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Beta burns following radionuclide synovectomy
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Abstract

Radionuclide synovectomy (RSV) is a form of minimally invasive treatment of persistent joint in-
flammation. The procedure has a high safety profile and the occurrence of serious adverse events, 
such as full-thickness skin radiation necrosis, is rare. Less severe radiation events, while more com-
mon, are usually benign and self-limiting.
We present two cases of low-grade beta burns that developed after RSV, despite proper injection 
technique. The potential long-term risk of such exposure is also discussed, with reference to histor-
ical radiation incidents. While low-grade beta burns after RSV usually pose little danger to the pa-
tient, any clinician involved in radionuclide treatment of arthritis should be aware of their existence 
and management
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Introduction
Radionuclide synovectomy (RSV) is a form of mini-

mally invasive treatment of persistent joint inflamma-
tion. It involves intra-articular injection of a b-emitting 
radiopharmaceutical with subsequent irradiation and 
necrosis of hypertrophic synovial tissue [1]. The pro-
cedure has a high safety profile, but as in any medical 
intervention, a small percentage of patients may experi-
ence serious adverse events. The most dangerous com-
plication is radioisotope leakage resulting in full-thick-
ness skin necrosis; however, its incidence is extremely 
low [2–4]. Milder radiation events, usually benign and 
transient in nature, are more common. Physicians deal-
ing with inflammatory joint diseases and radioisotope 
treatment should be aware of such complications, their 
management and prognosis. We present two cases of 
patients who experienced mild to moderate irradiation 
of extraarticular tissues after RSV.

Case 1
The first patient is a 36-year-old woman with one-

year history of rheumatoid arthritis. She reported painful 

swelling of the right wrist joint, which was refractory to 
methotrexate. The ultrasound (US) examination detect-
ed synovial hypertrophy with effusion in the right wrist. 
Due to an unsatisfactory response to diseasemodifying 
antirheumatic drugs, the patient was qualified for RSV.

Using direct US guidance, 37 megabecquerels (MBq) 
of colloidal rhenium-186 (186Re) sulfide were injected 
into the right radio-carpal joint. After immobilizing the 
right hand with sterile dressing, post-therapeutic ar-
throscintigraphy was performed in the palmo-dorsal 
projection (Nucline TH-22 single-head gamma camera, 
Mediso). The scintigram showed a uniform distribution 
of the radiopharmaceutical in the radio-carpal joint, and 
another area of mild radioactivity in the radial aspect of 
the hand (Fig. 1A). This extra-articular activity was initial-
ly considered a spilled drop of the radiopharmaceutical 
and thus the skin was thoroughly decontaminated, ac-
cording to standard procedures.

During a routine follow-up after 4 weeks, the patient 
reported partial reduction of pain and swelling of the 
right wrist joint. The clinical examination, however, re-
vealed a light-brown patch on the skin, along the tendon 
of the abductor pollicis longus muscle (Figs. 1B, 1C). The 
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patient did not experience pain, tenderness or any oth-
er unpleasant sensation in this area. When compared 
with the post-therapeutic scintigram, the skin lesion 
corresponded to the area of extra-articular radioactivity 
(Fig. 1D). The skin lesion was diagnosed as a low-grade 
radiodermatitis, specifically, a mild beta burn. Since 
the brown skin patch was the sole symptom, a watch-
ful waiting approach was chosen. During a 6-month 
follow-up, no other complications emerged, the lesion 
steadily waned, and only slight skin discoloration re-
mained (Fig. 1E). Moreover, the symptoms of right wrist 
joint inflammation subsided.

The most likely explanation of this phenomenon is 
a radiopharmaceutical leakage to the first extensor ten-
don compartment from the joint cavity. Such communi-
cation could be a pre-existing condition (possibly an ana-
tomical variant) or a result of synovial membrane erosive 
activity in course of chronic inflammation. From inside 
the tendon sheath, not shielded by bones of the joint or 
the articular capsule, the b-particles can easily irradiate 
and damage adjacent soft tissues. Since 186Re radiation 
has a small tissue penetration range (about 1.2 mm) and 
a moderate energy (0.98 MeV) [5], beta burns associated 
with 186Re radiopharmaceuticals are usually benign and 
require no treatment, as in the present case. 

