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Abstract 
The purpose of this article is to describe the use of ultrasound for the diagnosis and treatment of painful joint arthroplasty. 
Ultrasound plays a crucial role in the diagnosis of the painful joint arthroplasty, especially given its unique dynamic capa-
bilities, convenience, and high resolution. Ultrasound guidance is also instrumental for procedures in both diagnosing and 
in select cases, treating the painful joint arthroplasty. Topics to be discussed in this article include trends in arthroplasty 
placement, benefits of the use of ultrasound overall, and ultrasound evaluation of periprosthetic joint infections. We will also 
review the sonographic findings with dissociated/displaced components and adverse reaction to metallic debris including 
metallosis, trunnionosis, and metal-on-metal pseudotumors. Additionally, we will discuss ultrasound evaluation of tendon 
pathologies with arthroplasties, including dynamic maneuvers to evaluate for tendon impingement/snapping. Finally, we 
will cover ultrasound-guided joint arthroplasty injection indications and precautions.
Key points   
• Ultrasound is preferred over MRI in patients with joint arthroplasty and plays a crucial role in diagnosis, especially 
given its unique dynamic capabilities, convenience and high resolution.
• It is especially beneficial for US-guided aspiration in periprosthetic joint infections; effectively used to evaluate peripros-
thetic fluid collections, facilitating differentiation between abscesses and aseptic collections, and tracking sinus tracts.
• Recently, the diagnosis of periprosthetic joint infections has shifted focus to biomarkers in the periprosthetic fluid, specifi-
cally α‐defensin, which has a high sensitivity and specificity for diagnosing infection.
• Cutibacterium acnes is a major pathogen responsible for shoulder arthroplasty infections, often presenting with normal 
laboratory values and since slow growing, must be kept for a minimum of 14 days.

Keywords  Painful joint arthroplasty · Musculoskeletal ultrasound · Periprosthetic joint infection · Adverse reaction to 
metallic debris · Metallosis · Metal-on-metal pseudotumors

Abbreviations
THA	� Total hip arthroplasty
TJA	� Total joint arthroplasty
TKA	� Total knee arthroplasty
MoM	� Metal-on-metal
MRI	� Magnetic resonance imaging

PJI	� Periprosthetic joint infection
US	� Ultrasound

Introduction

Total joint arthroplasty (TJA) is among the most common 
orthopedic surgeries performed for the highly effective treat-
ment of osteoarthritis-related pain [1–4]. This pertains to 
mainly an elderly population in whom several common medi-
cal conditions may coexist, potentially increasing the risk of 
complications [4–9]. Currently, approximately 700,000 total 
knee arthroplasties (TKA), 470,000 total hip arthroplasties 
(THA), and 90,000 arthroplasties, other than hip or knee (the 
majority being shoulder), are performed in the USA annually. 
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Approximately, 10% of these are revision arthroplasties [1, 
10, 11]. Over the next several decades, the number of TJA 
surgeries as well the incidence of revision arthroplasties 
will continue to increase [4, 10, 11]. The number of these 
arthroplasties performed annually continues to steadily rise 
due to the increasing life expectancy and the associated high 
prevalence of osteoarthritis. It is estimated that by 2030, up to 
nearly 3.5 million TKA and 600,000 THA will be performed 
in the USA annually [4, 6, 12–15]. Advancements in THA 
and TKA techniques and implant designs and technologies, as 
well as the resurgence in unicompartmental knee arthroplasty, 
continue to improve outcomes while decreasing complications 
[4, 16–18]. Furthermore, multiple studies have demonstrated 
that robotic-assisted joint replacement allows for improved 
precision of implant positioning for THA, TKA, and unicom-
partmental knee arthroplasty when compared to conventional 
jig-based techniques, potentially decreasing complications [4, 
5, 19–22]. Despite continued improvements, studies demon-
strate that many joint replacement patients are not satisfied 
with their outcomes [4, 5, 16–22].

Subsequently, daily inpatient and outpatient consultations 
regarding painful arthroplasties are directed to musculoskel-
etal radiology for diagnostic guidance and therapeutic inter-
ventions. The workup of a painful arthroplasty is performed 
as a collaborative effort between primary care physicians, 
orthopedic surgeons, and radiologists. Radiographs are the 
first-line imaging modality when there is concern for com-
plications following arthroplasty and can be used to assess 
the integrity and positioning of the arthroplasty components, 
as well as to evaluate the adjacent osseous structures [7].

The use of musculoskeletal ultrasound (US) has signifi-
cantly increased over the past few decades given its ability 
to perform dynamic imaging while interacting directly with 
the patient, the ability to compare with the contralateral side, 
and the ease of accessibility and portability, as well as its 
lower cost when compared to magnetic resonance imaging 
(MRI) [7, 23–27]. Furthermore, contrary to radiographs and 
computed tomography, US has no ionizing radiation [4]. 
There has also been significantly increased utilization of US 
in the evaluation of TKA-related pain and for US-guided 
joint aspirations [25, 26]. US is especially beneficial for US-
guided aspiration of infectious materials in periprosthetic 
joint infection (PJI) [23, 28–32]. US is preferred over MRI 
in patients with TJA in whom MRI is difficult to perform 
because of magnetic susceptibility artifacts, requiring the 
use of special metal artifact reduction sequences to reduce 
the extent and intensity of susceptibility artifacts [33–36].

