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ABSTRACT:   Background Radon-222-enriched hot spring therapy, which is characterized by a safe level of radioactivity, is used for 
the treatment of rheumatic disorders, and its efficacy has already been studied in several clinical trials. Radon-water 
inhalation therapy for the treatment of upper and lower airway inflammatory diseases is used in many hot springs 
centers. However, its application has not been reviewed to date. 

  Methods We systematically searched the PubMed and Scopus databases for clinical trials published in the last 20 
years in which objective parameters of upper and lower airway function had been tested before and after radon-en-
riched inhalation treatment.

  Results Four prospective studies were found: 1 asthma trial, 1 placebo-controlled chronic rhinosinusitis trial, 1 up-
per respiratory tract inflammation with nasal obstruction trial, and 1 case-control allergic rhinitis trial. Patients were 
treated with nasal inhalations of radon-enriched water for 12 to 28 days and were assessed at baseline and after ther-
apy. After 2 weeks of treatment, nasal resistance decreased, flow increased, mucociliary clearance was enhanced, cili-
ated-to-muciparous cell ratio increased, and %FEV1 increased in asthmatic patients.

  Conclusion Radon-enriched inhalation therapy improves objective indicators of nasal function in allergic rhinitis and 
chronic rhinosinusitis, and causes relief of pulmonary obstruction in asthma.
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INTRODUCTION

Historically, thermal water therapy is used to treat inflam-
matory diseases of the upper and lower airways. Several 
kinds of thermal waters, with different physical and che-
mical characteristics, exist. Some thermal spa centers aro-
und the world provide radon-enriched water. Radon-222 
is a radioactive gaseous element that mainly emits alpha 
rays. The clinical effects of inhalation of water containing 
radon-222 was compared with the effects of water inhala-
tions without radon-222; radon reduced oxidative activity 
of inflammation by enhancing catalase and super-oxide-di-
smutase activity [1].

Radon’s main therapeutic properties are related to [2] an en-
hanced production of corticosteroids by the adrenal glands, 

degradation of free radicals by stimulation of their proces-
sing-enzymes, stimulation of DNA repair mechanism in cell 
nuclei, and stimulation of the immune system. Some studies 
also mention that radon-222 can modulate the action of the 
immune system.. [3]

Radon-222-enriched thermal water use is largely documented 
in the literature for the symptomatic treatment of rheumatic 
diseases such as rheumatic arthritis [4,5,6,7], osteoarthritis 
[8,9,10], and ankylosing spondylitis [11].

Therefore, thermal spa centers use radon-enriched waters in 
the form of inhalation also for the treatment of inflammatory 
diseases of the upper and lower respiratory system, i.e., patho-
logies that according to an ARIA position paper have a com-
mon etiology and physiopathology.
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Our aim was to analyze the existing clinical trials of spa treat-
ment for respiratory and upper airway diseases such as rhini-
tis, sinusitis, and asthma.

METHODOLOGY

We comprehensively searched the PubMed and Scopus databa-
ses. We used the following search terms: “Spa”, “Radon”, “Inha-
lation”, “Irrigation”, “Thermal”, “Balneotherapy” were combined 
with the terms “Rhinitis”, “Sinusitis”, “Rhino sinusitis”, “Aller-
gy”, “Asthma”, “Upper respiratory disease”, “Lower respiratory 
disease” using the Boolean operator AND. No limitation was 
made with resect to language. We considered trials published 
after January 1997.

The inclusion criteria for the results were as follows: pro-
spective studies, nasal inhalation of radon-enriched water 
aerosol, and objective parameters for the assessment of pa-
tients’ conditions.

With regard to the objective parameters, we intended to inc-
lude at least nasal respiratory flow and resistance, mucocilia-
ry transport time, and FVC and FEV1 assessments before and 
after the treatment.

RESULTS

In total, the following 4 studies published between 2000 and 
2016 were found: 1 Japanese study on radon water inhalation 
treatment in asthma [12] and 3 Italian studies on inhalation 
treatment for perennial allergic rhinitis and chronic rhinosi-
nusitis [13,14,15].

