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Review article

Introduction

Arthritis, especially rheumatoid arthritis, is a common, 
chronic disease and systemic and local drug treatments 
are used. Diseases modifying antirheumatic drugs in 
rheumatoid arthritis or nonsteroidal antiinflammatory 
drugs in poly‑arthritis are therapeutic options in these 
conditions, including biologics and systemic steroid 
administration. In cases with persists synovitis local steroid 
injection, or surgical, chemical or radiation synovectomy 

may be an option. The intra‑articular administration of 
steroid is a fast and safe procedure, but the long‑term 
response is limited.[1] Surgical synovectomy is associated 
with a high cost and longer time of rehabilitation. 
Different drugs were used for the chemical synovectomy, 
e.g.  rifampicin as an antibiotics[2] or osmium acid.[3] 
Especially the chemical synovectomy using osmium acid 
is painful, and the long‑term response is relatively low.[3] 
In summary of the published data, the radiosynovectomy 
is the best therapeutic option for the local treatment of 
arthritis.

The first treatment of arthritis using radioactive gold (198AU) 
were published in 1963[4] in treatment of persistent knee 
effusions. The problem of 198AU in radiosynovectomy is the 
high leakage rate after treatment caused by the small sizes 
of particles. In the 70th and 80th yttrium‑90 (90Y),[5] colloidal 
chromic phosphate (32P),[6] and rhenium‑186‑sulfide 
colloid (186Re) were common radiopharmaceuticals for 
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therapy.[7] In the last 20  years the radiosynovectomy 
showed a renaissance using erbium‑169 citrate (169Er) in 
small joints, 186Re or 32P in medium joints (e.g. wrist, elbow, 
ankle and shoulder); and 90Y in knee.[2,8]

In the case of inflammatory arthropathy, synovitis 
with proliferation and hyperperfusion was observed. 
The inflammatory process leads to an increase of 
macrophages, joint effusion and release of inflammatory 
enzymes [Figure  1]. These inflammatory processes 
induce pain, loss of motion and long‑term an arthrosis. 
In radiosynovectomy radioactive labeled particles with 
a size of 0.05–2 µm are applied directly in the articular 
cavity, followed by homogeneous distribution in joint 
[Figure  2]. In follow‑up, the radioactive particles are 
transported in the depth of synovia and phagocytized from 
macrophages and other inflammatory cells  [Figure 3]. 
The effort of radiosynovectomy compared with external 
beam radiotherapy is the specific uptake of radiation 
in the synovia, which spare surrounding tissue from 
radiation. The low tissue penetration of beta‑particles 
up to 10  mm minimizes the radiation absorbed dose 
to nontarget tissue. The radiation absorbed dose about 
100  Gy leads to a synovectomy similar to surgical 
synovectomy.[9] In the long process over 3 months the 
radiation leads to reducing of effusion, an inflammatory 
process and a fibrosis of synovia [Figure 4]. The leakage 
rate is low, if the joint is immobilize and particles with 
an appropriate size between 0.5 to 5µm were used.[10]

In Europe were used generally three radio‑colloidal 
formulations [Table  1]: 169erbium for fingers and 

metatarsophalangeal  (MTP), 186Re for medium joints 
(e.g. ankle, shoulder, elbow, and wrist) and 90Y for knee. 
In Asia and Latin America often 186Re and 90Y were replace 
by 32P. Depends from the size of treated joints different 
activities were applied [Table 2], range from 15 MBq 169Er 
in distal interphalangeal to 185 MBq 90Y in knee.

Previous Diagnostic in 
Radiosynovectomy

The evaluation of clinical history is necessary before 
radiosynovectomy including: duration and doses of 
medication, previous surgery, clinical symptoms and 
duration of disease. In clinical examination should be 
to evaluate the swelling, hyperthermia and dysarthria 
of affected joints. An extensive patient instruction 
about diagnostic and therapy should be include risk 
of radiation, posttherapeutic radiation exposure of 
procedures, immobilization of treated joints over 48 h, 
and known side effects.

