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MR Imaging of Knee Arthroplasty 
Implants1

Primary total knee arthroplasty is a highly effective treatment that 
relieves pain and improves joint function in a large percentage of 
patients. Despite an initially satisfactory surgical outcome, pain, 
dysfunction, and implant failure can occur over time. Identifying 
the etiology of  complications is vital for appropriate management 
and proper timing of revision. Due to the increasing number of 
knee arthroplasties performed and decreasing patient age at im-
plantation, there is a demand for accurate diagnosis to determine 
appropriate treatment of symptomatic joints following knee arthro-
plasty, and for monitoring of patients at risk. Magnetic resonance 
(MR) imaging allows for comprehensive imaging evaluation of 
the tissues surrounding knee arthroplasty implants with metallic 
components, including the polyethylene components. Optimized 
conventional and advanced pulse sequences can result in substan-
tial metallic artifact reduction and afford improved visualization of 
bone, implant-tissue interfaces, and periprosthetic soft tissue for the 
diagnosis of arthroplasty-related complications. In this review arti-
cle, we discuss strategies for MR imaging around knee arthroplasty 
implants and illustrate the imaging appearances of common modes 
of failure, including aseptic loosening, polyethylene wear–induced 
synovitis and osteolysis, periprosthetic joint infections, fracture, 
patellar clunk syndrome, recurrent hemarthrosis, arthrofibrosis, 
component malalignment, extensor mechanism injury, and instabil-
ity. A systematic approach is provided for evaluation of MR imaging 
of knee implants. MR imaging with optimized conventional pulse 
sequences and advanced metal artifact reduction techniques can 
contribute important information for diagnosis, prognosis, risk 
stratification, and surgical planning.
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After completing this journal-based SA-CME 
activity, participants will be able to:

 ■ Describe strategies for MR imaging of 
knee arthroplasty, including dedicated 
metal artifact reduction techniques.

 ■ Recognize the normal and abnormal 
MR imaging appearances of knee arthro-
plasty.

 ■ Identify MR imaging appearances of 
specific knee arthroplasty–associated 
complications.

See www.rsna.org/education/search/RG.

SA-CME LEARNING OBJECTIVES

Introduction
Primary total knee arthroplasty relieves joint pain, improves joint func-
tion, increases quality of life, and is highly cost-effective (1). Various 
studies have shown surgical results as good to excellent in approxi-
mately 89% of patients 4 years after implantation in one meta-analysis 
(2), with good to excellent implant longevity of 93% at 15 years in 
a prospective study (3), and 83% at 20 years in another (4). In the 
United States, knee arthroplasty is performed more often than hip 
arthroplasty (5). A 2007 study calculated that improving implant lon-
gevity, increasing patient life expectancy, implantation at younger pa-
tient age, and the functional demands of the elderly population would 
contribute to a projected 673% increase in knee arthroplasty from 
450,000 annual procedures in 2005 to 3.48 million by 2030 (5).
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large differences in the magnetic susceptibility 
constant between the metallic implant compo-
nents and the surrounding tissue (11). These 
field variations depend on the strength of the 
external magnetic field as well as on the size, 
shape, and type of metal being imaged (12). 
Substantial reductions in artifacts with superior 
delineation of the surrounding soft-tissue enve-
lope have been achieved at 1.5 T (13).

As a consequence of the implant-induced in-
homogeneities of the static magnetic field, there 
is accelerated dephasing of local spins, result-
ing in disproportionate signal loss. Owing to 
the alteration of the local magnetic field by the 
implants, and in accordance with the Larmor 
equation, local spin precession frequencies devi-
ate from their expected values as assigned by the 
magnetic gradient fields. This results in signal 
displacement along frequency-encoded in-plane 
and section-select through-plane directions with 
spatial misregistration (Fig 1), signal voids, sum-
mation artifacts, and sometimes geometric dis-
tortions (14).

Accelerated spin dephasing can be minimized 
by the 180° radiofrequency spin refocusing pulses 
of fast SE pulse sequences, which are generally 
more effective than the gradient-based, spin-
refocusing techniques of gradient-echo pulse 
sequences, which can amplify metal artifact s. If 
gradient-echo sequences are used, such as for 
MR angiography, minimizing the echo time will 
help to limit spin dephasing and preserve signal-
to-noise ratio.

Increasing the amplitudes of the frequency-
encoding gradient through the use of a higher 
readout bandwidth and of the frequency-based 
section-select gradient through the use of thinner 
sections are powerful means of decreasing signal 
displacement effects. The use of view-angle tilting 
techniques can further diminish the magnitude 
of in-plane signal displacement. The resulting 
shorter interecho spacing of high-gradient fast 
SE techniques permits longer echo trains, which 
shortens acquisition time. Increasing the number 
of pixels in either the frequency- or the phase-en-
coding direction, or both, improves the definition 
of the interfaces of metal artifacts and tissues.

Specific techniques, such as section encoding 
for metal artifact correction (SEMAC) (15) and 
multiacquisition variable-resonance image com-
bination (MAVRIC) (16), have been developed 
to further decrease artifacts and can drastically 
improve MR imaging along implant-tissue inter-
faces (Fig 2). Both techniques facilitate power-
ful correction of through-plane distortions near 
metal, use multiple excitations to excite the over-
all volume being imaged, and use three-dimen-
sional SE acquisition to resolve through-plane 

Although immediate postsurgical outcomes 
are often good, the incidence of dissatisfaction or 
of moderate pain was found to be approximately 
13% at 1 year (6,7) and 20.5% at 2–7 years 
(8) after the index surgery. As a result, 38,300 
revision knee arthroplasties were performed in 
the United States in 2005 (a revision burden 
of 7.8%) with a projected increase of 601% to 
268,200 in 2030 (5).

Determining the etiology of symptomatic and 
failed arthroplasty is important for effective and 
timely revision (9). Due to its unparalleled soft-
tissue and bone marrow contrast, magnetic reso-
nance (MR) imaging can contribute important 
information to the diagnosis of synovitis, peripros-
thetic bone resorption and osteolysis, implant-as-
sociated fractures, arthrofibrosis, extensor mecha-
nism injury, periprosthetic infection, certain types 
of instability, and component fractures (10).

