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G)stract \

Diagnosing rheumatological diseases is often challenging due to nonspecific clinical presentations. Nuclear
medicine offers a sensitive, functional imaging approach to detect inflammatory and non-inflammatory
conditions early, aiding in diagnosis, monitoring, and treatment evaluation. Bone scintigraphy using Tc-99m
MDP is widely utilized for detecting increased osteoblastic activity in disorders such as rheumatoid arthritis
(RA), osteomalacia, and Paget’s disease. Hybrid techniques like SPECT/CT and PET/CT, particularly with
18F-FDQG, allow for whole-body imaging, improved lesion localization, and assessment of disease activity.
These are especially valuable in vasculitis, RA, ankylosing spondylitis, sarcoidosis, and rare conditions like
retroperitoneal fibrosis. In addition to diagnostics, nuclear medicine also plays a therapeutic role through
radio synovectomy, where beta-emitting isotopes like Yttrium-90 are intra-articularly injected to manage
chronic synovitis. PET/CT imaging can also predict treatment response, supporting personalized therapy
strategies in autoimmune arthropathies. Nuclear medicine thus provides high sensitivity, comprehensive

Cessment, and prognostic insight in rheumatologic care, offering both diagnostic and therapeutic
2 /

dvantages over conventional imaging.
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Introduction

Diagnosis of Rheumatological diseases is
challenging in clinical practice due to their
unspecific clinical presentation. Nuclear medicine
plays a significant role in diagnosis , assessment
and monitoring of wide range of rheumatological
diseases. "

Nuclear scintigrahic procedures are used for
evaluation of inflammatory and non-inflammatory
joint diseases. They allow insights into disease
activity and extent by visualizing physiological
processes at a cellular level. It can detect
functional abnormalities at early stages of the
disease compared to the conventional imaging.

Traditional bone scintigraphy with Technetium
99m MDP, a bone- targeting radiotracer, and
inflammation-targeting radiopharmaceuticals,

such as radiolabeled leucocytes was used since
decades to detect site of inflammation showing
increased uptake at sites of new bone formation,
and site of inflammation. They were the most
common diagnostic applications for diagnosis and
follow up of metabolic and rheumatological bone
diseases and for preparation and evaluation of
radio synovectomy.

Bone scan was used to confirm a diagnosis of
inflammatory Rheumatoid arthritis, osteoarthritis
or fracture in osteoporosis, and pseudo fracture in
osteomalacia and also used in evaluation of
Paget’s disease. ¥

Scintigraphical examination is effective in the
early diseases stages and plays a complementary
role with radiographical examination in more
advanced disease stages. "

In bone scan, a whole-body imaging is obtained
by the gamma camera a few hours after
radiotracer intravenous injection to the patient
with a dose of 20mci of tc99m MDP and good
oral hydration. Bone scan is very sensitive but not
specific for inflammation. The most common
technique used is triple phase scintigraphy, with
early dynamic phase assessing the blood flow of
the area affected and the 2nd phase (blood pool
phase) being the most useful for identifying
inflammation. ®

Now molecular imaging with [18F]FDG PET/CT,
a hybrid imaging method is recently used in
rheumatology. It is a functional imaging modality
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using 18F-fluro-2-deoxy-D-glucose( FDG), a
glucose analogue , which show increased
utilization and high uptake by malignant and
inflammatory cells it can detect increased glucose
metabolism at various rheumatological diseases
and can used in diagnosis of large vessel
vasculitis, fever of unknown origin, sarcoidosis,
polymyalgia rheumatica and rheumatoid arthritis
and can assess therapy response as well. ©

The combined use of nuclear medicine techniques
together with computerized topography (CT) or
magnetic resonance imaging (MRI) provides a
combination of functional data of increased
cellular metabolism from the PET together with
exact localization and description of the affected
anatomic structures from the CT or MRIL @

Patient is injected with low dose of 18 F- FDG
with blood glucose level less than 200 mg/dl. PET
scanning start 45—-60 min after tracer injection
using a standard PET/CT imaging protocol of a
whole-body with the patient is lying supine started
from the head to the mid-thigh by low dose CT
scan Followed by PET emission scan.The degree
of FDG uptake can be expressed quantitively by
means of the standardized uptake value (SUV). It
represents the activity in the lesion in mci/ml.The
area of inflammation showing increased uptake
and radiotracer concentration reflecting at
increased SUV of the lesion.

