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ABSTRACT

Nuclear medicine has become essential in diagnosing and treating musculoskeletal infections. Radionuclide tests are
valuable for diagnosing prosthetic joint infections, osteomyelitis, or spondylodiscitis. The choice of imaging method
depends on parameters like the affected area, potential involvement beyond bones, or previous bone/joint problems. This
review discusses traditional radionuclide imaging and recent fusion imaging advancements for diagnosing
musculoskeletal infections. It also looks into how radionuclide scans track treatment responses and current patterns in
their utilization. This update will interest orthopedic surgeons, rheumatologists, internists, radiologists, rehabilitation
physicians, and others in musculoskeletal pathology. Musculoskeletal infections pose significant challenges in diagnosis
and treatment, often necessitating a multidisciplinary approach for effective management. Nuclear medicine techniques
have emerged as valuable tools in the diagnostic armamentarium, offering insights into the pathophysiology and aiding
in the timely and accurate detection of infections. This review provides an overview of evolving approaches in the nuclear
medicine landscape for musculoskeletal infections, highlighting recent advancements, challenges, and future directions.
Keywords: Musculoskeletal infection, scintigraphy, FDG-PET/TC, osteomyelitis, spondylodiscitis, nuclear medicine,
periprosthetic infections, septic arthritis.
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INTRODUCTION

Musculoskeletal infections include a range of circumstances, from superficial skin infections to deep-seated
osteomyelitis and also prosthetic joint infections. Prompt and accurate diagnosis is important for initiating
proper treatment and preventing long-term complications [1]. While assessing musculoskeletal infections,
traditional imaging modalities like radiography, magnetic resonance imaging (MRI), and computed
tomography (CT) are essential.; however, they may lack sensitivity and specificity in certain clinical
scenarios. Nuclear medicine techniques offer complementary information, enabling the detection of
infection at an early stage and guiding therapeutic decision-making [2].

Nuclear medicine (NM) examinations are crucial for diagnosing and characterizing infections and
inflammation in rheumatology. They are particularly important for identifying and evaluating
musculoskeletal (MSK) infections, which includes infectious spondylodiscitis (SD), prosthetic joint
infections (P]I) and osteomyelitis (OM) [3].

NM tests includes administering a radionuclide intravenously, emitting detectable radiation for assessment
using a gamma camera. This method allows the identification of atypical bone metabolism, presenting as
areas with increased radionuclide uptake. Such scans provide metabolic and functional insights, often
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revealing early disease stages before morphological changes occur. The appropriate investigation should
be designed exclusively to each and every patient and clinical situation, because not a single radionuclide
agent is efficient universally for all bone sites. [4].

Although traditional radionuclide imaging techniques like the gallium scan, radiolabeled leukocyte scan,
and three-phase bone scan has long been utilized to diagnose MSK infection, questions regarding their
diagnostic limits have arisen [5]. To tackle this, combined imaging scans like positron emission tomography
with CT (PET/CT) accompanied by computed tomography (SPECT/CT) and single-photon emission
computed tomography are being developed. These approaches are essential for biasing between soft tissue
as well as bone infections because they provide morphological data. This review thoroughly examines the
current applications of nuclear medicine (NM) and its potential future uses in managing musculoskeletal
(MSK) infections [6].
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Figure 1. Role of Radiopharmaceuticals in diagnosis

Role of Nuclear Medicine in Musculoskeletal Infections

Radiolabeled Leukocyte Scintigraphy

Radiolabeled leukocyte scintigraphy, using agents such as technetium-99m (Tc-99m)
hexamethylpropylene amine oxime (HMPAO) or indium-111 (In-111) oxine, has been widely utilized for
the detection of musculoskeletal infections [7]. By exploiting the phagocytic activity of leukocytes, this
technique facilitates the localization of inflammatory foci with high sensitivity, allowing for differentiating
infection from sterile inflammation. Radiolabeled leukocyte scintigraphy exhibits high sensitivity
(approximately 90%) and specificity (approximately 85-95%) for diagnosing musculoskeletal infections,
with the added advantage of whole-body imaging capability [8]. Despite its utility, limitations such as the
need for leukocyte isolation and radiotracer preparation, as well as potential false-positive results in cases
of sterile inflammation, have been reported [9].

