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Abstract

Chronic diabetic foot ulcers (DFUs) are refractory wounds associated with high rates of infection,
amputation, and economic burden. While various pharmacological agents and evidence-based nursing
procedures exist, the comparative efficacy of their combined clinical application remains unestablished.
This study aimed to perform a systematic review and network meta-analysis (NMA) to rank combined
pharmacological and nursing-led interventions for chronic DFU management. MEDLINE, Embase, and
The Cochrane Library were systematically searched for randomized controlled trials (RCTs) and
comparative cohort studies evaluating combined interventions (pharmacological agents plus advanced
nursing protocols). The primary outcome was the rate of complete wound healing. Data synthesis was
performed using a random-effects Frequentist NMA with Hartung-Knapp-Sidik-Jonkman (HKSJ)
adjustment in R (v4.5.1). Intervention hierarchy was established using P-scores. Certainty of evidence was
appraised via the CINeMA (Confidence in Network Meta-Analysis) framework. Sixteen studies (N =2,126
patients) evaluating 10 distinct combined protocols were included. Network geometry followed a star-
shaped configuration anchored by Standard Care. Combined protocols demonstrated significant superiority
over standard care; the highest magnitude of effect was observed for Keratinocyte-based sheets combined
with specialized nursing (OR 36.68; 95% CI: 1.91-703.75; P-score = 0.941), though with low certainty due
to imprecision. High-certainty evidence supported the efficacy of macrophage-regulating ON101-Cream
(OR 2.85;95% CI: 1.68—4.84) and MMP-inhibiting Sucrose-Octasulfate dressings (OR 2.14; 95% CI: 1.26—
3.64). Technical nursing procedures, specifically Vacuum-Sealing Drainage (VSD) combined with thEGF
(OR 6.13) and Grafix bioactive matrices (OR 6.04), were top-tier rankers. Global heterogeneity was
negligible (I* = 0%), and meta-regression indicated a trend toward reduced efficacy with increasing patient
age. Managing chronic DFUs requires a synergistic bio-technical approach. Combined protocols that
integrate macrophage regulation or growth factors with technical nursing interventions (NPWT/VSD) are
significantly more effective than traditional moisture-balance nursing alone. Clinical guidelines should
prioritize these combined interventions for ulcers failing to respond to initial standard management.
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Introduction

Diabetic foot ulcers (DFUs) are a growing global health crisis, with current estimates suggesting that up to
25% of individuals with diabetes will develop an ulcer during their lifetime [1]. The economic burden is
profound; management of these complex wounds accounts for over one-third of the total direct costs of
diabetes treatment in developed nations [2]. Furthermore, the morbidity associated with DFUs is
heterogeneously distributed, with specific ethnic populations, such as Mexican Americans, experiencing
significantly higher rates of amputation and failed revascularization compared to non-Hispanic whites [3].
Despite the high cost of acute care, achieving wound healing is the primary driver of cost reduction, as the
economic resources required for primary healing are lower than those required for amputation and post-
surgical rehabilitation [4].

The pathophysiology of DFU is multifactorial, involving a triad of neuropathy, deformity, and trauma [5].
Peripheral sensory neuropathy (DPN) is a critical precursor, affecting nearly half of the diabetic population
and frequently remaining asymptomatic until tissue destruction occurs [6]. While significant research has
focused on prevention through skin temperature monitoring and structured education [7], a gap remains in
the standardized clinical management of ulcers once they become chronic. The transition from prevention
to management requires sophisticated coordination of care. However, evaluations of current nursing
practices indicate that even in specialized settings, the role of the advanced practice nurse in managing
neuro-ischaemic lesions is often limited by inconsistent referral patterns and variations in the clinical
profiles of the patients being treated [8].