Determined for the indication to the therapy are 
the findings in two‑phase bone scintigraphy using 
technetium‑99m‑methylene diphosphonate (99mTc‑MDP). 
An increase uptake in the blood pool phase is a sign for 
arthritis. In cases of rheumatoid or poly‑arthritis a local scan 
of the hand (scan time of 3 min) and in case of symptoms in 
the ankle a lateral scan (to differentiated between arthritis 
in ankle, subtalar joints or Articulatio cuneonaviculare) 
should be performed. All patients’ need whole body scan 
with 20 cm/min. Similar scans are essential in the late phase 

Figure 1: Typically in rheumatoid arthritis and poly-arthritis a 
proliferation of synovia with increasing numbers of macrophages 

was observed (publishing with approval by CicBio)

Figure 2: In radiosynovectomy small particles with a size >2 µm 
were applied intra-articular and have a homogeneous distribution in 

the joint cavity (publishing with approval by CicBio)

Figure 3: Within 2 days there is a complete uptake of radio-colloids 
in the synovia with phagocytosis in macrophages and other 

inflammatory cells (publishing with approval by CicBio)

Figure 4: Long-term the radiation leads to fibrosis of inflammatory 
synovia with reducing of effusion and hyperperfusion. Additional, 
a release of inflammatory enzymes is observed (publishing with 

approval by CicBio)
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of bone scan [Figures 5 and 6]. In arthritis of the knee, an 
ultrasound to evaluate the effusion and a possible baker 
cyst’s is useful [Figure 7].

Indications and Contraindications for 
Radiosynovectomy

Common indications for radiosynovectomy are the 
rheumatoid arthritis, arthropathia psoriatica and 
poly‑arthritis. In patients with osteoarthritis, the 
response is lower depends from stage of arthrosis. 
The hemophilic arthritis has the highest response rate. 
The radiosynovectomy cure the synovitis and also the 
hyperperfusion, which leads to a significant reducing 
of bleeding frequency. Rheumatoid arthritis patients 
need a 6  months disease modifying therapy before 
performing of radiosynovectomy. We should only treat 
joints without effect to systemic therapy.

Radiosynovectomy can repeat 3‑time in an interval of 
3 months, if the first treatment showed an insufficient 
effect. Repeated treatments are more effective than single 

Figure 5: Typical blood pool phase of a patient suffer from 
rheumatoid arthritis. Sign of arthritis in left knee, both shoulders, 
left elbow, both wrist and metatarsophalangeal I, in these joints a 
radiosynovectomy is indicated. Additional tendovaginitis in the 5th 

finger of the right hand is appearing

Figure 6: Scan 2 h after technetium-99m-methylene diphosphonate 
of the same patients as Figure 5. Signs of arthrosis in all 

metacarpophalangeal’s, but the blood pool phase is negative in 
these joints and so there is no indication for radiosynovectomy

Table 1: Physical characteristics of radio‑colloidal formulations for radiosynovectomy[21]

Yttrium‑90 Rhenium‑186 Erbium‑169 Phosphorus‑32
Physical T½ 2.7 days 3.7 days 9.5 days 0.6 days
Maximum of beta‑energy (MeV) 2.26 1.07 0.34 1.71
Gamma‑energy (keV) No 137 No No
Maximum of tissue penetration (mm) 11.0 3.7 1.0 7.9
Mean of tissue penetration (mm) 2.8 1.0 0.3 2.2
Mean particle size (µm) 2 1-2 0.05-0.5 6-20
Chemical labelling at Citrate Sulfate Citrate Chromic

treatments with higher activity. The radio‑colloids shows 
more an uptake at the surface of synovia, and there is 
an exponential decrease of applied dose in depth of 
synovia.[11,12]

Contraindications for radiosynovectomy are pregnancy, 
a breastfeeding period, local infection, massive 
hemarthroses and ruptured baker cyst’s.

Side effects
Side effects are rare in radiosynovectomy. In the 
literature, the incidence of joint infection from 1 of 
35,000 joints is published. Extra‑articular administration 
of radiopharmaceuticals leads to skin necrosis, especially 
by using 90Y. A German[13] survey including 36 centers 
for radiosynovectomy over a period of 6 years reported 
a low rate of side effects. Twenty‑three centers newer 
saw any side‑effects. In three response obtained from 
20 insurance companies, nine complications were 
documented. The most serious complications consisted 
28 cases with skin necrosis, 13 intra‑articular infections 
and 12 thromboses. However, thrombosis can avoided, 
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if heparin prophylaxis were used during the period of 
immobilization. From the published data, we have no 
indications, that the radiosynovectomy increased the 
tumor incidence.[14,15] An influence to cartilage of joints 
could exclude by animal studies, which were no finding 
for histological or genetic changes.[16] In respect to the 
low range of beta‑particles and the low radiosensitivity 
of bone, it is improbable, that radiosynovectomy induced 
an arthrosis.