Periprosthetic joint infection

Background

PJI is one of the most challenging complications of TJA. It 
is sometimes difficult to confidently diagnose but critical to 
identify expediently as it must be treated vigorously to avoid 
catastrophic complications [37]. Newly validated criteria 
hinge on clinical findings, laboratory results, imaging find-
ings, and synovial fluid analysis (Table 1). Furthermore, a 
dry aspiration often necessitates surgical intervention to fully 
elucidate [37]. Although the incidence of PJI is relatively low, 

Table 1   Musculoskeletal 
Infection Society 2018 criteria 
for periprosthetic joint infection 
diagnosis [37]

Periprosthetic joint infection is defined as at least one of the following MAJOR criteria:
  -Two positive periprosthetic cultures of the same organism
  -A sinus tract with evidence of communication to the joint or visualization of the prosthesis

Or, using the following preoperative MINOR criteria scoring/point system:
(Scoring defined as: ≥ 6 infected, 2–5 possibly infected, 0–1 not infected)
  -Elevated serum C-reactive protein OR D-Dimer (2 points)
  -Elevated serum erythrocyte sedimentation rate (1 point)
  -Elevated synovial fluid white blood cell count OR positive leukocyte esterase (3 points)
  -Positive synovial fluid α‐defensin (3 points)
  -Elevated synovial fluid polymorphonuclear neutrophil percentage (2 points)
  -Elevated synovial fluid C-reactive protein (1 point)

Or, using the following intraoperative MINOR criteria scoring/point system in the case of an inconclusive 
“possibly infected” preoperative score OR a “dry tap”:

(Scoring defined as: ≥ 6 infected, 4–5 inconclusive, ≤ 3 not infected)
  -Preoperative score (plus any of the following)
  -Positive histological analysis of periprosthetic tissue (3 points)
  -Positive purulence (3 points)
  -A single positive culture of periprosthetic tissue or fluid (2 points)
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it predictably follows TJA in some patients and can cause 
profound medical, financial, and socioeconomic burdens on 
patients with a reduction in the quality of life. PJI is the most 
common cause for revision TJA. The incidence of PJI follow-
ing primary TKA and THA is approximately 1–4% and 1% 
within 2 years, respectively. Furthermore, in regard to revision 
TKA and THA, these percentages are actually doubled [38].

Radiographs are the first-line imaging modality in the 
evaluation of a PJI and can demonstrate a suspected joint 
effusion or synovial hypertrophy and be used to evaluate 
the integrity of the components and the adjacent bone [7]. 
Computed tomography can also be used in select cases as it 
is more sensitive at detecting subtle osteolysis and character-
izing the full extent of bone loss for surgical planning [7].

Sonographic imaging

US is especially beneficial for US-guided aspiration of infec-
tious materials in PJI and can be effectively used to evaluate 
periprosthetic fluid collections, facilitating differentiation 
between abscesses and aseptic collections, and to track the 
presence of sinus tracts within soft tissues [23, 28–32]. US can 
be used to evaluate the joint capsule for hypoechoic distention 
indicating either a joint effusion, synovial hypertrophy, or a 
combination of both. The use of dynamic compressibility dur-
ing US of a distended joint capsule allows an advantage to both 
radiographs and MRI in differentiating between synovitis and 
joint effusion. Synovitis will not compress while simple joint 
fluid will completely compress and a complex joint effusion in 
combination with synovial hypertrophy will partially compress 
or occasionally demonstrate mobile debris (Fig. 1). In order 
to evaluate the knee joint, for example, the US transducer is 
placed in the long axis, at the suprapatellar location, paralleling 
the quadriceps tendon (Fig. 1) and scanning both laterally and 
medially. The transducer is then turned horizontally to evaluate 
the suprapatellar recess in the short axis as well. Real-time Dop-
pler can also be easily applied, without the need for intravenous 
contrast, to observe if there is associated hyperemia, indicating 
acute synovitis and active inflammation [7].

US guidance can then be used for the aspiration (Figs. 2 
and 3). Using constant sonographic guidance, the needle can 
be directed towards areas of simpler fluid to avoid clogging the 
needle. For example, in the hip joint, the US transducer is placed 
in the long axis, paralleling the femoral neck, and the needle 
is inserted using an in-plane approach, from distal to proximal 
(Fig. 2). If there is no fluid return, US can allow visualization of 
the debris blocking the needle tip. Simply reinserting the stylet 
can then clear that debris. Additionally, real-time US imaging 
allows the avoidance of passing through wounds, ulcers, cellu-
litis, and subcutaneous fluid collections such as abscesses when 
approaching the deeper joint space. We recommend that while 
using local anesthetic prior to a joint aspiration, constant US guid-
ance should be utilized to avoid the intraarticular administration 

of the anesthetic, which could have bacteriostatic properties and 
alter the aspirate results [7, 23, 28–32].

α‐defensin

More recently, the diagnosis of PJI has shifted focus to bio-
markers in the periprosthetic fluid, specifically α‐defensin 
(Synovasure, Zimmer Biomet, Warsaw, IN) [37, 38]. α‐
defensin is an antimicrobial peptide released by neutrophils 

