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4 Abstract In the low back syndrome the pain has a multifac-

5 torial origin and ozone can surprisingly display a number of

6 beneficial effects ranging from the inhibition of inflamma-

7 tion, correction of ischemia and venous stasis, and finally

8 inducing a reflex therapy effect by stimulating anti-nociceptor

9 analgesic mechanisms. The intradiscal and intramuscular

10 injection of oxygen–ozone is a successful approach compa-

11 rable to other minimally invasive procedures, but the eluci-

12 dation of the mechanisms of action remains elusive. This

13 communication shortly reports the mechanisms of action of

14 oxygen ozone therapy at the level of intervertebral disc and

15 paravertebral muscles.
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18 Introduction

19 Despite a large number of biochemical studies, the use of

20 ozone in medicine still remains controversial. At present,

21 ozone therapy is most commonly associated with the treat-

22 ment of disc herniation and/or low back pain throughout the

23 injection of an oxygen–ozone mixture in the vertebral disc or

24 in the paravertebral muscles.

25 In the case of disc herniation, the clinical effects of ozone

26 are reported to be related to the lysis and reduction of disc,

27 and the success of the therapy is based on the possibility

28 of statistically estimating in neuroradiological studies the

29 reduction or disappearance of the anatomic protrusion.

30 Nevertheless, confusion persists concerning the amount

31 of gas mixture, the concentration of ozone, the frequency of

32 the therapy and the site of injection. The same efficacy has

33been reported with different methodologies such as paraver-

34tebral, intradiscal, intraforaminal or epidural ozone injec-

35tions, and the variability of clinical responsiveness of

36patients in different studies with the same technical approach

37introduces further difficulties in the standardisation of the

38therapy.

39Controlled and randomized clinical trials are urgently

40needed to prove the validity of ozone therapy.

41This article briefly reports the biochemical mechanism of

42action of ozone in the field of neurosurgical disease.

43Intradiscal Injection

44In the case of gas injection directly into the nucleus pulpo-

45sus, we have some evidence that ozone dissolves in the

46intradiscal water and reacts with the complex macromolecu-

47lar components such as proteoglycans and glicosoaminogly-

48cans. The reaction entails an oxidation of these substrates

49(galactose, glycuronic acid, glycine, 4-hydroxyprolin) and

50the breakdown of intra- and intermolecular chains leading to

51disintegration of the three-dimensional structure. Its collapse

52frees the entrapped water that, after reabsorption, allows a

53decrease of intradiscal pressure and possibly a disappearance

54of pain due to the reduced pressure on the nervous root.

55However, since ozone is very often released also along

56the injection path (i.e., intraforaminal) the final therapeutic

57effect is due to the combination of vasculomediated and

58biochemical effects (improved oxygenation, correction of

59local acidosis, disappearance of venous and lymphatic sta-

60sis). It seems important to postulate that in the intraforaminal

61space, the presence of lipids, an excellent substrate for

62ozone, may favour the release of oxidized phospholipids to

63be included among LOPs: surprisingly, during inflammation,

64these compounds can inhibit inflammation as it has been

65shown in mice undergoing a lethal endotoxic shock. Thus,

66ozone appears to display paradoxical and unexpected useful
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67 effects such as inhibition of the release or inactivation of

68 proteinases and likely enhancement of the release of im-

69 munosuppressive cytokines such as TGFb or/and IL-10.

70 Even more surprising is the recent evidence suggesting that

71 ozone, by inhibiting COX-2, blocks the synthesis of proin-

72 flammatory prostaglandin E2. Another important analgesic

73 effect may be derived by the induction of antioxidant

74 enzymes resulting in the adaptation to chronic oxidative

75 stress. These novel and surprising aspects have allowed

76 formulating the concept of the ozone-paradox.

77 Paravertebral Injection

78 The indirect approach consisting of the injection of 10–20 ml

79 of gas in one to four sites of the paravertebral muscles in

80 patients with back-ache, has become very popular in Italy,

81 China, and Spain. This procedure is named ‘‘chemical acu-

82 puncture’’ because both the needle and oxygen–ozone must

83 have a role in eliciting a complex series of chemical and

84 neurological reactions, leading to the disappearance of pain

85 in the majority (70–80% of good response) of patients with

86 low back-pain. It has been clearly established that the ozone

87 concentration must be neither below 18–20 mcg/ml, nor

88 higher than 25–28 mcg/ml. If it is too low, it is hardly

89 effective but higher than 20 mcg/ml can be, especially dur-

90 ing the initial treatments, too painful and may even cause

91 lipothymia and a risky vasovagal reflex. On the other hand, it

92 has been often observed that, after five to seven treatments,

93 the pain threshold raises and therefore we can carefully

94 increase the ozone concentration.

95 What happens to ozone injected into the paravertebral

96 muscle? Ozone dissolves mostly into the interstitial water

97 and reacts immediately with antioxidants and PUFA gene-

98 rating hydrogen peroxide and LOPs, as it has been amply

99 described. These compounds stimulate local C-nociceptors

100 and cause a transitory but usually tolerable pain that is an

101 essential requirement for achieving the final therapeutic effect.

