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Abstract
Radiosynoviorthesis is a  minimally invasive treatment for inflammatory joint disorders. It is an 
alternative to surgical synovectomy and is used when systemic treatment and intraarticular gluco­
corticosteroid injections have failed. This literature review summarizes the  effectiveness of  this 
method in various inflammatory joint disorders. A systematic literature search was performed in 
the PubMed, Embase, Web of Science and DOAJ databases. Depending on the type of inflamma­
tion and level of joint destruction, the effectiveness of therapy is 50–80%, up to even 90–100% in 
hemarthrosis. The present study demonstrates that the therapy is safe, with almost no side-effects. 
It provides long-term cost-effectiveness for patients due to its ambulatory characteristics, does not 
require rehabilitation, and leads to reduced use of other therapies. Moreover, it may be used as  
an independent type of therapy as well as a part of complex treatment. Given its benefits, the method 
should be considered by specialists of various fields.
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Introduction

Radiosynoviorthesis (RSO) is a non-invasive method 
for treatment of synovitis through intraarticular injection 
of a radiopharmaceutical. Despite long-term use, it is still 
a rare alternative to surgical methods and an adjunct to 
ineffective drug treatment [1, 2]. Radioisotope particles 
in the structure of colloidal solutions are phagocytosed 
by macrophages of the  inflamed synovial membrane. 
The radiopharmaceuticals used nowadays are b-emit­
ters, such as yttrium, erbium, and rhenium. By emitting  
b radiation, they cause necrosis of synoviocytes and con­
sequently fibrosis of the synovial membrane. The most 
important factor is the choice of radiopharmaceutical, 
which is based on the size of the joint and the necessary 
penetration and energy. Those with the smallest range 
are used mainly for treating small joints and those with 
the largest range for treating larger joints [3]. Erbium-169 
(169Er; maximum b energy: 0.3 MeV, max range: 1 mm) is 
used to treat small joints: metacarpophalangeal, metatar­
sophalangeal, and interphalangeal. Rhenium-186 (186Re; 
maximum b energy: 0.98 MeV, max range: 3,7 mm) is 
used to treat medium-sized joints such as the ankle, 
shoulder, elbow, and shoulder joint. Yttrium-90 (90Y; 
maximum b energy: 2.26 MeV, max range: 11 mm) is 

used to treat large joints such as the knee joint. The size 
of the colloid particles is chosen to be sufficiently large 
that the radiopharmaceutical does not enter the  lym­
phatic vessels, and sufficiently small that the syno­
viocytes can phagocytose it. This allows the drug to be 
confined to the synovial membrane. 

Radiosynoviorthesis is used most often for the treat­
ment of chronic synovitis with recurrent joint effusions 
in patients with rheumatoid arthritis (RA), hemophilic 
arthritis, osteoarthritis (OA) with effusion, and juvenile 
idiopathic arthritis (JIA).

In comparison to surgical treatment, RSO is a  sig­
nificantly less invasive method and can be performed 
on an outpatient basis. It does not need access to  
an operating room or, even more importantly, anesthesia. 
It requires no rehabilitation after the procedure, and only 
1 to 3 days of immobilization of the joint are needed – 
after that, the patient can use the  joint freely. Another 
advantage over surgical treatment is the  possibility to 
perform RSO in multiple joins in one session. It is worth 
mentioning that the method is repeatable, and if at least 
a partial improvement is observed after the performed 
treatment, a second administration of the radiopharma­
ceutical should be considered.
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There is a  paucity of  publications about RSO with 
arthroscopic synovectomy. In one of  them, Ramazan  
et al. [4] studied combined subtotal arthroscopic syno­
vectomy with RSO in 14 patients with chronic non- 
specific synovitis. The mean follow-up period was 30.3 
±3.7 months. Arthroscopic synovectomy alone was 
found to have a  higher recurrence rate. This suggests 
that combining RSO with surgical treatment may be 
preferable treatment to acquire a long-term effect.

There are limited contraindications for RSO. As in all 
nuclear medicine procedures, they include pregnancy 
and breastfeeding. A  special contraindication for RSO 
is an active infection of  the area of  the  joint to which 
the  radiopharmaceutical is to be applied. Additionally, 
for the knee, a ruptured Baker’s cyst is a contraindica­
tion for RSO. Relative contraindications include wide­
spread joint instability with bone destruction (Stein­
brocker period III and IV in RA) or fractures, significant 
cartilage loss in the joint, and lack of response to 2 pre­
vious RSO. It is worth adding that despite the concerns 
of  both patients and medical personnel about the  po­
tential increase in the risk of malignancy following treat­
ment, an analysis of 2,412 adult patients showed no in­
creased risk of cancer [5].

On the other hand, the increased risk of RSO should 
be taken into account depending on the degree of joint 
degeneration. Kisielinski et al. [6] evaluated 79 cases 
with OA of diverse joints, 12 cases of arthroplasty and  
2 cases of chronic shoulder impingement with joint effu­
sion. Among OA patients, 63.3% had a Kellgren-Lawrence 
score of 4. Twenty-two of 93 patients showed complica­
tions after RSO, osteonecrosis was observed in 19 and 
infection in 5 patients. This shows that RSO may not be 
as safe in patients with advanced OA as it is declared 
to be generally, and treatment should be considered in 
terms of potential profit and risks in patients with high 
grades of cartilage damage.