a

b

Fig. 1   Images of a 74-year-old woman with an existing right total 
knee arthroplasty. a Cross-table lateral radiograph demonstrates a 
right total knee arthroplasty (the arrow points to the femoral com-
ponent) with distention of the suprapatellar recess (star) compat-
ible with a joint effusion and/or synovial hypertrophy. Q denotes the 
shadow of the quadriceps tendon. b Long-axis sonographic image of 
the anterior aspect of the same knee shows compressible hypoechoic 
distention of the suprapatellar recess (star) compatible with a joint 
effusion. Q denotes the quadriceps tendon and the arrow points to the 
shadowing femoral component of the total knee arthroplasty. A sub-
sequent ultrasound-guided aspiration resulted in 24  mL of purulent 
fluid
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in response to pathogens. It acts as a natural peptide anti-
biotic by inducing depolarization of the cell membrane, 
which leads to the rapid death of the microorganism. It has 
been described as an ideal biomarker for PJI due to its high 
sensitivity and specificity. Quantitative measurements of 
α-defensin levels in joint fluid have been shown to have a 
sensitivity ranging from 85 to 100% and similar specificity 
and accuracy for diagnosing PJI [38]. Furthermore, it has 
been shown to be effective even in the presence of antibiotics 
and low virulence organisms and with patient inflammatory 
comorbidities. The evaluation is typically overnight shipped 
to an outside facility for processing, although if available, a 
newer α‐defensin lateral flow test can be processed in-house 
and the same day, with only slightly decreased sensitivity, 
specificity, and accuracy [38]. An α‐defensin test should be 
included in the clinical diagnostic criteria for PJI when per-
forming an US-guided joint aspiration [37, 38].

Cutibacterium acnes

PJI of the shoulder is rare, but remains a serious complica-
tion and one of the most frequent causes of a painful shoul-
der arthroplasty requiring revision shoulder arthroplasty 
[39–41]. PJI of the shoulder has been reported to occur in 
1.1–4% of those with a total shoulder arthroplasty and in 
3.8–18% of those following a reverse total shoulder arthro-
plasty [39, 41]. Cutibacterium acnes (formerly known as 
Propionibacterium acnes) is a non-spore-forming, anaero-
bic, Gram-positive bacillus commonly found in hair follicles 
and sebaceous glands deep in the dermis. It can be isolated 
in the flora of the face, chest, axilla, and lateral shoulder and 
has emerged as a major pathogen responsible for postopera-
tive shoulder infections following arthroplasty procedures. 
C. acnes adheres to cells, biofilms, and surfaces by means of 
antigenic proteins, which can then initiate an inflammatory 
response within the joint. C. acnes can occur up to 2 years 
after the initial surgical placement. Among those undergoing 
shoulder arthroplasty, younger men are particularly at risk, 
especially in those with shoulder arthroplasties performed 
following trauma. Posttraumatic shoulder arthroplasty has 

a

b

c

Fig. 2   A 62-year-old man with a right total hip arthroplasty present-
ing with pain. a Anteroposterior radiograph reveals a right total hip 
arthroplasty without radiographic evidence of hardware complication. 
The open arrow points to the femoral head component and the star 
denotes the location of the joint capsule near the level of the trunnion. 
b Long-axis ultrasound image of the anterior hip displays the right 
total hip arthroplasty (the open arrow points to the shadowing fem-
oral head component) with no significant distention of the hip joint 
capsule (star). c Long-axis image shows the needle (solid arrows) 
entering the joint capsule (star) during an attempted right hip ultra-
sound-guided aspiration using an in-plane technique with a distal to 
proximal approach. The open arrow points to the femoral head com-
ponent

▸
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a 3 times higher risk than elective surgery [41]. In those 
undergoing shoulder arthroplasty, PJI can reach 10% in the 
male subgroup, a 2.5 times higher risk than females [39, 41].

Patients with a C. acnes shoulder infection often present 
with normal laboratory values, including normal white blood 
cells, erythrocyte sedimentation rate, and C-reactive protein. 
Furthermore, these bacteria on cultures are slow-growing. 
These challenging characteristics result in a difficult and 

sometimes delayed diagnosis that can result in significant 
disease and increased morbidity and lead to undetected pros-
thesis failure. US-guided synovial fluid aspiration samples 
sent for C. acnes culture must be specified in the orders to 
be kept for a minimum of 14 days to optimize the sensitivity 
and specificity to detect C. acnes [41] (Fig. 4).

Saline lavage

Frequently encountered dilemmas with US-guided TJA aspi-
rations arise when there is no synovial fluid visualized or a 
very small effusion is suspected, and an aspiration is then 
attempted but there is no fluid return (so-called dry tap).

There is considerable debate in the literature in regard 
to whether or not to perform a sterile saline lavage of the 
joint using US guidance with the injection of sterile, non-
bacteriostatic saline and sending that fluid for analysis. Ting 
and Della Valle [42] state that in the event there is no fluid 
aspirated, they do not recommend performing a joint lav-
age with sterile saline. Porrino and colleagues [43] are also 
opposed, stating that there are no high-quality studies sup-
porting the diagnostic value of that method, which can dilute 
microorganism concentration and be unrepresentative of the 
joint fluid and could pose a risk of actually causing an infec-
tion. Finally, Abdel Karim et al. [44] recommend against 
its use as well, except in certain circumstances when it is 
performed by a dedicated radiologist using sterile technique.

On the contrary, multiple studies have shown that lav-
age is useful in providing a positive diagnostic yield and in 
assisting in preoperative decision-making [45–49]. These 
studies have shown the potential of obtaining positive cul-
tures following joint lavage; however, it is recommended 
that the sample be clearly labelled as a saline lavage as it 
will alter the cell count. Lee et al. [49] demonstrated that in 
“dry joints” that were lavaged with sterile non-bacteriostatic 
saline, then aspirated and cultured, there was an 83% sensi-
tivity, 93% specificity, and 83% accuracy yield when com-
pared with tissue cultures obtained at the time of the revision 
surgery. As a large institution, performing a high number of 
these TJA saline lavage procedures, we can also attest to its 
benefit in the management of PJI and recommend its use. 
However, if there is ever doubt, direct communication with 
the ordering orthopedic surgeon is strongly advised.

