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Background and Objective: Orthopedic prostheses have become increasingly prevalent in clinical 
practice in recent years. However, orthopedic prosthesis-associated infections (OPAI) have emerged as 
a serious complication associated with their use. Due to the variety of orthopedic implant types and the 
atypical clinical manifestations of OPAI, it is easy to cause delayed diagnosis and affect the prognosis of 
patients. The objective of this paper is to: (I) identify the potential imaging tools available to diagnose 
OPAI; (II) summarize the mechanisms and features by which each imaging modality can or cannot identify 
infection. 
Methods: All the published papers were obtained from PubMed and Web of Science Core Collection on 
1 February 2024. The study included original articles and reviews published in English between 2014 and 
2024. EndNote was used to remove duplicates. Two independent authors conducted a comprehensive review 
of the titles and abstracts of the remaining literature to assess their eligibility for inclusion. Following this 
initial screening, the authors meticulously analyzed the abstracts and examined the full texts to confirm their 
suitability for final inclusion.
Key Content and Findings: A total of 55 articles were finally included for this narrative review. 
This review mainly summarized and analyzed the diagnostic value of ultrasound (US), X-ray, computed 
tomography (CT), magnetic resonance imaging (MRI), and nuclear medicine for OPAI, evaluated the 
advantages and disadvantages of each imaging technology, and tried to illuminate the future direction of 
diagnostic imaging methods development in this field. 
Conclusions: Medical imaging has gained multidisciplinary recognition in the diagnosis of OPAI. 
Currently, there is an urgent need to establish large-scale, multicenter research projects. It is worth noting 
the key role of nuclear medicine diagnostic techniques and their unique metabolic information in the 
diagnosis of OPAI.
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Introduction

In recent years, patients have derived significant benefits 
from orthopedic prostheses. However, orthopedic 
prosthesis-associated infections (OPAI) represent one 
of the most serious complications of this intervention, 
particularly in the case of open fractures. Reports indicate 
that 14.8% of total hip arthroplasties in the United States 
require surgical intervention each year due to infections (1). 
Multiple surgical debridements, internal fixation procedures, 
or prosthesis removal are often necessary, resulting in 
complications associated with surgical failure, increased 
healthcare costs, and patient disability. As a result, OPAI 
pose an urgent challenge for orthopedic surgeons (2-4). 
Regarding the application of imaging in orthopedic internal 
fixation systems, primarily involving digital navigation in 
the early stages and imaging evaluation in later stages, there 
currently exists no universally recognized optimal detection 
method or diagnostic standard, despite the availability 
of various diagnostic techniques. Although diagnostic 
imaging is indispensable for the management of OPAI, the 
currently published guidelines do not sufficiently cover the 
diagnosis of OPAI by medical imaging and there are no 
detailed diagnostic criteria for this disease. Several published 
guidelines relating to OPAI are summarized in Table 1 (5-12).

Ultrasound (US) can be employed to identify potential 
warning signs of infection following arthroplasty; however, its 
efficacy diminishes when detecting deep-seated lesions (13).  
X-ray examination is beneficial to clarify the general scope 
of bone infection, and although indispensable, it lacks 
specificity (14). Computed tomography (CT) examinations 
are valuable for assessing the condition of bone tissue in 
detail, particularly in identifying necrotic bone within a 
lesion. Conversely, magnetic resonance imaging (MRI) 
provides a clearer depiction of the extent of infection 
and aids in delineating the boundaries for debridement, 
effectively detecting abnormal signals associated with 
bone infections. However, the diagnostic accuracy of 
both MRI and CT can be significantly compromised 
by artifacts produced by implants (15). In recent years, 
nuclear imaging has become increasingly employed for 
diagnosing orthopedic infections. This trend is based on 
the observation that metabolic changes often precede 
morphological alterations, and functional imaging modalities 

typically reveal pathological changes more promptly than 
conventional imaging techniques (16). Thus, this study 
aimed to: (I) identify the potential imaging tools available to 
diagnose OPAI (including X-ray, US, CT, MRI, and nuclear 
medicine); (II) summarize the mechanisms and features 
by which each imaging modality can or cannot identify 
infection (Tables 2,3). We present this article in accordance 
with the Narrative Review reporting checklist (available at 
https://qims.amegroups.com/article/view/10.21037/qims-
24-403/rc).

Methods 

The data was obtained from PubMed and Web of Science 
Core Collection on 1 February 2024. The study includes 
original articles and reviews written and published in English 
between 2014 and 2024 (Table 4). The retrieval strategy 
employed was as follows: ((((Orthopedics[Title/Abstract]) OR 
(bone[Title/Abstract])) AND ((Infections[Title/Abstract]) OR 
(Infection[Title/Abstract]))) AND ((((artificial joints[Title/
Abstract]) OR (fracture endoprostheses[Title/Abstract])) OR 
(implanted[Title/Abstract])) OR (Prosthesis[Title/Abstract]))) 
AND ((((((((Medical Imaging[Title/Abstract]) OR (CT[Title/
Abstract])) OR (MRI[Title/Abstract])) OR (PET[Title/
Abstract])) OR (SPECT[Title/Abstract])) OR (Medical 
Imaging diagnosis[Title/Abstract])) OR (ultrasound[Title/
Abstract])) OR (Nuclear Medicine[Title/Abstract])).

