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Abstract

Upper limb injuries after major trauma often result in severe damage to bones, vessels, nerves, and soft tissues, leading to critical challenges in management. 
The decision between limb salvage and amputation is complex, especially in the context of a "mangled" extremity, which signifi cantly affects functional, psychological, 
and social well-being. This case report details the innovative use of oxygen-ozone therapy combined with surgical management in a 34-year-old male who suffered a 
catastrophic injury to the left upper limb after a car crash. The patient presented extensive soft tissue loss, multiple open fractures, and severe infection leading to septic 
shock and multiorgan failure. Initial treatment included surgical lavage, Vacuum-Assisted Closure (VAC) therapy, and targeted antibiotics. Given the critical condition 
and the high risk of limb amputation, daily oxygen-ozone therapy was introduced through major autohemotherapy. The treatment resulted in rapid clinical improvement, 
including hemodynamic stabilization, reduction of infl ammation, and enhanced wound healing. Defi nitive osteosynthesis and fl ap grafting were performed successfully 
42 days post-admission. At the one-year follow-up, the patient demonstrated preserved hand and wrist function with some limitations in fl exion and pronosupination. This 
case highlights the potential of oxygen-ozone therapy as an adjunct in limb salvage, offering a promising alternative to amputation in severe upper extremity trauma. Future 
research will be necessary to validate these fi ndings and establish standardized protocols for such novel interventions. 

Introduction

The upper limb is essential for daily activities, relying on 
coordinated movement among the shoulder, elbow, forearm, 
and wrist [1]. Severe upper limb injuries, especially “mangled” 
extremities affecting bones, vessels, nerves, and soft tissue, 
have serious implications for functionality, mental health, and 
social well-being [2]. Major trauma to the upper limb is life-
altering and can lead to long-term disability [3]. Treatment 
decisions between salvage and amputation are complex, 
as current scoring systems are mainly based on lower limb 
trauma, leaving a lack of guidance for upper extremities [4,5]. 
Limb salvage, if pursued, can be a lengthy process with risks 
of revisions or secondary amputation [5]. This case report 
illustrates successful limb salvage using a novel combination 
of ozone therapy and surgery.

Case presentation

A 34-year-old man was admitted after a car accident, 
presenting with a severe wound to the left arm and forearm, 
signifi cant tissue loss, and multiple fractures (humerus, ulna, 
olecranon, acromion, and scapula) (Figure 1). Emergency 
surgery involved osteosynthesis and wound lavage (Figure 2). 
The vascular assessment revealed an ulnar artery occlusion, 
though revascularization was not required. The patient soon 
developed septic shock with multiorgan failure, requiring 
norepinephrine for stability. Lab results showed elevated WBC 
(38,160/μL), CRP (35.71 mg/dL), PCT (32.9 ng/mL), and CPK 
(21788 mU/ml). Intraoperative cultures detected multidrug-
resistant pathogens, necessitating targeted antibiotic therapy. 
Surgical lavage exposed necrotic and purulent areas in the arm. 
VAC therapy was applied to enhance healing.
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Given the severity, daily oxygen-ozone therapy was 
initiated via major autohemoinfusion with a mixture of 500 ml 
blood and 500 ml of oxygen-ozone at 40 mcg/ml. After the 
fi rst session, clinical stability improved, with reduced necrotic 
tissue and infl ammation. Treatment continued daily for 10 days, 
then twice weekly for two weeks, resulting in further clinical 
improvement, decreased infl ammation, and normalized renal 
function. On day 42, defi nitive osteosynthesis and fl ap grafting 
were performed (Figure 3). Post-surgery, the patient regained 
substantial arm function and was discharged to a rehabilitation 
center.

Discussion

Decisions about limb salvage versus amputation in severe 
upper limb trauma are multifaceted, depending on injury 
extent and patient status. In this case, oxygen-ozone therapy 
proved benefi cial alongside surgery and medical therapy, 
supporting successful limb salvage. Ozone therapy is known 
for its antimicrobial, anti-infl ammatory, and regenerative 
effects [6,7]. As a disinfectant and oxygen donor, it promotes 
nitric oxide synthesis, enhancing blood fl ow and wound 
healing [8]. Ozone can also activate stem cells, aiding in tissue 
regeneration [9]. Notably, while hyperbaric oxygen therapy has 
been documented as benefi cial in similar contexts [10], this is 
the fi rst report to highlight the application of ozone therapy in 
the management of a mangled upper limb.

In this case, improvements in clinical markers following 
ozone therapy indicate its value in severe infection management 
and healing. Additionally, the one-year follow-up revealed 
preserved extension and fl exion of the wrist and fi ngers as well 
as maintained peripheral sensitivity, while defi cits in fl exion 
and pronosupination were still present. The multidisciplinary 
approach, combining surgical debridement, antibiotics, VAC 
therapy, and ozone, highlights the potential of integrating 
innovative therapies to optimize outcomes. However, more 
research, including large-scale trials, is needed to defi ne ozone 
therapy’s role in trauma care.

Conclusion

Major upper extremity trauma remains a challenging 
clinical scenario, particularly when weighing the options of 
limb salvage versus amputation. This case underscores the 
potential of a multidisciplinary approach that integrates 
oxygen-ozone therapy with advanced surgical and medical 
treatments. The use of ozone therapy contributed to signifi cant 
clinical improvement, promoting wound healing and reducing 
systemic infl ammation in the context of severe infection and 
soft tissue loss. The successful salvage of the limb, despite the 
critical initial condition, demonstrates the potential for ozone 
therapy to act as a valuable adjunct in managing complex 
trauma cases.

In conclusion, oxygen-ozone therapy represents a 
promising, cost-effective, and safe adjunctive treatment for 
limb salvage in severe trauma. Its integration into clinical 
practice, supported by robust evidence, could signifi cantly 
impact the decision-making process and the outcomes in 
major extremity injuries. Further research is essential to refi ne 
this approach and validate its role in trauma management.
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Figure 1: Preoperative mangled upper limb.

Figure 2: Intraoperative mangled upper limb.

Figure 3: Mangled upper limb: last defi nitive surgery.
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