PET/CT has higher specificity and resolution
compared to gamma camera scans, Moreover
PET/CT allows evaluation of whole-body articular
and extra-articular lesions in one examination,
representing an advantage over other conventional
imaging technique.

Some radiopharmaceuticals are used for
diagnostic  scintigraphic procedures using a
gamma camera and PET/CT. Other
radiopharmaceuticals may be also used as
therapeutic options in patients with rheumatic
diseases in what is called radio synovectomy for
arthritis as the following:

+* Role of nuclear medicine in diagnosis of
g

rheumatic diseases:
1. Vasculitis:
Vasculitis is an inflammatory condition of blood
vessels characterized by vascular infiltration ,if
not early detected and managed it results in
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destruction of the blood vessel wall and the
adjacent structures with significant consequences.
Conventional cross-sectional imaging such as
(CT) and magnetic resonance imaging (MRI) can
demonstrate the anatomical changes once they are
established ,but the lack the capability of detection
the early inflammatory process which if detected
&managed earlier it can improve the outcome &
survival rates. ©

Nuclear imaging studies such as imaging with
gallium67 citrate &TC-99 m-HMPAO labelled
white cells were used in the evaluation of
vasculitis such as Wegner's granulomatosis and
Kawasaki diseases. ©

However, their low sensitivity resulted in their
replacement with molecular imaging such as F-
18FDGPET/CT. ®

It was found that the revolution of PET scanners
have the ability to detect lesions around Smm ,so
they are capable of detecting lesions of medium
and large blood vessels as Giant cell artetritis &
takayassau reather than small vessel vasculitis. ©

Studies revealed that although FI8FDG uptake is
non specific for inflammatory lesions,,it can help
in the differential diagnosis & demonstrating the
disease extent by guiding the sites for biopsy to
obtain histological confirmation.

Also it has a role in the assessment treatment
response and disease activity monitoring. ©

2. Rheumatoid arthritis:

It is a chronic autoimmune disease characterized
by systemic joint inflammation, nuclear medicine
excels in detecting early synovitis and assessing
disease activity. Conventional radiography often
fails to capture the initial inflammatory processes,
whereas nuclear medicine techniques, particularly
hybrid imaging such as SPECT/CT and PET/CT,
can identify increased metabolic activity and
inflammation in joints at nascent stages.

Radiopharmaceuticals like 99mTc-labeled
diphosphonates (e.g., 99mTc-MDP) are highly
sensitive in identifying increased bone turnover
and periarticular uptake indicative of active
arthritis, although their specificity is limited when
used alone. When combined with clinical data,
these agents can effectively highlight inflamed
joints. 7
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More significantly, 18F-FDG PET/CT has
emerged as a powerful tool, as 18F-FDG
accumulates in areas of heightened glucose
metabolism, a hallmark of inflammatory cells
within the inflamed synovium. This allows for the
visualization of active synovitis and the
comprehensive assessment of inflammatory extent
throughout the body, including subclinical
involvement. ®

Furthermore, radiolabeled leukocytes (99mTc-
HMPAO or [1llIn-labeled WBCs) directly
visualize the aggregation of inflammatory cells in
affected joints, offering superior specificity for
active inflammation compared to traditional bone
scans. Emerging tracers, such as 99mTc-
nanocolloid and 99mTc-human immunoglobulin,
show promise in differentiating arthritis from
arthralgia and providing more specific detection
of synovitis, while fibroblast activation protein
inhibitor  (FAPi)-labeled PET tracers are
demonstrating remarkable results in visualizing
inflammatory changes. ©

Nuclear  medicine also  facilitates  the
comprehensive assessment of disease activity and
extent, offering a whole-body view that identifies
all actively inflamed joints, even those not
clinically apparent. By quantitatively evaluating
changes in radiotracer uptake before and after
treatment, these techniques enable precise
monitoring of therapeutic response, allowing for
timely adjustments in treatment strategies. The
intensity and distribution of tracer uptake can also
correlate with disease severity and potentially
predict future joint damage, thus aiding in
prognosis. 1%