Case 2

The second patient is an 82-year-old woman with 
knee osteoarthritis (OA) and no history of systemic in-
flammatory joint disease. In the right knee joint, apart 
from typical pain and limited mobility, the patient also 
suffered from recurrent effusion secondary to OA. The 
effusion was refractory to repeated joint punctures with 

intra-articular glucocorticoid administration. The patient 
did not consent to knee arthroplasty or arthroscopic 
joint debridement and, since she suffered from type 2 
diabetes, numerous glucocorticoid injections made the 
patient’s blood glucose level difficult to control. Taking 
into consideration all available therapeutic options, the 
patient was referred for RSV as a supportive treatment.

Under US guidance, the suprapatellar recess of the 
right knee joint was punctured from the lateral approach. 
Approximately 40 ml of clear, yellowish fluid was evac-
uated, and 185 MBq of colloidal yttrium-90 (90Y) citrate 
was injected followed by 2 ml of sterile saline to flush 
the residual radiopharmaceutical from the needle. A ster-
ile dressing was applied, the knee was immobilized, and 
the patient was advised not to walk or stand for at least 
48 hours in order to minimize the risk of radioactive leak-
age. Thirty minutes after RSV, post-therapeutic positron 
emission tomography/computed tomography (PET/CT) 
with 90Y was performed (Biograph 64, Siemens) [6], show-
ing diffuse distribution of the radiopharmaceutical in the 
suprapatellar recess and medial knee compartment, with 
no evident extra-articular radioactivity (Fig. 2).

During the follow-up visit after 4 weeks, the patient 
complained of a draining sinus with discharge of yellow-
ish, turbid fluid and tender erythema at the site of the 
joint puncture (Figs. 3A, 3B). US examination revealed 
that the sinus canal was 8 mm deep and was surrounded 
by hyperechoic tissue, with an increased power Doppler 
signal. Deeper layers of subcutaneous tissue were with-
in normal limits, the articular capsule was intact and the 
wound did not communicate with the joint cavity. The pa-
tient admitted that she had not complied with the reco- 
mmended knee immobilization and bed rest after RSV. 
Accordingly, the sinus was most likely the result of a par-

Fig. 1. Post-therapeutic 186Re arthroscintigraphy of the wrist (palmo-dorsal projection) (A). Beta burns four 
weeks after RSV (B, C). Scintigram superimposed on the skin lesion (D). Beta burns six months after RSV (E).
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tial radiopharmaceutical reflux along the needle tract into 
the subcutaneous tissue.

Microbiological cultures taken from the wound were 
negative. The consulting surgeon advised against surgi-
cal excision of the lesion, since poorly controlled diabetes 
and obesity could compromise the wound healing. A con-
servative approach was employed, including flushing the 
sinus with saline, debridement of necrotic tissue, applica-
tion of hydrocortisone/oxytetracycline ointment and reg-
ular changes of the sterile dressing. Six months after the 
RSV, the fluid discharge and tenderness subsided, leaving 
a depression in the skin with scar tissue (Fig. 3C).

Discussion

Full-thickness skin necrosis after RSV is extremely 
rare [4]. Appropriate injection technique and detailed in-
structions given to the patient allow such complications 
to be prevented altogether, and indeed in some centers 
such events do not occur [7]. In our department, in a se-
ries of > 2000 joints treated within 5 years we have ob-

served four cases of mild beta burns (two are presented 
in detail in this article, and two are shown in Figs. 4A–4C) 
and one case of superficial skin necrosis, which healed 
within 8 months without hyperbaric oxygen treatment 
or surgical intervention (Fig. 4D). However, there are no 
statistics regarding the significance of such radiation se-
quelae and their long-term consequences, especially the 
risk of skin malignancy.