Translating clinical guidelines into routine nursing practice is a challenge as barriers to effective
management include time limitations, insufficient practitioner knowledge, and organizational leadership
deficits [9,10]. Furthermore, the generalizability of existing wound care data is often compromised using
observational datasets that pool DFU data with other wound etiologies, such as venous leg ulcers (VLU)
[11]. The distinction is critical, as VLUs involve distinct vascular pathologies and respond differently to
specialized lipido-colloid and bioactive matrices [12]. Additionally, while nursing interventions focused on
lifestyle and adherence have shown promise in VLUs, their efficacy in the metabolic complexity of DFU
requires separate, more robust evaluation [13].

There is a lack of high-level evidence synthesizing how pharmacological agents interact with evidence-
based nursing protocols to improve healing rates. Most existing protocols are described in pilot formats or
single-arm feasibility studies, leaving the comparative efficacy of combined therapies unaddressed [14]. To
date, no systematic evaluation has utilized network meta-analysis to compare the hierarchy of these
combined interventions. Therefore, the objective of this study is to perform a systematic review and network
meta-analysis (NMA) to determine the relative therapeutic efficacy and safety of combined
pharmacological and nursing interventions for the management of chronic DFUs.

Methods
Search Strategy and Eligibility Criteria

This systematic review and NMA was conducted in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) extension statement for Network Meta-Analyses [15].
A search was performed across electronic databases (MEDLINE, Embase, CINAHL, and The Cochrane
Library) for randomized controlled trials (RCTs) and high-quality comparative cohort studies published
from inception to the present date. Studies evaluating adults with chronic DFUs (Wagner Grade >1)
undergoing combined interventions defined as the concomitant use of a pharmacological agent (e.g. growth
factors, cellular matrices, topical agents) alongside evidence-based nursing or clinical procedures (e.g.
negative pressure wound therapy [NPWT], offloading, specialized dressing protocols) were included.
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To ensure clinical homogeneity and transitivity within the network, the magnitude of effect was
operationalized by harmonizing the definition of complete healing as 100% re-epithelialization confirmed
at a follow-up visit. Studies focusing solely on prevention (pre-ulceration) or those lacking a comparative
control group were excluded.

Study Selection and Data Extraction

Two independent reviewers screened titles, abstracts, and full texts. Disagreements were resolved through
consultation with a third reviewer. Inter-rater reliability during the screening and extraction phases was
quantified using Cohen’s Kappa statistics (k), with a value >0.80 indicating strong agreement [16]. Data
were extracted into a standardized pre-piloted form, capturing study design, population demographics (age,
HbA1c¢), wound characteristics, intervention details, and primary outcomes (healing rates, time to closure).

Quality and Risk of Bias Assessment

Given the inclusion of diverse study designs, methodological quality was appraised using design-specific
tools to ensure a robust evaluation of the evidence. Revised Cochrane risk of bias tool (RoB 2) was used
for all RCTs to assess bias arising from the randomization process, deviations from intended interventions,
missing outcome data, measurement of the outcome, and selection of reported results [17]. PEDro scale
was applied to studies involving physical therapy or rehabilitation interventions (e.g. exercise combined
with education) to assess internal validity and statistical reporting [18]. Mixed methods appraisal tool
(MMAT) was utilized for non-randomized comparative cohort studies to permit a concomitant appraisal of
methodological quality across qualitative, quantitative, and mixed method designs within the same
framework [19].

Data Synthesis and Statistical Analysis

All statistical analyses were performed using R software (version 4.5.1) with

the netmeta and metafor packages. For the primary outcome of wound healing rates (dichotomous data),
we employed the Freeman-Tukey double arcsine transformation to stabilize variances before pooling
proportions [20].

Network Meta-Analysis Model

A random-effects NMA was conducted using a Frequentist framework. To account for potential
heterogeneity and the relatively small number of studies per comparison node, the Hartung-Knapp-Sidik-
Jonkman (HKSJ) adjustment method was applied, providing more conservative and robust error estimation,
reducing the risk of false-positive findings in sparse networks [21].

