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Background: Donor-site morbidity after split-thickness skin graft (STSG) harvest remains a significant clinical concern, with pain
representing one of the most burdensome early postoperative symptoms. Electrospun nanofiber matrices have emerged as a promising
wound management strategy, yet clinical evidence supporting their use in STSG donor sites remains limited. We evaluated the clinical
performance of a nanofiber matrix for donor-site management after STSG harvest.

Methods: This single-center randomized comparative study enrolled 40 adult patients undergoing STSG harvest into either the
nanofiber matrix group (n=20) or the conventional dressing group with chlorhexidine paraffin gauze and povidone-iodine gauze
(n=20). Pain intensity was measured on a 0—10 scale on postoperative days 1, 2, 5, and 14. Secondary outcomes included donor-site
healing time, pruritus during healing, late scar hyperpigmentation, scar elevation, late pruritus, and local or systemic signs of infection.
Results: Compared with conventional management, the nanofiber matrix significantly reduced donor-site pain on postoperative day 1
(p<0.001), day 2 (p<0.001), and day 5 (p=0.015), but not on day 14 (p=0.36). The nanofiber group also healed faster than the control
group (15.05£2.34 vs 18.1544.38 days; p=0.045). Pruritus during healing did not differ significantly between groups (p=0.97). At late
follow-up, we found no significant between-group differences in hyperpigmentation (p=0.11), scar elevation (p=0.051), or late pruritus
(p=1.0). Mild exudate occurred in 3 patients in the nanofiber group, without a significant between-group difference (p=0.12), and we
identified no other infection-related complications.

Conclusion: Nanofiber matrix dressing reduced early postoperative pain and shortened healing time at STSG donor sites compared
with conventional dressing, while late scar outcomes and short-term safety remained comparable between groups. These findings
support the potential of nanofiber-based donor-site management as a clinically relevant translational application of electrospinning
technology.

Plain Language Summary: When surgeons use a split-thickness skin graft, they remove a thin layer of skin from one part of the
body to treat a wound in another area. This creates a second wound, called the donor site. Although donor sites usually heal on their
own, they can be painful, slow to heal, and sometimes leave visible skin changes. In practice, this can be an important part of the
patient’s recovery.

We carried out this study to find out whether a nanofiber dressing could improve donor-site healing. This dressing is created directly
on the wound using a handheld device. It forms a thin protective layer made of very fine fibers that resembles natural tissue.

We compared this approach with standard donor-site dressings in 40 adults who underwent skin graft surgery. We assessed pain
during the first two weeks after surgery, healing time, itching, scar appearance, and signs of infection.

Patients treated with the nanofiber dressing reported much lower pain during the first days after surgery. Their donor sites also
healed faster than those treated with standard dressings. We did not find clear differences between the groups in itching, later scar
appearance, or short-term safety outcomes.

These findings suggest that nanofiber dressings may improve comfort and speed up healing after skin graft harvest. This is
a practical example of how nanotechnology can be used in everyday surgical care.
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Introduction

Skin grafting is a cornerstone of reconstructive surgery used to restore durable epithelial coverage when wounds cannot
heal satisfactorily by secondary intention or when rapid wound closure is required. Among the available graft types, split-
thickness skin grafts (STSGs) remain especially important because they include the epidermis and part of the dermis,
thereby permitting the donor site to heal by re-epithelialization from residual dermal adnexal structures. Although skin
grafting has ancient origins extending back more than 3500 years, modern STSG practice was established during the
nineteenth century, particularly through the work of Ollier and Thiersch, and was later refined by the development of
dermatomes and modern burn surgery principles.'

The clinical relevance of STSGs remains substantial. Burn injury alone continues to represent a major global health
burden; the World Health Organization estimates approximately 11 million burn injuries annually worldwide, including
about 180,000 deaths, and around 90% of burns occur in low- and middle-income settings.* In a large U.S. all-payer
inpatient analysis, skin grafting was recorded in 15,625 of 53,220 burn-related hospital stays in 2013, corresponding to
29.4% of such admissions, which further illustrates the procedural importance of graft-based wound coverage in burn
care.” In this context, autologous skin grafting remains the gold standard for definitive coverage of many burn wounds,
and STSGs are also widely used in other acute and chronic defects requiring stable epithelial resurfacing, including
traumatic wounds, ulcers, surgical wounds, and defects following oncologic resection.' ¢

Despite their value, STSGs create a second wound at the donor site, and donor-site morbidity remains a persistent clinical
problem. The ideal donor-site dressing should support rapid and uneventful re-epithelialization while minimizing pain,
discomfort, exudation, infection risk, and long-term scarring. Importantly, patients often report the donor site as being more
painful than the graft recipient site, and donor-site pain has been described as one of the most distressing symptoms in the early
postoperative period. A systematic review of donor-site morbidity demonstrated wide variability in outcomes across the
literature, with mean epithelialization times ranging from 4.7 to 35.0 days, mean postoperative day 3 pain scores from 1.24 to
6.38 on 0-10 scales, and infection rates from 0% to 56%; scar-related sequelac were also inconsistently reported, with one
study documenting hypertrophic donor-site scarring in 28% of patients at 8 years. These data underscore that donor-site
management is not a trivial perioperative detail, but a clinically meaningful determinant of patient recovery and experience.” '°