In this article, we discuss strategies for MR 
imaging of knee arthroplasty, discuss common 
knee arthroplasty–associated complications, and 
illustrate their MR imaging manifestations. 

MR Imaging Technique

Technical Considerations
MR imaging of metallic knee arthroplasty im-
plants requires modified and advanced MR 
pulse sequences to counteract the effects of 
alteration of the static magnetic field caused by 

TEACHING POINTS
 ■ Increasing the amplitudes of the frequency-encoding gradi-

ent through the use of a higher readout bandwidth and of 
the frequency-based section-select gradient through the use 
of thinner sections are powerful means of decreasing signal 
displacement effects.

 ■ Specific techniques, such as section encoding for metal ar-
tifact correction (SEMAC) and multiacquisition variable-reso-
nance image combination (MAVRIC), have been developed 
to further decrease artifacts and can drastically improve MR 
imaging, especially along implant-tissue interfaces.

 ■ Common complications of knee arthroplasty include polyeth-
ylene wear (25%), aseptic loosening (24%), instability (21%), 
infection (17%), arthrofibrosis (15%), malalignment or mal-
position (12%), extensor mechanism deficiency (6.6%), 
avascular necrosis of the patella (4.2%), and periprosthetic 
fractures (2.8%).

 ■ At MR imaging, polyethylene wear–induced synovitis is typi-
cally characterized by synovial thickening with dense synovial 
proliferation and debris with low-to-intermediate signal inten-
sity (similar to the intensity of skeletal muscle), with variable 
amounts of interspersed fluid and joint distention.

 ■ The MR imaging findings of a lamellated synovitis with hyper-
intense signal, extracapsular soft-tissue edema, extracapsular 
collections, and reactive lymphadenopathy carry a high likeli-
hood for the presence of a periprosthetic joint infection.
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Figure 2.  Bone-cement interface visualization along metallic knee arthroplasty implants in a 
79-year-old man. Sagittal intermediate-weighted fast SE (a) and MAVRIC (b) MR images of 
the same anatomic location demonstrate improved visualization of the femoral bone–cement 
interface (white arrow) and improved visualization of femoral osteolysis (black arrow). Addi-
tionally, there is a polyethylene wear –induced synovitis with a large joint effusion and many 
joint bodies (arrowhead).

Figure 1.  Signal displacement in the section-select (through-plane) direction in a 48-year-
old man with a unicondylar knee arthroplasty implant. Axial intermediate-weighted fast 
spin-echo (SE) (a) and intermediate-weighted section encoding for metal artifact correction 
(SEMAC) (b) MR images of the same anatomic location demonstrate the spatial misrepre-
sentation of the tibial component (arrow in a) owing to through-plane signal displacement, 
which is minimized with the SEMAC technique (arrow in b).

Spectral fat-suppression techniques fail 
around implants because of the altered pre-
cession frequencies and altered separation of 
fat- and water-bound spins that result in a 
mismatch with the suppression radiofrequency 
pulse. Short inversion time inversion-recovery 
(STIR) pulse sequences achieve a more homoge-
neous fat suppression, because this technique is 
based on the T1 recovery time constants, which 
are less affected by the effects of metal. With  

distortion, which can yield a residual distortion of 
about one pixel or less. MAVRIC excites limited 
frequency bands, whereas SEMAC excites lim-
ited spatial bands (12).

To regain the signal lost through these modifi-
cations and techniques, a higher number of exci-
tations is generally needed. Long repetition times 
and intermediate echo times contribute to signal 
increase and overall improvement in contrast-to-
noise ratios of musculoskeletal tissues.
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higher-magnitude field inhomogeneities, a wider-
bandwidth spin excitation radiofrequency pulse 
can improve homogeneity of fat suppression (17).

Acquisition of contrast material–enhanced 
MR images is not routinely required in these 
cases, but can be reliably achieved by use of 
T1-weighted fast SE pulse sequences with op-
timization for metal artifact reduction, as previ-
ously described. Fat suppression can be achieved 
through subtraction of a precontrast image from 
an identical postcontrast image.

Practical Considerations
MR imaging is best performed with the patient 
in the supine position. Circular multichannel 
surface coils facilitate high-spatial-resolution 
imaging and fit most patients. Wrap coils may be 

suitable for patients with large knees. A suggested 
pulse sequence protocol is given in the Table.

Intermediate-weighted fast SE pulse sequences 
with high spatial resolution are most versatile for 
imaging around knee arthroplasty implants be-
cause of the high signal-to-noise ratio, sensitivity to 
fluid, and favorable contrast-to-noise ratios, which 
allow sensitive detection and accurate character-
ization of periprosthetic bone and soft tissues. T2-
weighted images with echo times greater than 50 
msec are subject to poor signal and low contrast-
to-noise ratios, and T1-weighted images provide a 
poor fluid-to-synovium contrast ratio.

The MR images should include the entire 
knee in anteroposterior and mediolateral direc-
tions, and extend superoinferiorly from the distal 
quadriceps tendon to below the tibial tuberosity. 

Protocol for 1.5-T MR Imaging of Knee Arthroplasty Implants

Parameters

Pulse Sequences

Axial Fast SE
Coronal  
Fast SE

Sagittal  
Fast SE

Sagittal  
MAVRIC

Sagittal  
MAVRIC

Coronal  
GRE (MR 
Angiogra-

phy)

Acquisition type 2D fast SE 2D fast SE 2D fast SE 3D fast SE 3D fast SE 3D GRE
Weighting Intermediate Intermediate Intermediate Intermediate STIR T1
Repetition time 

(msec)
>5000 >5000 >5000 4000–5000 4000–5000 8.8

Echo time (msec) 30 30 30 40 40 4.4
Fat suppression No No No No Inversion 

pulse at 
150 msec

No

Echo train length 16–24 16–24 16–24 24 24 ...
Receiver  

bandwidth  
(Hz/pixel)

488 488 488 488 488 244

Flip angle  
(degrees)

90 90 90 90 90 20

Field of view  
(mm)

160 × 160 160 × 160 200 × 200 200 × 200 200 × 200 220 × 220

Matrix 512 × 320 512 × 320 512 × 320 512 × 256 512 × 256 512 × 512
Section thick- 

ness/gap (mm)
3/0 4/0 2.5/0 3.6/0 3.6/0 2/0

No. of signals 
acquired

4 4 4 Variable Variable 1

In-plane frequen- 
cy encoding 
direction

Anterior to 
posterior

Right to left Anterior to 
posterior

Anterior to 
posterior

Anterior to 
posterior

Right  
to left

Gadolinium- 
based contrast 
agent

No No No No No 0.2 mmol/
kg body 
weight of 
gadodi-
amide

Acquisition time* 5–8 min 5–8 min 5–8 min 5–7 min 5–7 min 40 sec

Note.—GRE = gradient echo, 3D = three-dimensional, 2D = two-dimensional.
*Depends on the number of sections required to cover anatomy; given ranges are typical of clinical application.