The procedure is safe only with local injection of ra­
diopharmaceutical but still showed some side effects. 
The most common side effect is a short-term increase 
in inflammation of the treated joint. Another complica­
tion is inflammation of  the  surrounding lymph nodes,  
which is counteracted by immobilizing the  joint for  
1–3 days. 

Material and methods

A  systematic literature search was performed in 
the PubMed, Embase and Web of Science and DOAJ da­
tabases applying the key words “RSO”, “radiosynovior­
thesis”, “rhenium”, “yttrium”, “erbium”, as well as their 
combinations, e.g. “rhenium RSO”. Database searches 
were performed between June and August 2024. Meta- 

analyses, systematic reviews, interventional studies, 
clinical studies and therapy studies on RSO, published 
between 1997 and 2024, were included. Studies which 
were observational, published in languages other than 
English or Polish, included no follow-up or involving few­
er than 15 people were excluded. All findings were inde­
pendently obtained by the authors and discussed to en­
sure that only relevant studies were included. A summary 
of the search strategy and results is shown in Figure 1. 

Radiosynoviorthesis in rheumatoid arthritis 

The most common indication for RSO is RA, which 
ranks 8th among all diseases in terms of the burden on 
the  health care system in Poland, and its incidence is 
steadily increasing [2, 5, 7–10]. The range of treatment 
options is wide and includes the use of disease-modi­
fying drugs, analgesics, surgical synovectomy, rehabili­
tation and glucocorticosteroids (GCs) therapy [11, 12]. 
The overall response rate of RSO in RA varies between 
35 and 100% depending on the stage of disease.

A retrospective study, involving 577 RSO performed 
in 137 patients, evaluated the response on a subjective 
4-point scale – excellent, good, moderate, and poor – 
in patients grouped according to the  joint treated [13]. 
The  study recruited patients whose 6-month systemic 
therapy did not reduce the  severity of  the  condition. 
The overall efficacy of RSO was estimated at 75% of all 
treated joints. An excellent or good response to treat­
ment, meaning a  complete or significant reduction in 
symptoms, was observed in 57% of treated knee joints, 

Identification of studies via databases and registers 

Fig. 1. PRISMA flow chart of literature screening.

Records identified through 
database searches: 
•	 PubMed (n = 3,015) 
•	 Embase (n = 16,012) 
•	 Web of Science (n = 6,462)
•	 DOAJ (n = 4,512) 
Total (n= 30,001) 

Records removed before 
screening: 
•	 Duplicate records removed 

(n = 5,972) 
•	 Records marked as ineligi­

ble by automation tools  
(n = 23,638) 
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63% of  shoulder joints, 60% of  wrists, 54% of  thumb 
base joints, 55% of  metacarpophalangeal joints, 54% 
of proximal interphalangeal joints, 53% of distal inter­
phalangeal joints, and 54% of  metatarsophalangeal 
joints. The  incidence of  side effects, i.e., transient in­
creases in inflammation, was estimated at 7%. It is 
worth noting that the study used a 3-month follow-up, 
which is an important limitation of  the  reported data. 
According to data reported in the European Association 
of  Nuclear Medicine (EANM) guideline for RSO, effica­
cy decreases with longer patient follow-up, and some 
of the side effects can occur even after 3 months [14].

As mentioned, the effectiveness of RSO depends on 
the severity of symptoms and the duration of the con­
dition. A meta-analysis by Kresnik et al. [15], which in­
cluded 2,190 treated joints, examined the  relationship 
between the  effectiveness of  RSO and the  etiopatho­
genesis of the disease and the degree of joint destruc­
tion before treatment. Overall, the  mean efficacy in 
RA patients was 66.7 ±15.4%. The  authors noted that 
the effectiveness of the treatment depends on the stage 
of the disease at which RSO is used. The highest efficacy 
was described in the early period of RA (periods I and 
II according to Steinbrocker), with 64–72.8% at 1-year 
follow-up, while it dropped to 52.4% in the  later stage 

of disease (stages III and IV according to Steinbrocker). 
The results of the above study indicate the desirability 
of early incorporation of RSO, both because of its higher 
efficacy and longer response time than the  frequently 
used intraarticular GCs therapy.

These methods were directly compared in a random­
ized, multicenter study in systemically treated patients in 
whom one or more joints were characterized by swelling 
or soreness despite treatment [16]. Patients divided into 
2 groups (wrist and other joints) were randomized to re­
ceive either GCs or 186Re injection. There were no statis­
tically significant differences in response at 3, 6, and 12 
months after treatment; however, at 18 and 24 months, 
efficacy was significantly higher in the  RSO-treated 
group. Improvement increased over time and included 
all measured criteria (soreness and swelling). No serious 
side effects were observed. This study further proves 
that RSO could and should be considered in every pa­
tient with joint inflammation and provides better effects 
than GCs injection over time. 

