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Adjuvant combined ozone therapy for extensive wound 
over tibia

Prasham Shah, Ashok K Shyam1, Sambhav Shah

ABstrAct
Disinfectant and antibacterial properties of ozone are utilized in the treatment of nonhealing or ischemic wounds. We present 
here a case of 59 years old woman with compartment syndrome following surgical treatment of stress fracture of proximal tibia 
with extensively infected wound and exposed tibia to about 4/5 of its extent. The knee joint was also infected with active pus 
draining from a medial wound. At presentation the patient had already taken treatment for 15 days in the form of repeated wound 
debridements and parenteral antibiotics, which failed to heal the wound and she was advised amputation. Topical ozone therapy 
twice daily and ozone autohemotherapy once daily were given to the patient along with daily dressings and parenteral antibiotics. 
Within 5 days, the wound was healthy enough for spilt thickness skin graft to provide biological dressing to the exposed tibia bone. 
Topical ozone therapy was continued for further 5 days till the knee wound healed. On the 15th day, implant removal, intramedullary 
nailing, and latissimus dorsi pedicle flap were performed. Both the bone and the soft tissue healed without further complications 
and at 20 months follow-up, the patient was walking independently with minimal disability.
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Case Report

introduction

Ozone is well established as a powerful disinfectant 
and is considered as one of the best agents to 
sterilize water.1,2 The antibacterial properties of 

ozone have been studied in detail and have been extensively 
reported in dental and other literature.3-6 Calderon and 
Kaufman7 treated (n=63) these cases with topical ozone 
therapy and reported complete healing of ulcers in 49 
patients. In the remaining 14 patients, the bacterial growth 
was controlled by ozone therapy. De Monte et al. reported 
2 cases of leg ulcers treated by ozone autohemotherapy 
(AHT) with healing achieved in both the cases.8 Bocci 
recommended the combined use of topical and AHT stating 

that a synergistic effect would lead to rapid healing of the 
wounds.3 Here we present a case of compartment syndrome 
following surgical treatment of stress fracture of proximal 
tibia with extensively infected wound and exposed tibia to 
about 4/5 of its extent. Adjuvant combined ozone therapy 
was used in this patient with good results. 

cAsE rEport

A 59-year-old woman had a minor fall with injury to the 
right leg. She was diagnosed as having stress fracture 
of the proximal tibia [Figure 1a] and a plaster cast was 
applied above the knee at a different institution. She was 
evaluated 1 month later with no evidence of union. The 
patient underwent surgery in the form of dual plating 
[Figure 1b]. On the 3rd day postoperative, compartment 
syndrome was diagnosed. During fasicotomy, necrosis 
of the entire anterior compartment was noted and tibialis 
anterior and a part of the peroneus musculature were 
debrided and excised. The fasicotomy wound got infected 
with the spread of infection to the knee joint, which 
drained through a large wound on the medial side. Wound 
cleaning and repeated debridements were performed for 
2 weeks with parenteral antibiotics with no improvement 
in the status of the wound. Finally, the patient was advised 
amputation. The patient did not consent for amputation 
and came to our center for further management. At the 
time of presentation, the wound was covered with necrotic 
tissue and slough and middle 4/5 of the tibia bone exposed 
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with blackening at the lower end [Figure 2a]. Active pus 
was discharging from the knee joint through the medial 
wound [Figure 2a]. The knee joint had painful movements 
of only 10°–30°, whereas the ankle had 20° of equinus 
deformity. The patient was a known case of hypertension 
and was on medication since last 8 years. There was no 
history of diabetes or any other medical or surgical illness. 
Biochemical investigations showed hemoglobin of 10.2 
mg% with rest of the parameters within normal limits. A 
swab from the wound cultured Staphylococcus aureus. 
The patient was taken in for the first debridement. Three 
holes were drilled in the tibia to verify bone viability. All 
the 3 sites had active bleeding from the bone. A thorough 
debridement of the wound was done with removal of all 
the dead and necrotic tissue. Postsurgery the entire lower 
leg was wetted with sterile distilled water and covered with 
a sterile plastic bag, which has outlet and inlet valves. First, 
air was sucked out of the bag and then ozone mixture at a 
dose of 70 µg was infused into the bag till the bag was full 
with the gas. After the entire dose was infused, the ozone 
machine was switched off and the bag was left in place for 
the next 30 min [Figure 2b]. These sittings were given 2 
times a day. Antibiotics in the form of ceftriaxone 1 g and 
amikacin 500 mg twice daily and metronidazole 100 mL 
thrice daily were given. Autohemotransfusion of ozone was 
done once daily by taking out 50 cc of the patient’s blood 
and ozonizing it with 70 µg of ozone and then re-injecting it 
into the patient.2 Routine wound cleaning and dressing were 
performed daily. This protocol was followed for the next 4 
days. On day 5, the wound was granulating and red with 
minimal necrosed tissue; however, the knee wound was still 
having some slough. A decision to provide biological cover 
to the exposed tibia bone was taken and a split thickness 
skin grafting was done on 5th day postadmission [Figure 2c]. 
Postoperatively, further 5 sittings of local ozone were given 
till the knee wound became healthy and started granulating 
at the base. The tibia skin graft healed well with no signs of 
graft rejection. At this time, the knee wound had healthy 
granulation tissue. The skin graft was well accepted over 
the surrounding soft tissues, the graft over the bone and 
implant was removed on the 15th day from admission and 
the tibia was fixed with intramedullary interlocked nail 
and a latissimus dorsi pedicle flap [Figure 3]. The flap was 
taken up well and the knee wound healed by secondary 
intention. Knee and ankle mobilization were started on 
the 3rd day postsurgery. The follow-up examination had 
the flap healing well and bone showing progressive signs 
of union. No further reactivation of infection was noted. 
The bone healed in 4 months with the patient starting to 
walk toe-touch weight bearing by 2 months, partial weight 
bearing 4 months, and full weight bearing 6 months. At 20 
months followup the patient is walking full weight bearing 
and using an anti–foot-drop splint. The knee has a range 