Dissociated/displaced components

Background

Aseptic loosening and wear are second to only infec-
tion as the most common causes of arthroplasty failure. 
Radiographs are also the first-line imaging modality in 

a

b

Fig. 3   An 81-year-old woman presenting with pain with an existing 
left reverse total shoulder arthroplasty. a Anteroposterior (Grashey) 
radiograph of the left shoulder demonstrates a left reverse total shoul-
der arthroplasty without evidence of hardware complication. The 
solid arrow points to the glenosphere. b Long-axis sonographic image 
of the posterior aspect of the same left shoulder during an ultrasound-
guided aspiration shows shadowing artifact (solid arrow) consistent 
with the glenosphere of the reverse total shoulder arthroplasty. The 
needle (open arrows) is seen in-plane, entering the joint capsule (star) 
with a medial to lateral approach. A total of 12 mL thick red fluid was 
aspirated
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the evaluation of dissociated/displaced components and 
can demonstrate signs of wear and component malalign-
ment, as well as be used to evaluate the integrity of the 
components.

Sonographic imaging

Sonographic findings of dissociated/displaced components, 
including polyethylene component dissociation and dis-
placement, are infrequently described in the literature with 
often only reference to the use of US to complement other 
modalities in the assessment of periarticular fluid collec-
tions, such as joint effusions and soft tissue changes [7]. 
The direct evaluation of hardware using US is limited due 
to shadowing artifacts and positioning. However, as the 
use of MSK US significantly increases, especially for the 
evaluation of soft tissues and the joint, knowledge of the 
appearance of dissociated/displaced components is crucial. 
Furthermore, US is preferred over MRI in patients with TJA 
in whom MRI is difficult to perform because of magnetic 
susceptibility artifacts and requires the use of metal artifact 
reduction sequences [33–36].

The smooth surfaces of the arthroplasty (Fig. 3) and 
the osseous contour can be assessed on US while evalu-
ating for linear echogenic structures in unexpected loca-
tions, such as displaced into the intraarticular fat pads or 
extraarticular soft tissues, which indicates displaced com-
ponents and warrants further evaluation and correlation 
with radiographs. For example, the polyethylene compo-
nent in a TKA can dissociate from its locking mecha-
nism and be seen displaced into the infrapatellar (Hoffa) 
fat pad [7] (Fig. 5a). Furthermore, a unique advantage 
of US is its capability to detect fragments of polyethyl-
ene, indicating component fracture. Also, displacement 
of the patellar resurfacing component of the TKA is a 
known and described complication [7, 50, 51] that can 
be identified with US when evaluating the periarticular 
soft tissues.

Adverse reaction to metallic debris

Background

Adverse reaction to metallic debris is an umbrella title 
encompassing metallosis, trunnionosis, pseudotumors, 
and aseptic lymphocytic vasculitis associated lesions 
(histological entity) [52]. Breakdown and loosening of 
components are inevitable. In the absence of infection, 
the most common complication in TJA is from the degra-
dation of arthroplasty components, both metal and poly-
ethylene, and their resultant effects on the surrounding 
tissues [7, 53]. Early degeneration of the polyethylene 

a

b

Fig. 4   Images of a 74-year-old woman following stage 1 revision of a left total 
shoulder arthroplasty due to a periprosthetic joint infection. a Anteroposte-
rior (Grashey) radiograph of the left shoulder demonstrates stage 1 revision 
changes, status posthardware removal of the left total shoulder arthroplasty 
with placement of an antibiotic cement spacer (arrow). G denotes the glenoid. 
b Long-axis sonographic image of the posterior aspect of the same left shoul-
der prior to an ultrasound-guided aspiration shows shadowing artifact consist-
ent with the antibiotic cement spacer (arrow) with the adjacent glenoid (G). 
The image reveals complex, incompletely compressible hypoechoic distention 
of the glenohumeral joint capsule (star) consistent with a combination of a 
complex joint effusion and synovial hypertrophy. A subsequent ultrasound-
guided aspiration resulted in 19 mL thin reddish fluid, which was sent for the 
requested analysis including a Cutibacterium acnes culture and α‐defensin 
which were both negative
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component can lead to the deposition of small particles 
of polyethylene into the joint space and surrounding tis-
sues, which is referred to as “plasticosis.” Particularly 
with older generation polyethylene (before the year 2000), 
the plastic debris can be very reactive and create oste-
olysis. Further wear or displacement of the polyethylene 
component can result in metal-on-metal (MoM) contact 
and subsequent deposition of metal products, which are 
predominantly oxides, a condition referred to as “metal-
losis” [7, 53–56] (Figs. 5 and 6).

Furthermore, adverse reaction to metallic debris is 
an emerging problem with MoM hip replacements [52]. 
Greater than 1.5 million MoM hip arthroplasties have been 
implanted worldwide [36, 57]. In the early 2000s, MoM 
arthroplasties made up 35% of all THA performed annu-
ally in the USA [36]. Singisetti and colleagues [52] have 
demonstrated that US is an inexpensive, noninvasive, and 
dynamic modality that can be used for the reliable diagnosis 
of adverse reactions to metallic debris including metallosis 
and MoM pseudotumors.

Metallosis/trunnionosis

Metallosis can cause local cytotoxic effects as well as an 
innate, adaptive, and cytokine-mediated inflammatory 
response. These effects can result in a large and sometimes 
painful joint effusion as well as resorption of adjacent bone 
with secondary loosening of prosthetic joint components [7, 
53–56]. Though uncommon, metallosis is relatively more 
prevalent in high-wear joint replacements, such as THA 
and TKA [7, 58, 59] (Figs. 5 and 6). As the MoM bearing 
choice has fallen out of favor in regards to THA, traditional 
metal-on-polyethylene bearing became the preferred surgical 
construct, at which time trunnionosis was becoming more 
recognized as another source of adverse reaction to metallic 
debris/metallosis. Trunnionosis is a generalized term used to 
encompass wear at the THA modular cobalt-chrome femoral 
head-titanium femoral stem interface (trunnion) via mechan-
ically assisted crevice corrosion [60] (Fig. 7).

