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Infrared (IR)-A irradiation can be useful in back and mus-
culoskeletal pain therapy. In this study joint and verte-
bral column pain and mobility were measured during 
two weeks of IR-A irradiation treatment of patients suf-
fering from degenerative osteoarthritis of hip and knee, 
low back pain, or rheumatoid arthritis. Additionally, be-
fore and after IR-A treatment MDA serum levels were 
measured to check if MDA variations accompany chang-
es in pain intensity and mobility. Two-hundred and 
seven patients were divided into verum groups getting 
IR-irradiation, placebo groups getting visible, but not IR 
irradiation, and groups getting no irradiation. In osteoar-
thritis significant pain reduction according to Visual Ana-
logue Scale and mobility improvements occurred in the 
verum group. Even though beneficial mean value chang-
es occurred in the placebo group, the improvements in 
the placebo and No Irradiation groups were without sta-
tistical significance. In low back pain, pain and mobility 
improvements (by 35–40  %) in the verum group were 
found, too. A delayed (2nd week) mobility improvement 
in rheumatoid arthritis was seen. However, pain relief 
was seen immediately. In patients suffering from low 
back pain or rheumatoid arthritis, the pain and mobility 
improvements were accompanied by significant chang-
es of MDA serum levels. However, MDA appears not a 
sensitive biofactor for changes of the pain intensity in 
degenerative osteoarthritis. Nevertheless, unaffected or 
lowered MDA levels during intensive IR-A therapy argue 
against previous reports on free radical formation upon 
infrared. In conclusion, rapid beneficial effects of IR-A to-
wards musculoskeletal pain and joint mobility loss were 
demonstrated.
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INTRODUCTION

Pain is an unpleasant sensory and emotional experi-
ence associated with actual or potential tissue damage, or 
described in terms of such damage (Merskey & Watson, 
1979; Merskey, 1989). The most frequent pain types we 
suffer from are muscleache, jointpain, backache, neck 
and shoulder ache, and headache, whereas stomach pain, 
menstrual pain and toothache occur more seldom. With-

out any doubt the occurrence and therapy of pain play 
an increasing role in modern clinical medicine, both in 
prevention, therapy, and rehabilitation. 

According to statistical data (Health Statistics for U.S. 
Adults: National Health Interview Survey 2002), in the 
year 2002 32.2 % of US citizens aged from 45 to 65 years 
suffer from painful chronic joint diseases. In 28.8 % de-
generative osteoarthrosis was diagnosed. The trend has 
been increasing in the last years. Already in 2003 34.9 % 
US citizens aged from 45 to 65 years suffered from 
painful chronic joint diseases and 30.0 % from degenera-
tive osteoarthosis (Sondik et al., 2005). Additionally, 13 % 
of working time was lost due to pain in back or joints 
(Stewart et al., 2003). Thirty-one million US citizens suf-
fer from low back pain. The yearly costs in the United 
States directly or indirectly due to back pain were esti-
mated at about 50 billion US$. Only the costs for an-
algetic drugs were 25 billion US$. The European statis-
tics are similar to the data from the United States. The 
costs of therapy of acute and chronic pain contribute 
to the budget explosion in the health systems not only 
of Western countries, but also of the Asian, South and 
Middle American ones in parallel with the accelerating 
industrialization. The causal factors for this development 
are misloading and unbalanced loading in working proc-
ess, physical and mental stress, but also overweight due 
to faulty nutrition and progressive lack of movement 
and exercise.

What alternatives are available? In many cases they 
include prevention, therapy, and rehabilitation by means 
of physical medicine, ergonomic optimization, stress 
handling and stress reduction, improved nutrition and 
exercise. For pain prevention and therapy warmth ap-
plications are widely accepted (Masuda et al., 2005). 
IR-irradiation is one of the warmth application regimes 
which can be useful for pain relief, together with hot 
packs, paraffin, fluid therapy, sauna, diathermy, warmth 
plasters, gels, and massage crèmes. Warmth applications 
including IR irradiation have been used for pain therapy 
for many years. Only in acute inflammation one should 
avoid warmth.
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Various IR wavelengths have different skin penetra-
tion characteristics. Only IR-A can reach the circulated 
layers of subcutis and, therefore, increase the local circu-
lation of muscle tissue. IR-B and IR-C are absorbed in 
the very superficial layers of epidermis and dermis with 
their high content of heat nociceptors. The resulting heat 
pain will limit the irradiation with high B or C content. 
Only at high IR-A content one can use high total inten-
sity of IR irradiation, which leads to a significant pain 
reduction in parallel to the local increase of circulation. 
The IR devices of the series InfraCare (Philips, Nether-
lands) produce IR with 45–50 % of IR-A. These devices 
are useful for home applications, too. Therefore they of-
fer new possibilities for broad medical self-application if 
recommended by physicians and physiotherapists.