3. Ankylosing spondylitis:

It is a chronic inflammatory disease primarily
affecting the spine and sacroiliac (SI) joints,
nuclear medicine plays a vital role in the early
diagnosis of sacroiliitis. While MRI is generally
preferred for its ability to detect bone marrow
edema indicative of early sacroiliitis, bone
scintigraphy with 99mTc-MDP can indicate
increased osteoblastic activity in the SI joints and
spine, though its sensitivity for early sacroiliitis is
variable. !V

In scenarios where MRI is contraindicated, bone
scintigraphy remains a viable option. 18F-FDG



Mai Hassan Gad El Rab et. al 2025

Vol. 29 No (3) 2025

PET/CT further contributes by detecting
inflammatory activity in the sacroiliac joints and
spine, which is beneficial for both early diagnosis
and assessing the extent of active inflammation.
This  metabolic  assessment  complements
anatomical imaging, providing a more complete
picture of the disease state. %

Nuclear medicine techniques assist in identifying
active inflammatory lesions in the spine and
peripheral joints that might not be visible on
conventional radiographs. They also contribute to
monitoring disease progression and treatment
response, although MRI remains the primary tool
for these aspects in AS. Nuclear medicine
provides a valuable whole-body overview of the
inflammatory burden. Additionally, in severe AS
with significant ankylosis, bone scans can be
utilized to detect fractures, which can be
challenging to visualize on plain X-rays due to
spinal fusion. ¥

Beyond diagnosis and assessment of disease
activity, nuclear medicine techniques are
increasingly being explored for their potential in
predicting response to specific therapeutic agents
in RA and AS, particularly with the advent of
biologic and targeted synthetic disease-modifying
anti-rheumatic drugs (bDMARDs and
tsDMARD:s). For RA, baseline 18F-FDG PET/CT
metabolic activity in the synovium has shown
promise as a predictor of clinical response to anti-
TNF- a therapies or rituximab. Patients with higer
initial synovial FDG uptake tend to respond better
to these treatments, suggesting that the level of
inflammatory metabolic activity could serve as a
biomarker to guide therapy selection, thereby
moving towards a more personalized medicine
approach. ¥

In AS, while the evidence is less robust due to the
complexity of spinal involvement, preliminary
studies suggest that changes in inflammatory
activity observed with 18F-FDG PET/CT in the
sacroiliac joints and spine could correlate with
treatment response to bDMARDs. This predictive
capability could minimize delays in achieving
remission and avoid the unnecessary exposure of
patients to ineffective drugs, leading to improved

long-term outcomes and reduced healthcare costs.
15)
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4. Sarcoidosis:
Sarcoidosis is a multisystem granulomatosis
which may result in a wide variety of clinical and
biological presentations. Symptoms are often
nonspecific, The diagnosis is based on a
pathological hallmark which is the non-
necrotizing epithelioid-cell rich granuloma.

FDG-PET is wusually not indicated for the
assessment of musculoskeletal manifestations, as
sonography and other imaging techniques are
available. As FDG-PET, however, has a role for
functional imaging in sarcoidosis, and positive
pulmonary FDG-PET findings were shown to
occur in two-thirds of patients with radiographic
stage II and III sarcoidosis, occasional findings of
arthritis may lead the patient to a rheumatologist.
Negative pulmonary FDG-PET findings were
common in patients with radiographic stage 0, I,
and IV sarcoidosis, but do not exclude
inflammatory findings in the musculoskeletal
system. 7

5. Sjogren’s syndrome

The 2002 American-European Consensus Group
(AECQ) criteria defined a positive salivary gland
scintigraphy in primary Sjogren’s syndrome as
showing delayed uptake, reduced concentration,
or delayed excretion of Technetium-99m
pertechnetate. However, by 2007, the relevance of
sialoscintigraphy was already diminishing ™® due
to two main reasons:

1. Salivary gland ultrasound (sonography)
showed comparable diagnostic accuracy to
sialography, with a pooled sensitivity of 80% and
specificity of 89%, leading to its proposed use as a
replacement in diagnostic criteria. ¥

2.Scintigraphy’s  limitations, including low
specificity and inability to distinguish between
uptake and secretion failure, led experts to suggest
its use be limited to assessing salivary gland
function rather than diagnosis. 20)

In 2016, the ACR-EULAR classification criteria
for primary Sjogren’s syndrome were introduced,
omitting sialography entirely. Though the AECG
and 2016 ACR-EULAR criteria are considered
equivalent, sialoscintigraphy is no longer
recommended for classification purposes and is
now rarely used, ®" reserved only for select
clinical or research scenarios.
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6. Rare diseases:

Paget’s disease of bone is a localized disorder of
abnormal bone remodeling with an unclear cause.
Affected bones become enlarged, weakened, and
prone to deformities, fractures, and nerve
compression due to bone expansion.®?