Gallium-67 Citrate Scintigraphy

Gallium-67 citrate scintigraphy has been beneficial in the diagnosis of persistent osteomyelitis as well as
infected prosthetic joints. Accumulation of gallium-67 within infectious sites reflects increased vascular
permeability and inflammatory activity, aiding in the localization and characterization of musculoskeletal
infections. Gallium-67, a radiotracer with a strong affinity for inflammatory cells, concentrates in regions
of infection due to enhanced vascular permeability along with the presence of activated macrophages. [10].
While gallium scintigraphy demonstrates good sensitivity for detecting musculoskeletal infections, ranging
from 70% to 90%, its specificity may be compromised by non-specific uptake in areas of trauma, neoplasia,
or granulomatous inflammation. Additionally, delayed imaging at 48-72 hours post-injection may be
necessary to differentiate between infection and non-specific uptake [11].

18F-FDG PET/CT

18F-fluorodeoxyglucose (FDG) positron emission tomography in conjunction with computed tomography
(PET/CT) has been developed as an effective imaging method for evaluating musculoskeletal infections.
[12]. FDG is a glucose analog that accumulates within metabolically active tissues, including inflammatory
lesions and infected areas. PET/CT provides high-resolution anatomical localization along with metabolic
information, enhancing the sensitivity as well as specificity of infection detection. Meta-analyses have

BEPLS Vol 12 [11] October 2023 419|Page ©2023 Author



demonstrated pooled sensitivity and also specificity values of around 90% and 80-85%, respectively, for
18F-FDG PET/CT in detecting musculoskeletal infections. Moreover, PET/CT enables the diagnosis of
occult infections, evaluation of treatment response, and localization of infectious foci in challenging
anatomical locations [13].

Novel Radiotracers and Imaging Approaches

Ongoing research efforts focus on the development of novel radiotracers targeting specific molecular
pathways associated with infection, such as bacterial cell wall synthesis, metabolic activity, or immune
response markers [14]. For instance, radiolabeled antibiotics, peptides, or antibodies have been
investigated for their potential to selectively bind to bacterial targets or host inflammatory markers,
enabling the precise localization of infectious foci. Furthermore, advanced imaging techniques, such as
PET/MR], offer the combined strengths of molecular imaging with superior soft tissue contrast, facilitating
comprehensive evaluation and accurate localization of musculoskeletal infections [15].

Potential Advancements in Bone Infection Treatment: Novel Radiopharmaceuticals

As fusion imaging becomes more prevalent in clinical settings, there's a growing focus on innovating SPECT
or PET radiopharmaceuticals and enhancing SPECT or PET/CT systems. These advancements aim to
produce higher-resolution images at a quicker pace compared to conventional methods.
Gallium-68-Citrate (¢8Ga)

68Ga in the form of ¢8Ga -citrate proves to be more effective than ¢7Ga-citrate in diagnosing bone infections.
Its shorter physical half-life (68 minutes) allows for higher tracer doses and reduced patient dosimetry
compared to ¢7Ga. Imaging conducted a few hours after administering the radiopharmaceutical yields
superior image quality compared to ¢7Ga. However, both ¢8Ga and ¢7Ga exhibit uptake via nonspecific
mechanisms in inflammation, trauma, malignancies, and infections [16]. While the significance of ¢8Ga-
citrate imaging in musculoskeletal infections (MSK) requires further exploration, limited data suggest
promising results. For example, in an investigation conducted by Nanni et al., 8Ga-citrate revealed a level
of specificity of 76% and sensitivity of 100% in identifying spinal osteomyelitis. A research carried out by
Tseng et al. included 34 patients, suspected with prosthetic hip/knee joint infections who received ¢8Ga-
citrate PET/CT along with sequential 18F-FDG PET/CT imaging [17]. The research disclosed that ¢8Ga-
citrate had a higher specificity and also similar sensitivity to 18F-FDG PET/CT in detecting infections.
Furthermore, it efficiently differentiated across infected as well as sterile inflammation. [18, 19].

Sodium Fluoride (18F-NaF)

Recently, the use of sodium fluoride (18F-NaF) in combination with PET/CT has been reinstated. Because
osseous blood flow and bone remodeling have an impact on 18F-NaF absorption, it is an extremely sensitive
technique for examining bone remodeling brought on by infection or inflammation. Since 18F-NaF is a
radiotracer that predominantly measures cortical osteoblastic function, it has the important attribute of
being independent of marrow activity [20]. Because of its better target-to-background ratio, sensitivity, as
well as spatial resolution, 18F-NaF PET/CT may therefore be a useful substitute for triphasic 99mTc scans
[21]. Nevertheless, disadvantages include increased expense, marginally higher radiation dose, and maybe
higher false-positive rates because of greater absorption at degenerative change sites.