In this randomised controlled study of patients suf-
fering from degenerative osteoarthritis of hip and knee, 
low back pain, or rheumatoid arthritis joint or vertebral 
column pain and mobility were measured during two 
weeks of IR-A irradiation treatment using InfraCare 
equipment. Additionally to the clinical data of pain and 
mobility MDA serum levels were measured before and 
after IR-A treatment to see if there are parallel changes 
of pain intensity and MDA. It is well known that noci-
ception and pain stimulation are closely connected with 
lipid peroxidation (Rokyta et al., 2003; Smith, 2006). In 
musculoskeletal disorders increased lipid peroxidation 
has been demonstrated due to inflammation, but also to 
non-inflammatory factors such as pain (Bagis et al., 2005; 
Ozgocmen et al., 2006). 

MATERIAL AND METHODS

Groups of patients. Two-hundred and seven patients 
were involved in the study. Patients suffering from de-
generative osteoarthritis (coxarthrosis or gonarthrosis), 
low back pain, and rheumatoid arthritis were divided in 

three groups: a) Verum (infrared radiation), b) Placebo 
(visible radiation only, no infrared), and c) No Irradia-
tion. The study was carried out between April and Oc-
tober 2006. The patients who were irradiated were ran-
domly assigned to the Verum or Placebo group. The 
Infrared and Placebo emitters were double-blinded (for 
patient and physiotherapist). In Table 1 numbers of pa-
tients in the various groups are given, as well as the age 
and gender distribution, number of treatments, total time 
of radiation within the two weeks of treatment, and the 
mean time of radiation. In general, the recommended 
mean time of daily irradiation was 15 min to 30 min.

Equipment for irradiation, recommendations for 
application, and exclusion of patients. Patients were 
treated for two weeks with InfraCare HP 3631 and HP 
3641 appliances (Philips, Netherlands). We accepted 
within the pilot study the following recommendations 
of producing company: The treatment duration approx. 
15 min per session at indicated distance (30–50 cm); the 
equipment in general can be used safely several times a 
day; it can be used every day; IR is not recommended 
if the patient has a swelling or an inflammation, as heat 
could aggravate the complaints; painkillers in high dos-
ages can reduce the sensitivity to heat, therefore patients 
taking painkillers should especially pay attention to keep-
ing the recommended distance between skin and lamp; 
prolonged IR exposure may damage the eyes, so one is 
advised not to look directly into the lamp.

We excluded, in accordance with the above recom-
mendations, patients with the following diseases: heart 
insufficiency (NYHA III and IV), severe disturbances of 
heart rhythm, myocardial infarction in acute phase, se-
vere respiratory insufficiency, tuberculosis, acute phase 
of rheumatoid arthritis, acute phase of multiple sclerosis, 
patients treated with coumarines, deep venous thrombo-
sis, thrombophlebitis, and patients suffering from severe 
diabetes, thyreotoxic crisis, uraemia, haemolytic anaemi-
as, and porphyry. 