Skeletal scintigraphy plays a major diagnostic role
due to its high sensitivity in detecting increased
vascularity and osteoblastic activity. A typical
scintigraphic ~ finding is intense, uniform
radiopharmaceutical uptake across affected areas,
with a characteristic "flame-shaped" advancing
edge in long bones. *?

However, scintigraphy is not specific, as similar
findings may appear in bone metastases,
metabolic bone diseases, or fibrous dysplasia. The
preservation or enhancement of normal bone
architecture on imaging can help distinguish
Paget’s disease from these other conditions. ¢*

Retroperitoneal Fibrosis is considered a rare
disease characterized by a fibroinflammatory mass
which surrounds the abdominal aorta and the iliac
arteries and may cause obstruction uropathy. ¢

F-18FDGPET/CT has a role in assessment the
metabolic activity, predicting the treatment
response & relapses in patients with idiopathic
retroperitoneal fibrosis,.*¥

Masses appear as pale plaque like mass with ill-
defined margins enveloping the adjacent viscera
with presence of inflammatory cells as
lymphocytes and macrophages. Studies revealed
that FDGPET has been successfully applied in the
evaluation of disease activity by demonstrating
the increased radiotracer uptake at the
metabolically active sites.

This facilitate the detection of remote sites of the
disease as multifocal fibrosclerosis ,occult
neoplasms and infectious process which may

occur as secondary to the retroperitoneal fibrosis.
27)

It was reported that FDGPET is a useful tool in
confirming the absence of disease activity in
patients with low levels of acute phase reactants
which can help in the follow up & herald the
inflammatory relapses. @
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¢ Role of nuclear medicine in the treatment of
rheumatic diseases:

Radio synovectomy

The main nuclear medicine therapeutic application
in rheumatology is Radio synovectomy, that is a
well-established noninvasive local therapy in
arthritis that involves an intra-articular injection of
small radioactive beta emitting particles e.g
yttrium-90 colloid, to treat synovitis. **

Radio synovectomy is an alternative to surgical
synovectomy. It is a useful option for the
treatment of persistent arthritis that is refractory to
standard treatment.

It requires the application of [-emitting
radionuclides to treat the chronic inflammation of
the joints. It selectively destroys the hypertrophic
synovial membrane using ionizing radiation
causing fibrosis and sclerosis of the inflamed
synovium and then its restoration and the return of
its physiological properties. @0

Rheumatoid  arthritis,  spondyloarthropathy,
hemarthrosis and osteoarthritis are frequent
indications for radio synovectomy. In these cases,
synovitis with proliferation of the synovium and
hyper perfusion of the joint is observed leading
to developing of joint pain and limitation of the
movement in chronic cases. The radioisotopes are
locally injected in the articular cavity in the depth
of synovia in form of radioactive particles in a
colloid form with particle size range from 0.05 t0
2 Um and is phagocytized by macrophages and
other inflammatory cells causing radiation injury
with radiation absorbed dose of 100 Gy to the
target cells followed by reducing of effusion and
fibrosis of synovia within few months with no
destruction of the joint because of the low
penetration power of the bet particle of the
injected radioisotopes , the surrounding nontarget
tissue is spared. ®¥

The most commonly used beta emitting
radioisotopes are:

Yttrium 90 silicate colloid with half-life of 2.6
days and particle energy of 2.2 Mev and
penetration range in the tissue 12mm so it can be
used in large joints like knee joint

and Rhenium 186 sulfur colloid with half-life
about 3.8 days having particulate energy of 1.07
Mev and 4-7mm penetration range in the tissue,
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making it suitable for medium sized joint e.g
shoulder and hip joints

Another beta emitting isotope is Erbium 169
citrate which is used in small sized joint due to its
low penetration range in tissue of 0.2-0.3 mm with
0.34 Mev