While in direct comparison RSO seems better than 
GCs injection, it is worth noting that combining both 
methods provides excellent results. Göbel et al. [17] 
studied long-term efficiency of  RSO with 186Re com­
bined with triamcinolone hexacetonide. The  research­
ers divided the patients into 3 groups: treated only with 
186Re (group 1) vs. treated with 186Re + triamcinolone 
(group 2) vs. treated only with triamcinolone (group 3). 
All measured parameters (pain, reduction of  synovitis, 
increased range of  motion) improved in all groups in 
short-term follow-up. However, at 12 months the  pa­
tients treated with 186Re, in combination or in monothe­
rapy, still benefited from the treatment. Also, the study 
proved the superiority of RSO in combination with intra­
articular GCs injection, which is now the gold standard 
(Figs. 2 and 3). This is one of the few studies in which 
the follow-up period exceeded 1 year and, as stated in 
the article, RSO (preferably combined with GCs) should 
be considered as an alternative to surgery. However,  
71 out of  150 treated joints were excluded due to 
a change in disease-modifying drugs or recurrent syno­
vitis, which may be a mild drawback.

Radiosynoviorthesis, by acting locally, and reducing 
inflammation, may also improve some systemic parame­
ters. Zwolak et al. [18] studied the effect of the applied 
treatment with the  levels of hyaluronic acid, osteopro­
tegerin, and inflammatory markers in the blood, serum 
amyloid A, and radiological assessment of the skeleton 
(Steinbrocker scale). As mentioned above, RSO does not 
have a significant effect on the degree of bone destruc­
tion of the joint. However, the authors observed a sta­
tistically significant improvement in the  parameters 
of the blood test. This forces a broader perspective on 

Fig. 2. Radiosynoviorthesis of  the  knee joint, 
covered in sterile sheet. Green arrow – syringe 
with yttrium-90 citrate with plexiglass shielding 
device. Red arrow – syringe with betamethasone.
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the seemingly local treatment of the condition. It is also 
worth noting that RSO should be considered an import­
ant part of  combined therapy of  synovitis [19]. While 
the results of this study give grounds for optimism, only 
a few parameters were evaluated in the heterogenous 
group. As the  authors of  the  study stated, further re­
search is necessary. 

Radiosynoviorthesis in hemophilic 
arthritis

Radiosynoviorthesis is the  treatment of  choice for 
hemophilic arthritis [20]. Hemophilia is a  genetic dis­
order associated with deficiency or improper synthesis 
of coagulation factors VIII and/or IX. Diagnosis is based 
on the evaluation of hemostatic parameters, especially 
activated partial thromboplastin time. The condition is 
associated with impaired blood coagulation and compli­
cations of this process, including multiple joint hemor­
rhages, which can permanently and irreversibly damage 
the joints. In the literature, 70–90% of patients benefit 
from RSO in terms of bleeding frequency, the intensity 
of pain, joint function, and thickness of the synovium. 
It is worth noting that most patients with hemophilia 
are diagnosed in early age, and while most systemic 
drugs are effective, their side-effects tend to worsen 
over time.

Kachooei et al. [21] evaluated 43 studies, which sam­
pled over 20 knees each, on the use of RSO in hemophilic 
arthritis. In 66–91% of  cases, reductions in short-term 
and middle-term bleeding frequency were observed, 
while hemarthrosis-free status was reported in 29–84% 
of cases in the short term. Considering the pain, stud­
ies showed that up to an 81% decrease in the  Visual 
Analogue Scale (VAS) score for pain was observed in  
6 months. After repeating RSO, significant improvement 
in pain levels was observed in 59–78%. 

Spanish researchers [22] analyzed studies from Co­
chrane Library and PubMed relating to total knee ar­
throplasty (TKA) in people with hemophilia. Although 
the success rate of TKA is usually high, the complication 
rate can be as high as 31.5%. The most important com­
plications were infection and postoperative bleeding 
(due to popliteal artery injury), but also hemarthrosis and 
bleeding in the form of hematoma. The risk of prosthetic 
re-infection after revision knee arthroplasty is about 10%. 
This suggests that whenever treatment with RSO is pos­
sible, it should be chosen instead of surgical treatment. 

The largest published study on hemophilic arthritis 
was a summary of 500 RSOs performed over 38 years [23]. 
Essential improvements in the reduction of bleeding 
episodes (mean 64.1%), pain reduction (mean 69.4%), 
and clinical WFH score (World Federation of Hemophilia 

Physical Examination Score, also called the Gilbert score) 
were observed. The radiographic WFH score showed no 
differences between patients before and after surgery. 
Importantly, only 28 joints (6.3% of the total) required 
arthroscopic synovectomy or a joint alloprosthesis. 

Tayfun Küpesiz et al. [24] analyzed a  group of  
18 severe hemophilia patients with a total of 32 RSO 
procedures. In 83.3% of patients, the amount of hemar­
throsis decreased after RSO and no further treatment 
was needed. The average follow-up time was 8.8 ±4.9 
years. In patients requiring re-treatment, the procedure 
was performed after an average of 20.8 ±14.8 months. 
The study did not observe uncontrolled bleeding, leakage 
of radioisotope from the joint, or local inflammation after 
injection. 