Table 1. Characterization of Verum, Placebo, and No Irradiation groups

Diagnosis group Subgroup No. of 
patients

Age of 
patients Male Female No. of  

radiations
Total time of 
 IR radiation

Mean time of 
single  
IR radiation

Dimension years minutes minutes

Coxarthrosis Total group 50 61.8 19 31

Verum (IR-A) 19 62.6 7 12 9.0 155 17.2

Placebo 14 57.2 5 9 10.5 175 16.6

No Irradiation 17 64.6 7 10 no no no

Gonarthrosis Total group 56 66.7 30 26

Verum (IR-A) 20 66.5 12 8 10.3 185 17.9

Placebo 12 68.6 6 6 9.8 166 16.9

No Irradiation 24 66.0 12 12 no no no

Low back pain Total group 59 49.7 21 38

Verum (IR-A) 32 48.3 11 21 9.3 149 16.0

Placebo 11 46.8 4 7 9.4 160 17.0

No Irradiation 16 54.5 6 10 no no no

Rheumatoid Total group 42 61.3 11 31

Arthritis (non- Verum (IR-A) 17 56.1 5 12 10.1 158 15.7

inflammatory Placebo 8 63.8 2 6 10.2 162 15.9

period) No Irradiation 17 65.4 4 13 no no no
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Evaluation of pain degree and mobility measure-
ments. Before the first treatment, after one week, and 
after two weeks of treatment the treating physiothera-
pists measured the mobility of joints or lumbar spinal 
cord which were treated and asked the patient to eval-
uate the pain degree according to a visual analog pain 
scale (VAS). The numbers 0 to 10 of the VAS corre-
spond to: 0 “no pain”, 10 “highest pain which is unbear-
able”. Furthermore, therapeutic schedule, the use of an-
algetics and other drugs, and evaluation of the patient´s 
subjective feeling were registered. The mobility of the 
joints was analyzed according to the neutral zero-meth-
od. The so-called normal physiological values of healthy 
persons were taken as hundred percent, e.g., for the hip 
15/0/130–140o for extension and flexion, 30–45/0/20–
30o for abduction and adduction, 30–50/0/30–50o for 
outer rotation and inner rotation (Wuelker, 2005), and 
for the knee 10–5/0/120–150o for extension and flexion 
(Wuelker, 2005).

The mobility of the lumbar vertebral column was ana-
lyzed according to the Schober sign, whose value is nor-
mal if it increases from 10 cm to 15 cm during flexion 
of the vertebral column. Therefore the difference of 5 cm 
corresponds to 100 % (Wuelker, 2005). The physiological 
value of lateral flexion of the vertebral column (lumbar 
spinal cord) was set as 30/0/30o being equal to 100 %.

MDA measurement. MDA was determined accord-
ing to Wong et al. (1987) with modifications of Som-
merburg et al. (1993) as the thiobarbituric acid (TBA) 
derivative. Phosphoric acid (440 mM), sample or MDA 
standard, and TBA solution (42 mM) were incubated at 
100oC for 60 min and then the samples and standards 
were cooled on ice. To neutralize the phosphoric acid 
and to precipitate the proteins before the sample was in-
jected into an HPLC system, the samples and standards 
were diluted 1:1 (v/v) with NaOH (0.1 M) in methanol. 
Afterwards, all samples were centrifuged at 10 000 × g for 
2 min. Aliquots of the derivatized samples were injected 
into a reversed phase HPLC system (HPLC from Shi-
madzu; C18 column from Supelco, 125 mm × 4.6 mm) 
and separated by isocratic elution with phosphate buffer 
(50 mM, pH 6.8) containing 40 % (v/v) methanol. The 
TBA–MDA complex was detected by means of fluo-
rescence using an excitation wavelength of 525 nm and 
emission of 550 nm.

Statistics. After collection of data on joint or verte-
bral column mobility and pain intensity we asked, wheth-

er a statistically significant correlation exists between the 
mobility reduction and the pain intensity. Normal distri-
bution of the data was examined by the Kolmogorov-
Smirnov test. For statistical evaluation of time-depend-
ent changes first the Friedman test was performed. The 
Wilcoxon rank test followed a positive outcome of the 
Friedman test. For examining significance of differences 
between the patient groups (Verum vs. Placebo, Verum 
vs. Non Irradiated, and Placebo versus Non Irradiated) 
the Kruskal-Wallis test for multiple independent sam-
ples was performed follwed by the Mann-Whitney U-test 
for independent samples. For normally distributed data 
(MDA levels), Student’s double sided t-test for independ-
ent samples as well as ANOVA with Bonferroni post-hoc 
testing for significant differences was performed. In ad-
dition, correlation analysis based on Spearmans’s rho was 
also performed. Changes and correlations were evaluated 
to be statistically significant if the probability of error p 
was less than 0.05. 

