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Abstract 

Background: Chronic wounds are a growing clinical challenge due to their prolonged healing time 

and associated healthcare burden. Combined therapeutic approaches, including topical oxygen 

therapy (TOT) and negative-pressure wound therapy (NPWT), have shown promise in enhancing 

wound healing. This pilot exploratory study aimed to assess the clinical effectiveness of combined 

TOT and NPWT in chronic wound treatment and to explore the prognostic value of selected 

laboratory and thermographic markers. Methods: Eighteen patients with chronic wounds due to type 

2 diabetes mellitus or chronic venous insufficiency were treated with either TOT alone (control 

group) or TOT combined with NPWT (intervention group). Wound characteristics, thermographic 

data, and laboratory parameters (NLR, MLR, PLR, CRP, total protein) were collected at baseline and 

during therapy. The primary endpoints were total treatment duration and complete wound closure. 

Statistical analyses were exploratory, using non-parametric tests, correlation analyses, and simple 

linear regression. Results: Ulcer duration was significantly associated with wound surface area. 

Lower serum total protein levels correlated negatively with ulcer duration, wound size, and 

granulation tissue area. A significant reduction in treatment duration was observed in the 

intervention group compared to controls. One strong correlation was found between MLR and 

peripheral wound temperature on day 7 in the control group. No significant group differences were 

observed in wound size or thermographic measures after one week of treatment. Conclusions: 

Combined TOT and NPWT may reduce treatment duration in chronic wound management. Selected 

laboratory and thermographic markers show promise as prognostic tools. These exploratory findings 

require confirmation in larger, randomized trials. 

Keywords: chronic wounds; wound healing; combined therapy; topical oxygen therapy; negative-

pressure wound therapy; biomarkers; thermography 

 

1. Introduction 

Chronic wounds, typically defined as wounds that fail to heal within six weeks, remain a major 

clinical and socioeconomic burden and markedly diminish patient quality of life [1,2]. 

Epidemiological studies estimate that chronic wounds affect approximately 1–2% of the population 

in developed countries, with elderly individuals and patients with diabetes or chronic venous 

insufficiency being particularly at risk [3,4]. The management of these wounds generates high 

healthcare costs and underscores the need for effective, personalized treatment strategies [3,4]. 

Among advanced treatment modalities, negative-pressure wound therapy (NPWT) and topical 

oxygen therapy (TOT) are two of the most frequently used yet mechanistically distinct approaches.  
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NPWT applies sub-atmospheric pressure across a sealed foam interface, promoting granulation 

tissue formation, controlling exudate and reducing oedema [5]. However, perfusion measurements 

indicate that the immediate increase in blood flow may be limited by the mechanical action of 

negative-pressure on blood vessels, with improved vascularization occurring gradually through 

angiogenesis [6]. Conversely TOT delivers high-concentration oxygen directly to the wound bed, 

supporting fibroblast proliferation, collagen deposition and bacterial killing [7]. TOT techniques vary, 

including continuous or cyclic oxygen delivery, often in a humidified environment, which optimizes 

metabolic and enzymatic processes essential for healing [8]. Because oxygen tension is a limiting 

factor even under NPWT dressings, there is growing interest in combining both approaches to exploit 

their complementary mechanisms. 

Evidence for this synergy is accumulating. Recent studies, including randomized controlled 

trials and meta-analyses, suggest that combining NPWT with adjunctive oxygen therapy significantly 

improves healing outcomes compared to monotherapy, particularly in complex or refractory 

wounds. A single-center randomized controlled trial on stage IV sacrococcygeal pressure ulcers 

reported that adding local oxygen to vacuum sealing drainage reduced median healing time by 30 

days compared with NPWT alone [9]. A 2024 systematic review and meta-analysis pooled ten studies 

and showed that adjunctive oxygen—whether topical or hyperbaric—combined with NPWT 

improved the odds of complete closure by 1.8-fold versus NPWT monotherapy [10]. 

Equally important is the ability to stratify patients who are most likely to benefit. Readily 

available inflammatory ratios—neutrophil-to-lymphocyte (NLR), monocyte-to-lymphocyte (MLR) 

and platelet-to-lymphocyte (PLR)—have demonstrated prognostic value in diabetic and venous ulcer 

[11,12]. Serum total protein serves as a low-cost surrogate of nutritional reserve, deficiencies of which 

can delay collagen synthesis and epithelialisation [13,14]. Infra-red thermography offers a non-

contact method of monitoring local perfusion, yet its predictive utility in chronic-wound trajectories 

is not firmly established [15]. 