In the efficacy evaluation for hemophilic arthritis, 
the greatest improvements after a single radiosynovec­
tomy procedure were observed in the amount of bleeding 
and joint soreness as assessed by the VAS. It is worth 
noting that the thickness of  the synovial membrane 
for this condition decreased by an average of 30% [21]. 
After the second RSO, improvements in soreness, amount 
of hemarthrosis, and thickness of the synovial membrane 
were 62.1%, 58%, and 30.8%, respectively, and after 
the third radiosynovectomy were 61.2%, 77.7%, and 48%, 
respectively. Only 7.6% of cases required surgery despite 
radiopharmaceutical treatment. Important reminder: 

Fig. 3. Image presents ultrasound confirmation 
of needle position during radiosynoviorthesis of 
the knee joint. Double-sided arrow – synovium; 
slim arrow – end of needle; short right-sided ar-
row – femur.
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hemophilic patients are diagnosed in the early age, and 
while surgical treatment is effective, it should be the last 
resort.

Radiosynoviorthesis appeared to be a safe treatment 
method in pediatric patients. Tena-Sanabria et al. [25] 
treated 60 joints (29 knees, 21 ankles, 10 elbows) of 27 
patients with mostly severe hemophilia. Some of them 
also received FEIBA (mainly non-activated factors II, IX  
and X, as well as activated factor VII), and 1 patient re­
ceived activated recombinant factor VII (FVIIrA). In the 
follow-up, which lasted until patients were 16 years and  
11 months old (median 9.5 months), only 3 patients 
presented bleeding after RSO. The remaining patients 
had no new hemarthrosis during the follow-up period. 
Also, 66% of those who developed inhibition of factor VII 
presented a high response with previous administration 
of FVIIrA, which suggests that presence of an inhibitor 
does not affect the effectiveness of RSO. Similar results 
were obtained by Kamarulzaman et al. [26], who treated 
a total of 68 hemophilic arthropathy pediatric patients, 
with marked improvement (up to 100%) in elbow joints. 

Rodriguez-Merchan et al. [21] compared synovial 
membrane thickness on palpation on a 4-grade scale in 
over 500 procedures performed in a 38-year period. At 
6 months after RSO compared to 6 months before RSO, 
the  improvement was 43.8%, the  amount of  bleeding 
decreased by 67.8%, and on imaging, synovial mem­
brane thickness decreased by 26.7%.

In a prospective study, synovial membrane thickness 
as measured by magnetic resonance imaging and skele­
tal status as measured by X-ray were assessed at preop­
erative evaluation and at 1, 3, 6 and 12 months after RSO. 
Significant improvements in VAS pain, synovial mem­
brane thickness, FISH (Functional Independence Scale 
in Hemophilia), and Gilbert’s questionnaire score were 
observed, while no significant differences were observed 
in Pettersson and Denver scores. Side effects such as 
transient pain and swelling affected 20% of patients, and 
no significant complications occurred after radiophar­
maceutical administration [24]. Both aforementioned 
studies prove that RSO effectiveness can be measured in 
objective imaging tests in short-term follow-up. 

In summary, RSO is reported to be a safe method in 
hemophilic arthritis, as it indicates local complications 
only rarely when performed in specialist centers. There 
were also no reports of cancer in long follow-up studies 
after RSO.

Radiosynoviorthesis in osteoarthritis  
with effusion

Another indication for RSO treatment is OA with ef­
fusion, where overall the improvement rate ranges from 
40 to 89%. 

Szentesi et al. [27] observed the effectiveness of the 
RSO treatment over 10 years in patients with knee OA  
(follow-up at 1 year, 5 years, and each subsequent year 
up to 10 years after the procedure). The procedures were 
performed in patients with joint destruction in grades 
1–3 according to Kellgren-Lawrence (KL) with soreness 
and swelling of the knee joint despite treatment with GCs 
injections for 4–6 months. Excellent/good improvement 
in soreness and joint mobility was observed in 82.5% 
of patients one year after RSO, and in 73.7% and 50%  
8 and 10 years after treatment, respectively. In patients 
with KL grade III joint destruction, the improvement was 
45.9% after 1 year and 41.2% after 8 years. 

Chatzopoulos et al. [28] observed a  group of  97 
patients with OA unresponsive to systemic treatment 
for 6 and 12 months after RSO. Improvement of ≥ 50% 
on the  VAS was reported by 71.1% of  patients after  
6 months and 72.5% after 12 months. In addition, night 
pain relief, improvement in knee joint mobility, resolu­
tion of joint effusion, and reduction of Baker’s cyst were 
observed. The likelihood of improvement was inversely 
proportional to the radiological severity of the joint de­
struction. The  results of  both aforementioned studies 
indicate the desirability of early incorporation of RSO, 
because of both its high efficacy and the long response.