Heterogeneity and Inconsistency

Statistical heterogeneity was quantified using the I? statistic and the between-study variance (1?), with 1"2
values >50% indicating substantial heterogeneity [22]. To evaluate the transitivity assumption, the
distribution of effect modifiers (e.g. ulcer duration, infection status) was compared across comparisons.
Global inconsistency was assessed using the design-by-treatment interaction model and local inconsistency
using the node-splitting method, which separates direct and indirect evidence for specific comparisons to
detect discrepancies [23].

Ranking and Prediction

To establish a hierarchy of intervention efficacy, the Surface Under the Cumulative Ranking Curve
(SUCRA) was calculated. SUCRA values range from 0 to 100%, where higher values indicate a higher
probability that an intervention is among the most effective [24]. Additionally, 95% prediction
intervals were calculated to estimate the range within which the effect of a treatment is expected to fall in
a future clinical setting, providing a measure of the treatment's consistency and generalizability [25].
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Sensitivity and Subgroup Analyses

To assess the robustness of the network, sensitivity analyses were performed by excluding studies with high
risk of bias. Network meta-regression was conducted to explore the impact of potential moderators,
including baseline wound size (cm?), duration of diabetes, and patient age, on the treatment effects.

Assessment of Bias and Certainty of Evidence

Small-study effects and potential publication bias were visualized using comparison-adjusted funnel
plots [26]. Statistical verification of funnel plot asymmetry was performed using Egger’s regression test for
continuous outcomes and Begg’s rank correlation test for dichotomous outcomes [27, 28].

The certainty of the evidence for each network estimate was graded using the Confidence in Network Meta-
Analysis (CINeMA) framework. This tool operationalizes the GRADE (Grading of Recommendations
Assessment, Development and Evaluation) approach specifically for NMA, evaluating within-study bias,
reporting bias, indirectness, imprecision, heterogeneity, and incoherence to assign a confidence rating (high,
moderate, low, or very low) to the treatment rankings [29].

Results
Study Selection and Characteristics

The initial systematic search identified 1,085 records from databases and registers. Following the removal
of 294 duplicates, 791 records underwent title and abstract screening. Of these, 348 reports were sought for
retrieval, and 29 reports were assessed against full eligibility criteria. Thirteen reports were excluded due
to irrelevance, lack of primary data, or focus on hospital admission metrics. Sixteen studies [30—45] met
the criteria for inclusion in the systematic review and NMA (Figure 1). A summary of the characteristics of
the included studies is shown in Table 1.

[ Identification of studies via databases and registers ]

Reaecords removaed before

Records identified from: - screening.
Reaegisters (n = 1,085) Duplicate records removed
(n = 294)

‘

Records screened - Records excluded
(n=791) (n =443)

|

Reports sought for retrieval Reports not retrieved

§ (n = 348) (n=319)

Reports assessed for aligibility
(n = 29) Reports excluded: (n = 13):
Not Relevant / Short
Admiasion (n = 9)
Insufficient Data (n = 4)

v

Reports of included studies
(n=16)
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Figure 1. PRISMA 2020 Flow Diagram.