of movement of 10°–100° [Figure 4]. The patient is able 
to perform her daily activities and is able to walk 200 m 
distance at a stretch. 

discussion

Ozone therapy is a recognized treatment modality in more 
than 16 countries with more than 35 years of clinical 
experience, yet a widespread use is still limited.9,10 Ozone 
therapy has been shown both to improve wound healing, 
modulate immune system, and act as an antibacterial 
agent.11 In our case, the nonhealing and necrotic wound 
seen postcompartment syndrome may be associated 
with continued tissue ischemia, reperfusion injury, and 
imbalanced tissue homeostasis and microcirculation.12 In 
blood, ozone almost immediately disintegrates forming 
reactive oxygen species and lipid oxidation products.3,11 
The lipid oxidation products cause vasodilatation by 
acting on the endothelium, causing release of prostacyclin, 
interleukin-8, and nitric oxide.2,3,13-15 Reactive oxygen 
species cause platelet aggregation and release of platelet-
derived growth factors, transforming growth factor β, and  
interleukin-8, which play a major role in rapid wound 
healing.16 Ozone AHT is also shown to improve the 
hemorrheologic properties and increase the oxygen delivery 
to the more ischemic tissues.3,17 The therapeutic oxidative 
stress caused by the AHT also leads to upregulation of 
the intracellular antioxidant enzymes and production of 
heme oxygenase-1 and heat-stable protein-70, which 
help in protecting the tissues from ischemia/reperfusion 
and inflammation and also play a role in wound 
healing.3,11,18-20 In our case, the patient was 59 years old and 
immunosenescence may also be a cause of impaired wound 
healing.21 Ozone AHT induces release of cytokines, such as 
TNF-a and interleukins, which activate the neutrophils and 
lymphocytes.3,11,22,23 These reinfused ozonated lymphocytes 
further activate other cells in a paracrine manner, causing 
widespread immune stimulation.3,11 Although ozone has 
excellent bactericidal, virucidal, and also antiprotozoal 
properties, this action is nullified by the presence of 
endogenous antioxidant in the plasma, making ozone 
ineffective in sterilizing blood.3,24 This is a major reason to 
combine the AHT with topical ozone therapy. We soaked 
the wound with distilled water and infused ozone in a sealed 
bag. Ozone readily dissolves in water and acts as a cleansing 
solution and powerful disinfectant. It is bactericidal to most 
antibiotic-resistant bacteria, including methicillin-resistant S. 
aureus and anaerobes.5,27,40 Oxidative injury is a potential 
complication of ozone therapy; and in blood, ozone leads 
to the formation of reactive oxygen species. However, 
at the given therapeutic doses these oxygen radicals are 
completely removed by antioxidants in the blood.2 Thus 
side effects are seen only in cases with overdose or a 
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Figure 1: (a) Radiograph showing stress fracture of proximal tibia;  
(b) dual plating using two incision as the fracture did not show any signs 
of healing with 1 month of plaster cast

a b

Figure 2:  (a) Clinical appearance of the wound at the time of 
presentation showing necrotic tissue and exposed bone and draining 
wound communicating to the knee joint (arrow); (b) limb being exposed 
to topical ozone therapy; and (c) split thickness skin graft on the wound

a b c

Figure 3: Latissimus dorsi pedicle flap was done to cover the wound 
and implant removal and intramedullary nailing was performed in a 
single stage

Figure 4: Clinical and radiographic appearance at 20 months 
postsurgery showing healing of both soft tissue and the bonecompromised antioxidant system.2 

In our case, the wound was infected; however, we did 
not remove the implants in the first debridement to avoid 
further soft tissue damage and destabilization of the 
fixation. Within 5 days the wound was red, granulating 
with no active discharge and we did a split thickness skin 
graft to provide for biological dressing of the exposed bone. 
With further sitting of ozone therapy and further healing of 
the wound we were able to perform implant removal and  
place a latissimus dorsi pedicle flap to cover the wound. 
The rapidity of infection clearance prompted us to perform 
the intramedullary nailing at the same time, thus achieving 
immediate stability and avoiding a second-stage surgery. 
The patient had undergone wound debridement and 
intravenous antibiotics for 15 days, but rapid clearance 
of the infection and early granulation resulted only after 
ozone therapy; both local and intravenous were added 

to the regimen. Postoperatively, there was no relapse of 
infection, and healing of both soft tissue and osseous 
tissue was achieved without further intervention. There 
was no complication associated with ozone therapy. At 
20 months, the patient started leading an independent 
life with minimal discomfort as against the amputation 
offered to her. The results in our experience will help in 
planning further investigation in the use of ozone therapy 
as an adjuvant to the conventional modality for treatment 
of extensive orthopedic wounds.
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