Against this background, the present pilot study prospectively compares combined TOT + 

NPWT with TOT alone in a clinically homogeneous cohort and explores whether baseline laboratory 

markers or early thermographic patterns can refine prognostic assessment. The overarching aim is to 

generate feasibility data that will inform personalized treatment algorithms for hard-to-heal wounds. 

2. Materials and Methods 

This prospective pilot study was conducted from January 1, 2024, to December 31, 2024. The 

study adopted a non-randomized, non-blinded exploratory design to assess the feasibility and 

preliminary effectiveness of combining topical oxygen therapy (TOT) with negative-pressure wound 

therapy (NPWT) in adults with chronic lower limb ulcers. The primary aim was to generate pilot data 

to inform future, more rigorous randomized controlled trials. 

Adults (≥ 18 years) with a lower-limb ulcer of ≥ 6 weeks’ duration related to type 2 diabetes 

mellitus or chronic venous insufficiency were eligible. Additional inclusion criteria were wound 

surface area < 200 cm². Exclusion criteria comprised lack of consent, critical limb ischaemia, severe 

anaemia (haemoglobin < 8 g/dl), advanced renal failure (eGFR < 30 mL/min/1.73 m²), active 

malignancy, body-mass index < 18.5, immunosuppressive therapy or necrotising infection. 

Participants were assigned 1:1 to topical oxygen therapy alone (TOT group) or TOT followed by 

negative-pressure wound therapy (TOT + NPWT group) using a computer-generated random list 

created with Excel RAND; allocation was not concealed. TOT was delivered on study days 1–4 for 1.5 

h/day at 10 l/min oxygen flow in accordance with 2022 Delphi-consensus guidelines [16]. In the 

intervention arm, continuous NPWT at −125mmHg was applied from day 5 to day 7; the pressure 

setting and 48-hour dressing-change interval followed current practical recommendations for chronic 

wounds [17]. Both groups received identical supportive care, including sharp debridement at every 

dressing change, irrigation with 0.05% sodium hypochlorite and multilayer compression for venous 

ulcers. 
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Wound morphology (surface area, granulation, necrotic tissue) was quantified using a validated 

three-dimensional imaging system (WoundMatrix™), while wound-bed and peri-wound 

temperatures were assessed by FLIR-One infrared thermography under standardized ambient 

conditions. Baseline laboratory tests included complete blood count, C-reactive protein and serum 

total protein; neutrophil-, monocyte- and platelet-to-lymphocyte ratios (NLR, MLR, PLR) were 

calculated accordingly. 

Follow-up visits were conducted weekly for nine months. The primary endpoints were total 

treatment duration, defined as weeks from enrolment to complete epithelialization confirmed 

clinically, and the proportion of wounds achieving complete closure within the follow-up period. 

Secondary endpoints included early changes in wound dimensions and temperature as well as 

correlations between laboratory markers and healing metrics. 

Descriptive statistics summarized the sample. The Wilcoxon rank-sum and Fisher’s exact test 

compared groups, while Spearman’s coefficient and simple linear regression assessed associations; 

no multivariable modeling or correction for multiple comparisons was performed given the 

exploratory, hypothesis-generating purpose. 

The study received approval by the institutional Bioethics Committee (no. 1/2024). Written 

informed consent was obtained from all participants, in accordance with the Declaration of Helsinki 

and local regulatory requirements. 

3. Results 

A total of 18 patients were included in the analysis. Eight patients were men and ten were 

women. The intervention group included nine patients who received topical oxygen therapy 

combined with negative-pressure wound therapy (NPWT), and the control group included nine 

patients treated with topical oxygen therapy alone. 

In 16 cases, the chronic wound was associated with venous insufficiency, while in two cases the 

etiology was diabetic. Baseline characteristics were comparable between groups (Table 1). 

Table 1. Baseline characteristics in the study population. 