A total of 259 articles were retrieved from PubMed, and 
225 articles were obtained from the Web of Science Core 
Collection. After importing these articles into EndNote 
(Clarivate, Philadelphia, PN, USA) and using the software 
to remove duplicates, two independent authors conducted 
a comprehensive review of the titles and abstracts of the 
remaining literature to assess their eligibility for inclusion. 
Following this initial screening, the authors meticulously 
analyzed the abstracts and examined the full texts to confirm 
the final inclusion of 55 articles.

Main types of orthopedic prostheses

Existing orthopedic prostheses primarily consist of artificial 
joints, fracture endoprostheses, and other biological or 
chemical materials implanted in the human body, including 
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Table 1 Several guidelines for the clinical management of prosthetic joint infection and fracture-related infection

Society PJI FRI Otherwise

IDSA 2013 diagnosis and management of 
prosthetic joint infection: clinical practice 
guidelines by the Infectious Diseases 
Society of America (5)

EBJIS 2021 the EBJIS definition of periprosthetic 
joint infection (6)

2019 consensus document for the 
diagnosis of peripheral bone infection 
in adults: a joint paper by the EANM, 
EBJIS, and ESR (with ESCMID 
endorsement) (7)

AAOS 2021 management of periprosthetic 
infection after reverse shoulder 
arthroplasty (8)

2013 the new AAOS-ADA clinical 
practice guideline on prevention 
of orthopedic implant infection 
in patients undergoing dental 
procedures (9)

Chinese 
Orthopedic 
Association

2021 Chinese expert consensus on 
diagnosis and treatment of infection after 
fracture fixation (3)

ICM 2019 definition of periprosthetic joint 
infection, 2018 Philadelphia Consensus 
Update (10)

MSIS 2011 New definition for periprosthetic 
joint infection: from the Workgroup of the 
Musculoskeletal Infection Society (11)

EANM 2016 nuclear medicine imaging of 
posttraumatic osteomyelitis (12)

PJI, prosthetic joint infection; FRI, fracture-related infection; IDSA, Infectious Diseases Society of America; EBJIS, European Society 
for Bone and Joint Infections; AAOS, American Academy of Orthopedic Surgeons; ICM, International Consensus Conference; MSIS, 
Musculoskeletal Infections Association; EANM, European Association of Nuclear Medicine; ADA, American Dental Association; ESR, 
European Society or Radiology; ESCMID, European Society of Microbiology and Infectious Diseases.

bone cement and artificial bones (17-19). Among these, 
artificial joints and fracture fixation devices are two of the 
most common types of orthopedic prostheses. Overall, the 
clinical application of orthopedic implants is extensive and 
has significantly contributed to the advancement of the field 
of orthopedics.

Ultrasonography

US is a diagnostic technique that employs sound waves, 
which are reflected at the boundaries between tissues of 
differing densities, to generate real-time images. This 
non-invasive imaging modality offers visualization of the 
body without the use of ionizing radiation, making it a 
preferred option for a diverse range of patients (20). US 
can effectively identify potential warning signs of infection 

following arthroplasty, such as prosthesis instability or 
fractures. Research indicates that US has good diagnostic 
accuracy in detecting fractures in both the upper and lower 
extremities (21). Additionally, it is capable of identifying 
loosening of the prosthesis and assessing prosthesis 
movement. A previous study showed that US could detect 
periprosthetic complications, yet its effectiveness in 
identifying infections has remained a subject of debate (22). 
Furthermore, traditional diagnostic US is highly dependent 
on the operator’s skill and is less effective for evaluating 
deep lesions.

In addition to conventional US imaging techniques, 
ultrasonic lysis also contributes to the diagnosis of OPAI. This 
method utilizes cavitation to detach the biofilm surrounding 
the prosthesis, effectively releasing microorganisms and 
significantly enhancing the culture detection rate. Notably, 
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Table 3 Overview of nuclear medicine imaging methods, including their characteristics, advantages, and limitations

Nuclear medicine imaging Advantages Limitations

68Ga-citrate High-resolution imaging; assessment of 
metabolic activity; distinguish between 
infectious and non-infectious lesions

Requires delayed imaging (48 h), low 
specificity, limited spatial resolution

18F-fluorodeoxyglucose High resolution, high efficiency, simple 
operation, no need for direct handling of 
blood products

Chronic infections are poorly diagnosed

Radiolabeled leukocytes High specificity in the peripheral skeleton Poor central skeletal specificity, susceptibility 
to leukocyte status in vivo

99mTc-MDP three-phase bone scan/ 
99mTc-HMPAO-labeled WBC scan

Preferred imaging for orthopedic implant 
infections

Time-consuming, technically difficult, limited 
availability, low spatial resolution

99mTc HMPAO leukocyte/99mTc sulfur colloid 
bone (phytate) marrow scintigraphy

Less affected by leukocyte status in  
the body

Lack of sulfur colloids in some countries 
(inositol hexaphosphate substituted)

99mTc-labeled bisphosphonates High sensitivity; rapid imaging; wide 
availability

Low specificity in post-traumatic patients 
and post-surgical patients

Table 2 Overview of radiographic imaging methods, including their characteristics, advantages, and limitations

Radiographic imaging Diagnostic criteria Values and characteristics Limitations and disadvantages