RG  •  Volume 35  Number 5  Fritz et al  1487

The coronal plane should include the femoral 
insertion of the superficial portion of the medial 
collateral ligament distally.

Axial images are most useful for evaluating 
the bone-implant interface around the patellar 
and tibial components. Additionally, axial images 
demonstrate the synovial lining, the presence of a 
popliteal cyst, the semimembranosus tendon, and 
the neurovascular structures about the knee.

Sagittal images are most useful for evaluating 
the bone-implant interface of the femoral as well 
as of the patellar and tibial components. Addi-
tionally, sagittal images demonstrate the extensor 
mechanism well.

Coronal images are most useful for evaluating 
the bone-implant interface of the tibial compo-
nents. The collateral ligaments, the popliteus ten-
don insertion, and popliteus muscle quality are 
well evaluated on coronal images.

Intermediate-weighted and STIR MAVRIC 
and SEMAC images are helpful in unmasking 
stress reactions, stress fractures, periprosthetic 
bone resorption, and osteolysis in the immedi-
ate vicinity of implants, as well as synovitis, joint 
fluid, soft-tissue edema, and fluid collections.

Knee Arthro- 
plasty Implant Design

Implant design and terminology vary between 
manufacturers and surgeons. Total knee arthro-
plasty usually describes resurfacing of the medial 
and lateral femorotibial compartments and the 
patellofemoral compartment. The major implant 
categories include posterior cruciate ligament 
(PCL)–retaining, PCL-substituting or posterior-
stabilized, unlinked constrained or varus-valgus 
constrained, and rotating-hinge knee implants 
(18). Unicompartmental knee arthroplasty de-
scribes the resurfacing of either one femorotibial 
compartment or of the patellofemoral compart-
ment. Optimized MR imaging has been shown to 
allow evaluation of the preserved compartments 
with reproducible results (19,20). Implant compo-
nents are often made from cobalt (Co)-chromium 
(Cr) alloys. Oxidized zirconium (Zr) alloys cause 
fewer field alterations than Co-Cr alloys, due to 
the diminished magnetic moment of Zr (21,22).

MR Imaging  
Appearance of Complications

Common complications of knee arthroplasty 
include polyethylene wear (25%), aseptic loosen-
ing (24%), instability (21%), infection (17%), 
arthrofibrosis (15%), malalignment or malposition 
(12%), extensor mechanism deficiency (6.6%), 
avascular necrosis of the patella (4.2%), and 
periprosthetic fractures (2.8%) (23). Given the 
number of structures that need to be assessed in 

patients with knee arthroplasty implants, we sug-
gest a structured approach to image interpretation 
and reporting (Appendix).

Bone Resorption
Solid osseous fixation of knee arthroplasty im-
plants is one of the most critical factors for 
achievement of pain-free joint function and im-
plant longevity. Durable implant fixation into the 
host bone can be achieved surgically through ce-
mentation or through ingrowth of bone trabecu-
lae into porous-coated, uncemented implants.

Component loosening, which is often progres-
sive in nature, is characterized by separation along 
the bone-implant interface. Initially, pain with 
activity and weight bearing predominate, eventu-
ally leading to implant dysfunction with frank 
shift and rotation of components. Contributing 
factors are incomplete cementation, suboptimal 
component alignment, bone defects, sclerotic bone 
along the implant interface, osteonecrosis, eccen-
tric component position, inadequate ligamentous 
balancing, inaccurate osseous cuts of femoral 
components, and varus tilt of the tibial component 
(24). The proposed underlying cause is micromo-
tion between the implant or cement surface, or 
both, and the host bone. The associated mechani-
cal stress is thought to promote the migration of 
synoviocytes into the space along the cement-bone 
and implant-bone interfaces, which then create a 
“synovium-like” or “fibrous” membrane and re-
lease osteoclast-stimulating cytokines that contrib-
ute to adjacent bone resorption (25). The presence 
of fibrous membrane formation indicates limited 
implant fixation, which may or may not progress 
to component loosening but may warrant closer 
imaging surveillance (26).

At MR imaging, an intact interface is visualiz-
able as direct contact of both cement and implant 
with surrounding bone, forming a sharp interface 
(Fig 3). Fibrous membrane formation is visualiz-
able as a thin layer of high signal intensity on in-
termediate-weighted and STIR MR images of the 
interface between the host bone and the implant 
or cement (Fig 4). As it would be with radiogra-
phy and computed tomography (CT) (13), a 1–2 
mm thick layer with smooth margins of the bone 
interface seen on MR images may be qualified as 
fibrous membrane formation, whereas a layer of 
greater than 2-mm thickness with irregular mar-
gins may be qualified as bone resorption (Fig 5). 
With circumferential involvement and increasing 
width of separation along the interface, complete 
loss of implant fixation becomes more likely. The 
term loosening should be reserved for cases where 
MR imaging demonstrates circumferential osseous 
resorption with such defined signs as implant dis-
placement (Fig 6), rotation, and subsidence.
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Figure  3.  Solid osseous implant integration after total knee arthroplasty in a 63-year-old 
woman. Axial intermediate-weighted fast SE MR images of a tibial (a) and a patellar (b) compo-
nent demonstrate direct contact of the cement and the surrounding cancellous bone (arrow).

