaluating deep lesions
•  Patient factors affect transmission

 Radiograph •  Easily available and accessible
•  Good for bony details
•  Low costs

•  Ionising radiation
•  Lack of soft tissue contrast

Nuclear scanning 
tests

Magnetic resonance 
imaging (MRI)

•  Good soft-tissue contrast including neurovascular structures
•  3D imaging
•  No ionising radiation

•  Metal artefacts
•  Varying sequencing protocols
•  Time-consuming

 Computerised 
tomography (CT)

•  Non-invasive
•  Good for bony details and implant positioning
•  3D imaging
•  May be used to guide biopsy

•  Ionising radiation
•  Varying sequencing protocols
•  Relatively poor in soft tissue contrast
•  High costs

 Positron emission 
tomography (PET)

•  Good in evaluating lytic lesions •  Ionising radiation
•  Time-consuming
•  Limited accessibility

 Bone scintigraphy •  Good in characterising bone metabolism •  Ionising radiation
•  Risk of allergic reaction to the tracer
•  Time-consuming

 Single-photon 
emission computed 
tomography (SPECT)

•  3D imaging
•  Good in characterising bone metabolism

•  Time-consuming
•  Ionising radiation
•  Limited accessibility
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Is imaging useful in evaluating  
osse-ointegration of the implant?
Osseo-integration, the fusion between implant and bone, 
is crucial for implant survival and functional outcome, and 
therefore has predictive potential for the overall success of 
the total joint replacement. It is commonly defined as a 
state with no progressive movement between bone and 
implant.11 Bony ingrowth allowing final fixation is known 
as secondary fixation. Traditionally, evaluation of osseo-
integration has been dominated by use of histology-based 
methods which may be impracticable in clinical practise. 
Improving imaging techniques however are increasingly 
contributing to the understanding of osseo-integration. In 
pre-clinical studies for example, µ-CT and its ability to 
generate 3D images has gained importance.12,13

Clinically, most orthopaedic surgeons use plain radio-
graphs for evaluation of implant fixation. In X-rays, success-
ful implant fixation is generally suggested by cortical 
thickening, bony sclerosis around the total joint replace-
ment and periosteal reaction. A specific key feature for sta-
bility is the presence of “spot welds”, cancellous hypertrophy 
between the prosthesis and the endosteal surface.14

Recently, in vivo bone remodelling in response to 
implantation of a total joint replacement has been evalu-
ated in a prospective study of 28 patients undergoing 
stemless shoulder prosthesis for primary osteoarthritis of 
the shoulder using single-photon emission computed 
tomography (SPECT)/CT.15 It has been demonstrated that 
primary osseo-integration is almost completed within the 
first three months, with the highest metabolic activity at 
the superior aspect of the stem. The latter has been attrib-
uted to different loading conditions of the bone.15 This 
study demonstrates the ability of nuclear imaging to eval-
uate the extent and timing of bone remodelling processes 
secondary to total joint implantation while providing 3D 
information.

What is the role of imaging in peri-
prosthetic joint infections (PJI)?
According to the Philadelphia Consensus Statement on 
PJI,16 plain radiographic signs suggestive of PJI may include 
“signs of loosening of previously well-fixed components 
(particularly loosening seen within the first five years post-
operatively)”. Osteolysis or bone resorption around the 
prosthetic components should not be considered to be 
related to wear of the bearing surface, particularly if seen 
at less than five years post-operatively, without subperi-
osteal elevation or transcortical sinus tracts. It is important 
to note that plain radiographs are generally normal in the 
setting of PJI.16 Despite the fact that plain radiograph were 
recommended to be performed in all cases of suspected 
PJI, it is not always seen as an accurate diagnostic marker.17 

We recommend ruling out septic causes with detailed 
physical examination, serological test and plain radiograph 
(Fig. 1).

Other imaging modalities are currently not thought to 
have a direct role in the diagnosis of PJI but have been sug-
gested for differential diagnosis. This recommendation 
was based on the lack of data for MRI and CT in diagnos-
ing PJI18,19 and because, whilst nuclear imaging has be 
granted some value in that context, these imaging tech-
niques are still not likely to be advised mainly due to its 
high costs. In agreement with the above, we would like to 
underscore the necessity of taking intra-operative sam-
ples, where possible, for histological and microbiological 
testing in the process of diagnosing PJI, apart from the 
clinical evaluation and blood testing for inflammatory 
markers.