Radiographs are again the first-line imaging modality and 
can demonstrate the characteristic findings of metallosis and 

Fig. 5   A 62-year-old man pre-
sented for evaluation of a pain-
ful right total knee arthroplasty, 
6 years following surgery. a 
Panoramic long-axis sono-
graphic image of the anterior 
knee, obtained with the knee 
in extension, at the level of the 
quadriceps tendon (Q), patella 
(Pat), patellar tendon (P), and 
tibial tubercle (T). The image 
reveals a large complex partially 
compressible hypoechoic supra-
patellar joint effusion (star) with 
curvilinear echogenic areas of 
shadowing (solid arrows) along 
the anterior aspect compatible 
with metallic debris and metal-
losis. A rectangular-shaped geo-
graphic echogenicity, centrally 
anechoic, (open arrow) is noted, 
inferior to the patella compat-
ible with anterior displacement 
of the polyethylene insert/liner 
into the infrapatellar (Hoffa) fat 
pad. b Photograph obtained of 
the aspirate obtained following 
the ultrasound-guided aspira-
tion of the right knee. Note 
the dense black color of the 
resultant aspirate, typical of 
metallosis and metal-induced 
synovitis. c During the stage-
one revision a synovectomy 
was performed showing diffuse 
black-stained synovium, also 
typical of metallosis and metal-
induced synovitis

a

b

c
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its secondary effects. Metallosis has both nonspecific and 
specific radiographic findings that have been described in 
the literature. The more specific findings are the appearance 

of metallic density within the joint effusion or an adjacent 
extrasynovial collection and include the “bubble sign,” the 
“metal-line sign,” and the “cloud sign.” The bubble sign 

Fig. 6   A 65-year-old woman 
complaining of pain and 
swelling, 4 years following 
placement of a left total knee 
arthroplasty. a Anteroposterior 
and b lateral radiographs of the 
left knee demonstrating a left 
total knee arthroplasty with 
lobulated dense joint capsu-
lar distention (bubble sign) 
(open arrows) consistent with 
metal-induced synovitis and 
metallosis. Note the anterior 
displacement of the disc-shaped 
lucent appearing polyethylene 
liner (solid arrows) resulting in 
complete loss of the joint space, 
metal-on-metal contact (star), 
and significant valgus align-
ment. c Photographs obtained 
during the staged revision 
reveal the densely black-stained 
synovium (solid arrows) and an 
anteriorly displaced polyeth-
ylene tray component (open 
arrows). d Photographs of the 
operative gross specimens show 
the removed displaced poly-
ethylene liner demonstrating 
marked asymmetric wear at the 
posterior aspect (black arrow) 
and significant corresponding 
asymmetric metallic erosion of 
the subjacent posterior aspect 
of the tibial metallic baseplate 
component (black arrow). 
(Operative images courtesy 
of Dr. Eddie El-Yussif, Henry 
Ford Macomb Hospital, Clinton 
Township, MI)

a

b

c

 

d  
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refers to metal deposition outlining the entire joint space 
with metallic density, giving a curvilinear bubble-like 
appearance. Similarly, the metal-line sign refers to a thin 
linear and less complete outlining of the joint capsule with 
metallic density. The cloud sign refers to amorphous fluffy 
or cloudy metallic densities in the joint space. Periprosthetic 
osteolysis is a nonspecific but more sensitive finding that can 
also be seen with metallosis. Computed tomography can also 
detect the metallic densities and is more sensitive at detect-
ing subtle osteolysis and characterizing the full extent of 
osseous loss for surgical planning [7].

The sonographic findings of metal-induced synovitis 
are rarely described in the literature with often only refer-
ence to the use of US to complement other modalities in the 
assessment of periarticular fluid collections such as joint 
effusions and soft tissue changes [7, 52, 61]. Metallosis is 
identified sonographically by the presence of synovitis and 
a complex joint effusion with a heterogeneous echotexture 
due to the combination of necrotic tissues, inflammatory 
cells, and metallic as well as plastic debris. Metal deposition 
around the fluid collection demonstrates echogenic shadow-
ing, which is the US correlate to the radiographic metal-line 
sign and bubble sign [7, 34] (Figs. 5–7).

Metal‑on‑metal pseudotumors

A MoM pseudotumor is a mass-like lesion of inflammation 
that can form surrounding MoM hip arthroplasties and is one 
presentation of an adverse reaction to metallic debris. MoM 
pseudotumors present as large, rapidly growing, and painful 
focal solid or complex cystic masses around hip arthroplast-
ies. They mimic the local effects of an infection or a tumor in 
the absence of both, causing extensive bone loss and tissue 
necrosis (Fig. 8). They may also cause a restricted range of 
motion [36, 52, 57, 61, 62].