A research was carried out with 23 patients with probable condition of post-surgical bone infection, who
received dual-phase F-18-NaF bone PET/CT and found a sensitivity of 92.9%, specificity of 100.0%, and
accuracy of 95.7% [22]. Furthermore, a systematic review was documented with data pertaining to
dynamic or multi-sequential 18F-NaF PET used in diagnosis and differentiation of septic as well as aseptic
loosening in hip prostheses. The outcome of the study was found to have a diagnostic sensitivity along with
specificity of 97.04% and 88.11% respectively, for identifying periprosthetic joint infection (PJI). In
accordance with this, a current clinical trial (NCT04842071) is looking into the safety as well as efficacy of
18F-NaF PET/CT as an alternative to triphasic 99mTc scans [23].

Technetium-Labelled Interleukin-8 (IL-8)

Technetium-labelled Interleukin-8 (IL-8) is a radiopharmaceutical used in nuclear medicine for imaging
purposes, particularly in the context of inflammation detection. Interleukin-8 (IL-8) is a chemokine, a type
of signaling molecule involved in the immune response, particularly in the recruitment of white blood cells
to sites of inflammation.

In the context of medical imaging, technetium (Tc) is a radioactive isotope commonly used in
radiopharmaceuticals due to its favorable nuclear properties and low radiation exposure risk to patients.
By labelling IL-8 with technetium, it becomes possible to track and visualize the distribution of IL-8 in the
body using imaging techniques such as single-photon emission computed tomography (SPECT) or gamma
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camera imaging. This technique allows clinicians to non-invasively assess areas of inflammation or
infection in the body. Technetium-labelled IL-8 can be particularly useful in diagnosing conditions such as
osteomyelitis, inflammatory bowel disease, and certain types of infections [24].

The process typically involves isolating and purifying IL-8, conjugating it with a technetium radioisotope,
and then administering it to the patient intravenously. The labelled IL-8 then binds to specific receptors in
inflamed tissue, allowing for the visualization and quantification of inflammation through imaging scans.
In rabbit models of osteomyelitis (OM), IL-8 tagged with 99mTc could detect OM lesions. The initial clinical
study of 99mTc-IL-8 scintigraphy revealed great tracer tolerance, which enabled the detection of different
infections in patients at the 4-hour point post-injection [25-27].

Radiolabeled Antibiotics

Numerous researchers have developed innovative tracers utilizing antibiotic compounds to enhance the
specificity of bone infection detection, with a significant portion of these tracers labeled with 99m-Tc for
SPECT imaging. Among the examples of 9mTc-labeled drugs are ciprofloxacin, enrofloxacin, norfloxacin,
cephazolin, ceftizoxime, ertapenem, isoniazid, and metronidazole. However, the emergence of resistance
poses a substantial difficulty in antibiotic therapy for infections and imaging with 99mTc-labeled medicines
[28-29].

The most widely explored radiolabeled antibiotic in musculoskeletal (MSK) infections is 99mTec-
ciprofloxacin, which has shown good sensitivity and specificity in identifying MSK infections in published
trials. However, excessive bone neoformation, aseptic osteoarticular disorders, and primary bone
malignancies should be avoided since they may result in false-positive results [30]. Certain investigations
have shown that 99mTc-ciprofloxacin is more effective than bone/gallium imaging and labeled leukocyte
bone scans in the treatment of suspected periprosthetic joint infection. It may also be useful for tracking
antibiotic responses. Despite exciting concepts and good preliminary results, the current state of
development of these tracers makes them premature for immediate routine clinical application [31].

One drawback of labeling antibiotics with radiometals such as 99m-Tc is the potential to affect the
antibiotic's ability to penetrate bacteria or interfere with its binding to intracellular targets [32]. To address
this limitation, researchers might explore the use of PET-compatible "organic” radionuclides like 13N or
11C, as well as 18F-based compounds like 18F-linezolid or 11C-isoniazid/rifampicin/pyrazinamide, which
have been investigated in animal studies. These alternatives, characterized by their relatively small atomic
radius, are anticipated to minimally impact the molecular structure of the antibiotic [33].