Polyethylene Wear and Osteolysis
Polyethylene wear is one of the primary means by 
which knee arthroplasty fails over time (23). Poly-
ethylene wear occurs through a combination of 
complex motions, primarily along the articulations 
of the tibial polyethylene insert and the metallic 
femoral component, but also between the tibial 
polyethylene insert and metal baseplate (27). Over 
time, surface wear leads to delamination, pitting, 
and fatigue failure of the implant, thereby releas-
ing different sizes of particles (28). This wear and 
release of particles is usually associated with painful 
synovitis, crepitus, and grinding with joint motion.

Following, and as a result of, their phagocytosis 
by macrophages, the smallest polyethylene-wear 
particles induce a cytokine-mediated, intra-articu-
lar, inflammatory reaction, which is often referred 
to as “particle disease” (29). This inflammatory 
process typically starts as a proliferative, polyeth-
ylene wear –induced synovitis, which can manifest 
as new-onset joint pain and effusion. Over time, 
polyethylene particles migrate into bone-cement 
and bone-implant interfaces and cause geographic 
osteolysis through cytokine-mediated upregula-
tion of osteoclasts and downregulation of osteo-
blasts (30). Although this process often progresses 
slowly, osteolysis eventually causes loosening of 
knee arthroplasty implants and warrants surveil-
lance as well as timed revision.

Imaging is useful for identification of osteolysis, 
monitoring of bone loss, and preoperative quan-
tification of osteolysis. As with hip arthroplasty 
(13), the projectional, two-dimensional nature of 
conventional radiography of total knee arthroplasty 
is often insensitive for accurate visualization of the 
three-dimensional extent of bone loss (31,32). CT 
with postprocessing by using metal-induced beam-
hardening suppression can be more accurate than 
radiography, as has been shown for pelvic osteolysis 

(33). MR imaging is accurate for localizing and 
quantifying the magnitude of bone loss around 
curved implants as well as for the assessment of the 
intracapsular burden of particle disease (34,35). 
In a cadaveric model of periacetabular osteolysis, 
MR imaging had a sensitivity for lesion detection 
of 95% versus 75% for optimized CT and 52% for 
plain radiographs (36). In another cadaveric study, 
MR imaging had a detection accuracy of 96% for 
periacetabular osteolysis with a mean absolute er-
ror of 0.8 cm3 in determining lesion size (37). MR 
imaging enables the serial evaluation of painful and 
asymptomatic prosthetic joints without associated 
exposure to ionizing radiation.

At MR imaging, polyethylene wear–induced 
synovitis is typically characterized by synovial 
thickening with dense synovial proliferation and 
debris with low-to-intermediate signal intensity 
(similar to the intensity of skeletal muscle), with 
variable amounts of interspersed fluid and joint 
distention (Fig 7). With an increasing burden of 
intracapsular synovial proliferation and debris, 
bone erosions can occur (Fig 8). The formation 
of polyethylene granulomas or focal expansion 
of the capsule can cause regional neurovascu-
lar compression. Polyethylene wear–induced 
osteolysis is typically geographic and contains 
particulate debris of intermediate signal intensity 
that replaces the normal periprosthetic trabecular 
bone and high-signal-intensity fat of the marrow 
(Figs 2, 9). This sharp contrast resolution allows 
for segmentational quantitative volumetry of os-
teolysis for longitudinal monitoring (34).

Instability
Instability following knee arthroplasty can have 
many causes, including implant failure, preopera-
tive deformity, component alignment, intraop-
erative soft-tissue balancing, and ligament and 
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tendon tears (38). Mediolateral instability is the 
most common type of instability and is associated 
with tibial component loosening and catastrophic 
implant failure (39). MR imaging allows accurate 
evaluation of the integrity of the critical pos-
teromedial stabilizers, including the superficial 
medial collateral ligament, posterior oblique liga-
ment, and capsular semimembranosus insertion 
(Fig 10), as well as of the posterolateral stabiliz-
ers, including the lateral collateral ligament and 
the popliteus muscle-tendon unit (Figs 11, 12). 
Posterior instability is exacerbated by quadriceps 
and patellar tendon tears. Anteroposterior and 
flexion instability of relatively unconstrained 
PCL-retaining arthroplasty systems can occur 
with inadvertently sectioned, improperly bal-
anced, and delayed full-thickness tear of the PCL 
(40), thereby allowing posterior dislocation of 
the tibial component. Due to the low magnetic 
susceptibility of polyethylene, MR imaging is well 

Figure  4.  Fibrous membrane 
formation after total knee ar-
throplasty in a 70-year-old man. 
Axial intermediate-weighted fast 
SE images show a thin layer of 
increased signal intensity at the 
implant-bone interface of the 
tibial (arrow in a) and patellar 
(arrow in b) components, which 
is surrounded by a thin layer of 
decreased signal intensity.

Figure 5.  Periprosthetic bone resorption after total knee arthroplasty in a 77-year-old woman. 
Axial (a) and sagittal (b) intermediate-weighted fast SE MR images demonstrate bone resorp-
tion at the implant-cement interfaces of the patellar (arrow in a), femoral (white arrow in b), 
and tibial (black arrow in b) components, seen as irregular layers of increased signal intensity, 
which are surrounded by a layer of decreased signal intensity. Additionally, there is synovitis 
visible on the images.

Figure  6.  Implant loosening after total knee arthro-
plasty in a 75-year-old man. Sagittal intermediate-
weighted fast SE image shows a displaced patellar com-
ponent (white arrow). Note the synovial proliferations in 
the suprapatellar recess (black arrow).
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Figure  8.  Polyethylene wear–induced synovi-
tis with erosion after total knee arthroplasty in 
an 88-year-old woman. Coronal intermediate-
weighted fast SE image shows dense synovial 
proliferations, low-to-intermediate-signal-inten-
sity debris (white arrow), and a dominant ero-
sion at the lateral femoral condyle (black arrow) 
and tibial plateau.

Figure  7.  Polyethylene wear–induced synovitis after 
total knee arthroplasty in a 79-year-old man. Coronal 
intermediate-weighted fast SE image shows dense sy-
novial proliferations (white arrow) and low-to-interme-
diate-signal-intensity debris (black arrow), similar to the 
signal intensity of skeletal muscle.

suited for the detection of fractured polyethylene 
arthroplasty components (Figs 13, 14).