A total of 110 patients were included, 9 from the study by Mit-
sunobu et al., 27 patients from the study by Marullo and Abra-
mo, 33 patients from the study by Passali et al., 2012, and 41 
patients from the study by Passali et al., 2016. [Table 1] [Table 2]

INCLUSION AND EXCLUSION CRITERIA

Patients were diagnosed with either chronic inflammatory di-
seases of the nose or bronchial asthma.

In the study by Mitsubonu et al., patients were diagnosed with 
asthma based on clinical symptoms, an increase in FEV1 upon 
treatment with beta-adrenergic agonists that exceed 15%, and 
perennial atopy diagnosed using both prick tests and specific 
serum IgE. Exclusion criteria were smoking, history of upper 

respiratory infections, and use of asthma medication in the 
previous 1 month.

In the study by Marullo and Abramo, inclusion criteria were as 
follows: at least 3 episodes of acute rhino-sinusal infection in the 
last year and evidence of chronic rhino-sinusal inflammation. 
Exclusion criteria were use of vasoconstrictive drugs, muco-
lytics, NSAIDs, and anti-histamines in the previous 2 months.

The study by Passali et al., 2012, included patients who suf-
fered from nasal obstruction assessed by a clinical symptom 
score and inferior turbinate hypertrophy, with clinical history 
of allergic rhinitis, chronic rhinosinusitis, and vasomotor rhi-
nitis. Exclusion criteria were acute viral rhinitis, obstructive 
polyposis, use of oral steroids and mucolytic treatment in the 
previous 2 months.

The study by Passali et al., 2016, included patients who suffe-
red from perennial allergic rhinitis, diagnosed with skin prick 
test. Exclusion criteria were seasonal allergic rhinitis, acute 
viral rhinitis, obstructive polyposis, use of oral steroids and 
mucolytic treatment in the previous 2 months.

THERAPY, ITS DURATION, AND ENDPOINTS

In the study by Mitsubonu et al., patients underwent nasal in-
halation of vapor from a hot spring on days 1, 7, 14, 21 and 28 
(once a week) for 40 minutes. Patients were checked 3 times: 2 
hours, 14 days, and 28 days after treatment. At the Misasa Me-
dical Center of Okayama Medical School, Japan, the patients 
underwent inhalations and aerosol applications through the 
nostrils with thermal radon-enriched water containing 2.080 
Bq/l of radioactivity. The trial included a control group. 

In the study by Marullo and Abramo, patients underwent a 
10-minute inhalation and a 10-minute aerosol application 
through the nostrils, once per day for 12 days. At baseline and 
the end of treatment (day 12), the patients were assessed. The 
trial included a control group and a placebo-treated group (re-
ceiving tap water inhalations). 

In both studies of Passali et al., patients underwent a 10-minu-
te inhalation and 10-minute aerosol application through the 
nostrils, once per day for 14 days. Nasal functional and cyto-
logical parameters were assessed at baseline and at the end of 
the therapy (day 14).

In all of the three Italian studies, the patients underwent tre-
atment with radon-enriched water from Merano (Italy) hot 
springs, characterized by 1.430 Bq/l of radioactivity.
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STUDIES METHODS

In the trial by Mitsubonu in asthma patients, pulmonary function 
parameters such as FEV1, FVC, and FEC1/FVC, as well as the 
following parameters of oxidative stress: serum catalase, super-
-oxide-dismutase, and lipid peroxidase activities were assessed.

In the study by Marullo and Abramo in chronic rhinosinusitis, 
the authors assessed mucociliary transport time, active ante-
rior rhinomanometry with flow and resistance, and chemical 
characteristics of the nasal mucus (concentrations of Na, K, 
Ca, total protein, albumin, IgA, IgG, and IgM).

In both trials by Passali et al., mucociliary transport time, active 
anterior rhinomanometry with flow and resistance, and nasal 

cytology were assessed; the clinical symptom score SNOT-22 
was also assessed in the 2016 trial.

STUDIES RESULTS

In the study by Mitsubonu et al., after 28 days of treatment, 
patients experienced enhancement of all functional pulmo-
nary parameters: FEV1 increased from 70.2% at baseline to 
77.7%, FVC increased from 87.1% to 95.6%, and FEV1/FVC 
from 56.3% to 61.6%. All serum indices of antioxidant activity 
increased; catalase increased after 28 days of therapy (+238% 
in comparison to the control), superoxide dismutase already 
increased after 14 days of therapy (+121%), and lipid peroxi-
de decreased after 14 days of therapy (-43%).