RESULTS

Correlation between mobility reduction and pain 
intensity

Correlation analysis showed a significant negative 
correlation (Spearman’s rho) of initial mobility reduc-
tion with initial pain intensity in gonarthrosis (–0.855; 
p < 0.001), coxarthrosis (–0.634; p < 0.001), and RA 
patients (–0.540; p < 0.005), and borderline significant 
one in patients suffering from low back pain (–0.261; 
p = 0.061). The correlation among initial (before first 
IR treatment) mobility reduction and the initial pain in-
tensity follows a linear regression model, however, the 
correlation coefficients (r) and the corresponding er-
ror probability (p) differ for different diagnosis groups. 
Figure 1 shows this correlation for patients suffering 
from gonarthrosis with r = 0.8664 and p < 0.0001. The 
r and p for other groups were r=0.5800 and p < 0.0001 
for coxarthrosis, r = 0.3476 and p = 0.018 for low back 
pain syndrome, and r = 0.5920 and p = 0.0016 for RA. 
Furthermore, it was found that there were no signifi-
cant differences between the initial pain intensities in 
the different patient groups investigated. Apparently, 
suffering from degenerative joint or lumbar spinal cord 
diseases produces the same subjective “degree of suf-
fering” as does RA.

Degenerative osteoarthritis: coxarthrosis and 
gonarthrosis

In the Verum group of patients suffering from cox-
arthrosis there was a significant increase (always with 
p < 0.01) of hip mobility after the first and after the 
second week of IR-A treatment, which is shown for 
hip flexion in Fig. 2 (left-hand scale and continuous 
lines). The hip mobility values were significantly dif-
ferent between time zero and one week, time zero 
and two weeks, and between one week and two weeks 
(p < 0.05). Furthermore, there was a significant pain 
reduction in the Verum group according to the Wil-
coxon rank test following a positive Friedman test, 
which is also shown in Fig. 2 (right-hand scale and 
dashed lines) with significant differences between all 
three time points. Neither for the mobility nor for the 
pain were the score changes in the Placebo and No 
Irradiation groups significant. 

Figure 1. Linear correlation between initial (before first IR treat-
ment) mobility reduction (flexion) and initial pain intensity in 
gonarthrosis. 
Correlation coefficient r was 0.8664 with error probability 
p<0.0001. 
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Similar results were obtained for gonarthrosis. Fig. 3 
shows the changes in knee mobility/flexion (left-hand 
scale and continuous lines) and knee pain degree (right-
hand scale and dashed lines). Also here in the Verum 
group of patients the mobility and pain improved al-
ready after one week of therapy (all improvements were 
statistically significant with p < 0.01), the differences to 
the Placebo and No Irradition group being significant 
(p < 0.05; p < 0.005). Taking hip and knee patients with 
degenerative osteoarthritis together (in total one-hun-
dred and six patients), the average pain score after two 
weeks of InfraCare treatment was reduced by 1.4/10 
after one week, and by 2.2/10 after two weeks (Fig. 
4). In addition, significant (p < 0.005) differences, albeit 
minor, were also seen in the Placebo group compared 

to the No Irrradiation group. Furthermore, significant 
(p < 0.05) functional improvement was measured after 
two weeks of treatment in the Verum group in com-
parison with the Placebo and No Irradiation groups, 
too, but it was minor. However, the major IR-A effect 
after already one and — to a greater extent — after 
two weeks of treatment was the pain relief, which is 
demonstrated in Fig. 4. 

Low back pain

In patients with low back pain the treatment led 
to a significant increase of mobility (Fig. 5; left-hand 
scale, thick lines). The significance was checked us-
ing the Wilcoxon rank test following a positive Fried-
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Figure 4. Pain reduction in patients suffering from degenerative 
osteoarthritis of hip or knee
Coxarthrosis and gonarthrosis patients are taken together (in to-
tal 106 patients). Verum group (n = 39), Placebo group (n = 26), 
and No Irradiation group (n = 41) as for Figs. 2 and 3. Significant 
changes: *p < 0.05 and **p < 0.005 compared with 0 weeks (Fried-
mann statistics); ++p < 0.005 compared with Placebo group at 
the corresponding timepoints (Mann-Whitney-U statistics); Note: 
p < 0.005 holds also true for Verum versus No Irradition at both 
timepoints.

Figure 3. Changes of knee flexion and knee pain in gonarthrosis 
patients
Changes of knee flexion are given by continuous lines. Changes 
of pain degree as measured with VAS are shown by dashed lines. 
Number of patients was 20 in Verum, 12 in Placebo, and 24 in No 
Irradiation group. *p < 0.05 and **p < 0.005 compared with 0 weeks 
(Friedmann statistics); in Placebo and No Irradiation no significant 
differences. +p < 0.05 and ++p< 0.005 compared with Placebo and 
No Irradiation group at the corresponding timepoints (Mann-Whit-
ney-U statistics). 
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Figure 2. Hip flexion and hip pain in coxarthrosis patients
Flexion as most important mobility parameter is shown by contin-
uous lines. Pain degree as measured with VAS is shown by dashed 
lines. Number of patients was 19 in Verum, 14 in Placebo, and 17 
in No Irradiation group. Significances for changes in both mobil-
ity/flexion and pain degree: *p < 0.05 and **p < 0.005 compared 
with corresponding pre-treatment (0 week) (Friedmann statistics); 
in Placebo group and No Irradiation groups no significant differ-
ences. 