Patients who are planned for radio synovectomy
are prepared by ultrasonography of the joint
evaluating the synovial membrane thickness and
triphasic bone scintigraphy evaluating soft tissue
inflammation

Injection of the radiotracer needs sterile condition
with handling precautions and appropriate
shielding this done under local anesthesia with
saline and long-acting steroid

Sterile compression and immobilization of the
joint for 48 hours is done

Transient increase of the pain due to radiation
synovitis is a side effect. However, it has a 40-90
% success rate and its results are comparable to
surgery

Being advantageous in being outpatient procedure
with low cost and the ability to inject multiple
joints @3

References

1. Wenger M, Schirmer M. Indications for diagnostic
use of nuclear medicine in rheumatology: A mini-
review. Front Med (Lausanne). 2022 Sep
28;9:1026060. doi: 10.3389/fmed.2022.1026060.

2. Jiang M, Marshall KL, Lim KAB1040 Clinical
utility of bone scintigraphy for inflammatory
arthritisAnnals of the Rheumatic Diseases
2017;76:1418.

3. Al-Nahhas A, Zerizer |, Jawad ASM. The
expanding role of nuclear medicine in
rheumatology. Arab J Rheumatol. 2023 Jul-
Dec;1(2):31-5.

4. Hotta M, Minamimoto R, Kaneko H, Yamashita
H. Fluorodeoxyglucose PET/CT of arthritis in

rheumatic  diseases: a  pictorial  review.
Radiographics [Internet]. 2020 Jan 9 [cited 2025
Jul 29]; Available from:

https://doi.org/10.1148/rg.2020190047

5. Zerizer I, Tan K, Khan S, Barwick T, Marzola
MC, Rubello D, et al. Role of FDG-PET and
PET/CT in the diagnosis and management of
vasculitis. Eur J Radiol. 2010 Mar;73(3):504-9.

141

10.

11.

12.

13.

14.

15.

16.

17.

doi:10.1016/j.ejrad.2010.01.021. PMID:

20172676.

Sokoloff L. The pathology of rheumatoid arthritis.
Clin Orthop Relat Res. 2000;375:11-9.

Love C, Tomas MB, Kalapparambath TP, Palestro
CJ. Bone scintigraphy in rheumatoid arthritis.
Semin Nucl Med. 2011 Jul;41(4):260-7.

Abdel-Wahab MN, Shaffei A, Ramadan M. The
role of FDG-PET/CT in rheumatoid arthritis: a
review. Curr Rheumatol Rep. 2017;19(5):28.

Arturi P, et al. FAPI-PET/CT: a new tracer in
imaging of inflammatory diseases. J Nucl Med.
2021;62(Suppl 1):1639.

Fam P, Poulsom R, Saha A. Use of PET in
rheumatoid arthritis. Clin Exp Rheumatol.
2013;31(Suppl 79):547-52.

Braun J, Bollow M, Eggens U, Konig H, Distler A,
Sieper J. Imaging of sacroiliitis in ankylosing
spondylitis. Semin  Arthritis Rheum. 2000
Oct;30(2):79-98.

Rudwaleit M, van der Heijde D, Landewé R, et al.
The ASAS handbook: a guide to the diagnosis and
management of spondyloarthritis. Ann Rheum Dis.
2009;68(Suppl 2):ii1-44.

Sieper J, Braun J, Rudwaleit M, Boonen A, Zink
A. Ankylosing spondylitis: an update. Ann Rheum
Dis. 2002 Jan;61(1):1-8.

Fam P, Poulsom R, Saha A. PET/CT imaging in
rheumatoid arthritis and its potential to predict
response to treatment. Rheumatology (Oxford).
2017 Nov;56(11):1856-65.

Lubrano E, Perrotta FM, Manara M, et al. The role
of PET/CT in spondyloarthritis: beyond diagnosis.
Expert Rev Clin Immunol. 2021 Aug;17(8):819-
26.

Piekarski E, Benali K, Rouzet F. Nuclear imaging
in sarcoidosis. Semin Nucl Med. 2018
May;48(3):246-60.
doi:10.1053/j.semnuclmed.2018.02.005.
29626942,

PMID:

Teirstein AS, Machac J, Almeida O, Lu P, Padilla
ML, lannuzzi MC. Results of 188 whole-body
FDG PET scans in 137 patients with sarcoidosis.
Chest. 2007 Dec;132(6):1949-53.
d0i:10.1378/chest.07-1178. PMID: 17925421.


https://doi.org/10.1148/rg.2020190047

Mai Hassan Gad El Rab et. al 2025

Vol. 29 No (3) 2025

18.