What is the role of different imaging 
modalities in aseptic loosening?
According to the recommendations provided by the multi-
disciplinary consensus statement on the use and monitor-
ing of metal-on-metal (MoM) bearings for THA and hip 
resurfacing, radiographs should be performed in all patients 
during follow-up, complemented by other imaging tech-
niques such as ultrasound, CT scan and/or MARS-MRI in 
cases where any abnormalities are detected. Similarly, addi-
tional imaging has been recommended for high serum 
cobalt values (above the range of 2 µg/L to 7 µg/L).20

Serial radiographs offer an evaluation over time and 
therefore allow the detection of minimal changes. Thus 
they are important in demonstrating implant loosening. 
From a clinical perspective, a rapid time course is worry-
ing – infection and adverse tissue reaction must be 
excluded. Besides being the image modality performed 
most often, plain radiographs are also useful with respect 
to identification of implant class, type, positioning and 
fixation/loosening, particularly with osteolysis. Change in 
implant position, also termed as “component migration”, 
indicates loosening. In the majority of cases, the obtained 
information indicates the necessity for revision surgery. 
Surprisingly however, there is no standardisation of fre-
quency of imaging required during follow-up.

Ultrasound has been successfully used for detection of 
pseudotumours in patients with large-diameter MoM 
THAs and hip resurfacing, regardless of the extent of 
symptoms.21–24 Ultrasound compared with MARS-MRI 
showed comparable sensitivity and specificity in detection 
of pseudotumours in a prospective cohort of 40 patients 
with large-diameter MoM heads.7

MARS-MRI has been reported as accurate in a series of 
28 hips detecting wear-induced adverse tissue reaction, 
using conventional pre-operative radiographs and intra-
operative information, when available, as a control.25 
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MARS-MRI is currently thought as most sensitive for quan-
tification of peri-prosthetic osteolysis.26,27 Low T1 and 
high T2 signals around the implant components may be 
suggestive of implant loosening.28 Despite its reliability in 
describing abnormalities in MoM THAs, MARS-MRI fails to 
consistently differentiate the severity of those soft tissue 
changes.29 And it has also been shown that MRI images 
more than one-year-old should not been relied upon for 
decision-making or planning of revision surgery in failed 
MoM hips given the low sensitivity reported when using 
old images.30

CT has been reported to be superior to MARS-MRI in 
detecting and evaluating the extent of osteolysis but was 
less useful in detecting and classifying pseudotumours. 
Also little validity with reference to the extent of muscle 
atrophy was reported in a study evaluating 50 patients 

with MoM THA and unexplained pain, assessed by two 
observers who were blind for clinical data.31 Hybrid 
SPECT/CT of THA has recently been shown to be reliable 
in excluding aseptic loosening as well as being beneficial 
with reference to the extent and maturity of heterotopic 
ossification.32 CT may also be used for evaluation of ace-
tabular cup position and version.33

Which specific features should be 
evaluated with reference to the joint being 
assessed?
Shoulder

For the shoulder joint, the type of arthroplasty usually 
depends on the integrity of the rotator cuff, underlining 