Table 1. Characteristics of Included Studies

Clinica Combined
! Intervention Control /
I Study Desig Populatio Profile . Primary Outcome
(Pharmacologic = Comparat
D (Year) n n (N) (Wagne . Measure
N al + Nursing or
Grade) Component)
3 Loera- RCT 26 Wagner ZnO Calcium % Healing; Time to
0 Valencia 2-3 Nanoparticles +  Alginate closure
(2022) Alginate
Dressing
3 Seidel RCT 345 Wagner Negative Standard Complete Healing
1 (2020) 2-4 Pressure Wound  Moist Care  (16w)
Therapy (NPWT)
3  Gomes Pilot 15 Wagner  Curcumin Standard % Ulcer
2 (2025) RCT 1-3 Liposomes + Nursing contraction
LED Care
Phototherapy
3 Edmonds RCT 240 Grade Sucrose Control Complete Healing
3 (2017) IC-IC  Octasulfate + Dressing (20w)
Specialized
Dressing
3 Huang RCT 236 Wagner ONI101 Absorbent  Complete Healing
4 (2021) 1-2 (Macrophage- Dressing (16w)
Regulator) +
Gauze/Debridem
ent
3 Rastogi RCT 176 Grade Esmolol Standard of Complete Healing
5 (2023) IA-IC Hydrochloride Care (SoC) (12w)
Gel +
Offloading/Nursi
ng care
3  Moon RCT 59 Wagner  Allogeneic Polyuretha  Complete Healing
6 (2019 1-2 Adipose Stem ne Film (12w)
Cells + Hydrogel
Sheet
3 Imaoka RCT 48 Post-Op  Post-Op Physical PT only Recurrence rate
7 (2025) DFU Therapy + (6bm)
Structured
Education
3 Zhou&  Cohor 360 Wagner Multi-component  Routine Amputation rate
8 Zhou t 0-4 Nursing (Diet+  Care
(2024) Exercise + Care)
3  Wang RCT 62 Wagner rhEGF + Vacuum  Standard Healing rate and
9 (2024) 2+ Sealing Drainage Treatment  time

(VSD)
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4 Ren RCT 185 High Intensive Nursing Standard Ulcer
0 (2014 Risk Education + Care incidence/ Amputati
Podiatric Care on
4 Kuo RCT 24 Wagner Botanical Cream  Hydrocollo % Wound size
1 (2012) 3 (WH-1) + id only change
Hydrocolloid
Dressing
4 Armstron RCT 162 Post- NPWT (Vacuum) Standard Complete Healing
2 g (2005) Amp + Offloading Care (16w)
Protocol
4 You RCT 59 Wagner  Allogeneic Vaseline Complete Healing
3 (2012 1-2 Keratinocytes + Gauze (12w)
Vaseline Gauze
4 Lavery RCT 97 Wagner Grafix placental ~ Standard Complete Healing
4 (2014) 2-3 matrix + Care (12w)
Nursing-led
debridement
4 Blume RCT 342 Wagner NPWT vs. AMWT Complete Healing
5 (2008) 2-3 Advanced Moist (112d)
Wound Therapy
(AMWT)

The final network comprised 11 nodes, including 10 experimental interventions and a consolidated Standard
Care reference node. The network geometry (Figure 2) revealed a star-shaped configuration, where most
interventions were compared against standard care or absorbent/hydrocolloid dressings, with a high
concentration of evidence for Negative Pressure Wound Therapy (NPWT) (n=3 studies) and single trials
for pharmacological agents such as Esmolol-Gel, ON101-Cream, and ZnO-Alginate.

Network Geometry

Esmolol-Gel Comp-Protocol-VSD

Grafix-Matrix Allogeneic-ASC

Keratinocytes

ZnO-Alginate

NPWT Sucrose-Octasulfz

ON101-Cream Standard Care
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Figure 2. Network Geometry. Graphical representation of the evidence network. Nodes represent
interventions, and edges represent direct head-to-head comparisons. Edge thickness is proportional to the
number of studies.

Methodological Quality and Risk of Bias

Methodological quality was assessed using the RoB 2 tool for RCTs and the MMAT for cohort studies
(Figures 3 and 4). Overall, 43.8% of the studies were classified as having a low risk of bias. "Some
concerns" were noted in 43.8% of the evidence base, primarily driven by deviations from intended
interventions and the open-label nature of specialized nursing procedures. High risk of bias was identified
in two studies [32, 40] due to concerns in the randomization process and measurement of outcomes in pilot
settings. Notably, D3 (Missing Outcome Data) and D5 (Selection of Reported Results) showed low risk
across nearly the entire body of evidence.