Periprosthetic Joint Infection
Infection is one of the most devastating and 
difficult-to-manage complications following knee 
arthroplasty. Timely diagnosis is the top goal in 
preserving joint function, containing tissue dam-
age, avoiding systemic sepsis, and limiting use 
of hospital and physician resources (41). Classic 
signs and symptoms, such as wound drainage, 
erythema, joint swelling, fever, chills, and gen-
eralized malaise, carry a high pretest likelihood; 
however, many periprosthetic infections do not 
manifest those obvious signs and symptoms (38). 
The prevalence of periprosthetic knee infection 
ranges between 1% and 2% and is significantly 
higher than that for hip implants, which is 0.88% 
(42). The most common organisms for the for-
mer are staphylococci (48%–66%) and strepto-
cocci (9%–10%), as well as enterococci, gram-
negative bacilli, and anaerobes (43). Inflamma-
tory arthritis, previous surgery, diabetes, steroid 
use, poor nutrition, old age, obesity, recurrent 
urinary tract infection, dental infections, skin 
ulcerations, and distal extremity infections are 
factors associated with an increased rate of peri-
prosthetic infection after knee arthroplasty (44). 
Two-stage revision arthroplasty is the treatment 
of choice for periprosthetic infection of the knee 
in North America.

Arthroplasty-associated infections can be clas-
sified by the time of occurrence and pattern of 
presentation into different types (45). An acute 

infection that occurs within 2 months after sur-
gery often manifests as swelling and erythema 
and may be due to a wound complication or 
hematoma. An intermediate infection manifests 
between 2 and 24 months after surgery and often 
requires differentiation from a mechanical cause 
of pain. Late infection occurs 2 years or more af-
ter the index arthroplasty and is often hematoge-
nously seeded, associated with a distant infection.

MR imaging can contribute helpful informa-
tion in patients with suspected periprosthetic 
joint infection (46). The MR imaging findings of 
a lamellated synovitis with hyperintense signal, 
extracapsular soft-tissue edema, extracapsular 
collections, and reactive lymphadenopathy carry 
a high likelihood for the presence of a peripros-
thetic joint infection (Fig 15). In a retrospective 
case-control study (46), MR imaging findings of 
lamellated hyperintense synovitis were 86–92% 
sensitive and 85%–87% specific for peripros-
thetic joint infection. There was substantial in-
terobserver and intraobserver agreement for the 
classification of the synovial pattern, indicating 
the ability of MR imaging to allow distinction of 
infectious and different patterns of wear-induced 
synovitis (46,47). In acute infections, MR imag-
ing can demonstrate the presence of a wound 
complication such as a hematoma or abscess. In 
patients with a pretest high likelihood based on 
clinical presentation and laboratory testing, MR 
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imaging demonstration of a sinus tract is diag-
nostic for joint infection (48). Ultimately, conclu-
sive joint aspiration or tissue sampling or both are 
required for diagnosis of a periprosthetic infec-
tion and determination of the specific organism 
(49). In cases with possible periprosthetic infec-
tion but discrepant laboratory test results and 

inconclusive joint aspiration results, MR imaging 
findings suggestive of infectious synovitis should 
trigger repetition of the workup (50).

Component Malalignment
Accurate rotational alignment of implant compo-
nents is an important factor for satisfactory joint 

Figure  10.  Medial instability after total knee 
arthroplasty in a 71-year-old man. Coronal in-
termediate-weighted fast SE image shows a de-
ficient superficial component of the medial col-
lateral ligament (arrowhead).

Figure  11.  Lateral instability after total knee 
arthroplasty in a 60-year-old woman. Coronal 
intermediate-weighted fast SE image shows a 
chronic, high-grade partial thickness tear of the 
proximal lateral collateral ligament (arrowhead).

Figure 9.  Polyethylene wear–induced synovitis and osteolysis after total knee arthroplasty 
in a 70-year-old man. Sagittal intermediate-weighted fast SE (a) and STIR MAVRIC (b) MR 
images show a polyethylene wear–induced synovitis with dense synovial proliferations, low-to-
intermediate-signal-intensity debris (arrowhead), and extensive osteolysis of the distal femur 
(arrow) as indicated by hyperintense signal on the STIR MAVRIC image (arrow in b).
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Figure  14.  Displacement of the liner after 
total knee arthroplasty in a 52-year-old man. 
Sagittal intermediate-weighted fast SE image 
shows an anteriorly displaced polyethylene in-
sert (arrow).

Figure  13.  Instability after total knee arthro-
plasty in a 56-year-old man. Sagittal intermedi-
ate-weighted fast SE image shows a fragment 
(arrow) of a fractured polyethylene insert located 
in the anterior joint recess.

Figure 12.  Posterior instability after total knee arthroplasty in a 54-year-old man. Sagittal (a) 
and coronal (b) intermediate-weighted fast SE images show posterior subluxation (black arrow 
in a) of the femur due to a chronically torn popliteus tendon (black arrow in b) as indicated by 
atrophy and fatty infiltration of the popliteus muscle bulk (white arrow).

function and implant survival (23). Increased 
internal or external rotation of the femoral com-
ponent can cause increased tibiofemoral wear, 
worsen patellar tracking, and contribute to 
subluxation, dislocation, patellar clunk, and ec-
centric wear (51). Combined femoral and tibial 
component internal malrotation has been associ-
ated with the presence of a painful synovitis and 
a fivefold increase in the likelihood of experienc-

ing anterior knee pain (52). Internal rotational 
errors, involving the femoral, the tibial, or both 
components, were found in 56.4% of patients 
with painful total knee arthroplasty (53). Vary-
ing configurations of malrotation exist, including 
combined component external rotation, tibial 
component internal mismatch, tibial component 
external mismatch, and combined component 
internal rotation.
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MR imaging is accurate for the identifica-
tion of the anatomic landmarks and the axes 
required for measurement and calculation of 
the rotational alignment parameters (21,52,54). 
Interobserver agreement was found to be higher 
for femoral zirconium (Zr) implants than for co-
balt (Co)/chrome (Cr)/molybdenum (Mo) alloy 
femoral components, likely due to larger sus-
ceptibility artifacts for the latter (21). Rotational 
alignments for tibial components generally dem-
onstrate higher variation, which likely relates to 
the more complex geometric method used for 
this measurement rather than to the imaging 
modality used.