Ultrasound Soft tissue thickening and 
congestion

Unaffected by metal artifacts; no 
ionizing radiation; low cost; can be 
used to guide injections and biopsies; 
good soft tissue assessment

Highly dependent on operator 
assessment; poor assessment 
of deep lesions

X-ray radiography Radiolucency, osteolysis, 
displacement

Low cost; higher spatial resolution; 
large imaging field of view

Ionizing radiation; insufficient 
sensitivity to soft tissue lesions; 
poor detection of complications 
such as osteolysis

Computed tomography Abnormal soft tissue density, 
periprosthetic osteolysis without 
distensible periosteal reaction, 
enlarged iliac lymph nodes

Prosthesis alignment to line change 
situation; non-invasive; osteolysis 
shows well; three-dimensional 
imaging

Susceptibility to metallic 
artifacts; ionizing radiation

Magnetic resonance 
imaging

On T2-weighted images, it 
appears as high signal intensity 
and does not enhance with 
gadolinium

Extremely sensitive to soft tissue, 
including neurovascular structures; 
no ionizing radiation; ability to image 
any cross-section; three-dimensional 
imaging; multi-sequence

Susceptible to metal artifacts; 
time-consuming

this process preserves the activity of pathogens. Recent 
advancements have led to the continuous research and 
development of embedded ultrasonic systems (23). These 
systems can simultaneously monitor prosthesis loosening 
and temperature changes to aid in diagnosing infections 
in orthopedic patients. The technology requires only two 
implanted components: a piezoelectric transducer and a 
coil that generates a pulse-echo response through a three-
coil inductive link. This streamlined approach to smart 

implants minimizes alterations to established implant 
designs, facilitating mass-market adoption and suggesting 
widespread future use.

Differentiating between prosthetic material infections 
and other complications is crucial for making appropriate 
management decisions. US imaging plays a valuable role in 
this process by providing characteristic features that aid in 
distinguishing infection from other conditions. 

(I)	 Prosthetic material infections: US imaging can 
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reveal specific signs indicating the presence of 
an infection in the prosthetic material. These 
signs may include the presence of pus or purulent 
material, fluid loculations, increased vascularity, 
and signs of implant malposition (24).

(II)	 Seroma and hematoma: US can assist in differentiating 
seroma and hematoma from prosthetic material 
infections by evaluating the fluid collection 
characteristics and the absence of infectious signs, 
such as pus. Seromas typically appear as anechoic or 
hypoechoic fluid collections, whereas hematomas 
exhibit echogenicity due to clot formation (25).

(III)	 Allergic reactions: US can exclude infection 
when assessing complications related to allergic 
reactions. It helps to identify soft tissue edema, 
inflammation, and increased blood flow, which are 
indicative of an immune response rather than an 
infectious process (24).

(IV)	 Mechanical issues and aseptic loosening: US 
imaging can visualize mechanical issues and aseptic 
loosening of prosthetic material. It can reveal signs 
such as implant migration, periprosthetic fluid, 
or soft tissue abnormalities related to prosthesis 
instability. These findings are not typically 
associated with infection (26).

(V)	 It is noteworthy that US-guided puncture diagnosis 
of soft tissue abscess is also a commonly used 
and effective technique. It offers several benefits 

and applications that improve accuracy, reduce 
complications, and aid in drainage procedures. 
Incorporating US guidance into clinical practice 
can enhance patient outcomes by optimizing 
diagnosis, treatment planning, and follow-up care.

Radiographic imaging

X-ray radiography

X-ray imaging is the preferred method for evaluating 
potential complications in symptomatic patients with 
OPAI (24). It offers sufficient spatial resolution for 
various diagnostic applications, and its relatively low cost 
is a significant advantage. X-ray imaging allows for clear 
visualization of prosthesis loosening and displacement, 
as well as the detection of early or late postoperative 
complications, including heterotopic ossification, prosthesis 
dislocation, and fractures. As a standard imaging technique, 
X-ray is widely utilized for postoperative joint replacement 
evaluation and routine follow-up (26,27). In patients with 
OPAI, X-ray films frequently reveal radiolucency, osteolysis, 
displacement, or a combination of these features (28). 
Dynamic series X-ray examinations, also referred to as 
stress or functional X-rays, involve capturing images while 
the patient performs specific movements or weight-bearing 
activities (29). These examinations offer valuable insights 
into the stability, alignment, and functionality of orthopedic 

Table 4 The search strategy summary

Items Specification

Date of search 1 February 2024

Databases and other sources searched PubMed and Web of Science Core Collection

Search terms used ((((Orthopedics[Title/Abstract]) OR (bone[Title/Abstract])) AND ((Infections[Title/Abstract]) 
OR (Infection[Title/Abstract]))) AND ((((artificial joints[Title/Abstract]) OR (fracture 
endoprostheses[Title/Abstract])) OR (implanted[Title/Abstract])) OR (Prosthesis[Title/
Abstract]))) AND ((((((((Medical Imaging[Title/Abstract]) OR (CT[Title/Abstract])) OR 
(MRI[Title/Abstract])) OR (PET[Title/Abstract])) OR (SPECT[Title/Abstract])) OR (Medical 
Imaging diagnosis[Title/Abstract])) OR (ultrasound[Title/Abstract])) OR (Nuclear 
Medicine[Title/Abstract]))

Timeframe 2014–2024

Inclusion and exclusion criteria Inclusion criteria: review or research articles in English