History of Pain, Discomfort
Physical examination

Serology ESR, CRP and Total White
Blood Count Plain radiograph

Raised major criteria of infection

Further imaging investigations
Bone scan and CT Scan

Open biopsy after imaging

Normal criteria of infection
Low Probability of Infection

Component position

Satisfactory Loosening or Osteolysis

Further Imaging MARS MRI,CT ,SpeCT
Serum metal ion monitoring

Serum metal ions measurements

Radiographic osteolysis

Presence of Osteolysis
No Osteolysis

To consider further imaging
(Ultrasound,CT and MRI,Metal Ion

Measurement)if there is a mass
metal toxicity

Implant stable
Close follow up with serial

radiograph

Implant unstable
CT ,MARS MRI

Fig. 1 A practical imaging alogrithm when dealing with painful joint on follow up.17,18
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the outstanding role of soft tissue assessment when imag-
ing the shoulder. Ultrasound or MRI may be helpful in dif-
ferentiating an intact cuff from (partial) tears with or 
without tendon retraction.34 Particular attention during 
pre-operative assessment should also be given to the mor-
phology of the glenoid fossa as wear is typically more pro-
nounced in its posterior aspect in primary osteoarthritis, 
which may even be functionally equivalent to glenoid ret-
roversion. Clinically, this is of relevance as significantly 
increased stress within the cement mantle and the glenoid 
bone as well as increased micromotion at the bone-
cement interface has been associated with glenoid retro-
version.35 SPECT-CT scans have been found to be helpful 
in evaluating the extent of osteolysis especially over the 
glenoid bone (Fig. 2).

Hip

Alteration in stress distribution after implantation of a 
total joint replacement is a typical phenomenon; espe-
cially in the older generation with uncemented THA 
designs. Proximally, stress-shielding, transmitted by the 
relatively stiff femoral stem, may lead to decreased bone 
mineral density, appearing as increased porosity and a 
reduced thickness of the cortical bone. Distally, stress 
loading may lead to cortical thickening and sclerosis 
below the tip of the stem, also referred to as “a bone 
pedestal”, bridging the medullary canal (Fig. 3). This 
radiological sign however is not conclusive with regard 
to implant stability.36

Radiolucencies along the cement-bone interface are 
commonly described using a classification system pro-
posed by DeLee and Charnley 40 years ago.37 This allows 
radiologists and orthopaedic surgeons to speak a com-
mon language while avoiding equivocal descriptions. A 
thin radiolucent line separated by a dense sclerotic line 
parallel to the femoral stem along the bone-cement inter-
face is a frequent finding and is not indicative of implant 

failure as long as there in no progression in bone loss. It 
has rather been thought of as the radiological appearance 
of fibrous membrane formation secondary to cement-
bone interactions (Fig. 4).38

Fig. 4 Cemented femoral stem in a total hip arthroplasty with 
evidence of gross subsidence, varus tilt and radiolucent lines 
along the cement mantle.

Fig. 2 Spect-CT image of a 50-year-old male patient with pain 
in his left shoulder five years post-total shoulder replacement. 
Axial Spect-CT image outlining the pathology and osteolysis of 
glenoid bone.

Fig. 3 Cementless total hip arthroplasty showing implant 
migration and tilt of the acetabular cup.
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Loosening of the acetabular component typically 
appears as cranial migration of the cup or tilting. The 
“tear-drop” position may be used as a reference point. For 
the femoral stem, varus tilting and/or gross subsidence 
are characteristics of loosening which may even result in 
breakage of any locking screws. In the case of the unce-
mented stem, early subsidence of the hip stem indicates 
that the problem was an undersized stem to start with. 
Wearing-out of the polyethylene may appear as eccentric 
position of the femoral head in the acetabular cup. The 
use of the EBRA (Einzel-Bild-Roentgen-Analysis) method is 
a validated technique for quantifying the implant compo-
nent migration and wear using plain anterioposterior radi-
ographs of the pelvis.39

Apart from peri-prosthetic osteolysis, granulomatous 
reactions secondary to wear products may also lead to 
soft-tissue masses, commonly referred to as pseudotu-
mours. MRI is able to delineate the soft-tissue extent, 
synovial thickness and volume of a pseudotumour 
(Fig. 5). Despite the relatively high prevalence of those 
adverse reactions especially in MoM THAs, the authors 
would like to emphasise that one should always exclude 
malignancies.40–43

Knee

Importantly, plain radiographs of the knee should be 
obtained whenever possible in a weight-bearing mode. 
Although rather obvious, we sometimes still see patients 
which have been referred to us, bringing non-weight-
bearing x-rays. In cases with severe deformities, we 

strongly recommend the three-foot standing anteroposte-
rior view of the lower limb for evaluation of the anatomi-
cal and mechanical axes.