In own experiences in  >15,000 treated joints, we 
observed only one case with joint infection at the time of 
introducing the therapy. We had no patients with skin 
necrosis. Single cases showed reversible erythema caused 
by reflux from the joint, especially in fingers with low 
volume of joint space.

Radiation Exposure
The radiation exposure of the whole body of patients is 
very low because the range of beta‑particles is limited up 
to 10 mm for 90Y and up to 1 mm for 169Er. Genotoxic effects 
in peripheral blood were not reported after treatment[17] 
which documented the low whole body dose. In cases 
of 48 h immobilization after therapy, the leakage rate of 
radio‑colloids is >2%.[18] In a large Canadian study included 
>2400 patients with radiosynovectomy using 90Y, similar 
risk of cancer in radiosynovectomy patients compared to 
the cohort to Canadian population were observed.[15]

More interesting is the radiation exposure to the medical 
staffs, especially in centers with a high number of treated 
patients. A France group calculated for six treatment 
using 90Y whole body dose of 21 µSV for the therapist.[19] 
However, the highest radiation exposure appears at the 
finger pulp, especially at the left thumb and forefinger, 
which the injection needle is fixed. A treatment using 
185 MBq of 90Y leads to a radiation absorbed does to 
finger pulp of thumbs of 4 mSv (22.1 µSv/MBq). The 
radiation absorbed dose to finger pulp using 186Re and 
169Er is significant lower: 2.6 µSv/MBq for rhenium‑186 
and 0.9 µSv/MBq for erbium‑169.[20] A simple using of 
a grasp‑forceps for fixation of needle [Figure 8] during 
radiosynovectomy reduced the radiation absorbed dose 
significantly to 0.092 mSv (0.5 µSv/MBq for 90Y).[21]

In radiosynovectomy using 90Y Perspex shielding with 
a thickness of 2.5 mm and for 186Re should be used. In 
cases of 169Er a shielding is not necessary, because the 
low beta‑energy of this radionuclides the whole energy 
is absorbed by the syringe wall (own measurement).

Response to therapy
The response rate is depended from the grade of 
synovitis, the previous stage of arthrosis, and in 

Figure 8: Using of grasp-forceps for fixation of the injection needle 
during radiosynovectomy in knee to reduce the radiation exposure to 

finger pulp significantly

Table 2: Common radiopharmaceuticals for 
radiosynovectomy

Joints Yttrium‑ 
90

Rhenium‑ 
186

Erbium‑ 
169

Phosphorus‑ 
32

MBq MBq MBq MBq
Shoulder 111
Acromioclavicular joint 37
Elbow 74 37
Wrist 74
Thumb base, MCP I 30
MCP (others) 22
PIP 18.5
DIP 15
Hip 111
Knee 185 55.5
Ankle joint 74 37
Subtalar joint 37
Articulatio 
cuneonaviculare

37

MTP I 30
MTP (others) 22
MCP: Metacarpophalangeal; DIP: Distal interphalangeal; PIP: Proximal 
interphalangeal; MTP: Metatarsophalangeal

Figure 7: Ultrasound of right knee in a patient with osteoarthritis and 
a large baker cyst’s
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patients with rheumatoid arthritis also from systemic 
inflammatory level. A  meta‑analysis[22] included 
2190 treated joints reported an average response rate of 
73% ±17%. The highest response rate was observed in 
hemophilic arthritis  (91% ±4%), which also confirmed 
by other papers.[23,24] The treatment in early stage of 
arthrosis is essential for optimal response rate. In 
rheumatoid arthritis with early stage a response rate of 
73% ±12% were calculated and decrease to 52% ±24% 
in advance stage of arthrosis. The response rate for 
osteoarthritis is also significant lower with 56% ±11%. 
Deutsch et  al.[25] have reported a response in 55-79% 
in the treatment of small joints, of 60-83% in medium 
joints (wrist, elbow, shoulder and ankle) and 40-85% in 
knee. The large difference in treatment of knee is caused 
by the higher percentage of patients with osteoarthritis.