Exclusion criteria: duplicates, full text not available, not related to medical imaging

Selection process After remove of duplicates, two independent authors conducted a comprehensive review 
of the titles and abstracts of the remaining literature to assess their eligibility for inclusion. 
Consensus was obtained from the advice o f a senior physician
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implants. Dynamic series X-ray examinations hold 
significant diagnostic value for the assessment and treatment 
of OPAI. When considering the necessity of repeated X-ray 
examinations, it is crucial to weigh the benefits of imaging 
against the potential risks of radiation exposure. Decisions 
regarding X-ray examinations, including dynamic series 
X-rays, should be made based on clinical necessity and 
tailored to the individual patient’s circumstances. However, 
conventional X-ray plain films lack sufficient sensitivity for 
detecting soft tissue lesions, resulting in a low detection 
rate for complications such as osteolysis. Recently, the 
incorporation of artificial intelligence (AI) has enhanced 
diagnostic accuracy. For instance, Oka and colleagues 
developed the VGG16 AI system, which achieves high-
precision diagnosis by utilizing dual-plane X-ray images, 
even with a relatively small dataset (30).

CT

CT is a valuable diagnostic tool for OPAI, as it allows 
for the identification of severe soft tissue abnormalities 
surrounding the prosthesis, periprosthetic osteolysis 
without expansive periosteal reaction, and iliac lymph node 
enlargement (31). Advances in CT technology have enabled 
the visualization of both bone structures and soft tissues 
around the prosthesis. CT examinations provide a high level 
of detail, facilitating the assessment of prosthesis alignment 
changes (29). Compared to X-ray imaging, CT scans offer 
greater accuracy in detecting osteolysis and enable better 
evaluation of prosthesis dislocation and wear. However, in 
diagnosing fracture-related infections (FRI), the accuracy 
of CT is relatively low (32). Nonetheless, CT scans excel in 
determining the degree of fracture healing and the location 
and integrity of the prosthesis in FRI cases.

CT examinations utilize ionizing radiation, which can 
pose potential harm to patients due to the high radiation 
dose involved. Additionally, CT imaging is susceptible to 
metal artifacts when evaluating complications following 
joint replacement surgeries. Metal artifacts can cause 
disruptions in CT images, resulting in the appearance of 
hardening artifacts. These artifacts impair the ability to 
clearly visualize the soft tissue surrounding the prosthesis 
and can significantly degrade image quality (33). 

MRI

MRI is a non-invasive diagnostic technique that utilizes 
a powerful magnetic field, magnetic field gradients, and 

radio waves (34). This three-dimensional imaging tool 
offers several diagnostic advantages, including its ability to 
generate images without exposing the patient to ionizing 
radiation. Furthermore, MRI is capable of providing detailed 
visualization of any anatomical cross-section and exhibits 
high sensitivity in examining soft tissues. As a result, it allows 
for the accurate assessment of osteolysis, early detection of 
bone and muscle infections, and precise evaluation of the 
extent and severity of infection (29). Consequently, MRI is 
a valuable tool in the identification of orthopedic prosthesis 
failure, particularly in cases involving periprosthetic soft 
tissue abnormalities and bone marrow edema (35).

The use of MRI in the evaluation of orthopedic 
OPAI raises concerns due to the interaction between the 
magnetic field and the metal components of the prosthesis. 
However, research indicates that significant displacement 
of the prosthesis during the imaging process is infrequent. 
Moreover, when compared to CT, MRI is more costly, 
time-consuming, and offers limited value in assessing small 
periprosthetic osteolytic lesions and prosthesis positioning. 
Additionally, MRI does not provide guidance for joint 
punctures or tissue biopsies. Furthermore, the introduction 
of metal materials alters the B0 magnetic field strength 
and the Lamor frequency of the surrounding nuclear spins, 
resulting in distortion of MRI images due to metal artifact 
interference. Common manifestations of this interference 
include local loss of signal around the prosthesis and image 
deformation (36).

Several factors have been identified to contribute to 
image distortion, including the local frequency offset, 
type of sequence, scan thickness, and receiver bandwidth. 
By modifying MRI parameters and contrast parameters, 
it is possible to reduce artifacts and obtain high-quality 
diagnostic images. Furthermore, the intensity of the 
magnetic field is directly proportional to the degree of 
artifacts. In the diagnosis of OPAI, 1.5T nuclear magnetic 
resonance equipment is often preferred over 3.0T. Adjusting 
acquisition parameters can significantly enhance image 
quality, and the choice of pulse sequence also plays a crucial 
role. The commonly utilized sequences for diagnosing 
orthopedic implants via MRI include spin echo (SE), fast 
spin echo (FSE) imaging techniques, short tau inversion 
recovery (STIR), and the fat suppression technique known 
as the Dixon method (37,38).

Studies have shown that MRI can impact implants, and 
caution is necessary when using this imaging technique 
(39,40). The interaction between implants and the 
MRI magnetic field can cause magnetic field induction, 
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potentially resulting in movement or forces acting on 
metal implants in strong magnetic fields, which may lead to 
patient discomfort or prosthesis displacement. Therefore, 
prior to performing an MRI, healthcare providers typically 
assess the presence of metal implants that may interact 
with the magnetic field to determine the suitability of 
the examination. Furthermore, metal implants can cause 
heating effects during MRI scans, as they may absorb 
radiofrequency energy and generate heat, potentially 
causing tissue overheating and burns. To mitigate heating 
effects, modern MRI machines utilize low specific 
absorption rate (SAR) sequences and implement safety 
measures to reduce the risk of thermal injuries.