Radiosynovectomy in juvenile idiopathic 
arthritis

Radiosynovectomy can also be used successfully in 
JIA. Gazda et al. [29] evaluated the efficacy of the method 
using the VAS and Colorado pain scales, as well as swell­
ing, effusion, and mobility limitation. Each of the param­
eters improved significantly at 6 weeks after the proce­
dure and worsened at 6 months. The overall success rate 
after 6 months was 85.6%, while remission lasted an av­
erage of 560 days. Given the typical severe course of JIA, 
RSO is worth considering in adolescent patients. Another 
study that evaluated the effectiveness of the treatment 
studied 24 joints in 20 children [30]. Diagnosis of JIA was 
established based on the  International League Against 
Rheumatism classification. Twenty knee joints, 3 ankle 
joints, and 1 wrist joint were treated. There was a good 
clinical effect in 13 children and significant improvement 
in the ultrasound examination of 16 joints. In one child, 
ulceration in the  area of  the  ankle joint was observed, 
which spontaneously healed within 3 weeks. Given 
the typical severe course of JIA, RSO is worth considering 
in adolescent patients.

Future perspective

Effective RSO depends primarily on the choice of the 
appropriate radionuclide. b particle-emitting radionuclides 
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and Auger electron-emitting radionuclides are well suited 
for RSO because of their ability to deliver localized cyto­
toxic ionizing radiation. b radiation emitting colloids, such 
as 90Y, 188Re, and 169Er, have been commercially available 
for many years. They are safe, well-studied, and have been 
successfully used for many years. Their limited accessibili­
ty and high cost are the main limitations. Therefore, there 
is a growing need for radioisotopes that do not require 
nuclear reactors for production and can be obtained using 
long-lived generators.

One of  the  tested isotopes is 177Lu, widely used in 
nuclear medicine (maximum energy 0.48  MeV with 
a maximum penetration of 1.7 mm). Turkish researchers 
studied the development of 177Lu-labeled tin colloid and 
in vivo characterization in an animal study [31]. The in­
vestigation achieved colloid-sized particles < 5 µm with 
labeling efficiency and radiochemical purity of  > 95% 
and 97.3%, respectively. The colloid was stable in vitro 
in both phosphate-buffered saline and synovial fluid at 
room temperature. SPECT/CT images showed retention 
of injected activity in the joint cavity of the rabbit’s knee, 
up to 48 hours after administration, with the  support 
of further clinical studies for clinical use in the future. 

Another b-emitter, phosphorus-32 (32P), is an inter­
esting radiopharmaceutical thanks to its long half-decay 
time (about 14 days and 7 hours), and maximum tis­
sue penetration of 7.9 mm, which makes it suitable for 
the treatment of large, inflamed joints, such as the knee. 
The relatively long half-life makes it easy to transport and 
distribute. The main drawbacks are: high b-energy radia­
tion, which may lead to an increase in injuries of both ar­
ticular cartilage and the growth plate, and no detectable 
g photon (required for arthroscintigraphy, sometimes 
performed after RSO). Liepe et al. [32] compared the ef­
ficacy of  RSO performed in a  group of  99 RA patients 
with radiolabeled colloids available commercially: 90Y (66 
patients) and 188Re (16 patients) and new 32P (15 patients) 
vs. GCs injection (46 patients). Pain relief assessed by 
VAS achieved with the  3 radiocolloid formulations did 
not differ significantly (p > 0.1) between them. Pain re­
lief at 12 months was more durable in RSO compared to 
GC injection (p < 0.05), which shows that 32P may be at 
least as effective as the other radionuclides available. In 
another clinical experiment involving 36 men with he­
mophilia, RSO of the knee using 32P colloid was carried 
out in 26 hemophilic patients. Ten hemophilic patients 
received rifampicin antibiotic therapy [33]. The  treat­
ment improved joint mobility and reduced the frequen­
cy of  use of  anti-hemophilic agents in 80% after RSO. 
The medial remission rate for hemophilic patients treat­
ed with 32P was significantly higher than in patients who 
received rifampicin, p < 0.025 (remission rates of 1.5 vs. 
1.1 on the scale made by the authors). That shows that 

this method has high potential as an alternative therapy 
to widely used anti-hemophilic factors.

Samarium-153 (153Sm), a  well-known radiopharma­
ceutical commonly used to treat bone metastases [34], 
was also investigated regarding its use in radiosynovec­
tomy. As mentioned above, 153Sm is a  b-emitter with 
a maximum energy of 0.81 MeV and penetration up to 
2.5  mm. Samarium-153 in patients with radiologically 
significant arthropathy has better long-lasting efficacy 
(over 12 months) than the compared 90Y. The prospec­
tive pilot study, which included 19 patients treated 
with 153Sm and 21 treated with 90Y, with follow-up for 
1 year after treatment, demonstrated the  effective­
ness of  153Sm application. In 6 months follow-up 153Sm 
showed a reduction of hemarthrosis comparable to 90Y 
(50% vs. 66.7%). It is worth noting that after 12 months, 
the reduction in hemarthrosis after using 153Sm was sig­
nificantly higher than in RSO with 90Y (87.5% vs. 50%). 