50

55

60

65

70

75

80

85

90

95

100

0 1 2
week

m
ob

ili
ty

 (%
 o

f n
or

m
al

)

0

1

2

3

4

5

6

7

8

pain degree (VA
S)

Verum

Placebo

No Irradiation

Verum

Placebo

No Irradiation

++

* +

**

*

*

Figure 5. Mobility and pain improvement in patients with low 
back pain
Vertebral column mobility ( % of normal mobility measured ac-
cording to Schober sign) is given by continuous lines. Pain degree 
(values according to Visual Analogue Scale) is given by dashed 
lines. Number of patients was 32 in Verum, 11 in Placebo, and 16 
in No Irradiation group. *p < 0.05 and **p < 0.005 compared with 
0 weeks (Friedmann statistics); in Placebo and No Irradiation no 
significant differences. +p < 0.05 and ++p < 0.005 compared with 
Placebo and No Irradiation group at the corresponding timepoints 
(Mann-Whitney-U statistics)
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man test in the Verum group between all time points. 
There were no significant changes in the Placebo or 
No Irradiation groups. Also in this disease a signifi-
cant pain reduction was found in the Verum group, 
whereas there were no significant pain improvements 
in the other groups (Fig. 5; right-hand scale, dashed 
lines), the differences between Verum and Place-
bo as well as No Irradiation group being significant 
(p < 0.005) after two weeks. Taking the data of the 
Verum group together, both the improvement of mo-
bility and pain reduction were by about 35–40 %. 

Rheumatoid arthritis (RA)

Clinical improvements in 42 patients suffering from RA 
were investigated after two weeks of treatment. There was 
a significant increase of mobility of the disease leading joint 
in the Verum group, with a smaller increase within the first 
week (p < 0.05) and a stronger one during the second week 
(p < 0.01 for Verum zero vs. Verum 2 weeks) (Fig. 6). There 
were no significant changes in the Placebo or No Irradia-
tion groups. The Verum group, furthermore, experienced a 
significant pain reduction (Fig. 6), also without significant 
changes in the other groups. The pain reduction was the 
major clinical effect, whereas the improvement of joint mo-
bility was a minor, but also significant, one.

Malondialdehyde (MDA) serum concentration

Table 2, shows that the mean values of serum MDA 
are in the range between 0.5 µM and 0.85 µM. Inter-
estingly, the mean values were significantly (p < 0.05, 
p < 0.005) lower in the group of patients suffering from 
low back pain before and after IR-A treatment compared 
with the other disease states. Upon IR-A irradiation, the 
MDA levels significantly (p < 0.05) decreased in low back 
pain and rheumatoid arthritis patients, but remained un-
changed in the osteoarthrosis group. 

DISCUSSION

Indications for IR-A therapy

A multitude of conditions have been suggested as in-
dications for IR therapy (Hammond, 2004; Baronzio et 
al., 2006; Kukkonen-Harjula & Kauppinen, 2006; Perret 
et al., 2006), such as a) non-inflammatory pain in degen-
erative diseases of the vertebral column, low back pain, 
fibromyalgia, degenerative joint diseases, such as gonar-
throsis, coxarthrosis, omarthrosis, traumatic fibrosis, x-
ray-induced fibrosis, scar treatment, sprains, bruises, b) 
chronic inflammatory diseases of the skin, mucosal tis-
sues, bones, joints, chronic bronchitis, sinusitis, prostati-
tis, gynecological diseases (not during acute inflammatory 
periods), c) hypertonus, and d) allergic diseases such as 
urticaria, pollinosis, and asthma bronchiale. It is needless 
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Figure 6. Mobility and pain improvement of disease leading 
joint of patients suffering from rheumatoid arthritis (RA)
Mobility is shown by continuous lines, pain by dashed lines. 
Number of patients was 17 in Verum, 8 in Placebo, and 17 in No 
Irradiation group. *p < 0.05 compared with 0 weeks (Friedmann 
statistics); in Placebo and No Irradiation no significant differences. 
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Table 2. MDA serum levels before and after two weeks of infrared radiation treatment