In recent years, there have been advancements in 
techniques aimed at reducing susceptibility artifacts in single-
point imaging, such as the utilization of images generated 
solely through phase encoding. Another technique, known 
as projection reconstruction, allows for the acquisition of 
gradient echo images with ultrashort echo times to minimize 
intra-primary dephasing. Pre-polarized MRI involves 
generating images at low b0 fields to reduce susceptibility 
effects. View angle tilting (VAT) imaging corrects for 
geometric displacements caused by b0 inhomogeneity. 
Furthermore, the development of metal artifact reduction 
sequences (MARS) has also been introduced (40).

Nuclear medicine

During routine radiographic examinations, indicators 
of orthopedic OPAI such as peripheral osteolysis, edge 
loosening, and periarticular calcification are frequently 
observed; however, these signs typically manifest at later 
stages of the infection. Metabolic changes often precede 
morphological alterations, and functional imaging 
modalities are adept at detecting pathological changes 
earlier than conventional imaging methods. Unlike 
anatomical imaging, nuclear imaging is a functional 
technique that remains unaffected by metal artifacts and can 
thus facilitate diagnosis before morphological tissue changes 
occur. Consequently, nuclear imaging technology is gaining 
recognition as a valuable diagnostic tool for identifying 
prosthesis infections. Nonetheless, there exists a notable 
gap in comprehensive research summarizing the application 
of nuclear imaging in this context.

Ga-citrate-based nuclear imaging 

Ga-citrate scintigraphy utilizing gallium-67 (67Ga) has been 

historically used for the detection of infections, including 
prosthetic hip infections. Additionally, 68Ga is commonly 
utilized as a positron-emitting radiopharmaceutical for 
functional imaging in various applications (41). Positron 
emission tomography (PET) imaging using 68Ga-labeled 
tracers has gained popularity in recent years for infection 
imaging due to its higher resolution and quantification 
capabilities. In a study by Salomäki et al. (42), it was 
demonstrated that 68Ga-citrate could effectively differentiate 
between bone infections and the normal process of bone 
healing following surgery. Tseng et al. (43) also suggested that 
68Ga-citrate PET/CT could be used to distinguish between 
infectious and non-infectious diseases after arthroplasty. 
However, the application of 68Ga-citrate scintigraphy for 
diagnosing OPAI has diminished in recent years due to 
various limitations, including the requirement for delayed 
imaging (48 hours), low specificity, and restricted spatial 
resolution. As a result of these drawbacks and the emergence 
of more advantageous compounds and techniques, the use 
of 68Ga-citrate as a standalone diagnostic tool for orthopedic 
prosthesis infections has become less common.

Radiolabeled leukocytes

Nuclide imaging using indium-111 (111In)-labeled leukocytes 
has demonstrated a high level of diagnostic accuracy, with 
a reported sensitivity of more than 95%. However, due 
to the more favorable imaging properties of 99mTc-labeled 
leukocytes (99mTc-WBC) following successful labeling 
with hexamethylpropylene amine oxime (HMPAO), they 
have replaced 111In-labeled leukocytes in most clinical 
applications (44). A study found that the sensitivity of the 
99mTc-HMPAO-labeled white blood cell (WBC) scan was 
similar to that of the 99mTc-MDP three-phase bone scan 
(TBS) for detecting bone infections (45). Moreover, in 
post-traumatic and postoperative cases, particularly in the 
surrounding bones, the specificity is also higher, reaching 
up to 90% (45). However, the interpretation of leukocyte 
images is complicated by the accumulation of radiolabeled 
leukocytes not only at the infection site but also in the 
hematopoietically active bone marrow. The extensive and 
localized expansion of the hematopoietically active bone 
marrow makes it challenging to determine whether the 
leukocyte accumulation indicates infection or involvement 
of the periprosthetic region. As a result, the specificity of 
this imaging technique is poor in the central skeleton and in 
patients with leukopenia.

Additionally, both 111In-WBC and 99mTc-WBC have 
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certain drawbacks, including the labor-intensive preparation 
process, the requirement for specialized equipment, and 
the handling of potentially infectious blood. Consequently, 
there is a need to develop radiopharmaceuticals that can 
offer comparable clinical performance to radiolabeled 
leukocytes (46).