Rhenium-188 is an attractive radioisotope due to 
the possibility of obtaining it from a 188W/188Re genera­

tor, allowing independent use without reliance on out­
side production, together with the  long, 69.7-day half-
life of  188W. Rhenium-188 is a high-energetic b emitter 
(maximum energy 2.11 MeV), which provides sufficient 
energy to penetrate and target tissues, with a maximum 
penetration of 11 mm and a short half-life of 16.9 hours. 
Ahmadi et al. [35] considered labeling of chitosan with 
188Re with a  radiochemical purity of  97%. Dissection 
of  laboratory rats subjected to intra-articular injection 
of the radiopharmaceutical showed high biodistribution 
and no leakage into surrounding organs. Taking these 
results into consideration, 188Re-chitosan may in the fu­
ture be a new radiopharmaceutical used in RSO. How­
ever, the high cost of the 188W/188Re generator obstructs 
its wide-scale utility in clinical practice. 

Not only b emitters are in the testing phase. Auger 
electron-emitting radionuclides such as 117mSn (Tin-117m) 
seem promising [36]. This radioisotope has been tested 
only in an animal study – in dogs with elbow OA. Analysis 
of  joint fluid showed a significant reduction in the per­
centage of  monocytes after 6 months. However, there 
was no difference in OA progression.

Summary and authors’ thoughts 

To summarize, RSO is a safe, effective, and minimally 
invasive treatment method for synovitis and can provide 
astounding results, especially in hemophilic arthritis and 
RA. The effectiveness of the method even reaches 100% 
in some cases. Widening access to the  treatment, its 
cost-effectiveness, and more and more new pharmaceu­
ticals may lead to this type of treatment becoming more 
common. It is worth noting that the age of patients is 
not a limitation. 
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The  main drawback of  the  reviewed studies was 
the large variety of follow-up, study design and patient 
population. The underuse of RSO contributes to a  lack 
of  high-quality studies and clinical data. We found 
no studies on comparison of  RSO and novel disease- 
modifying drugs in RA. There is a  negligible amount 
of research on long-term efficacy of RSO. 

There is still a lack of studies that compare RSO with 
surgical synovectomy, which has much more short-term 
drawbacks such as procedure time, access to the ope­
rating room, staff needed to perform the procedure and 
consequently higher cost. Radiosynoviorthesis, being 
well tolerated, can also be a more attractive method for 
patients, as physiotherapy is not needed, and they can 
be independent immediately after the treatment.

On the other hand, comparing RSO to GCs injection, 
which appears to have similar brief effects, in a period 
of over a year the efficacy of RSO is significantly higher. 
That suggests that RSO may be performed as a first-line 
treatment rather than local steroid treatment. 

We believe, however, given the  promising results, 
that the method, with its low cost, safety and almost no 
side-effects, will be taken into consideration by a wider 
number of clinicians. The studies included above and their 
results should prompt a proper examination of the meth­
od in randomized studies with a longer follow-up. It also 
should be compared in long-term cost-effectiveness. 
The  future perspective suggests that even more sub­
stances may be used soon, which will provide easy access 
to the treatment.

Another point to consider is using RSO as a single 
method as well as part of complex treatment, e.g. with 
joints for which systemic therapy does not work. Studies 
described above show promising results for improving 
the quality of life of patients and with a high probability 
of at least reducing the number of drugs they use – such 
as anticoagulants in hemarthrosis. 

Radiosynoviorthesis seems to be a valuable compo­
nent of  combined therapy with surgical synovectomy. 
Despite the  small group of  patients, which was a  ma­
jor drawback of the study, improvement in all examined 
aspects was significant. As there is a  lack of  research 
in combined treatments in specific synovitis, it may be 
the subject of further studies with longer follow-up.

Conclusions

Radiosynoviorthesis is a safe, effective and minimally 
invasive treatment for synovitis. This method can be 
a single form of  treatment or part of a  complex treat­
ment, e.g. for joints where systemic treatment does not 
work. The main drawback of the studies reviewed was 
the wide variety of observations, study design and pa­
tient population. 

Disclosures 

Conflict of interest: The authors declare no conflict of 
interest.
Funding: There was no external funding regarding the 
work described in the article. 
Ethics approval: Not applicable.
Data availability: The data that support the findings  
of this study are available on request from the corre-
sponding author (M.K.).

References

1.	 Caballero Motta LR, Anzola Alfaro AM, Janta I, et al. Radiosyn-
ovectomy in routine care: an old tool with modern applications. 
Ther Adv Musculoskelet Dis 2021; 13: 1759720X211055309,  
DOI: 10.1177/1759720X211055309.

2.	 van der Zant FM, Knol RJ, Broos WA. Radiosynoviorthesis: al-
most seventy years of experience but still somewhat fameless. 
Q J Nucl Med Mol Imaging 2022; 66: 292–303, DOI:10.23736/
s1824-4785.22.03470-7.

3.	 van der Zant FM, Boer RO, Moolenburgh JD, et al. Radiation sy-
novectomy with (90)Yttrium, (186)Rhenium and (169)Erbium: 
a  systematic literature review with meta-analyses. Clin Exp 
Rheumatol 2009; 27: 130–139, DOI: DOI: 10.1007/s10067-009-
1192-0.