Tab. II. Clinical features of the four trials.

AUTHOR YEAR NUMBER OF 
PATIENTS 
[THERMAL 
WATER]

AGE SPAN 
(YEARS)

LENGTH OF 
TREATMENT

MEASUREMENT 
TIME POINTS

INCLUSION CRITERIA EXCLUSION CRITERIA

Marullo T, 
Abramo A

2000 27 15-81 12 days Baseline, day 12 At least 3 episodes of URT 
infection in the current year
Positive ENT examination for 
URT chronic inflammation

Use of NSAIDs, corticosteroids, 
anti-histamines, vasoconstrictors, 
mucolytics within 2 months before
Nasal bleeding

Mitsunobu F 
et al.

2003 9 23-79 28 days Baseline, days 
14 and 28

Asthma according to the NIH/
WHO criteria
Allergy according to serum 
specific IgE

Smoking, previous upper respiratory 
tract infection within 1 month before 
enrolment 

Passali et al. 2012 33 Older than 
12 years

14 days Baseline, day 14 Nasal obstruction according to 
the VAS scale
Nasal obstruction with inferior 
turbinate hypertrophy

Acute viral rhinitis, nasal polyps,
Use of NSAIDs, corticosteroids, 
anti-histamines, vasoconstrictors, 
mucolytics within 2 months before 
enrolment 

Passali et al. 2016 41 14-80 14 days Baseline, day 14 Perennial allergic rhinitis 
according to skin prick test
Nasal obstruction according to 
the VAS scale

ASA intolerance, asthma, acute viral 
rhinitis, nasal polyps,
use of NSAIDs, corticosteroids, 
anti-histamines, vasoconstrictors, 
mucolytics with 2 months before 
enrolment 

Tab. I. Materials and Methods of the four trials.

AUTHOR YEAR STUDY DESIGN CONTROL APPLICATION PARAMETERS TESTED

Marullo T, Abramo A 2000 Prospective, non-
randomized, controlled, 
double blind

1 placebo group
1 control group

Inhalation, 10 min + nostril 
aerosol, 10 min 1/day, every 
day for 12 days

Flow, resistance, MCT,  mucus Na, K, Ca, 
cytology, mucus IgA, IgM, IgG, proteins, albumin

Mitsunobu F et al. 2003 Prospective, controlled 1 control group Inhalation 40 min 1/day, 
once a week for 5 weeks

FEV1, FVC, CAT, SOD, lipid peroxidase

Passali et al. 2012 Prospective, non-
randomized

none Inhalation, 10 min + nostril 
aerosol, 10 min 1/day, every 
day for 14 days

Flow, resistance, MCT, cytology

Passali et al. 2016 Prospective, randomized, 
controlled, double blind

1 group treated 
with local 
mometasone

Inhalation, 10 min + nostril 
aerosol, 10 min 1/day, every 
day for 14 days

SNOT score, flow, resistance, MCT, cytology
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upper and lower airway diseases [17]. The mechanism of 
ciliary dysfunction encompasses various causes, including 
direct long-standing damage of the ciliated cells with loss 
of cilia. Other mechanisms are progressive increase in the 
number of squamous epithelial cells at the cost of ciliated 
cells (atrophic aspect), an increase in immature forms of 
epithelial cells, and functional damage, i.e., diminished or 
absent adaptation of dynamic regulation of cilia activity that 
predisposes the sinus cavities to accumulation of infectious 
or noxious particles [18].

In the studies by Marullo and Abramo and Passali et al., a tra-
ditional and replicable method of assessment was used, i.e., 

In the study by Marullo and Abramo, after 12 days of therapy, 
flow increased from 573.22 to 747.41 ml/s, resistance decre-
ased from 0.34 to 0.20 Pa x s / cc, and mucociliary clearance 
time decreased from 18.1 to 11.7 min. The cytological examina-
tion showed an increase in mature epithelial cells vs. immature 
cells, an increase in ciliated cells vs. muciparous cells, and an 
increase in plasma cells after 14 days of radon inhalation the-
rapy. Nasal mucus analysis showed an increase in Na, proteins, 
albumin, and secretory IgA, compared to the control groups.