Radiolabeled specific antigranulocyte monoclonal antibodies 
and nonspecific IgG

Radiolabeled antigranulocyte antibodies, such as 99mTc-
anti-CD15 immunoglobulin M (IgM) and 99mTc-anti-
NCA-95 IgG, have been developed for in vivo labeling 
of leukocytes and have shown to be effective for the 
diagnosis of osteoarticular infectious and inflammatory 
diseases. These antibodies accumulate in infected and 
inflamed areas primarily through non-specific extravasation, 
which is a result of increased vascular permeability and 
specific targeting of infiltrating granulocytes. The blood 
clearance of intact immunoglobulin G (IgG) antibodies 
is relatively slow, whereas antibody fragments [Fab' or 
F(ab')2] and IgM antibodies are cleared more rapidly. A 
meta-analysis conducted by Pakos et al. (46) reported a 
sensitivity and specificity of 83% and 80%, respectively, for 
anti-neutrophil scintigraphy in diagnosing osteoarticular 
infectious and inflammatory diseases. However, this method 
is not as effective in patients with neutropenia, and the 
use of antibiotics can reduce its clinical efficacy (47). The 
overall sensitivity of radiolabeled antibodies for detecting 
infections is approximately 80–90%. Although peripheral 
bone infections can be adequately visualized, the sensitivity 
decreases when the infection is closer to the spine. This 
is mainly due to the physiological uptake of normal bone 
marrow and limited infiltration of WBC, which poses a 
similar diagnostic challenge to those of 111In-WBC and 
99mTc-WBC imaging (48). Radiolabeled nonspecific human 
IgG also accumulates in infectious and inflammatory areas 
through non-specific extravasation facilitated by enhanced 
vascular permeability (49). 

99mTc-labeled bisphosphonates
99mTc-labeled bisphosphonates,  such as methylene 
diphosphonate (MDP) and hydroxymethylene diphosphonate 
(HDP), are widely used radiopharmaceuticals for imaging 
osteoblast activity. In cases of orthopedic prosthesis 
infections, there is an increase in osteoblast activity, and the 
detection of infection using 99mTc-MDP demonstrates high 

sensitivity (90%) (50). Generally, the TBS with 99mTc-MDP 
is highly sensitive in detecting bone infection. However, 
its specificity is influenced by specific circumstances. The 
specificity is high when the bone is not affected by other 
pathological conditions (approximately 90%), but it decreases 
significantly in post-traumatic patients and post-surgical 
patients (around 35%). Notably, recent advancements in 
AI have greatly enhanced the efficiency and accuracy of 
prosthetic joint infection diagnosis, as reported by Nie et al. 
in 2023 (51).

Reference criteria for differentiating between loosening 
and infection after total medullary arthroplasty using bone 
triphasic imaging have been outlined (52). Normal findings 
include: (I) no radioactive uptake observed at the bone-
prosthesis interface; (II) low radioactive uptake noted 
around the femoral neck-prosthesis; (III) low radioactive 
uptake observed around the femoral neck and localized to 
the femoral head-prosthesis; (IV) low radioactive uptake 
detected around the femoral neck and prosthesis shank. In 
cases of loosening, the following findings may be present: 
(I) high radioactive uptake at points of impingement (e.g., 
large and small rotors, prosthesis ends); (II) radiation uptake 
identified around the femoral head-prosthesis and femoral 
neck-prosthesis; (III) radiation uptake around the femoral 
neck and localized to the prosthetic stem. For cases of 
infection, single-photon emission computed tomography 
(SPECT) imaging reveals excessive bone-prosthesis 
radioactivity uptake as well as radioactivity uptake in the 
surrounding soft tissues.

99mTc-MDP TBS/99mTc-HMPAO-labeled WBC scan

The TBS technique using 99mTc-MDP involves three 
distinct phases that provide valuable information about the 
vascularity, soft tissue abnormalities, and bone metabolism 
in the area of interest. Blood flow phase: in this phase, 
the perfusion of the radiotracer is assessed, providing 
information about the vascularity of the area of interest. 
Blood pool phase: this phase involves delayed imaging after 
tracer injection, focusing on the dynamic vascular phase and 
identifying soft tissue abnormalities. Bone phase: this phase 
is performed several hours after the injection when the 
radiotracer accumulates in areas of active bone metabolism, 
helping identify abnormalities in bone structure or function.

Palestro et al. (53) reported satisfactory results from 
the combined analysis of radiolabeled leukocytes and 
bone marrow imaging, achieving over 95% accuracy 
in diagnosing OPAI. Currently, most authors consider 
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combined leukocyte and bone marrow imaging as the 
preferred modality for evaluating suspected orthopedic 
prosthesis infections due to its diagnostic efficacy. 
Complementing this approach, the combination of 99mTc-
MDP TBS and 99mTc-HMPAO-labeled WBC scan (WS) 
further improves diagnostic accuracy. Kim et al. (54) found 
that the combination of TBS and WS demonstrated better 
diagnostic accuracy (91.7%, 11/12) compared to WS alone 
(81.0%). This is attributed to the fact that MDP uptake 
reflects perfusion status and osteoblast activity, whereas 
leukocyte accumulation reflects leukocyte activity. These 
two imaging methods complement each other, enhancing 
diagnostic accuracy. For OPAI diagnosis, a gold standard 
is achieved with sensitivity ranging from 55% to 100% 
and specificity ranging from 94% to 100%. However, 
this method is hindered by time-consuming procedures, 
technical difficulties, limited availability, and sub-optimal 
spatial resolution.

99mTc HMPAO leukocyte/99mTc sulfur colloid bone (phytate) 
marrow scintigraphy 

Combining leukocyte scintigraphy (LS)/99mTc sulfur colloid 
bone marrow scintigraphy (BMS) achieves an accuracy of 
over 90%. This combined imaging approach is founded 
on the accumulation of both WBC and sulfur colloids in 
the bone marrow. WBC accumulate in infections, whereas 
sulfur colloids do not. Therefore, when there is activity 
observed in the leukocyte image and no corresponding 
activity in the bone marrow image of the sulfur colloid, 
the combined analysis of radiolabeled LS/BMS confirms 
infection (positive result), and vice versa indicates no 
infection (negative result).