Diagnosis group Subgroup MDA pre [µM] MDA post [µM] Diff.1 [µM]

Gonarthrosis Verum2 0.76 ± 0.14 (20) 0.71 ± 0.18 (20) –0.05 ± 0.12 (20)

Placebo 0.73 ± 0.12 (12) 0.74 ± 0.11 (12) 0.01 ± 0.12 (12)

Coxarthrosis Verum 0.67 ± 0.14 (19) 0.63 ± 0.12 (19) –0.04 ± 0.08 (19)

Placebo 0.69 ± 0.12 (14) 0.70 ± 0.12 (14) 0.01 ± 0.12 (14)

Low Back
Pain

Verum 0.58 ± 0.12 (32)+ 0.53 ± 0.09 (32)++ –0.05 ± 0.07 (32)*

Placebo 0.53 ± 0.06 (11)++ 0.55 ± 0.08 (11)++ 0.02 ± 0.07 (11)

RA3 Verum 0.85 ± 0.15 (17) 0.75 ± 0.11 (17) –0.10 ± 0.09 (17)*

Placebo 0.80 ± 0.07 (8) 0.78 ± 0.06 (8) –0.02 ± 0.09 (8)

1Diff = MDA post — MDA pre (negative values indicate MDA reduction). Values represent the mean ± S.D. Sample size is given in parentheses. 
2Verum = IR treated. 3Rheumatoid arthritis — non-inflammatory period. *p ≤ 0.05 compared with the corresponding Placebo group; Student´s dou-
ble sided t-test for independent samples.; + p ≤ 0.05, ++ p ≤ 0.005 compared with the corresponding MDA levels found in Gon-/Coxarthrosis and RA; 
ANOVA (Bonferroni post-hoc testing).
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to mention that effective prevention, treatment and reha-
bilitation of musculoskeletal pain presents a major eco-
nomic factor in all countries. 

Effects of warmth therapy and in particular IR-A 
irradiation

In Fig. 7 further factors contributing to pain relief are 
summarized. In general, warmth therapy works via di-
rect relaxation of the muscles and via thermoregulation. 
The thermo-regulatory effects include the body reacting 
by increasing the blood circulation to cool down when 
the temperature gets above the body core temperature 
(37 oC). The improved blood circulation leads to in-
creased oxygen and nutrient supply. Furthermore, it also 
accelerates the removal of metabolic end-products and 
carbon dioxide from muscle tissue. Anti-inflammatory 
effects due to changes of prostaglandin pattern of irradi-
ated tissue have also been described (Hardy et al., 1951; 
Moriyama et al., 2005; Pulichino et al., 2006; Rosseland et 
al., 2007). It is known that under conditions of increased 
or normalized tissue pO2 and increased substrate sup-
ply the activity of Na+-K+-ATPase increases or, at least, 
does not decrease. A high Na+-K+-ATPase activity cor-
relates with decreased nociceptive impulse transmission 
(Moriyama et al., 2005). Classic reports exist on modi-
fication of pain threshold by warmth and IR irradia-
tion (Khanapure et al., 2007). Additionally, data of our 
research group indicate a reduction of oxidative stress 
during warmth therapy. In sauna therapy a reduced lipid 
peroxidation (LPO) rate and reduced plasma concentra-
tions of toxic aldehydic LPO products such as malondi-
aldehyde (MDA), 4-hydroxy-2,3-trans-nonenal (HNE) and 
protein carbonyls were measured (Gruenberger, 2007). It 
is known that MDA and HNE can modify proteins and 
nucleic acids. The reduction of Na+-K+-ATPase activity, 
an enzyme which obviously relates to nociception, by al-
dehydic LPO products was described in detail (Siems et 
al., 1996; 2003).

Equipment with high content of IR-A irradiation

The devices of the InfraCare series produce IR with 
45–50 % of IR-A. The naturally low IR-A absorption 
at the skin surface (IR-A penetrates the skin up to a 
depth of 5 mm to 6 mm, whereas IR-B and IR-C have 
maximal penetration depths of 2.5 mm or even 0.2 mm 
to 0.3 mm, respectively (Piazena, 2002)) and the low 
contents of IR-B and IR-C which are absorbed near 
the surface guarantee a warmth-induced wellbeeing far 
from the heat pain threshold. This allows longer pe-
riods of irradiation and a high intensity of irradiation 
with the aim of accelerated circulation, which is only 
possible by IR-A. The devices are safe and easy to han-
dle. Another advantage is the homogeneity of irradia-
tion without hot spots. The optimal application time is 
15 min. Warnings, recommendations of the producer, 
and proposed contraindications were described under 
Material and Methods. In this study no single case of 
side effects occurred. 