In the study by Passali et al., 2012, after 14 days of therapy, flow 
increased from 672 to 740 ml/s, resistance decreased from 0.38 
to 0.29 Pa x s / cc, and nasal mucociliary clearance time decre-
ased from 14 to 12 min. 

In the study by Passali et al., 2016, after 14 days of treatment 
for allergic rhinitis, the SNOT-22 clinical symptom score de-
creased from 29 to 20 points, flow increased from 482 to 528 
ml/s, resistance decreased from 0.25 to 0.23 Pa x s / cc, and 
mucociliary clearance time decreased from 13 to 12 min. In 
the cytological examination, the amount of ciliated cells after 
14 days of treatment increased from 30 to 33.4 cells per field.

DISCUSSION

By analyzing the four studies concerning radon-enriched water 
inhalation therapy, we obtained a comprehensive summary of 
the action of this kind of treatment against the chronic inflam-
matory diseases of the upper and the lower airways.

The enhancement of the objective parameters in the four trials 
reflects outstanding outcomes, with modification of both the cli-
nical symptoms and the underlying mechanisms of chronic dise-
ases such as allergic rhinitis, asthma, and chronic rhinosinusitis.

FLOW AND RESISTANCE

Active anterior rhinomanometry is the standard technique for 
the assessment of nasal patency [16]. In the studies by Abramo 
and Marullo, Passali et al., 2012 and 2016, nasal resistance de-
creased and flow increased after 2 weeks of nasal inhalation, 
including patients with chronic rhino-sinusal infections and 
allergic rhinitis.

MUCOCILIARY CLEARANCE 

Mucociliary function is one of the most important defense 
mechanisms of the airways, which is impaired in chronic 

Fig. 1.  Flow. The figure shows the mean values of flow assessed by active anterior 
rhinomanometry before and after a cycle of radon-enriched inhalation 
therapy for nasal diseases in 3 clinical trials.

Fig. 2.  Resistance. The figure shows the mean values of resistance assessed by 
active anterior rhinomanometry before and after a cycle of radon-enriched 
inhalation therapy for nasal diseases in 3 clinical trials. 

Fig. 3.  Mucociliary clearance. The figure shows the mean values of mucociliary 
transport time assessed with charcoal powder transit time, i.e., the time 
between its placement on the head of the middle turbinate and its 
appearance in the oropharynx. This time is an indicator of ciliary mucosal 
function.
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SPIROMETRY

The assessment of airflow limitation, as measured by per-
cent predicted FEV1, provides important information to 
physicians with regard to diagnosis and management of 
asthma [20]. At day 28 after  radon-water inhalation thera-
py, the %FEV1 parameter significantly increased in the trial 
by Mitsunobu et al. 

ANTI-OXIDATIVE ACTIVITY

Currently, there are no direct serum biomarkers of obstruc-
tive pulmonary disease. [21]. Mitsunobu et al. reported an 
increase in the activity of serum SOD and CAT and a de-
crease in lipid peroxidase activity after hot spring radon 
water inhalation therapy; they suggested a direct effect of 
alpha radiation on the function of these important home-
ostatic enzymes. 

the mucociliary transport time with charcoal powder, with a 
sharp decrease of mucociliary transport time.

CYTOLOGICAL EXAMINATION 

Optical microscopy of nasal mucus smear, collected and stained 
using standard techniques, is a reliable method to evaluate the 
state of inflammation [19]. A high proportion of mature ciliated 
cells, up to 90% in the nasal smear, indicates healthy, functional 
nasal epithelium. In contrast, the presence of neutrophils, eosi-
nophils, and abnormal numbers of muciparous cells are associa-
ted with chronic nasal inflammation. In the studies by Abramo 
and Marullo and Passali et al, 2012 and 2016, the authors asses-
sed the efficacy of radon-inhalation treatment with regard to 
increasing the absolute amount of ciliated cells after 2 weeks of 
therapy. They also recorded a normalization of the ciliated-to-
-muciparous cell ratio. Little information was obtained with re-
gard to the behavior of inflammatory cells, especially eosinophils.
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