Noronha et al. (55) discovered that 99mTc phytate and 
99mTc sulfur colloid have distinct biodistributions. 99mTc 
phytate is a scandium complex of inositol hexaphosphate 
that forms colloids in the body by chelating with the 
divalent ion Ca2+ in the blood, much like free ligands. It 
tends to accumulate in dense bone rather than bone marrow. 
Therefore, although its role as a bone marrow imaging 
agent is limited, it holds significant value in diagnosing 
OPAI. The combined therapy of radiolabeled leukocyte/
BMS demonstrated sensitivity, specificity, positive predictive 
value (PPV), negative predictive value (NPV), and accuracy 
rates of 100%, 83%, 83%, 100%, and 91%, respectively, 
for prosthetic infection diagnosis. In countries where 99mTc 
sulfur colloid is lacking, 99mTc phytate is often used as a 
suitable alternative. Thus, it becomes crucial to study the 

differences between these two contrast agents. Jung et al. (56) 
reported comparable diagnostic performance in a combined 
study of 99mTc HMPAO LS/99mTc phytate BMS to other 
studies utilizing sulfur colloids. Consequently, the combined 
99mTc HMPAO LS/99mTc phytate BMS holds promise as an 
acceptable alternative to combined radiolabeled LS/99mTc 
sulfur colloid BMS in regions or countries with limited 
access to 99mTc sulfur colloid.

18F-fluorodeoxyglucose (FDG) PET/CT

Metabolic changes often occur before morphological 
changes, and functional imaging modalities can detect 
pathological changes earlier than conventional imaging 
techniques. Therefore, using PET/CT to identify initial 
signs of bone infection shows promise. Research has 
demonstrated that PET/CT can effectively differentiate 
between bone infection and normal physiological activity. 
Additionally, the combination of simultaneous hybrid 
imaging with MRI and PET has the potential to detect 
early changes in infected tissue and improve the accuracy of 
assessing the extent of infection in the bone or soft tissues 
using morphological imaging.

FDG enters cells through glucose transporters, specifically 
glut-1 and glut-3. Hexokinase then phosphorylates 
18F-FDG within the cells, resulting in the formation of 
FDG-6-phosphate. This phosphorylated deoxyglucose 
cannot undergo further metabolism, causing 18F-FDG 
to accumulate in activated lymphocytes, neutrophils, and 
macrophages, with minimal decrease over time. These 
characteristics make 18F-FDG PET a suitable imaging 
technique for assessing various inflammatory and infectious 
diseases, offering promising prospects in the evaluation 
and diagnosis of infection and inflammation (57). In recent 
literature, 18F-FDG PET imaging has been proposed for 
the detection of OPAI (58). It is suggested that 18F-FDG 
PET/CT holds great potential in diagnosing and assessing 
the effectiveness of OPAI treatment. This relatively new 
method of evaluating periprosthetic infections offers 
significant advantages over combined leukocyte and bone 
marrow imaging, including improved resolution, time 
efficiency, use of a single radiotracer injection, simple 
operation, swift test completion (within 2 hours), and 
elimination of the need for direct manipulation of blood 
products, thereby reducing the risk of contamination by 
harmful pathogens.

Chatziioannou et al. (59) demonstrated the efficacy of 
18F-FDG PET/CT in evaluating the response to anti-
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infective treatment in prosthetic joint infections, using 
animal models. Additionally, Shemesh et al. (60) reported 
that 18F-FDG PET/CT can accurately identify infections 
and non-infectious causes of non-healing, soft tissue 
infections, and chronic osteomyelitis following arthroplasty, 
with a specificity of up to 100%. Kumar et al. (61) 
investigated the use of 18F-FDG PET/CT for diagnosing 
infections after hip arthroplasty and reported sensitivity 
and specificity of 93.7% and 92.3%, respectively. Basu  
et al. (62) conducted a PET imaging analysis of 221 patients 
with arthroplasty, showing improved sensitivity (33.3%) and 
specificity (88.5%) compared to leukapheresis. However, 
not all studies have concluded that PET imaging surpasses 
leukocyte imaging; Yue et al. (63) stated that 18F-FDG 
PET/CT cannot replace leukocyte imaging. To enhance 
specificity and resolution in 18F-FDG PET/CT imaging, 
in recent years, there have been efforts to label leukocytes 
in vitro with 18F-FDG. These labeled leukocytes have been 
validated for detecting periprosthetic joint infections, 
demonstrating high specificity, with sensitivity ranging 
from 87.0% to 93.3%, and specificity ranging from 82.0% 
to 97.4% (64,65). However, this method has the drawback 
of being time-consuming and not suitable for diagnosing 
chronic infections (66,67).

In addition to its successful use in diagnosing periprosthetic 
joint infection (PJI), qualitative assessment of 18F-FDG 
PET/CT scanning has also been shown to be effective in 
diagnosing FRI, with a diagnostic accuracy of 0.83 [95% 
confidence interval (CI): 0.77–0.89] and an area under the 
curve (AUC) of 0.84 (95% CI: 0.78–0.91) (68). Notably, 
the NPV of 0.91 was shown to be significantly higher than 
that of most other imaging methods, making 18F-FDG 
PET/CT an excellent tool for patients with chronic 
or low-grade infections (69). Furthermore, combining 
qualitative assessment with standardized uptake value (SUV) 
measurements improves diagnostic accuracy even further, 
yielding a diagnostic accuracy of 0.86 and an AUC of 0.89 
(95% CI: 0.84–0.95). This signifies that the inclusion of 
SUV measurements enhances diagnostic accuracy, albeit to 
a relatively small extent. In summary, although 18F-FDG 
PET/CT is a highly sensitive nuclear imaging technique, 
it lacks the necessary specificity to clearly differentiate 
between various conditions in suspected FRI cases (70) 
(Figures 1-3).