Clinical use of IR-A irradiation

The investigations showed clinical improvements in 
four diseases: degenerative osteoarthritis of the hip and 
of the knee, i.e. in coxarthrosis and gonarthrosis, low 
back pain, and rheumatoid arthritis. The clinical im-
provements occur already after short periods of appli-
cation, i.e. after one and two weeks. Long-term effects 

were observed only in selected patients, but should be 
investigated in a further study. 

In patients suffering from gonarthrosis or coxarthrosis 
pain reduction according to the Visual Analogue Scale 
evaluation (by about 2 points) and functional improve-
ment were measured after two weeks of treatment in 
the Verum group in comparison with the Placebo and 
No Irradiation groups. Data from a randomized dou-
ble-blind study were previously available only for go-
narthrosis patients. In that study by Stelian et al. (1992) 
significant pain reduction and mobility improvement was 
found in the IR, but not in the Placebo group after 20 
treatments within ten days (Stelian et al., 1992). In our 
study in gonarthrosis patients similar effects were seen 
with the modern devices already with ten applications 
(see Table 1).

In low back pain both the improvement of mobility 
and pain reduction were by about 35–40 % in the Verum 
(IR-A) group. 

Clinical improvements were also seen in patients suf-
fering from rheumatoid arthritis.

In general, pain reduction was the major clinical ef-
fect, whereas the improvement of joint or vertebral col-
umn mobility was minor, but also significant. The data 
on pain reduction were indeed striking, with an improve-
ment of pain degree by 2 points or more reported by 
75 % of gonarthrosis, 63 % of coxarthrosis, 69 % of de-
generative osteoarthritis patients together, 72 % of low 
back pain, and 71 % of rheumatoid arthritis patients. For 
a pain relief by at least 1.5 points after IR-A treatment, 
the corresponding proportions of patients were as high 
as 90 % (gonarthrosis), 84 % (coxarthrosis), 87 % (gonar-
throsis and coxarthrosis together), 81 % (low back pain), 
and 82 % (RA).

Measurement of lipid peroxidation by means of MDA

The serum MDA concentrations in patients of the 
three diagnosis groups were in the range of physiologi-
cal values of age-matched healthy population (Gil et al., 
2006). Interestingly, the mean values were lower in the 
group of patients suffering from low back pain before 
and after IR-A treatment compared with the other dis-
ease states. The MDA values in osteoarthrosis and rheu-
matoid arthritis, which are in the upper range of nor-
mal values, demonstrate that during non-inflammatory 
periods of these diseases little lipid peroxidation occurs. 
However, during inflammatory periods high generation 
of reactive oxygen species and lipid peroxidation prod-
ucts takes place. There were small but significant de-
creases of the MDA levels upon IR-A irradiation in low 
back and rheumatoid arthritis patients. MDA remained 
unchanged upon IR-A irradiation in the osteoarthrosis 
group. However, in all diagnosis groups the pain inten-
sity decreased substantially upon irradiation. Obviously 
MDA is not a sensitive biomarker for the reflection of 
rapid pain reduction, even though a reduction of lipid 
peroxidation could be expected. In addition, the data 
show that there is no increase of in vivo lipid peroxi-
dation by intensive IR-A-treatment. That confirms the 
classical opinion that IR radiation is harmless, but ar-
gues against previous reports on significant dangers by 
IR radiation. Previously it was reported that IR-A in-
duces expression of matrix metalloproteinase-1 (MMP-
1), which was found to be mediated by the formation 
of intracellular reactive oxygen species (Schroeder et al., 
2007; 2008). The data shown here at least argue against a 
strong impact of this subcellular phenomenon in the cir-
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culating blood or in the whole organism. The unchanged 
or even decreased MDA serum levels show that inten-
sive IR-A irradiation, as carried out here, does not lead 
to increased oxidative stress.

Taken together, the data strongly suggest IR-A irradia-
tion as an effective and harmless method in prevention, 
therapy and rehabilitation of degenerative osteoarthritis, 
low back pain, and during non-inflammatory periods of 
RA.
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