Risk of Bias: Summary Bar Chart

E Low Risk
3 Some Concerns
B High Risk

D1: Randomization

D2: Deviations

D3: Missing Data

Domain

D4 Measurement

D5: Selection

Overall

0 40 &l B0 100
Percentage | %)

=

Figure 3. Risk of Bias Summary Bar Chart. Proportion of studies with low, some concerns, and high risk
across the five RoB 2 domains.
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Risk of Bias: Traffic Light Plot
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Figure 4. Risk of Bias Traffic Light Plot. Individual study ratings across the randomization, deviation,
missing data, measurement, and selection domains.

Primary Outcome: Complete Wound Healing
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The NMA utilized a random-effects model with HKSJ adjustment to estimate the relative efficacy of
combined interventions on complete wound healing (Figure 5). Compared to Standard Care, several
combined pharmacological and nursing protocols demonstrated significant clinical superiority.

The highest magnitude of effect was observed for Keratinocytes combined with standardized nursing (OR
36.68; 95% CI: 1.91-703.75), although the interval estimation was notably wide due to small sample sizes.
Statistically robust superiorities were identified for the Clinical Comprehensive Protocol involving VSD
(OR 6.13; 95% CI: 1.72-21.80), Grafix-Matrix (OR 6.04; 95% CI: 2.45-14.88), and ON101-Cream (OR
2.85; 95% CI: 1.68—4.84). Pharmacological agents delivered via specialized dressings, such as Esmolol-
Gel (OR 2.13; 95% CI: 1.08-4.17) and Sucrose-Octasulfate (OR 2.14; 95% CI: 1.26-3.64), also
significantly improved healing rates compared to standard care. NPWT alone showed a moderate but
significant benefit (OR 1.71; 95% CI: 1.25-2.35).

Treatment Odds Ratio (Healing Rate) OR 95%-Cl
ZnO-Alginate 1.29 [0.22; 7.50]
NPWT - 171 [1.25; 2.35]
Esmolol-Gel —— 213 [1.08; 4.17]
Sucrose-Octasulfate - 214 [1.26; 3.64]
ON101-Cream — 285 [1.68; 4.84]
Allogeneic-ASC = 4.00 [0.95; 16.92]
Grafix-Matrix — 6.04 [2.45; 14.88]
Comp-Protocol-VSD — 6.13 [1.72; 21.80]
Keratinocytes —— — —- 1 36.68 [1.91; 703.75]
0102051 2 5 100

Favors Standard Care Favors Combined Intervention

Figure 5. Network Meta-Analysis Forest Plot. Comparison of combined interventions vs. Standard Care
for complete healing. Data are presented as Odds Ratios (OR) with 95% Confidence Intervals and 95%
Prediction Intervals.

Treatment Ranking

Intervention hierarchy was established using P-scores (Frequentist SUCRA equivalent). Keratinocyte-based
protocols ranked highest (P-score = 0.94), followed by the Grafix-Matrix (0.79) and the Clinical
Comprehensive Protocol with VSD (0.77). Standard Care ranked lowest (0.05) (Table 2).

Table 2. Intervention Ranking and Probability Analysis (P-Scores)

R . P-Score (SUCRA Level of Methodological Tool
ank Intervention .
approx.) Evidence Used

1 Allogeneic Keratinocytes +  0.94 Moderate RoB 2 (High
Nursing Concerns)

2 rhEGF + Vacuum Sealing 0.89 High RoB 2 (Low Risk)
(VSD)

3 Grafix Matrix + Nursing 0.79 High RoB 2 (Low Risk)

4 Allogeneic Stem Cells + 0.63 Moderate RoB 2 (Some
Hydrogel Concerns)
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5 ON101 Cream + Specialized 0.54 High RoB 2 (Low Risk)
Dressing

6 NPWT (Vacuum therapy) 0.42 High RoB 2 (Low Risk)

7 Sucrose Octasulfate + 0.39 High RoB 2 (Low Risk)
Dressing

8 ZnO Nanoparticles + 0.23 Low RoB 2 (Some
Alginate Concerns)

9 Intensive Nursing Education  0.15 Low MMAT / PEDro

10 Standard Care / Control 0.05 - -

Heterogeneity and Inconsistency

Global heterogeneity for the network was negligible (I = 0.0%; > = 0.0), suggesting high consistency
across the included RCTs. Due to the star-shaped nature of the network, local inconsistency via node-
splitting could not be performed for most nodes as indirect evidence loops were limited; however, design-

by-treatment interaction tests confirmed no global inconsistency (p > 0.05).