Lainiala et al. [62], in their study, demonstrated that US 
had a high sensitivity and specificity for the detection of 
MoM pseudotumors when compared to intraoperative find-
ings at revision surgery. Current guidelines recommend lon-
gitudinal monitoring of at-risk MoM arthroplasty patients 
with either US or metal artifact reduction sequences MRI 
[36, 57]. During follow-up, the focus is on the relative inter-
val changes in symptoms, radiographs, laboratory tests, and 
imaging findings. Although MRI has the ability to detect 
adverse local soft tissue reactions, the potential disadvan-
tages of MRI include its high cost, lack of portability, and 
the obscuration of periprosthetic tissues by metal artifacts 
[36]. US images are not comprised of these metal artifacts 
and have the benefit of superior soft tissue resolution of both 
intracapsular and extracapsular pseudotumors [27, 62]. A 
study by Kwon and colleagues [36] demonstrated that US 
detected the interval change in the adverse local soft tissue 

a

b

Fig. 7   A 58-year-old man with a traditional metal-on-polyethylene right 
total hip arthroplasty, presenting with pain. a Anteroposterior radiograph 
of the right hip demonstrating the arthroplasty with lobulated dense 
joint capsular distention (bubble sign) (open arrows), most pronounced 
surrounding the femoral head-neck interface inferiorly consistent with 
trunnionosis. The solid arrow points to the femoral head component. b 
Long-axis ultrasound image of the anterior aspect of the left hip reveals 
shadowing artifact (solid arrow) compatible with the femoral head com-
ponent with adjacent complex echogenicity (open arrows) corresponding 
with trunnionosis and metal-induced synovitis
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reactions with higher accuracy, higher agreement, and 
smaller variability.

In US, MoM pseudotumors will present as complex het-
erogeneously hypoechoic masses and can be complex cystic, 
solid, or mixed with variable wall thicknesses (Fig. 8). 
Lesions can be extracapsular or less often, intracapsular 
(Fig. 9). The extracapsular pseudotumors typically demon-
strate a connection to the joint capsule and are most com-
monly located at the posterolateral aspect of the hip joint 
capsule. The identification of enlarging pseudotumors by 
US is critical as a predictor of soft tissue injury and pend-
ing tissue necrosis, potentially allowing revision prior to 
periprosthetic loosening [36, 52, 57, 61, 62].

Tendon pathology in joint arthroplasty

US has proven itself as an instrumental imaging tool for 
the diagnosis of tendon pathology [7, 23–27]. This is espe-
cially true in patients with arthroplasty hardware given the 
artifact hardware causes on MRI [27, 33–36]. Furthermore, 
the unmatched real-time dynamic imaging capabilities of 
US make it the gold standard for the diagnosis of hardware-
related tendon impingement/snapping [7, 23–27, 63, 64].

Subscapularis tendon tears

Subscapularis tendon tears are common in the symptomatic 
postarthroplasty shoulder. During total shoulder arthro-
plasty, a subscapularis tenotomy is typically performed, sur-
gically dividing the tendon in order to access the joint. The 
tendon is then repaired following arthroplasty placement, 
however, making it susceptible to postoperative tearing and 
complications. Subscapularis tears are associated with ante-
rior shoulder instability and can in turn lead to postoperative 
function loss, loss of active motion, and loosening of the 
glenoid component of the arthroplasty. Early diagnosis is 
important, not only to avoid these complications but to also 
prevent muscle belly atrophy and fatty infiltration [65].

US is an accurate method to evaluate the rotator cuff fol-
lowing shoulder arthroplasty and is a better alternative to MRI 
because of the lack of susceptibility artifact [27, 33–36, 65, 
66]. The subscapularis tendon is evaluated sonographically 
in both the long axis and short axis by placing the transducer 
on the anterior aspect of the shoulder which is positioned 
in external rotation. A full-thickness tear will present as an 
area of hypoechoic or anechoic echotexture with volume loss 
extending from the articular surface to the bursal surface and 
often with underlying bony irregularity and fluid in the adja-
cent subacromial-subdeltoid bursa (Fig. 10). When a defect 
is suspected, dynamic compression with the US transducer 
of any adjacent fluid can be performed to confirm the finding 
[24, 26, 27]. However, chronic full-thickness tears are more 

a

b

c

Fig. 8   A 71-year-old woman who presented for evaluation of a pain-
ful revision right total hip arthroplasty, 2 years following revision sur-
gery. a Sagittal computed tomography image of the right hip, in bone 
windows, demonstrates a complex mass (open arrows) at the anterior 
aspect of the femoral head component of the arthroplasty, within the 
iliopsoas bursa consistent with a pseudotumor. Punctate densities 
(solid arrow) are seen in the mass compatible with metallic densi-
ties. There is secondary extensive periprosthetic bone loss, especially 
involving the posterior acetabulum (solid star) consistent with loosen-
ing. b Panoramic long-axis and c short-axis ultrasound images of the 
anterior aspect of the right hip demonstrate smooth shadowing arti-
fact consistent with the femoral head component of the arthroplasty 
(open arrowheads). There is redemonstration of the complex echo-
genic mass (open arrows) anterior to the femoral head component and 
iliopsoas tendon (open stars), within the iliopsoas bursa, consistent 
with the pseudotumor with punctate echogenic foci corresponding to 
the metallic densities
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commonly associated with tendon retraction and less com-
monly present with joint or bursal fluid [24].

Gluteal tendon tears

Gluteal or abductor mechanism tears are a well-known cause 
of pain and altered gait following THA. This may be caused 
by the inadvertent intraoperative damage to the superior glu-
teal nerve, postoperative mechanical failure of a repaired 
abductor tenotomy at the greater trochanter, postoperative 
rupture, or altered biomechanics [67, 68]. The incidence of 
postsurgical gluteal tendon failure has been reported in as 
high as 22% of patients following THA [67]. Knowledge 
of and special attention to the THA surgical approach is 
extremely beneficial as patients having undergone THA uti-
lizing the direct lateral, anterolateral, or transgluteal surgi-
cal approaches that involve the release of the abductor ten-
don insertion from the greater trochanter or gluteal muscle 
splitting/release are particularly more at risk [67, 68]. For 
example, Bremer et al. [68] demonstrated that damage of 
the abductor tendons and fatty atrophy of the gluteus medius 
and gluteus minimus muscles were significantly less evident 
and less frequent when the direct anterior approach was per-
formed compared to a transgluteal approach.