19.

20.

21.

22.

23.

24.

25.

142

Langegger C, Wenger M, Duftner C, et al. Use of
diagnostic criteria for Sjogren’'s syndrome in daily
practice: a retrospective analysis. Rheumatol Int.
2007 Jun;27(8):699-702. doi:10.1007/s00296-006-
0291-4. PMID: 17252265.

Song GG, Lee YH. Diagnostic accuracies of
sialography and salivary ultrasonography in
Sjogren's syndrome: a meta-analysis. Clin Exp
Rheumatol. 2014 Jul-Aug;32(4):516-22. PMID:
25005026.

van Ginkel MS, Glaudemans AWJM, van der Vegt
B, et al. Imaging in primary Sj6gren's syndrome. J
Clin Med. 2020 Aug 3;9(8):2492.
d0i:10.3390/jcm9082492. PMID: 32756395.

Shiboski CH, Shiboski SC, Seror R, et al. 2016
ACR/EULAR classification criteria for primary
Sjogren's syndrome. Arthritis Rheumatol. 2017
Jan;69(1):35-45. doi:10.1002/art.39859. PMID:
27785888.

Subesinghe M, Bhuva S, Arumalla N, Cope A,
D’Cruz D, Subesinghe S. 18F-FDG PET in
rheumatological diseases. Rheumatology (Oxford).

2022 May;61(5):1769-82.
doi:10.1093/rheumatology/keab675. PMID:
34463703.

Maziéres B, Jung-Rosenfarb M, Bouteiller G,
Fournie A, Arlet J. Bone scintigraphy in Paget’s
disease. Rev Rhum Mal Osteoartic. 1978
May;45(5):311-6. PMID: 675119.

Fogman I, Carr D. A comparison of bone scanning
and radiology in Paget’s disease. Eur J Nucl Med.
1980 Oct;5(5):417-21. doi:10.1007/BF00261784.
PMID: 7215363.

Vaglio A, Buzio C. Chronic periaortitis: a
spectrum of disease. Curr Opin Rheumatol. 2005

26.

27.

28.

29.

30.

31.

Jan;17(1):34-40.
doi:10.1097/01.bor.0000145517.83972.40. PMID:
15604902.

Drieskens O, Blockmans D, Van de Bruel A,
Mortelmans L. Riedel’s thyroiditis and
retroperitoneal fibrosis: PET findings. Clin Nucl
Med. 2002 Jun;27(6):413-5.
doi:10.1097/00003072-200206000-00005. PMID:
12045432.

Vaglio A, Greco P, Versari A, et al. Active
residual disease or silent scar? FDG-PET study.
Clin Exp Rheumatol. 2005 Mar-Apr;23(2):231-4.
PMID: 15895895.

Ezimora A, Faulkner ML, Adebiyi O,
Ogungbemile A, Vega M, Nzerue C.
Retroperitoneal fibrosis: a rare cause of acute renal
failure. PMID: 24533204.

Bhatia A, Kwan T. Radiosynovectomy in the
therapeutic management of arthritis. World J Nucl
Med. 2015 Jan-Apr;14(1):10-5. doi:10.4103/1450-
1147.150509. PMID: 25709538.

Caballero Motta LR, Anzola Alfaro AM, Janta I,
Molina Collada J, Henao YK, Pérez Pascual R,
Alvaro-Gracia  JM,  Nieto-Gonzalez ~ JC.
Radiosynovectomy in routine care: an old tool

with  modern  applications.  Ther  Adv
Musculoskelet Dis. 2021 Nov
25;13:1759720X211055309. doi:

10.1177/1759720X211055309. PMID: 34868355;
PMCID: PMC8641112.

Dikmen G, Ozden VE, Karaytug K.
Radiosynovectomy. In: Kocaoglu B, Laver L, di
Girolamo L, Compagnoni R, editors.
Musculoskeletal injections manual. Cham (CH):
Springer; 2024. p. 53-58. doi:10.1007/978-3-031-
52603-9_10.