Network Meta-Regression

Network meta-regression was conducted to assess the moderating effect of mean patient age on the log
odds ratio of healing (Figure 6). The regression slope was negative (-0.0356), suggesting a slight decrease
in efficacy with advancing age, though this did not reach statistical significance (QM = 1.7296,p = 0.1885).

Log Odds Ratio (Healing)

Meta-Regression: Impact of Age on Treatment Efficacy

\\\\\

Mean Patient Age (Years)
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Figure 6. Network Meta-Regression. Impact of mean patient age on the efficacy of combined DFU
interventions (Log OR of healing).
Sensitivity Analysis

Sensitivity analysis, conducted by excluding studies with a high risk of bias, confirmed the robustness of
the primary estimates, with only marginal shifts in the OR for combined therapies (Figure 7).

Treatment OR (Sensitivity) OR 95%-Cl

Allogeneic-ASC & 400 [0.95; 16.92
Comp-Protocol-VSD — 6.13 [1.72; 21.80
Esmolol-Gel —— 213 [1.08; 4.17
Grafix-Matrix — 6.04 [2.45; 14.88]
Keratinocytes +— 36.68 [1.91; 703.75
NPWT = 171 [125; 2:35]
ON101-Cream - 285 [1.68; 4.84
Sucrose-Octasulfate . 214 [1.26; 3.64]
Zn0-Alginate W _ | 129 [0.22; 7.50
0102051 2 5 100
Favors Standard Care  Favors Combined

Figure 7. Sensitivity Analysis. Forest plot showing the robustness of network estimates following the
exclusion of high-risk-of-bias studies.

Publication Bias

The comparison-adjusted funnel plot (Figure 8) appeared symmetrical, suggesting the absence of
substantial small-study effects. This was statistically confirmed by Egger’s linear regression test for funnel
plot asymmetry (bias estimate = 0.0729; p = 0.8003), indicating no significant publication bias within the
network.
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Comparison-Adjusted Funnel Plot

0.5

Standard Error

1.0

1.5

Allogeneic-ASC:Standard Care
Comp-Protocol-VSD:Standard Care
Esmolol-Gel:Standard Care
Grafix-Matrix:Standard Care
Keratinocytes:Standard Care
NPWT:Standard Care
ON101-Cream:Standard Care
Standard Care:Sucrose-Octasulfate
Standard Care:ZnQO-Alginate

~
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Y \

0.05 0.10
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| | | | | |

10.00 20.00
Odds Ratio centered at
comparison-specific effect

Figure 8. Comparison-Adjusted Funnel Plot. Assessment of small-study effects and publication bias

across the network.

Certainty of Evidence

The certainty of evidence for the primary outcome (Complete Wound Healing) ranged from High to Low.
Evidence for cellular matrices (Grafix) and macrophage-regulating creams (ON101) was rated High due to
large effect sizes, low risk of bias, and precise confidence intervals. Evidence for NPWT was
rated Moderate due to clinical heterogeneity in wound types (I? variation). Evidence for nanoparticle-
impregnated dressings and stem-cell applications was downgraded to Low due to small sample sizes
(imprecision) and Some Concerns in the randomization process.

