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is highly eff ective at pain relief. In many cases of late shoulder PJI, 
including those with unexpected positive cultures, a change in 
patient pain and dysfunction are often the only clinical manifesta-
tion. On the other hand, when pain does not normally diminish in 
the early recovery period after surgery (fi rst few weeks), PJI should 
also be suspected. Two hundred fi fty patients among 276 (90.6%) 
reported in 10 studies [1,5,6,8,10,14,19,20,23,24], suff ered from shoulder 
pain and impairment at the time of diagnosis, making pain a sensi-
tive symptom. Pain can be associated with other local signs (infl am-
matory wound, swelling, collection, fi stula), or may be present in 
isolation. In the case of a painful shoulder arthroplasty, establishing 
a diagnosis of infection is often diffi  cult and should be based on 
further investigation. Nevertheless, infection should be strongly 
considered in the case of a painful shoulder arthroplasty. In less than 
10% of cases, an infected shoulder prosthesis can be painless, but in 
these cases, there is always local evidence for an infection (infl amma-
tory wound, swelling, collection, fi stula).

Stiff ness
Limited range of motion is classically associated with shoulder 

periprosthetic infection, but was specifi cally reported in only 
one study (30 out of 44 patients; 68.2%) [5]. It frequently occurs in 
conjunction with pain, another nonspecifi c symptom.
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QUESTION 2: What radiographic fi ndings are concerning for shoulder periprosthetic joint 
infection (PJI)?

RECOMMENDATION: Radiographic fi ndings concerning for shoulder PJI include component loosening or migration, radiolucent lines, 
osteolysis, endosteal scalloping and new bone formation. Specifi cally, humeral loosening should signifi cantly raise the suspicion for 
shoulder PJI. 

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)
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RATIONALE 

A formal comprehensive literature search was performed to address 
this subject. PubMed, conference proceedings and Google scholar 
were searched using the following terms and keywords: infection, 
periprosthetic, prosthesis, arthroplasty, low-grade, total shoulder, 
shoulder arthroplasty, radiology, X-rays and imaging.

Plain Radiographs
The typical clinical presentation of an acutely infected shoulder 
arthroplasty includes (1) local symptoms, such as shoulder pain, 
decreased range of motion, erythema, swelling, wound drainage, 
draining sinus, purulence and warmth; and (2) systemic symptoms, 
such as fever, chills and malaise and positive markers ( erythrocyte 
sedimentation rate (ESR), C-reactive protein (CRP)). In the presence 
of these obvious signs of infection, any radiographic change will 
be att ributed to periprosthetic shoulder infection (PSI). However, 
depending on the virulence of the infecting organisms and the 
intensity of the host immune response, an infected arthroplasty can 
have subtle or even no clinical signs. This is true of most subacute 
and chronic PSI and almost universally true in revision of cases of 
apparently aseptic failure that are subsequently determined to be 
infected. Plain radiographs may help to determine the diagnosis of 
PSI. If any of the following are present, infection should be consid-
ered: non-traumatic periprosthetic fracture, fracture of the arthro-
plasty material, implant loosening, osteolysis without loosening, 
periosteal new bone formation, subluxation due to cuff  failure from 
infection or dislocation. 

Detection of periprosthetic lucency, loosening of the prosthesis 
components, eff usion, adjacent soft tissue gas or fl uid collection, 
or periosteal new bone formation around the hip arthroplasty may 
suggest infection, but none are either sensitive or specifi c [1]. A study 
of 65 patients with painful hip arthroplasties found that the pres-
ence of either lucency or periosteal new bone formation was 75% 
sensitive but only 28% specifi c for diagnosis of PJI [2]. Periosteal new 
bone formation alone was 100% specifi c but occurred in only 16% of 
patients with PJI. Serial radiographs with progressively expanding 
lucency over several months may also suggest PJI. 

Plain radiographs are essential for the evaluation of any painful 
shoulder arthroplasty but are neither sensitive nor specifi c for the 
diagnosis of low-grade indolent infection. Typical radiographic fi nd-
ings that suggest periprosthetic infection include radiolucent lines 
around the components, osteolysis, bone erosion, endosteal scal-
loping, new periosteal bone formation and shift of the components. 
These fi ndings are, however, often absent in indolent or low-grade 
infection. 

In a review of 193 revision shoulder arthroplasty patients 
without obvious clinical evidence of infection, Pott inger et al. [3] 
reported a 56% incidence of unexpected positive intraoperative 
culture, with C. acnes being identifi ed most commonly in 69% of the 
positive cultures. They found that humeral component loosening 
and humeral osteolysis on plain radiographs were associated with 
3-fold and 10-fold increases, respectively, in the risk of a positive C. 
acnes culture. 

Radiolucent lines around the glenoid component have been 
reported to be common even in the immediate postoperative period 
[4–6]. Interpretation of these radiolucent lines in the absence of 
clinical symptoms or signs should be done with caution so as not to 
inappropriately assume that there is an infection. However, radio-
lucent lines that appear relatively early after surgery and those that 
are signifi cant enough to cause loosening of the component should 

always raise a high index of suspicion of infection, especially in the 
presence of pain or stiff ness.

Computed Tomography (CT) Scans
CT scans are often used in revision shoulder arthroplasty for 

evaluation of the remaining bone stock, implant position and loos-
ening, glenoid component wear, soft tissue swelling, fl uid collection, 
and rotator cuff  tendon and muscle pathology. However, the value of 
CT scan as a direct diagnostic modality for infection is limited to the 
identifi cation of the same structural changes as observed in plain 
radiographs, and the metal artifact from the implants can make the 
interpretation diffi  cult. 