Characteristic TOT + NPWT (n=9) 
TOT only 

(n=9) 
p-value* 

Age (years) 64 (60-76) 86 (70-86) 0.11 

Female sex, n (%) 5 (56%) 5 (56%) 1.00 

Ulcer duration (weeks) 16 (9-20) 10 (8-73) 0.96 

Baseline wound area (cm²) 27.8 (24.5-48.1) 
44.1 (33.3-

81.8) 
0.51 

 

Serum total protein 7.0 (5.7-7.2) 6.9 (5.9-7.4) 0.83 

 

* Wilcoxon rank-sum test for continuous variables; Fisher’s exact test for categorical variables. 

The influence of ulcer duration on treatment duration and outcome was analyzed, but no 

statistically significant association was found (odds ratio = -0.06, p = 0.15). How-ever, ulcer duration 

was significantly associated with wound surface area at admission, with larger wound areas 

observed as ulcer duration increased (β = 0.91 cm²/week; p = 0.003) (Figure 1). 

The predictive value of selected laboratory parameters in chronic wound treatment was also 

explored. Serum total protein correlated negatively with ulcer duration (ρ = –0.53; p = 0.02), wound 

area (ρ = –0.50; p = 0.03) and baseline granulation tissue (ρ = –0.53; p = 0.02) (Figures 2–4). No other 

laboratory parameters demonstrated statistically significant correlations with ulcer duration, wound 

area, or baseline granulation tissue (all p > 0.05). Laboratory parameters were also correlated with 

temperatures measured at the wound bed and at the wound margin using thermography. Only one 

statistically significant correlation was found: between MLR and peripheral wound temperature on 
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day 7 in the control group (ρ = 0.74, p = 0.02; Figure 5). No significant correlations were observed in 

the intervention group. After one week of therapy, no statistically significant differences were found 

between the groups in wound area, granulation tissue area, or necrotic tissue area (p > 0.05). Similarly, 

no significant differences were noted in wound bed temperature or peripheral temperature (p > 0.05). 

The primary endpoint—total treatment duration—remained markedly shorter in the intervention 

arm, with a median of 10 weeks versus 34 weeks in the TOT-only group (p = 0.008; Figure 6). Complete 

closure occurred in 67% of combined therapy patients and 33% of controls, a difference that did not 

reach statistical significance (p = 0.18) (Table 2). No adverse events or complications related to the 

treatment methods were reported during the study period. 

 

Figure 1. Relationship between ulcer duration (weeks) and wound surface area at admission (cm²). Dashed line 

indicates linear regression fit (β = 0.91; p = 0.003). 
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Figure 2. Relationship between total protein concentration and ulcer duration in weeks. Dashed line indicates 

linear regression fit (Spearman’s ρ = –0.53; p = 0.02). 

 

Figure 3. Relationship between total protein concentration and wound surface area at admission (cm²). Dashed 

line indicates linear regression fit (Spearman’s ρ = –0.50; p = 0.03). 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 July 2025 doi:10.20944/preprints202507.1580.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202507.1580.v1
http://creativecommons.org/licenses/by/4.0/


 6 of 10 

 

 

Figure 4. Relationship between total protein concentration and granulation tissue area at admission (cm²). 

Dashed line indicates linear regression fit (Spearman’s ρ = –0.53; p = 0.02). 

 

Figure 5. Relationship between monocyte-to-lymphocyte ratio (MLR) and peripheral wound temperature (1–2 

cm from wound edge) on day 7 in the control group. Dashed line indicates linear regression fit (Spearman’s ρ = 

0.74; p = 0.02). 
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Figure 6. Treatment duration in the control and intervention group. 

Table 2. Summary of treatment duration and complete wound closure rates in NPWT + TOT and TOT only 

groups. 

Treatment group 
Treatment duration  

(median, IQR1) (weeks) 

Complete wound closure  

n (%) 

NPWT + TOT 10 (9–11) 6 (66.7%) 

TOT only 34 (23–37) 3 (33.3%) 

1 IQR: interquartile range. 

4. Discussion 

The present pilot study demonstrates that adjunctive negative-pressure wound therapy (NPWT) 

administered after a short course of topical oxygen therapy (TOT) is associated with a clinically 

relevant reduction in overall healing time compared with TOT alone. Although the higher proportion 

of complete closures in our intervention arm did not achieve statistical significance, the numerical 

trend is consistent with findings from a recent randomized trial in advanced pressure ulcers, in which 

adjunctive topical oxygen shortened time-to-closure by approximately one month, as well as with a 

2024 meta-analysis indicating nearly a two-fold increase in the likelihood of closure when oxygen 

delivery is combined with NPWT [9,10]. 