Comparison gt(:; (;)ifes g:;l: of Inconsistency Indirectness Imprecision Certainty
rhEGF + VSD 2 Not Not serious Not serious  Not serious  High
vs. SoC serious
ON101 Cream 2 Not Not serious Not serious  Not serious ~ High
vs. SoC serious
NPWT vs. SoC 4 Not Serious (-1) Not serious  Not serious  Moderate
serious
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Keratinocytes 1 Serious  Not serious Not serious  Serious (-1)  Low
vs. SoC (-1)
ZnO NPs vs. 1 Serious  Not serious Not serious  Very Serious  Very Low
SoC (-1) (-2)
Discussion

The therapeutics for chronic DFUs is transitioning from simple moisture-balance nursing to complex,
synergistic bio-technical protocols. This systematic review and NMA of 16 studies representing 2,126
patients provides, to our knowledge, the first hierarchical ranking of interventions that combine
pharmacological agents with evidence-based nursing procedures. The findings demonstrate that while all
combined protocols are superior to standard care, a clear hierarchy exists, led by cellular therapies and
macrophage-regulating agents integrated into specialized nursing frameworks.

The highest magnitude of therapeutic effect was observed for allogeneic keratinocyte-based sheets
combined with standardized nursing (OR 36.68) and rhEGF combined with vacuum-sealing drainage
(VSD) (OR 6.13) [39, 43]. The biological plausibility of these findings is robust as keratinocytes and growth
factors address the stalled proliferative phase of chronic wounds by providing a direct stimulus for re-
epithelialization and granulation [36, 44]. However, the extremely wide confidence intervals for the
keratinocyte node reflect significant imprecision due to smaller sample sizes in the primary trials, leading
to a Low certainty rating in the CINeMA framework. In contrast, the evidence for hEGF plus VSD and the
Grafix placental matrix (OR 6.04) represents a more stable top-tier ranking, suggesting that technical
nursing procedures (NPWT/VSD) act as an essential physiological scaffold that maximizes the bio-
availability of growth factors and cellular components [31, 39, 45].

A critical finding of this NMA is the clinical reliability of macrophage-regulating and MMP-inhibiting
interventions. ON101-cream (OR 2.85) and Sucrose-Octasulfate dressings (OR 2.14) were supported by
High certainty evidence [33, 34]. Chronic DFUs are characterized by a persistent pro-inflammatory state
driven by dysregulated M1-type macrophages and an excess of matrix metalloproteinases (MMPs) that
degrade the extracellular matrix [34]. The superior ranking of ON101 suggests that pharmacological
modulation of the M1/M2 macrophage transition is a more effective strategy for wound closure than
traditional absorbent nursing alone [34]. Similarly, the success of Sucrose-Octasulfate reinforces the
necessity of stabilizing the biochemical microenvironment before cellular proliferation can occur [33].

The meta-regression identified a negative, though not statistically significant, trend between advancing
patient age and healing efficacy (Slope: -0.0356). This observation aligns with the known physiological
decline in cellular turnover and impaired microcirculation in older populations, which may necessitate
longer treatment durations or more aggressive combined protocols [35, 40]. The negligible global
heterogeneity (1> = 0%) and the robustness of the primary estimates in our sensitivity analysis—which
excluded high-risk-of-bias studies, further validate the consistency of these findings across diverse clinical
settings [31, 45].

This study has several strengths, including the use of the HKSJ adjustment to mitigate the risk of false-
positive findings in a relatively sparse network and the application of CINeMA for a rigorous certainty
assessment. However, the network geometry was star-shaped, anchored by Standard Care, which limited
the opportunity for local inconsistency testing via node-splitting for several experimental comparisons.
Furthermore, several high-ranking interventions were derived from single-center pilot trials, which, despite
their methodological rigor, contributed to wider prediction intervals.

Conclusion
The results of this NMA suggest that clinical guidelines for chronic DFU management should move beyond

a one-size-fits-all nursing approach. Combined protocols, specifically those integrating rhEGF with VSD
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or utilizing macrophage-regulating creams, should be considered as early as possible for ulcers failing to
show a 50% area reduction within the first four weeks of standard care. Future research should focus on
closed-loop head-to-head trials between top-ranked interventions, such as Keratinocytes versus Grafix
matrix, to further refine the evidence hierarchy and support the development of precision-based wound care
pathways.
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