4.	 Akmeşe R, Yildiz Kİ, Isik C, et al. Combined arthroscopic syn-
ovectomy and radiosynoviorthesis in the treatment of chronic 
non-specific synovitis of the knee. Arch Orthop Trauma Surg 
2013; 133: 1567–1573, DOI:10.1007/s00402-013-1853-z.

5.	 Heuft-Dorenbosch LLJ, W  de Vet HCW, van der Linden S.  
Yttrium radiosynoviorthesis in the treatment of knee arthritis 
in rheumatoid arthritis: a systematic review. Ann Rheum Dis 
2000; 59: 583–586, DOI: 10.1136/ard.59.8.583.

6.	 Kisielinski K, Bremer D, Knutsen A, et al. Complications fol-
lowing radiosynoviorthesis in osteoarthritis and arthroplasty: 
osteonecrosis and intra-articular infection. Joint Bone Spine  
2010; 77: 252–257, DOI: 10.1016/j.jbspin.2010.02.010.

7.	 Freudenberg LS, Baraliakos X, Kampen WU, et al. Schmerz
reduktion durch Radiosynoviorthese bei rheumatisch bed-
ingter Synovialitis des Ellenbogens. Z  Rheumatol 2023; 82: 
892–897, DOI: 10.1007/s00393-022-01158-9.

8.	 Kim JM, Kim WS, Pak Y. Treatment response evaluation using 
Yttrium-90 in patients with rheumatoid arthritis of knee joint. 
World J Nucl Med 2018; 17: 3–5, DOI: 10.4103/1450-1147.222289.

9.	 Fraenkel L, Bathon JM, England BR, et al. 2021 American Col-
lege of Rheumatology Guideline for the Treatment of Rheu-
matoid Arthritis. Arthritis Rheumatol 2021; 73: 1108–1123, DOI: 
10.1002/art.41752.

10.	 Ruszkowski J, Leśniowska J. Rzeczywiste, ekonomiczne koszty 
choroby w Polsce. Studia i Materiały Polskiego Stowarzyszenia 
Zarządzania Wiedzą 2010; 25: 244–256.

11.	 Tyczyńska KM, Augustyniak-Bartosik H, Świerkot J. Rheuma-
toid arthritis – medication dosage in chronic kidney disease. 
Reumatologia 2023; 61: 481–491, DOI: 10.5114/reum/177005.

12.	 Klug S, Wittmann G, Weseloh G. Arthroscopic Synovectomy 
of the Knee Joint in Early Cases of Rheumatoid Arthritis: Follow- 



181Joints and needles: summary of radiosynoviorthesis

Reumatologia 2025; 63/3

up Results of  a  Multicenter Study. Arthroscopy 2000; 16:  
262–267, DOI: 10.1016/s0749-8063(00)90050-1.

13.	 Liepe K. Efficacy of radiosynovectomy in rheumatoid arthritis. 
Rheumatol Int 2012; 32: 3219–3224, DOI: 10.1007/s00296-011-
2143-0.

14.	 Kampen WU, Boddenberg-Pätzold B, Fischer M, et al. 
The EANM guideline for radiosynoviorthesis. Eur J Nucl Med 
Mol Imaging 2022; 49: 681–708, DOI: 10.1007/s00259-021-
05541-7.

15.	 Kresnik E, Mikosch P, Gallowitsch HJ, et al. Clinical outcome 
of radiosynoviorthesis: a meta-analysis including 2190 treated 
joints. Nucl Med Commun 2002; 23: 683–688, DOI: 10.1097/ 
00006231-200207000-00013.

16.	 Tebib JG, Manil LM, Mödder G, et al. Better results with rhe
nium-186 radiosynoviorthesis than with cortivazol in rheuma-
toid arthritis (RA): a two-year follow-up randomized controlled 
multicentre study. Clin Exp Rheumatol 2004; 22: 609–616.

17.	 Göbel D, Gratz S, von Rothkirch T, et al. Radiosynoviorthesis 
with rhenium-186 in rheumatoid arthritis: a prospective study 
of three treatment regimens. Rheumatol Int 1997; 17: 105–108, 
DOI: 10.1007/s002960050017.

18.	 Zwolak R, Majdan M, Skórski M, et al. Efficacy of radiosynov-
iorthesis and its impact on chosen inflammatory markers. Rheu-
matol Int 2012; 32: 2339–2344, DOI: 10.1007/s00296-011-1956-1.

19.	 Schindler M, Puchner S, Reinhard J, et al. Recurrence-Free Sur-
vival after Synovectomy and Subsequent Radiosynoviorthesis 
in Patients with Synovitis of the Knee – A Retrospective Data 
Analysis. J Clin Med 2024; 13: 601, DOI: 10.3390/jcm13020601.

20.	Taleb H, Dargahi R, Shafipour H, et al. Effect of Radiosynovec-
tomy with Rhenium-188 in the Treatment of Knee Joint Inflam-
mation in Patients with Hemophilia. J Iran Med Counc 2023, 6: 
525–534, DOI: 10.18502/jimc.v6i3.12857. 