The problem of the most publication is the lack of a 
gold standard for evaluation of response, and objective 
and comparable parameters. This fact leads to different 
published data about the effect of radiosynovectomy. 
A  common parameter for evaluation is a subjective 
scoring by patient or four steps, e.g.  excellent effect, 
good, moderate and no effect to worsening. Using this 
subjective scoring in 577 treated joints an excellent and 
good effect were observed in 57% of treated knees, 
63% of shoulders, 61% of wrist, 64% of ankle, 54% of 
fingers and 54% of MTP’s [Table 3].[8] Another parameter 
is using a documentation of pain level by a 10‑step 
scale (visual analogue scale [VAS]).[26]

In 2000, the IAEA (Ajit Padhy, Formerly Head of the 
Department of Nuclear Medicine by IAEA; in remember) 
initiated a project to introduce the radiosynovectomy in 
the developing countries, especially in Asia and Latin 
America. Two cohorts were observed, in rheumatoid 
arthritis patients the pain relief and in hemophilic 
patients the reducing of bleeding frequency. The 
patients were treated with different radio‑colloidal 
formulations: 185 MBq 90Y silicate, 55 MBq 32P 
chromic colloid, and 450 MBq of 188Re tin colloid. The 

results were compared to placebo using only steroid 
injection. In rheumatoid patients a decrease of Pain 
level of 3 steps using a 10‑step VAS was documented 
(6 ± 2 before therapy, 3 ± 2 at 6 months). Pain relief 
applying three radio‑colloid formulations did not differ 
significantly (P > 0.1). However, the effect of steroid 
administration was significant shorter compared to the 
radio‑colloids at 12 months (P < 0.05).[1] The evaluation 
of hemophilic patients with a mean age of 19 ± 7 years 
showed a significant reducing of bleeding frequency 
after radiosynovectomy. In 94  patients, a summary 
of 391 bleeding episodes were observed before 
radiosynovectomy. The summary bleeding frequency 
dropped to 53 bleedings at 1 months, 50 at 3 months and 
32 at 6 months following treatment (χ2 < 0.001). During 
a 6 months follow‑up period, 48% of the patients had 
no bleeding episodes (100% reduction), 38% had an 
80% reduction, and 14% had a 50% reduction. Based 
on the feedback by the children and their guardians, 
there was a significant improvement of the life quality 
attributed to improved mobility and lesser drop‑out 
days from school.[27]

Superior for evaluation of response is using an 
objective parameter, e.g.  the uptake in the blood pool 
phase of 99mTc‑MDP scan. Zuderman et  al.[28] control 
the differences in 99mTc‑MDP uptake before and after 
radiosynovectomy in 139 patients with 424 treated joints. 
There were in 81% of patients a significant reducing 
in uptake in small joints and in 69% of patients in 
medium joints. An average reduction from target to 
background ratio  (T/B) of 46% in small joints and of 
45% in medium joints was calculated. Interesting was 
an overall mismatched between subjective ranking 
of response and objective parameter of 99mTc‑MDP 
uptake: 6 of 121 joints (5%) were ranked as nonresponder 
in subjective response, despite a reduction in T/B, and 
22 of 26 joints (61%) were ranked as responder despite 
aggravation in T/B.

Pigmented villinodular synovitis is rare, but sometime 
refractory to radiosynovectomy. In these patients, a 
combination of surgical synovectomy following by 
a radiosynovectomy showed higher efficacy[29,30] and 
should prefer in therapy resistant cases.

Conclusion
Radiosynovectomy represented a safe, fast and 
patient‑friendly therapeutic option in the management 
of different kinds of arthritis. Average response rates of 
60-80% were report, and the highest response of 90% 
are observed in hemophilic patients with repeated joint 
bleeding. The therapy should be performing early, before 
the development of advance stage of arthrosis. The rate 
of side effects and the radiation exposure for the patient 

Table 3: Response rate after radiosynovectomy in 
577 joints using a subjective scoring[8]

Response rate (%)
Excellent Good Moderate No response

Knee 31 26 19 24
Shoulder 34 29 23 14
Wrist 26 35 21 19
Ankle 16 48 14 22
Thumb base 20 35 20 26
MCP 18 37 17 28
PIP 12 42 25 21
DIP 6 47 22 25
MTP 30 24 20 26
MCP: Metacarpophalangeal; DIP: Distal interphalangeal; PIP: Proximal 
interphalangeal; MTP: Metatarsophalangeal
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is low. The team works with other treated colleagues is 
essential for the therapy.
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