Because of the resection of the trochlea and 
posterior condyles during arthroplasty, the surgi-
cal transepicondylar axis is often used to assess 
femoral component rotation (Fig 16). This axis 
has been shown to be the functional flexion-
extension axis of the knee and is defined as the 
line connecting the most prominent point of the 
lateral epicondyle with the medial epicondylar 
sulcus. MR imaging may be more accurate than 
plain radiography or CT in the visualization of 

Figure 15.  Periprosthetic joint infection 
after total knee arthroplasty in a 60-year-
old man. Axial (a) and sagittal (b) interme-
diate-weighted fast SE and axial STIR (c)  
MR images demonstrate thickening, lay-
ering or lamellation, and signal hyperin-
tensity of the synovium (arrow) with ex-
pansion of the joint capsule. Joint aspira-
tion and microbiological analysis resulted 
in identification of Staphylococcus aureus 
bacteria.

the medial epicondylar sulcus (52), as two CT 
studies identified the medial epicondylar sulcus 
in only 69%–73% of patients (55,56). The ideal 
rotational angle between the surgical femoral 
transepicondylar axis and the femoral component 
axis is considered to be 0° (52).

Measurement of the rotational angle of the tibial 
component relative to the tibia requires determina-
tion of the tibial tubercle axis and tibial component 
anteroposterior axis (Fig 17), which ideally should 
measure 18° of internal rotation (52). Exceptions 
include asymmetric tibial tray designs.

The femoral to tibial component alignment 
angle should ideally be 0° (52).

Arthrofibrosis
Arthrofibrosis is a complication following knee 
arthroplasty that is characterized by chronic 
pain, global capsular contraction, and progres-
sive loss of range of motion, and can advance 
to complete joint stiffness (57). The prevalence 
following knee arthroplasty ranges between 3% 
and 4%. Arthrofibrosis is caused by the forma-
tion of dense fibrous tissue along the synovial 
lining of the entire joint (58). A proposed 
mechanism is excessive fibroplasia with resulting 
tissue adhesions and impairment of the extensor 
mechanism of the knee.

MR imaging can be helpful in the diagnosis 
of arthrofibrosis in patients with suboptimal 
range of motion despite good radiographic ap-
pearance of their arthroplasty implants (Fig 18). 
The high soft-tissue contrast of MR imaging 
allows for the direct visualization of synovial 
scarring. MR imaging findings of arthrofibrosis 
include heterogeneous thickening of the syno-
vial lining, which may demonstrate a nodular 
component. The signal intensity of the scarred 
synovium is typically less than that of skeletal 
muscle on intermediate-weighted MR images. 
In addition, MR imaging can diagnose other 
postoperative causes of inadequate range of mo-
tion, such as infection, heterotopic ossification, 
and patellar complications such as fracture and 
patellar component loosening (57).
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Figure 17.  Determination of the rotational angle of the tibial component after total knee 
arthroplasty in a 63-year-old woman. (a) Axial intermediate-weighted fast SE image demon-
strates the tibial component anteroposterior axis, which intersects the center of the anterior 
and posterior margins of the tibial component. (b) Axial intermediate-weighted fast SE image 
demonstrates determination of the geometric center of the tibia plateau (x) by a best-fit el-
lipse (solid line) circumscribing the tibial cortex. (c) Axial intermediate-weighted fast SE im-
age demonstrates the tibial tubercle axis (solid line) as the line connecting the determined 
geometric center of the tibia (x in b–d) through the center (arrow) of the tibial tubercle.  
(d) Axial intermediate-weighted fast SE image demonstrates the rotational angle of the tibial 
component measured as the angle between the tibial tubercle axis (solid line in c and d) and 
tibial component axis (dashed line in a and d).

a mean of 10.6 months after total knee arthroplasty 
(60). One proposed mechanism is that fibrous tis-
sue enters into the intercondylar notch with flexion, 
and is then displaced in extension, resulting in the 
audible clunk (61). Among the treatment options 
is resection of the fibrous tissue, for which an ar-
throscopic approach has been described as more 
successful than an open approach (62).

MR imaging allows accurate characterization of 
intra-articular soft-tissue proliferation in patients 

Figure 16.  Determination of the rotational 
angle of the femoral component after total 
knee arthroplasty in a 63-year-old woman. 
Axial intermediate-weighted fast SE image 
demonstrates the surgical femoral transepi-
condylar axis (solid line) as the line connect-
ing the most prominent point of the lateral 
epicondyle (white arrow) with the medial 
epicondylar sulcus (black arrow). The femoral 
component axis is determined by the tangent 
(dotted line) along the anterior margin of the 
posterior condylar backing. The rotational 
angle of the femoral component is the angle 
between the two lines as visualized on a sin-
gle axial MR image.

Patellar Clunk Syndrome
Patellar clunk syndrome is a patellofemoral com-
plication that manifests with a locking sensation or 
impaired motion during flexion and extension in 
up to 3.5% of posterior-stabilized total knee arthro-
plasties (59). At physical examination, an audible 
and often painful clunking occurs with extension of 
the knee. The syndrome is caused by formation of 
focal fibrous tissue at the junction of the proximal 
patellar pole and the quadriceps tendon, occurring 
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with clinically manifest patellar clunk syndrome 
(Fig 19), aiding in the decision process with re-
spect to proceeding with arthroscopic débride-
ment (61). In a 12-patient cohort, MR imaging 
demonstrated intra-articular soft-tissue masses 
in 75% of the cases. In all cases, the tissue was 
located proximally to the patella, well-marginated, 
and of intermediate-to-low signal intensity on 
intermediate-weighted MR images. The average 
lesion size was 7–10 mm in the anteroposterior 
dimension, 17 mm in the craniocaudal dimension, 
and 33 mm in the transverse dimension. A repro-
ducible interobserver reliability of the radiologic 
measurements was demonstrated. On the basis 
of the study results, the authors concluded that 
because of the limitations of conventional radio-
graphs in characterizing soft-tissue lesions, the 
multiplanar capabilities and superior soft-tissue 
contrast render MR imaging the method of choice.