Initial diagnosis and follow-up of infections

The initial diagnosis of orthopedic prosthesis infection 

requires a comprehensive evaluation that includes the 
medical history, physical examination, laboratory tests, 
and imaging studies. For imaging, the initial approach 
predominantly involves X-ray examinations, such as 
standard radiographs in multiple views, to assess the 
implant’s position, stability, and surrounding bone integrity. 
Additionally, nuclear imaging techniques, including three-
phase bone scintigraphy or PET/CT, are utilized to evaluate 
inflammatory activity around the prosthesis, with positive 
results indicating the presence of infection. Subsequent 
management should be tailored to the individual patient’s 
circumstances. Throughout the treatment process, imaging 
studies play a crucial role in monitoring the resolution of 
inflammation and assessing treatment efficacy. Persistent 
symptoms or ambiguous imaging results may necessitate 
further diagnostic evaluations, including joint fluid cultures 
or tissue biopsies. Timely identification, diagnosis, and 
treatment of OPAI are essential to prevent complications 
and improve patient recovery outcomes.

Limitations and future directions

The current diagnosis of OPAI lacks standardized definitions 
for radiological features and the interpretation of radiological 
findings relies on subjective judgments due to the absence 
of quantitative criteria. Additionally, the absence of uniform 
diagnostic criteria hampers comparisons between studies. 
Inconsistencies in the use of terms such as “radiolucency”, 
“osteolysis”, “pseudotumor”, and “adverse tissue reaction” 
further complicate the conduct of meta-analyses. Most 
studies that we included were retrospective, with a paucity 
of prospective research on the radiological diagnosis 
of OPAI. Therefore, the need to establish large-scale, 
multicenter research protocols is urgent. Despite these 
limitations, there are promising developments in various 
technological fronts. In the realm of ultrasonographic 
diagnosis, the utilization of embedded US systems and 
post-cultivation US examination has extended beyond 
mere imaging capabilities, with new applications being 
explored. Embedded US systems refer to the integration of 
US technology into medical devices or implants, allowing 
for real-time imaging capabilities during procedures or 
continuous monitoring after implantation. Post-cultivation 
US examination involves using US imaging to assess 
cultivated tissue or cell cultures for various purposes. Post-
cultivation US examination involves using US imaging 
techniques to evaluate cultivated tissue or cell cultures. US 
examination helps to evaluate the morphology, viability, 
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and functionality of cultured cells, ensuring their suitability 
for downstream applications. US also enables non-
destructive monitoring of cellular behavior and response 
to various stimuli, aiding in research and development of 
therapeutic strategies. In the field of radiographic diagnosis, 
advancements in CT and MRI artifact removal techniques, 
radiomics, and AI could significantly enhance the accuracy 
of OPAI diagnosis. Nuclear medicine has also witnessed 
notable progress, with the widespread adoption of SPECT/
CT fusion imaging and the emergence of 18F-FDG PET/
CT, which have demonstrated the crucial role of nuclear 

medicine diagnostic techniques and their unique metabolic 
information in the diagnosis of OPAI. Consequently, these 
developments have become hot topics of research in this 
field. Furthermore, the development of microorganism-
specific diagnostic and therapeutic probes has introduced 
a novel approach toward enhancing the theranostics of 
OPAI. Nevertheless, relying on a single imaging modality 
may be insufficient for achieving a comprehensive diagnosis 
of OPAI. In cases where suspicion arises, the use of 
complementary imaging techniques should be considered to 
improve diagnostic accuracy and reliability.

Figure 1 A 56-year-old man after surgery for chondrosarcoma of the distal femur on the left side, followed by total joint replacement 
in 2020 experienced recurrent redness in the left knee for more than 6 months. 18F-FDG PET-CT imaging shows widening of the 
prosthesis’s surrounding gap, increased abnormal radiotracer uptake around the prosthesis with a SUVmax of 7.1, which indicate infection 
of the prosthesis. 18F-FDG PET-CT, 18F-fluorodeoxyglucose positron emission tomography/computed tomography; SUVmax, maximum 
standardized uptake value.
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Figure 2 18F-FDG PET-CT imaging shows peri-plate infection 
with sinus tract (SUVmax of 9.2) in a 28-year-old man after surgery 
for the right distal femur fracture for 1.5 years. 18F-FDG PET-CT, 
18F-fluorodeoxyglucose positron emission tomography/computed 
tomography; SUVmax, maximum standardized uptake value.

Figure 3 A 66-year-old man with a history of 6 months after 
surgery for distal fracture of the left tibia felt pain occasionally. 
18F-FDG PET-CT imaging shows infection in the non-
union of the left tibia with a SUVmax. 18F-FDG PET-CT, 
18F-fluorodeoxyglucose positron emission tomography/computed 
tomography; SUVmax, maximum standardized uptake value.
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