102 Moreover, another overlooked effect is caused by the

103 mechanical factor induced by injecting oxygen that is about

104 98% of the gas volume. This certainly is another stimulus

105 causing a feeling of tension and pressure on the muscle and

106 it is, at least in part, responsible of the final therapeutic effect.

107 Unfortunately, in spite of several formal requests, only once

108 the effect of oxygen alone was systematically ascertained

109 when, unintentionally, it was injected into the lumbar muscles

110 of 30 patients against 66 experimental (ozone: 20 mcg/ml).

111 Interestingly, albeit slightly less even control patients impro-

112 ved. All other reported studies have NO CONTROL and

113 this, from a scientific point of view, is a pitfall. This serious

114 drawback has been recently emphasized by an American

115 scientist, who has specified that the FDA will not approve

116the use of ozone unless a randomized and controlled study

117is performed. A sham injection with normal saline has been

118proposed, but this is not correct and should be substituted

119by the injection of oxygen that represents the bulk of the

120gas mixture.

121The stimulation of nociceptors is able to elicit the ele-

122vation of pain threshold and an antalgic response via the

123well-known descending antinociceptive system. As it occurs

124during a cutaneous stimulation, or acupuncture, albeit at a

125far lower level, the introduction of the needle, reinforced

126by the pressure of the gas plus the generated chemicals,

127induces a sort of prolonged stunning of nociceptors. It is

128known that an algic stimulation of the skin and muscles

129can reduce pain through the mechanism of diffuse noxious

130inhibitory control (DNIC). Recently it has been shown that

131even minimal acupuncture that is the superficial needling

132of NON-acupuncture points, has a similar benefit as real

133acupuncture on patients with tension-type headache. Thus,

134although it is known that the placebo effect is important, it is

135important to ascertain its relevance.

136Conclusion

137In conclusion, the probable mechanisms playing a role are as

follows:

138(a) Activation of the descending antinociceptive system.

139(b) Release of endorphins blocks transmission of the nox-

140ious signal to the thalamus and cortex.

141(c) Hypostimulation (elevation of the activation threshold)

142linked to the oxidative degeneration of C-nociceptors.

143(d) Simultaneous psychogenic stimulation of the central

144analgesic system induced by the gas injection, somehow

145due to a placebo effect.

146(e) The localized oxygenation and analgesia are most

147important because they permit muscle relaxation and

148vasodilation, thus a reactivation of the muscle metabo-

149lism, by favouring oxidation of lactate, neutralization

150of acidosis, enhanced synthesis of ATP, Ca2+ reuptake

151and edema reabsorption.

152In conclusion, we have seen that pain has a multifac-

153torial origin and that ozone can surprisingly display a number

154of beneficial effects ranging from the inhibition of inflam-

155mation, correction of ischemia and venous stasis and finally

156inducing a reflex therapy effect by stimulating anti-nociceptor

157analgesic mechanisms.

158The intradiscal and intramuscular injection of oxygen–

159ozone is a successful approach comparable to other mini-

160mally invasive procedures but a standardization of procedure

161and controlled randomized studies are needed.

124 E. Borrelli



162 Conflicts of Interest Statement I declare that I have no conflict of

interest.

163 Acknowledgments The author thanks Prof. Velio Bocci for helpful

164 suggestions.

165 Bibliography

166 1. Andreula CF, Simonetti L, De Santis F, et al. (2003) Minimally

167 invasive oxygen-ozone therapy for lumbar disk herniation. Am. J.

168 Neuroradiol. 24:996–1000.

169 2. Bocci V. (2002) Oxygen-ozone therapy. A critical evaluation.

170 Kluwer Academic, Dordrecht, The Netherlands, 1–440.

171 3. Bonetti M, Fontana A, Cotticelli B, Volta GD, Guidani M,

172 Leonardi M. (2005) Intraforaminal O2-O3 versus periradicular

173steroidal infiltrations in lower back pain: randomized controlled

174study. Am. J. Neuroradiol. 26:996–1000.

4. Borrelli E, Bocci V. (2009) Basic, biological and therapeutic

175effects of ozonetherapy in human medicine.UNESCO Encyclo-

176pedia for advance life supports (EOLSS), Dec. 218–222.

1775. Deyo RA, Weinsteinn JN. (2001) Low back pain. N. Engl. J. Med.

178344:363–370.

1796. Muto M, Andreula C, Leopardi M. (2004) Treatment of herniated

180lumbar disc by intradiscal and intraforminal oxygen-ozone injec-

181tion. J. Neuroradiol. 31:183–189.

1827. Paradiso R, Alexandre A. (2005) The different outcomes of

183patients with disk herniation treated either by microdiscectomy or

184by intradiscal oxygen ozone injection. Acta Neurochir. Suppl. 92:

185139–142.

1868. Torri G, Della Grazia A, Casadei C. (1999) Clinical experience

187in the treatment of lumbar disk disease, with a cycle of lumbar

188muscles injections of an oxygenþozone mixture. Int. J. Med. Biol.

189Environ. 27:177–183.

Mechanism of Action of Oxygen Ozone Therapy in the Treatment of Disc Herniation and Low Back Pain 125