Remarkably, [11C]-trimethoprim ([11C] TMP) has been trialed in human subjects utilizing PET/CT. Lee et
al. employed [11C]-TMP PET/CT in patients afflicted with infections caused by both trimethoprim-sensitive
and trimethoprim-resistant organisms, revealing localized radiotracer uptake at sites of infectious lesions
[34]. Another notable PET tracer based on antibiotics is 18F-fluoropropyl-trimethoprim ([18F] F-TMP), an
analogue of the bacterial dihydrofolate reductase inhibitor. PET studies have demonstrated its ability to
differentiate between infection, chemical inflammation, and malignancies in rodent models. An ongoing
clinical investigation (NCT04263792) is evaluating the biodistribution and kinetics of [18F] F-TMP PET/CT
in human subjects [35-38].

CHALLENGES AND LIMITATIONS

Despite the advantages offered by nuclear medicine techniques in diagnosing musculoskeletal infections,
several challenges and limitations persist. Interpretation of imaging findings requires expertise To
distinguish infection from other causes of inflammation. accurately. False-positive results may occur in
cases of sterile inflammation, recent surgery, or trauma, necessitating correlation with clinical and
microbiological data [39]. Furthermore, concerns regarding radiation exposure, tracer availability, and
cost-effectiveness may impact the widespread adoption of nuclear medicine modalities in routine clinical
practice. Standardization of imaging protocols, optimization of radiotracer production, and validation of
quantitative imaging biomarkers are essential steps toward addressing these challenges and enhancing the
clinical utility of nuclear medicine imaging in musculoskeletal infections [40].

FUTURE DIRECTIONS

Future directions in nuclear medicine for musculoskeletal infections encompass several areas of research
and development aimed at overcoming existing limitations and expanding diagnostic capabilities. This
includes the refinement of imaging protocols to improve diagnostic accuracy and reduce radiation
exposure, particularly in vulnerable patient populations such as children and pregnant women. Moreover,
efforts to develop targeted molecular imaging strategies, utilizing radiotracers specific to bacterial
virulence factors or host immune responses, hold promise for enhancing the specificity and sensitivity of
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infection detection. Integration of artificial intelligence algorithms for image analysis and interpretation
represents another frontier in nuclear medicine research, enabling automated detection of infectious foci,
quantitative assessment of disease burden, and prediction of treatment response. Furthermore,
collaborative initiatives between orthopedic surgeons, nuclear medicine physicians, radiologists, and
infectious disease specialists are essential for the successful translation of these evolving approaches into
clinical practice.

CONCLUSION

Nuclear medicine techniques play a vital role in the diagnosis as well as management of musculoskeletal
infections, offering valuable insights into the pathophysiology and aiding in early detection. Evolving
approaches, including radiolabeled leukocyte scintigraphy, 18F-FDG PET/CT, gallium-67 citrate
scintigraphy, and novel radiotracers, hold promise for improving diagnostic accuracy and guiding
therapeutic decision-making. Despite challenges and limitations, ongoing advancements in imaging
technology, radiotracer development, and artificial intelligence integration offer exciting opportunities for
enhancing the precision, efficiency, and accessibility of nuclear medicine imaging in musculoskeletal
infections. Multidisciplinary collaboration and concerted research efforts are essential for realizing the full
potential of these innovative approaches and improving patient outcomes in the future.

These advancements not only enhance diagnostic accuracy but also aid in the early detection of infections,
allowing for timely intervention and improved patient outcomes. Moreover, nuclear medicine techniques
offer the advantage of being non-invasive, reducing patient discomfort and the need for invasive
procedures.

Looking ahead, further research and development in nuclear medicine are expected to drive innovations in
imaging modalities, including the incorporation of novel radiotracers and imaging technologies.
Additionally, the integration of nuclear medicine with other diagnostic modalities and therapeutic
approaches holds promise for personalized and targeted management strategies for musculoskeletal
infections.

Overall, the evolving landscape of nuclear medicine in musculoskeletal infection underscores its pivotal
role in advancing patient care and underscores the importance of continued collaboration between
clinicians, researchers, and industry stakeholders to unlock new insights and improve clinical outcomes in
this challenging domain.
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