A significant association was also observed between ulcer duration and wound surface area, 

reinforcing the importance of early intervention in chronic wound care. These findings are consistent 

with prior studies indicating that prolonged inflammation in chronic wounds leads to progressive 

tissue damage and delayed healing [14,15]. 

Our data also highlight the potential prognostic value of serum total protein levels. The observed 

negative correlations between total protein and wound severity indicators (ulcer duration, wound 

area, granulation tissue size) suggest that nutritional status may play an important role in wound 

healing, aligning with previous evidence linking protein-energy malnutrition to delayed 

epithelialization and higher infection risk [13]. Given its low cost and widespread availability, total 

protein could serve as a pragmatic triage marker prompting early dietetic referral and targeted 

supplementation. 

Inflammatory markers—including NLR, MLR, PLR and CRP—have been proposed as indicators 

of systemic inflammation and tissue-repair capacity in chronic wounds, although most published 

work has focused on their ability to stratify amputation risk in diabetic-foot syndrome rather than to 
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predict healing kinetics per se [11,12,18]. In our study, only one statistically significant correlation 

was found: a strong positive relationship between MLR and peripheral wound temperature in the 

TOT-only group. This may reflect an interplay between systemic immune activation and local 

perfusion or inflammation. The absence of such correlations in the intervention group may suggest 

that NPWT modulates local tissue response, though the small sample size limits definitive 

conclusions. 

Thermographic assessment of wound healing offers a promising non-invasive method to 

monitor local physiological changes [15,19]. Early wound-morphometry and thermography (day 7) 

did not differ between groups, indicating that macroscopic parameters measured within the first 

treatment week are insufficient to predict the longer-term divergence in healing trajectories. Animal 

data suggest that oxygen supplementation exerts its principal influence during the proliferative 

phase (post-day 7), when collagen synthesis and neovascularization are maximal [20]. 

Strengths of the study include prospective data acquisition, objective three-dimensional wound 

measurement, standardized thermography, uniform treatment protocols and a nine-month follow-

up schedule with minimal attrition. The study has several important limitations. First, the small 

sample size precluded multivariable analysis and resulted in wide confidence intervals around effect 

estimates. Second, the non-randomized and unblinded design may have introduced selection and 

performance bias, although baseline characteristics were balanced across groups. Third, the cohort 

comprised only venous and diabetic ulcers, limiting generalizability to arterial or pressure ulcers. 

Fourth, bacteriological assessment of wound biofilm was not performed, preventing evaluation of 

microbial dynamics in response to the interventions. Fifth, thermographic monitoring was 

restricted to three early time-points, which may have limited detection of perfusion changes 

occurring later in the healing trajectory. 

Our observations strengthen the mechanistic rationale for pairing topical oxygen with negative-

pressure wound therapy and highlight serum total protein as a readily obtainable marker worthy of 

further investigation. Ongoing multicenter work will determine whether systematically addressing 

nutritional deficits and integrating molecular read-outs can further enhance the effectiveness of 

combined advanced therapies in chronic-wound care. 

5. Conclusions 

The observed association between ulcer duration and wound size underscores the importance 

of early intervention in chronic wound management. Our laboratory and thermographic findings 

point to the potential value of selected biomarkers in predicting wound healing outcomes; however, 

these results should be interpreted with caution given the exploratory nature of the study. 

Combining topical oxygen therapy with negative-pressure wound therapy was feasible, safe and 

associated with a clinically meaningful reduction in healing time compared with topical oxygen 

alone. Given the small sample and non-randomized design of this pilot, the results should be viewed 

as hypothesis-generating. Larger, rigorously controlled studies are required to validate these findings 

and to determine whether biomarker-guided, personalized protocols can further optimize chronic-

wound outcomes. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

• TOT – Topical Oxygen Therapy 

• NPWT – Negative Pressure Wound Therapy 

• NLR – Neutrophil-to-Lymphocyte Ratio 

• MLR – Monocyte-to-Lymphocyte Ratio 

• PLR – Platelet-to-Lymphocyte Ratio 

• CRP – C-Reactive Protein 
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