A broad range of donor-site dressings has been investigated, including paraffin- or tulle-based dressings, semi-
occlusive films, hydrocolloids, alginates, hydrogels, silicone dressings, hydrofibers, acrylic dressings, and biologically
derived materials. Nevertheless, after decades of study, no single universally accepted donor-site dressing has emerged.
Systematic reviews and meta-analyses have generally suggested that dressings maintaining a moist wound-healing
environment are associated with less pain and faster healing than non-moist approaches, but the literature remains
heterogeneous, with inconsistent outcome definitions, variable assessment methods, and many studies of limited
methodological strength. Accordingly, donor-site care remains an area in which innovation is still justified.*’

Electrospinning has emerged as a particularly attractive strategy in advanced wound care because it enables the
fabrication of nonwoven fibrous matrices with fiber diameters spanning the nano- to microscale range. Electrospun
nanofiber membranes are of interest for wound management owing to their high specific surface area, interconnected
porosity, tunable architecture, and close structural resemblance to the native extracellular matrix. These characteristics
may support a favorable wound microenvironment by facilitating cell adhesion, migration, and proliferation, preserving
moisture balance, permitting gas exchange, and providing partial barrier protection against external contamination. In
addition, electrospun matrices offer the possibility of incorporating bioactive agents, including antimicrobial compounds,
nanoparticles, vitamins, growth factors, drugs, and even living cells. For these reasons, they have been widely
investigated as advanced wound dressings and regenerative scaffolds.'' '

The translation of electrospinning into clinical practice has led to the development of portable and handheld systems capable
of depositing a temporary nanofibrous matrix directly onto the wound surface. Preclinical work demonstrated the feasibility of

such handheld electrospinning devices for superficial partial-thickness wounds, supporting their biocompatibility and practical

2 https: Nanotechnology, Science and Applications 2026:19



Biskupski et al

applicability. Subsequent clinical studies have extended this concept to STSG donor sites and selected burn wounds. In
a prospective randomized multicenter donor-site study, Haik et al reported that an electrospun nanofibrous polymeric matrix
showed safety and overall efficacy comparable to standard donor-site care, while reducing day 1 dermal irritation. Additional
clinical reports have described the use of this platform in superficial-to-partial thickness wounds, partial-thickness facial burns,
and superficial-to-intermediate partial-thickness burns, suggesting good tolerability and encouraging healing outcomes.
However, the clinical evidence base remains relatively limited, and additional focused comparative studies are needed,
particularly for donor-site wounds where pain, healing time, and scar quality are all clinically relevant endpoints.'* '
Therefore, the aim of the present study was to evaluate the clinical performance of a nanofiber matrix used for the
management of split-thickness skin graft donor sites, with particular emphasis on postoperative pain, healing time, scar
characteristics, pruritus, and donor-site safety outcomes. The novelty of the study lies in its randomized clinical comparison
of handheld electrospun nanofiber matrix coverage with conventional donor-site management in routine reconstructive

practice, together with the simultaneous assessment of early patient-centered outcomes and later scar-related endpoints.

Methods
Study Design and Ethical Approval

We conducted a single-center randomized comparative study at the Department of Plastic, Reconstructive and
Microsurgery, University Clinical Hospital No. 4 in Lublin, Poland, to evaluate whether nanofiber-based donor-site
dressing could accelerate healing, reduce pain, improve scar quality, and decrease the risk of infection compared
with conventional donor-site management after split-thickness skin graft harvest. The Bioethics Committee of the
Medical University of Lublin approved the study protocol (reference No. KE-0024/42/03/2025), and all procedures
were conducted in accordance with the Declaration of Helsinki. All participants provided written informed consent
for study participation and for publication of anonymized clinical data, including photographs. Patient recruitment
and follow-up extended from April 24, 2025, to March 28, 2026.

Participants

A total of 40 patients were enrolled. Eligibility criteria were: age >18 years, harvest of a split-thickness skin graft, donor-
site area of at least 10 cm?, and provision of informed consent. Exclusion criteria were refusal to participate and
treatment with anticoagulant agents, except for prophylactic low-molecular-weight heparin and acetylsalicylic acid at
a dose not exceeding 150 mg/day.

Randomization

After participants had provided informed consent, they were randomized in a 1:1 ratio to the study group or the control
group using sealed envelopes prepared in advance. Each envelope contained the allocation to either nanofiber matrix
treatment or conventional donor-site dressing.

Donor-Site Management

In the study group, nanofiber matrices were generated using the commercially available Spincare® system
(Nanomedic Technologies Ltd). After application of the nanofiber matrix, a non-adherent silicone dressing was
placed solely to prevent adhesion of the overlying sterile gauze layers. In the control group, the donor site was
managed conventionally with a chlorhexidine-containing paraffin dressing and povidone-iodine gauze. Representative
stages of donor-site management with the nanofiber system, as well as the appearance of the healed donor site, are
shown in Figure 1.