Component alignment is a surgically-modifiable factor, 
distributing mechanical forces to the adjacent bone and is 
considered as essential for successful implantation. Resto-
ration of the anatomical tibial slope and limb axis for 
example has been found to increase post-operative flex-
ion in posterior-stabilised TKA, provided that coronal 
alignment has been restored.44 Improved range of motion 
is a parameter which is expected to gain importance given 
the high expectations of more and more active patients 
seeking joint replacement.

Peri-prosthetic osteolysis in TKA is commonly found in 
the proximal tibia, below the tibial component. In our 
own institution however, we observed a high number of 
patients with uncemented NK II implants and screw fixa-
tion requiring revision surgery due to osteolysis around 
the screw holes at the medial side of the tibial component. 
The radiological appearance is comparable with osteolysis 
adjacent to screw tracks in the context of THA. We believe 
that the concept of the effective joint space proposed by 
Schmalzried et al may explain this pattern of bone loss 
(Fig. 6).45

Fig. 6 Anteroposterior knee radiograph of 65-year-old patient 
ten years post-total knee arthroplasty with increased radiolucent 
lines especially under the tibial component and the appearance 
of osteolysis and varus tilt.

Fig. 5 Adverse local tissue reaction with osteolysis in a 70-year-
old man. Coronal Image of MR of metal-metal resurfacing hip 
arthroplasty system showing expansion of pseudocapsule and 
moderate amount of synovitis.
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Ankle

In the context of total ankle replacement, radiographic 
abnormalities are disproportionately observed. And large 
peri-prosthetic cysts, also known as “ballooning osteolysis”, 
are a typical feature in patients with failed total ankle 
replacements. Most radiographic analyses follow a classi-
fication system proposed by Besse et al using a ten-zone 
protocol.46 Although CT scans are known to describe the 
extent of ballooning osteolysis more accurately,47,48 no 
generally-accepted classification system exists so far for 
that image modality. From our own experience, we feel 
that CT scans are particularly helpful in assessing remain-
ing bone stock at the time of pre-operative planning.49 
(Fig. 7).

Limitations and future directions
On a large scale, a major drawback is the lack of a “gold 
standard” imaging technique in peri-prosthetic assessment. 
Consequently, various parameters have been referred to as 
“controls” which may not be representative and may also 
be subject to selection bias. Study outcome therefore needs 
to be carefully interpreted. Lack of validation also results in 
diverse diagnostic algorithms which sometimes even impair 
study comparison. Moreover, the literature also provides 
varying definitions for radiological findings such as 
“radiolucency”,”osteolysis”, “pseudotumour” and “adverse 
tissue reaction”. Reaching a consensus on a “gold stand-
ard”, standardisation of protocols and generating a com-
mon classification system in order to standardise the 
reporting of findings would however be of great benefit and 
in our opinion should be given priority. Prospective long-
term studies are lacking, similarly a systematic qualitative 
and quantitative comparison of signal changes with a focus 
on sensitivity and specificity (e.g. meta-analysis for compar-
ing different imaging modalities) is missing.

On a smaller scale, most individual study limitations 
are due to their retrospective nature. Future research may 
also seek reduction in radiation exposure and improve-
ment of imaging quality, in particular for protocols which 
are intended to reduce metal artefacts. Non-invasive 
imaging modalities providing markers for a clear diagno-
sis or as a predictive marker for progression of any detected 
abnormalities would further improve patient care. All of 
the above however should be further supported by a bet-
ter understanding of the normal way of how the body 
responds to an orthopaedic implant from initial primary 
fixation until final implant loosening.

While the role of imaging is well established in peri-
prosthetic assessment, a systematic evaluation of the 
patient including taking history and a thorough clinical 
examination are essential for a conclusive diagnosis and 
necessary in making adequate treatment decisions. 

A  close interdepartmental co-operation between radiol-
ogy and orthopaedic surgery is fundamental and requires 
interdisciplinary expertise from both sides. Use of a single 
imaging modality may not always be sufficient and in 
doubtful cases should be supported by other imaging 
technique(s). Lack of validation and standardisation needs 
to be addressed with priority in order to develop study 
validity and comparison. Quality  improvement of metal-
artefact-reducing sequences is expected to allow more 
accurate image analysis and may also facilitate the genera-
tion of a common classification system.
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