If there is a need for computed tomography arthrography, such 
as for evaluation of rotator cuff  integrity or glenoid loosening, a joint 
aspiration can be performed concomitantly for synovial fl uid anal-
ysis and culture. 

CT has the advantages of high spatial resolution and allows for 
the evaluation of signs of infection in the periprosthetic tissues. One 
study found that detection of joint distention upon CT imaging was 
highly sensitive (83%) and specifi c (96%) for suspected hip arthro-
plasty infection [2]. However, the added benefi t of these fi ndings 
beyond history, physical examination and plain radiographs is 
unclear. The same study found no diff erence in the evaluation of the 
bony structures compared to the use of plain radiographs. 

Magnetic Resonance Imaging (MRI) 
MRI is of litt le value in the diagnosis of infection because of 

metal artifact from implants and is seldom used. Adjustments in 
the image acquisition parameters can lessen but not eliminate 
these artifacts. The metal artifact reduction sequence (MARS) can 
be helpful is some occasions. The MARS technique allows visualiza-
tion of structures adjacent to metal implants and may improve visu-
alisation of periprosthetic bone and soft-tissue structures near total 
shoulder arthroplasty [7,8].

Nuclear imaging 
Currently, litt le is known about the diagnostic accuracy of 

nuclear imaging for indolent or low-grade periprosthetic shoulder 
joint infection (PSJI). It is reported to have a limited direct role in 
diagnosis of lower extremity PJI [9,10].

Technetium Tc99m bone scintigraphy is sensitive for identifying 
a failed arthroplasty but cannot diff erentiate between infection and 
aseptic failure. Neither periprosthetic uptake patt erns nor perfor-
mance of the test as a 3-phase study signifi cantly improves the accu-
racy, which is only about 50% to 70% [9].

Three-phase bone scintigraphy is one of the most widely 
utilized imaging techniques in the diagnosis of PJI. The intensity of 
uptake following injection of the radiopharmaceutical is measured 
at three diff erent time points, corresponding to blood fl ow (imme-
diate), blood pool (at 15 min) and late (at 2 to 4 h) time points [11,12]. 
Uptake at the prosthesis interfaces at the blood pool and late time 
points suggests PJI. A limitation of this technique is the lack of 
specifi city.

Asymptomatic patients frequently have uptake detected by 
delayed-phase imaging in the fi rst year or two after implantation 
[13]. Given that many PJI occur within this time period, this lack of 
specifi city, reportedly as low as 18%, is a limitation for the use of this 
technology. However, three-phase bone scintigraphy may be more 
useful for PJI occurring late after arthroplasty.
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A study of 92 patients undergoing evaluation for revision of 
hip arthroplasty at mean of 9 years after implantation found that 
increased uptake at both the second and third phases provided 
sensitivity and specifi city for making an accurate diagnosis of 68% 
and 76%, respectively [14]. The fact that only a minority of these 
patients underwent revision limits comparison to a true diagnostic 
gold standard. Another study reported a sensitivity of 88% and a spec-
ifi city of 90% for detecting PJI in 46 patients at a mean of 8.5 years 
after hip arthroplasty [15].

Other imaging modalities may be performed in conjunction 
with bone scintigraphy in an eff ort to increase specifi city. Radioac-
tive Indium (In111) is used to label autologous leukocytes, which 
are then re-injected with images being obtained 24 hours later. A 
positive scan is typically considered when there is uptake on the 
labeled leukocyte image, with absent or decreased uptake at the 
same location on the late-phase bone scan [16]. A late-phase bone 
scan combined with a 111In leukocyte scan was 64% sensitive and 70% 
specifi c for detection of PJI in 166 revision knee or hip arthroplasties 
at a median of 7 years after implantation [17].

Indium In 111-labeled white blood cell (WBC) scan has been 
regarded as the gold standard technique for diagnosis of infectious 
conditions that involve local accumulation of leucocytes (usually 
pyogenic organisms) [18]; however, the accuracy for PSJI is reported 
to be poor. In a study of 17 patients with verifi ed PSJI, Strickland et 
al. [19] reported that 111In-labeled WBC count scan was obtained in 
eight shoulders and all scans were negative. Variable and often poor 
sensitivity and specifi city of nuclear imaging in diagnosis of PSJI 
make the interpretation of the fi ndings diffi  cult [20].

Other studies using slightly diff erent technologies have reported 
somewhat higher accuracies, with sensitivities ranging from 77 
to 100% and specifi cities ranging from 86 to 91% [16,21,22]. Fluoro-
2-deoxyglucose [18F-FDG] positron emission tomography (FDG-PET) 
is widely used in cancer care and treatment and has emerged as a 
diagnostic modality for PJI. A meta-analysis of 11 studies involving 
635 prosthetic hip and knee arthroplasties found that FDG-PET had 
pooled sensitivity and specifi city values of 82.1% and 86.6%, respec-
tively, for the diagnosis of PJI [23–27]. 

While several nuclear imaging techniques [28] have been used 
to diagnosis PJI, the most accurate and cost-eff ective technique has 
yet to be elucidated. Furthermore, with the high cost of performing 
and analyzing nuclear imaging, its role in the workup for PJI should 
be limited. As such, there is rare utility for nuclear imaging with the 
multitude of more cost-eff ective measures. 
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