Recurrent Hemarthrosis
Recurrent hemarthrosis is an infrequent complica-
tion after total knee arthroplasty that is charac-
terized by painful swelling and often substantial 
restriction of motion because of the intra-articular 
accumulation of blood products (63). The interval 
between knee arthroplasty surgery and first hem-
orrhagic episode ranges between 2 weeks and 12 
years. The estimated prevalence ranges between 
0.1% and 1.6% (64). A timely and accurate di-
agnosis is important for selection of the most ap-
propriate treatment; however, due to the variety of 

causes, diagnosis often poses a challenge. Inappro-
priately managed hemarthrosis can lead to poor 
arthroplasty implant function and occasionally to 
deep joint sepsis and wound breakdown (64).

The synovium of the knee has a rich vascular 
supply with major contributions from the medial 
and lateral superior and inferior genicular arter-
ies, which commonly arise from the popliteal 
artery. The most common surgical and histologic 
findings of hemarthrosis occurring late after to-
tal knee arthroplasty include hypervascular and 
proliferative synovium with signs of arthroplasty 
component impingement, which is more prone to 
trauma and more likely to bleed (65). Iatrogenic 
causes such as pseudoaneurysms or arteriove-
nous fistulas manifest most frequently within the 
first 6 months after surgery. Additional causes 
include pigmented villonodular synovitis, loose 
components, and infection (64,66). Management 
options include nonsurgical treatment, surgical 
synovectomy, selective embolization and stent 
placement, as well as radiosynovectomy.

In a similar fashion to conventional angiogra-
phy, MR angiography can be successfully used to 
define the vascular anatomy about the knee and 
visualized abnormal synovium. MR angiography 
comes with the advantage of a low level of inva-
siveness, as it requires only intravenous access 
rather than arterial catheterization, uses no ion-
izing radiation, and the gadolinium (Gd)-based 
contrast agents used have substantially lower risks 
of allergic reactions and no risk of nephrotoxic 

Figure 19.  Patellar clunk syndrome after total 
knee arthroplasty in a 64-year-old woman. Coro-
nal intermediate-weighted fast SE image shows 
a well-marginated, low-to-intermediate-signal-
intensity fibrotic mass (arrow) at the proximal 
patellar margin.

Figure  18.  Arthrofibrosis after total knee ar-
throplasty in an 82-year-old man. Coronal inter-
mediate-weighted fast SE image shows low-to-
intermediate-signal-intensity fibrotic tissue prolif-
eration obliterating the medial (white arrow) and 
the lateral (black arrow) gutters.
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effects as compared with the iodinated contrast 
agents used in conventional angiography. Because 
intravenous administration of Gd is contraindi-
cated in patients with acute or chronic severe renal 
insufficiency (glomerular filtration rate, <30 mL/
min/1.73 m2), acute renal insufficiency of any 
severity due to hepatorenal syndrome, in the peri-
operative hepatic transplant period, and because 
of the potential complication of nephrogenic sys-
temic fibrosis, patients with impaired renal func-
tion should have a recent assessment of glomerular 
filtration rate before undergoing MR angiography. 
The combination of MR angiography and MR im-
aging allows for additional assessment of adjacent 
osseous and soft-tissue structures (10,35).

Fast T1-weighted three-dimensional gradient-
echo pulse sequences can be used to obtain mul-
tiple phases of contrast enhancement (Table). 
After acquisition of precontrast “mask” images, 
subtraction postcontrast images are used to create a 
three-dimensional model of the regional vessels. 
The volume covered should extend from the pop-
liteal artery to the proximal trifurcation. Despite 
the artifact-exaggerating nature of the three-dimen-
sional gradient-echo sequence, this approach results 
in reliable visualization of the geniculate arteries 
and vascularity of the synovium about the knee.

Normal enhancement of the geniculate arter-
ies is characterized by symmetrical contrast en-
hancement outlining a smoothly marginated and 
regular vessel lumen with tapering of the cross-
sectional diameter anteriorly toward the patellar 
anastomosis. Abnormal vascularity associated 
with recurrent hemarthrosis is characterized by 
the MR angiography demonstration of one or 
more dominant arteries supplying a focally hy-
pervascular synovium (Fig 20).

In a retrospective case series of 18 patients who 
were referred for MR angiography to evaluate 
recurrent hemarthrosis after failing conservative 
therapy or synovectomy (66), MR angiography 
demonstrated mild-to-marked prominence and 
hypertrophy of at least one artery supplying hy-
pervascular synovium in each of 13 patients, of 
which nine had moderate-to-marked contrast 
enhancement in a specific arterial distribution. 
Of those nine patients, seven had no recurrent 
hemarthrosis after transarterial embolization. On 
the basis of their results, the authors proposed 
MR imaging with MR angiography as the initial 
diagnostic examination in the setting of recur-
rent hemarthrosis after total knee arthroplasty 
and unsatisfactory conservative management. 
MR angiographic findings of marked synovial hy-
peremia and dominant feeding vessel or vascular 
injury such as a pseudoaneurysm or arteriovenous 
fistula may be treated with transcatheter embo-
lization, whereas moderate synovial hyperemia 

without a dominant arterial supply may be treated 
with surgical synovectomy. Findings of synovial 
impingement or frank loosening would indicate 
surgical revision as the most appropriate next 
management step. In the presence of a negative 
MR angiographic study and no obvious synovial 
impingement, observation should suffice.

Extensor Mechanism Injury
Quadriceps and patellar tendon abnormalities 
range from degenerative tendinosis to tendon 
rupture and are an important cause of complica-
tions following knee arthroplasty (23). Although 
tendinosis can be a pain generator, the accurate 
and timely diagnosis of partial and complete tears 
is helpful for the optimization of repair or recon-
struction and for preventing joint dysfunction. 
Tendon rupture of the extensor mechanism may 
occur in isolation or in conjunction with a patel-
lar fracture. Due to technical improvements of 
implant and surgical techniques, the prevalence 
of complete tendon ruptures today ranges around 
1% (67). Patellar tendon rupture is thought to be 
more common than quadriceps tendon rupture.

Risk factors for tendon tears include systemic 
steroid use, diabetes mellitus, chronic renal insuf-
ficiency, Parkinson disease, gout, morbid obesity, 
multiple intra-articular steroid injections, fall, lat-
eral retinacular release, multiple previous opera-
tions, implant design, and surgical implantation 
technique (68).