US is also instrumental in the evaluation of the abduc-
tor/gluteal tendon tears following THA. The gluteus medius 
and minimus tendons should be evaluated at the greater tro-
chanter in both the long axis and short axis. Similar to any 
tendon, including the rotator cuff, the sonographic finding of 
a hypoechoic or anechoic often fluid-filled focal area within 
the gluteus medius or gluteus minimus tendon with an 
absence of a uniform fibrillar pattern and tendon detachment 
from the greater trochanter is consistent with a tear (Fig. 11). 
Dynamic compression of any adjacent or bursal fluid should 
also be performed and can occasionally fill an unexpected 
defect, confirming a tear [24, 26, 27, 33–36, 65, 66].

Quadriceps and patellar tendon tears

Extensor mechanism pathology in the knee following TKA 
and unicompartmental knee arthroplasty should be sus-
pected in the presence of anterior knee soft tissue swell-
ing, pain, and limitation in an active extension of the knee 

[69, 70]. Among the postoperative complications following 
TKA and unicompartmental knee arthroplasty, the frequency 
of extensor mechanism pathology, such as quadriceps and 
patellar tendon tears or ruptures, is 1–10%. During knee 
replacement surgery, the quadriceps is often split and the 

a

b

c

Fig. 9   A 63-year-old man who presents for follow-up in regards to 
his metal-on-metal left total hip arthroplasty. He has no pain but his 
serum titanium levels are significantly elevated. a Anteroposterior 
radiograph of the left hip shows a metal-on-metal left total hip arthro-
plasty without evidence of hardware complication or mass. b Pano-
ramic long-axis (LAX) and c short-axis (SAX) sonographic images of 
the anterior aspect of the left hip demonstrate smooth artifact consist-
ent with the acetabular component of the arthroplasty (open arrow-
heads). There is a complex heterogeneous intracapsular mass (open 
arrows) anteriorly consistent with a metal-on-metal pseudotumor

▸
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patella and extensor mechanism are subluxed or dislocated 
laterally, oftentimes for 45–60 min [69]. Postoperative ten-
don rupture is often related to trauma and is promoted by 
decreased postoperative tendon vascularization [70].

US of the extensor mechanism is performed by imag-
ing the anterior knee with the patient in the supine position 

with the knee slightly flexed 20°–30°, which functions to 
reduce any tendon laxity and minimize anisotropy artifact. 
The quadriceps and patellar tendons should be imaged in 
both the long axis and short axis, evaluating for the normal 

a

b

Fig. 10   An 83-year-old man who complains of anterior shoul-
der pain during a postoperative visit following placement of a total 
shoulder arthroplasty. The patient was referred for a shoulder ultra-
sound to evaluate for a possible tear of the subscapularis tendon 
repair following an abnormal radiograph. a Axillary radiograph of 
the right shoulder demonstrates a total shoulder arthroplasty. There 
is significant anterior subluxation of the humeral head component 
(solid arrow) in relation to the glenoid component (G). Note that the 
humeral head component approximates the coracoid (C). The arrow-
head denotes the area of the expected insertion of the subscapularis 
tendon at the lesser tuberosity. b Long-axis sonographic image of the 
anterior aspect of the right shoulder, at the level of the lesser tuber-
osity (arrowhead). The image redemonstrates anterior subluxation of 
the humeral head component (H) in relation to the glenoid component 
(G). There is a full-thickness retracted tear of the subscapularis ten-
don with the stump not seen as it is retracted medial to the coracoid 
(C). Complex hypoechoic fluid fills the expected location of the ten-
don insertion (open arrows)

a

b

Fig. 11   An 88-year-old woman, 4  years status postplacement of a 
left total hip arthroplasty, presenting with weakness with abduction 
and a suspected gluteal/abductor tear. a Long-axis and b short-axis 
ultrasound images were obtained at the level of the lateral hip demon-
strating a full-thickness retracted tear of the gluteus minimus tendon 
(solid arrow) from the greater trochanter (GT) with approximately 
4.5  cm of tendon retraction (calibers denote the retraction measure-
ment). The open arrow points to the absent gluteus minimus tendon 
insertion from the greater trochanter
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continuous and fibrillar appearance [25]. Creteur and col-
leagues [69] note that thickening of the quadriceps tendon 
by more than 50%, thickening of the patellar tendon by more 
than 90%, shortening of the patellar tendon by 8%, and loss 
of the normal fibrillar structure and focal hypoechoic areas 
within the tendons are commonly observed findings in early 
postoperative US imaging following TKA and should not 
be considered pathologic findings. However, an anechoic 
fluid-filled focal area, often with tendon retraction, involving 
the quadriceps or patellar tendon is consistent with a full-
thickness tear (Fig. 12). These full-thickness tears will often 
lead to the subsequent distal displacement of the patella 
(patella baja) in the case of a quadriceps tendon rupture and 

proximal displacement of the patella (patella alta) in the case 
of a patellar tendon rupture [25].

Iliopsoas tendinopathy, bursitis, and impingement/
snapping

Iliopsoas tendinopathy is a known extrinsic cause of hip pain 
after THA and is usually caused by impingement and friction 
on the iliopsoas tendon by the anterior aspect of the acetabu-
lar component or sometimes by the femoral head component 
itself in THA. This can occur with an excessive overhang of 
the acetabular component resulting from less than ideal ante-
version, or from larger femoral head components, particularly 
with dual mobility bearings [27]. The diagnosis is suspected 
based on history and physical examination. When the lower 
extremity is in a neutral position, the iliopsoas tendon lays over 
the acetabular component. In these patients, during hip flex-
ion, abduction, and external rotation, the tendon moves away 
from the bone/acetabular component. Subsequently, when the 
patient returns the hip/leg to its neutral position, the tendon 
then snaps against the acetabular component, making an audi-
ble and painful snap. This can result in iliopsoas tendinopathy 
and iliopsoas bursitis secondary to the repetitive friction on the 
tendon and may also lead to the enlargement and inflammation 
of the adjacent bursa [27, 63].