21.	 Kachooei AR, Heidari A, Ghasemali Divband, et al. Rhenium- 
188 radiosynovectomy for chronic haemophilic synovitis:  
Evaluation of its safety and efficacy in haemophilic patients. 
Haemophilia 2019; 26: 142–150, DOI: 10.1111/hae.13880. 

22.	Rodriguez-Merchan EC, De la Corte-Rodriguez H, Alvarez- 
Roman T, et al. Total knee arthroplasty in hemophilia: lessons 
learned and projections of what’s next for hemophilic knee 
joint health. Expert Rev Hematol 2022; 15: 65–82, DOI: 10.1080/ 
17474086.2022.2030218.

23.	Rodriguez-Merchan EC, De la Corte-Rodriguez H, Jimenez-
Yuste V. Radiosynovectomy in haemophilia: Long-term results 
of 500 procedures performed in a 38-year period. Thromb Res 
2014; 134: 985–990, DOI: 10.1016/j.thromres.2014.08.023.

24.	Tayfun Küpesiz F, Eker N, Boz A, et al. Long-term evaluation 
of  radioisotope synovectomy with Yttrium-90 and Rheni-
um-186 for chronic synovitis in pediatric hemophilia: Akdeniz 
University Experience. Kocatepe Medical Journal 2022; 23: 
385–391.

25.	Tena-Sanabria ME, Rojas-Sato YF, Castañeda-Resendiz JC, et al. 
Treatment with radiosynoviorthesis in hemophilic patients 
with and without inhibitor. BMC Pediatr 2020; 20: 173, DOI: 
10.1186/s12887-020-02071-3.

26.	Kamarulzaman K, Nang LB, Shuaib IL, et al. Therapy re-
sponse of  the  yttrium-90 (Y-90) colloid and rhenium-186 
(RE-186) sulphur colloid radiosynovectomy in hemophilic ar-
thropathy. Proc Singap Healthc 2022; 31: 1–7, DOI: 10.1177/ 
20101058221103375. 

27.	Szentesi M, Nagy Z, Géher P, et al. A  prospective observa-
tional study on the  long-term results of  90Yttrium citrate 
radiosynoviorthesis of synovitis in osteoarthritis of the knee 
joint. Eur J Nucl Med Mol Imaging 2019; 46: 1633–1641, DOI: 
10.1007/s00259-019-04350-3.

28.	Chatzopoulos D, Moralidis E, Markou P, et al. Yttrium-90 radi-
ation synovectomy in knee osteoarthritis: a  prospective as-
sessment at 6 and 12 months. Nucl Med Commun 2009; 30: 
472–479, DOI: 10.1097/mnm.0b013e32832b52b9.

29.	Gazda A, Ćwikła J, Kołodziejczyk B, et al. The use of radiosyn-
ovectomy in patients with juvenile idiopathic arthritis. Assess-
ment of treatment efficacy and safety. Reumatologia 2021; 59: 
219–229, DOI: 10.5114/reum.2021.108450.

30.	Gazda A, Królicki L, Gietka P, et al. Radiation synovectomy in 
children with juvenile idiopathic arthritis: own observations. 
Reumatologia 2011; 49: 156–161. 

31.	 Mercanoglu G, Alcın G, Ozturkmen Y, et al. Formulation and 
In-vivo Characterization of  177Lu-tin-colloid as a  Radiosyn-
ovectomy Agent. Curr Radiopharm 2024; 17: 68–76, DOI: 10.21
74/0118744710252994231024064842.

32.	Liepe K, Zaknun JJ, Padhy A, et al. Radiosynovectomy using yt-
trium-90, phosphorus-32 or rhenium-188 radiocolloids versus 
corticoid instillation for rheumatoid arthritis of the knee. Ann 
Nucl Med 2011; 25: 317–323, DOI: 10.1007/s12149-011-0467-1. 

33.	Soroa VE, Huerto del, Giannone C, et al. Effects of Radiosy-
novectomy with P-32 Colloid Therapy in Hemophilia and 
Rheumatoid Arthritis. Cancer Biother Radiopharm 2005; 20: 
344–348, DOI: 10.1089/cbr.2005.20.344.

34.	Santos AO, Ricciardi JBS, Pagnano R, et al. Knee radiosynovec-
tomy with 153Sm-hydroxyapatite compared to 90Y-hydroxy-
apatite: initial results of  a  prospective trial. Ann Nucl Med 
2021; 35: 232–240, DOI: 10.1007/s12149-020-01557-5.

35.	Ahmadi N, Yousefnia H, Bahrami-Samani A, et al. Development 
of 186/188Re-Chitosan as an Effective Therapeutic Agent for 
Rheumatoid Arthritis. Curr Radiopharm 2021; 14: 154–160, 
DOI: 10.2174/1874471013666201203152941.

36.	Aulakh KS, Lopez MJ, Hudson C, et al. Prospective Clinical Eval-
uation of Intra-Articular Injection of Tin-117m (117mSn) Radio-
synoviorthesis Agent for Management of Naturally Occurring 
Elbow Osteoarthritis in Dogs: A Pilot Study. Vet Med (Auckl) 
2021; 12: 117–128, DOI: 10.2147/vmrr.s295309.


	_Hlk190189289
	_GoBack