Some data may be drawn from experience with ex-
ternal beam radiotherapy (EBRT), where skin radiation 
burns are not uncommon. For example, hyperbaric ox-
ygen treatment, which is an effective therapy for EBRT 
burns [8], can be successfully employed in managing 
RSV complications [4]. However, the type and energy of 
ionizing radiation differ significantly between EBRT and 
RSV, with high-energy (up to 25 MeV) [9], high-penetra-
tion X-rays in the first, and lower energy (up to 2.2 MeV) 
[5], low-penetration b-particles in the latter. Hence, one 
should be careful when drawing conclusions about long-
term sequelae of RSV based on experience with EBRT.

Fig. 2. PET/CT with 90Y 30 minutes after RSV. 
Sagittal view (A) and three-dimensional recon-
struction (B).
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Fig. 3. Draining sinus four weeks after 90Y RSV 
(A, B). Formation of scar tissue six months after 
RSV (C).

Fig. 4. Beta burns one week (A) and two weeks (B) after shoulder joint RSV with 186Re. Injection site skin 
discoloration one year after 90Y knee RSV (C). Superficial skin necrosis six weeks after 90Y knee RSV (D).
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The closest approximation of RSV-related beta burns 
was observed following detonation of the Castle Bra-
vo thermonuclear device in 1954 on Bikini atoll, when 
high winds carried nuclear fallout to inhabited parts of 

the Marshall Islands and a Japanese fishing boat, Daigo 
Fukuryū Maru. The 239 Marshallese islanders and 23 Jap-
anese fishermen were far enough from the explosion not 
to be affected by either fireball, shockwave or blast-relat-
ed gamma radiation. Still, they were subjected to a fallout 
of pulverized coral dust mixed with various radioactive 
isotopes, including potent b-emitters. Skin exposure to 
these substances resulted in a plethora of lesions, rang-
ing from sheer discoloration to painful seeping wounds. 
The affected islanders were under close medical supervi-
sion for years after the incident, so the natural history of 
their beta burns is well documented [10–13]. Most of the 
mild to moderate lesions healed between a few weeks 
and six months, with return of normal skin color and hair 
regrowth, while more severe burns left permanent discol-
oration or scarring (Fig. 5) [12]. 

Only a few burns were secondarily infected, while 
none required major surgery. During the years following 
the exposure, there was an increased incidence of pig-
mented maculae and nevi (Fig. 6) [13], but histopatho-
logical examinations proved them to be benign [10, 11].

These phenomena are reflected in the range and se-
verity of beta burns observed after RSV, as can be seen 
in the two cases described above. Considering RSV com-
plications, the most important lesson from the Castle 
Bravo incident is that even after fifteen years, none of 
the affected islanders developed radiation-related skin 
cancer or malignant melanoma [11]. While this should 
be confirmed in prospective studies, for the time being 
it seems reasonable to infer that beta burns after RSV 
carry little or no risk of malignant transformation.

Fig. 5. Hair loss in course of beta burns 14 days after exposure to nuclear fallout (A). Complete hair regrowth 
after six months (B) [12]. (This image is a work of a United States Department of Energy [or predecessor 
organization] employee, taken or made as part of that person’s official duties. As a work of the U.S. federal 
government, the image is in the public domain.)

Fig. 6. Residual pigmented lesions seven years 
after nuclear fallout beta burn [13]. (This image 
is a work of a United States Department of En-
ergy [or predecessor organization] employee, 
taken or made as part of that person’s official 
duties. As a work of the U.S. federal government, 
the image is in the public domain.)
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Conclusions
Although radiation necrosis after joint radioisotope 

therapy is uncommon, occurrence of low grade beta 
burns is possible even with proper injection technique. 
Should such lesions occur, a watchful waiting strate-
gy seems advisable, since most beta burns will resolve 
without any intervention and probably pose no long-
term risk. 
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