Figure  20.  Recurrent hemarthrosis after to-
tal knee arthroplasty in a 69-year-old woman. 
Coronal maximum-intensity projection MR an-
giogram demonstrates a dominant superolateral 
geniculate artery (arrow) that supplies hypervas-
cular synovium (arrowhead) as the most likely 
origin of recurrent intra-articular bleeding.
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MR imaging is highly accurate for the evalua-
tion of the status of the extensor tendons due to 
its superior soft-tissue contrast. Tendinosis is in-
dicated by expansion of the tendon and often in-
creased signal intensity on intermediate-weighted 
MR images (Fig 21). A partial tear may occur in 

a longitudinal or transverse direction and typi-
cally manifests as linear defects of high signal 
intensity on intermediate-weighted and STIR 
MR images. Partial thickness tears may manifest 
with or without retraction of the torn tendon fi-
bers and may be associated with a peritendinous 
soft-tissue edema pattern in the acute stage. Full-
thickness tears are characterized by the complete 
loss of fiber continuity (Figs 22, 23). Quadriceps 
muscle atrophy and fatty infiltration occur in the 
chronic stage of extensor tendon tears with inad-
equate function. In addition to the discrimination 
between partial and full-thickness tears, the loca-
tion of a tear and the MR imaging appearance 
of the quality of the torn tendon can be help-
ful information to guide surgical management. 
Partial-thickness quadriceps tendon tears can be 
successfully repaired, whereas in full-thickness 
tears, excision of devitalized tissue and the use of 
a tendon graft may be required (68).

Periprosthetic Fractures
Periarticular fractures about knee arthroplasty 
implants occur in 0.11%–21.4% of patients at 
a mean of 2–4 years after surgery (69). Patellar 
fractures are the most common of these, fol-
lowed by supracondylar fractures, whereas tibial 
fractures are the least common. Periprosthetic 
fracture about the knee occurs most commonly 
in women in their 7th decade. Causes and risk 
factors include low-energy trauma such as falls, 
osteopenia and osteoporosis, use of medications, 

Figure  21.  Patellar tendinosis after total knee 
arthroplasty in a 64-year-old woman. Sagittal 
intermediate-weighted fast SE image shows ex-
pansion and increased signal intensity of the pa-
tellar tendon (arrow).

Figure  22.  Patellar tendon rupture after total 
knee arthroplasty in a 78-year-old man. Sagit-
tal intermediate-weighted fast SE image shows a 
full-thickness patellar tendon tear (black arrow) 
and patella alta. Additionally, there is a partial-
thickness quadriceps tendon tear (white arrow).

Figure 23.  Quadriceps tendon rupture after to-
tal knee arthroplasty in a 72-year-old man. Sagit-
tal intermediate-weighted fast SE image shows a 
full-thickness quadriceps tendon tear (black ar-
row) and patella baja. Additionally, there is a par-
tial-thickness patellar tendon tear (white arrow).
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Figure 24.  Periprosthetic supracondylar femur 
fracture after total knee arthroplasty in a 66-year-
old man. Sagittal intermediate-weighted fast SE 
image shows a fracture line (arrow) in the distal 
femur without displacement.

greater age, rheumatoid arthritis, neuromuscular 
disorders, factors of implant construction, and 
prior revision surgery. Defects of the anterior 
femoral cortex from surgical notching and cystic 
lesions of degenerative or rheumatoid origin, as 
well as osteolysis secondary to wear-related de-
bris, are specific risk factors for femoral peripros-
thetic fractures. Timely diagnosis is important 
for preservation of joint function, fracture union, 
preservation of implant components without 
loosening, infection, and preservation of implant 
alignment and joint function.

MR imaging is a sensitive technique for the de-
tection of periprosthetic fractures and can be es-
pecially valuable for the evaluation of patients with 
persistent clinical suspicion for a periprosthetic 
fracture despite negative radiographic studies. MR 
imaging signs of a periprosthetic fracture include 
a localized osseous bone marrow edema pattern, 
cortical thickening, periosteal reaction, and frac-
ture lines, which may be complete or incomplete 
(Fig 24). The presence of these findings without a 
fracture line indicates an osseous stress reaction. 
In addition to the presence of a fracture, alignment 
and degree of displacement are important factors 
to determine if fracture reduction is indicated. As 
a general guide, fracture translation of less than 5 
mm, angulation of less than 5°–10°, foreshorten-
ing of less than 10 mm, and rotational displace-
ment of less than 10° may be deemed acceptable 
(70). Extension of the fracture into a bone-implant 
interface and MR imaging signs of implant loosen-
ing (component displacement and gap formation 
along the bone-implant interface), osteolysis, signs 
of polyethylene wear, and component integrity 

are important factors that can indicate the need 
for implant revision or exchange of polyethylene 
liners, in addition to fracture fixation. In patellar 
fracture, MR imaging assessment of the extensor 
mechanism is important, as minimally displaced 
fractures with an intact ligament extensor mecha-
nism and fixed patellar component are best treated 
nonoperatively (Fig 25) (71).

Conclusion
MR imaging with optimized conventional and 
advanced pulse sequences affords comprehensive 
imaging evaluation and monitoring of patients 
with knee arthroplasty implants. MR imaging 
allows for detailed evaluation of periprosthetic 
host bone, implant-tissue interfaces, polyethylene 
components, and soft tissues including synovium, 
tendons, ligaments, and neurovascular structures, 
facilitating the diagnosis and presurgical charac-
terization of arthroplasty-related complications. 
MR imaging therefore contributes important 
information for diagnosis, prognosis, risk strati-
fication, and surgical planning in patients with 
complications following knee arthroplasty.
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Figure 25.  Periprosthetic patellar fracture after 
total knee arthroplasty in a 68-year-old woman. 
Coronal intermediate-weighted fast SE image 
shows a minimally displaced fracture (arrow) of 
the superolateral part of the patella. Note the 
bone resorption (arrowhead) around the lateral 
peg of the patellar component.
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Figure A1.  Checklist for MR image interpretation and reporting for knee arthroplasty implants.

Appendix
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