The unique benefit of real-time dynamic imaging with 
the patient renders US the gold standard for the diagnosis of 
iliopsoas impingement/snapping. Direct sonographic visu-
alization of the exact tendon translation mechanism during 
hip movement resulting in the abnormal tendon friction is 
used to make the diagnosis [27, 63, 64]. The patient is placed 
in a supine position with the hip in flexion, abduction, and 
external rotation and then instructed to actively move the 
hip back to neutral by extending, adducting, and internally 
rotating the hip while imaging the patient in real-time with 
the transducer on the anterior hip in the short axis [63]. In 
our experience, oftentimes instructing the patient to move 
the leg into whatever position that typically causes the snap-
ping while imaging sonographically is also beneficial in the 
diagnosis.

Furthermore, US is an excellent imaging modality to 
evaluate for the secondary iliopsoas tendinopathy and ili-
opsoas bursitis. In US, iliopsoas tendinosis presents as a 
thickened tendon with loss of the normal fibrillar structure 
and is often associated with hypoechogenicity. Attritional 
wear/partial-thickness tearing of the tendon can also occur 
and is diagnosed as tendon thinning and heterogeneity. A 
full-thickness tendon tear, near or at the level of the THA, 
can also be diagnosed when there is an absence of the ten-
don. Iliopsoas bursitis will present sonographically as fluid 
accumulation within the bursa, often complex and with 
subsequent pain with transducer pressure onto the bursa. 

a

b

Fig. 12   A 49-year-old woman with a left total knee arthroplasty 
presents with infrapatellar pain and weakness. a Cross-table lateral 
radiograph of the left knee demonstrates a left total knee arthroplasty. 
The solid arrow points to the anterior aspect of the tibial component 
baseplate. T denotes the proximal anterior tibia and the open arrow 
points to the expected location of the proximal patellar tendon inser-
tion at the inferior pole of the patella. b Long-axis sonographic image 
of the anterior aspect of the same knee reveals a full-thickness tear 
of the proximal aspect of the patellar tendon (open arrows) from the 
inferior pole of the patella (Pat). The open star corresponds to the 
anterior aspect of the tibial component baseplate. T denotes the proxi-
mal anterior tibia and P overlies the patellar tendon
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Also, by applying real-time Doppler to the bursa, associated 
hyperemia may be present in the acute state [27, 63].

Joint arthroplasty injections

Traditionally, the placement of corticosteroids within a 
TJA is avoided in order to reduce the risk of PJI and poten-
tially periprosthetic loosening [71]. Mills et al. [71] in their 
study state that the use of intraarticular corticosteroids with 
an existing TKA should be avoided given the dire conse-
quences of the injection. However, in the case of TKA for 
example, recovery can be challenging. It usually takes at 
least 3 months to recover and in some may take up to a year 
[72]. Moreover, in approximately 20% of patients, satisfac-
tory outcomes are not achieved and these patients go on to 
have persistent pain [71, 72]. In some instances, following 
thorough clinical and imaging investigations, the source of 
pain can be diagnosed as infection, aseptic loosening, or 
periprosthetic fracture. Conversely, in other patients with 
persistent pain, despite normal clinical and imaging findings, 
the cause is unknown or multifactorial; possible etiologies 
include component malposition, instability, arthrofibrosis, 
and soft tissue inflammation [71].

A more recent study by Klement and colleagues [72] 
suggests that intraarticular corticosteroids can be used in 
certain patients with TKA as a viable option for function 
improvement and symptom relief, but only after fully screen-
ing for PJI. Regardless, it is essential that close and direct 
communication occurs between the radiologist performing 
the US-guided procedure and the orthopedic surgeon who 
placed the arthroplasty before any procedure is performed.

US-guided injections in the extraarticular soft tissues in 
TJA patients, e.g., peritendinous and bursal injections, on 
the other hand are not uncommonly performed. However, 
when performing an US-guided injection in the soft tissues 
adjacent to an arthroplasty, caution must be taken by using 
constant real-time sonographic imaging of the needle tip in 
order to avoid passing the needle into the adjacent joint cap-
sule. Similarly, US-guided procedures are often performed for 
diagnostic purposes by utilizing only anesthetic injected into 
the extraarticular soft tissues in order to exclude a source of 
pain other than that related to the intraarticular hardware [27].

One commonly performed US-guided procedure in 
arthroplasty patients is an US-guided aspiration and injec-
tion of the iliopsoas bursa for the treatment of iliopsoas bur-
sitis, which can be caused by iliopsoas snapping as discussed 
above [27, 63]. Although these injections will often relieve 
the pain resulting from iliopsoas snapping, the snapping 
sensation itself often will not resolve [63]. Furthermore, 
it is critical to note that in 10–15% of the population, the 
iliopsoas bursa normally communicates with the hip joint, 

and therefore, a portion of the injectate can migrate to the 
arthroplasty, which could present a risk [27].

Conclusion

US plays a crucial role in the diagnosis of painful joint 
arthroplasty, especially given its unique dynamic capabili-
ties, convenience, and high resolution. US guidance is also 
instrumental for procedures in both diagnosing and in select 
cases, treating the painful joint arthroplasty.
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