Surgical Technique and Outcome Assessment

All skin grafts were harvested using an electric dermatome. Graft thickness was standardized at 0.2 mm, corresponding
to a thin split-thickness skin graft. Before harvesting, the donor area was coated with a thin layer of paraffin to facilitate
smooth passage of the dermatome.
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Figure | Donor-site management after split-thickness skin graft harvest using the electrospinning system. (A) Fresh donor site immediately after graft harvest, with the
electrode attached as required for connection to the device. (B) Application of the nanofiber matrix to the donor site. (C) Donor site after coverage with the nanofiber
matrix and a non-adherent silicone dressing. (D) Healed donor site approximately 6 weeks after graft harvest.

Pain intensity at the donor site was self-reported on a 0—10 scale on postoperative days 1, 2, 5, and 14. Information on
comorbidities and smoking status was also collected. Donor-site healing time was defined as the interval until separation
of the last crusts within the donor area. Scar quality was assessed by a single investigator using separate 0—10 scales for
hyperpigmentation and scar elevation, where 0 indicated appearance comparable to adjacent non-donor skin and 10
indicated maximal deviation from the surrounding skin. Pruritus was assessed by patients on a 0—10 scale both during
healing and after scar maturation. Patients were additionally monitored for local and systemic signs suggestive of
infection, including exudate, erythema around the donor site, fever, and other concerning symptoms. Data were collected
during hospitalization, at post-discharge outpatient visits, and by telephone or e-mail.

Statistical Analysis

Statistical analysis was performed using Statistica version 13.3. Quantitative variables were summarized using descrip-
tive statistics appropriate to their distribution, including mean, standard deviation, minimum, maximum, and, where
applicable, median and quartiles. Categorical variables were summarized as counts and percentages. Distribution
normality was assessed using the Shapiro—Wilk test. Between-group comparisons for normally distributed continuous
variables were performed using Student’s s-test, whereas non-normally distributed or ordinal variables were compared
using the Mann—Whitney U-test. Categorical variables were compared using Pearson’s chi-square test or Fisher’s exact
test, as appropriate. The association between age and donor-site healing time was assessed using Spearman’s rank
correlation. All tests were two-sided, and p values <0.05 were considered statistically significant.
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Results

A total of 40 patients were included, with 20 patients in each group. Age distribution was consistent with normality in
both groups (p=0.54 for the control group and p=0.13 for the study group). Mean age was 58.4+14.9 years in the control
group and 59.6+17.3 years in the study group, with no significant between-group difference (p=0.82). Across the entire
cohort, 15 patients had diabetes and 8 were smokers; the distribution of diabetes (p=0.74) and smoking status (p=0.12)
did not differ significantly between the groups (Table 1).

Pain intensity at the donor site was significantly lower in the study group during the early postoperative period
(Table 2). On postoperative day 1, mean pain scores were 0.85+0.99 in the study group and 3.16+1.26 in the control
group (p<0.001). On day 2, corresponding values were 0.30+0.57 and 2.16+0.90 (p<0.001), and on day 5 they were 0.35
+0.67 and 1.21+£1.18, respectively (p=0.015). By postoperative day 14, pain was minimal in both groups and the
between-group difference was not statistically significant (0.10+0.45 vs. 0.00=0.00; p=0.36).

Donor-site healing time was shorter in the study group than in the control group (Table 2). Mean healing time was
15.05+2.34 days in the study group and 18.154+4.38 days in the control group (p=0.045).

Pruritus during healing did not differ between groups. Mean pruritus scores were 2.5 in the study group and 3.18 in
the control group (p=0.97). At late donor-site assessment, hyperpigmentation scores were also comparable between the
groups (mean 6.11 in the study group vs. 6.47 in the control group; p=0.11). Scar elevation remained low in both groups;
the between-group difference did not reach statistical significance (mean 0.37 in the study group vs. 0.00 in the control
group; p=0.051). Late donor-site pruritus was absent in both groups (p=1.0) (Table 3).

Neither diabetes (p=0.27) nor smoking status (p=0.25) was associated with donor-site healing time. Mild exudate
during healing was observed in 3 patients in the study group. This difference was not statistically significant between
groups (p=0.12). However, the presence of exudate was associated with longer healing time (p=0.048). No other local or
systemic signs of infection related to donor-site healing were observed. Older age correlated positively with longer
healing time (Spearman R=0.38; p=0.015).

Table | Baseline Demographic and Clinical Characteristics of the Study

Population
Characteristic | Study Group (n=20) | Control Group (n=20) | p value
Age, years 59.6 = 17.3 (21-90) 584 £ 149 (22-83) 0.82
Diabetes, n (%) 7 (35.0) 8 (40.0) 0.74
Smokers, n (%) 2 (10.0) 6 (30.0) 0.12

Notes: Data are presented as mean + SD (range) or n (%), as appropriate. SD, standard deviation.

Table 2 Early Postoperative Donor-Site Outcomes in the Study and Control Groups

Variable Study Group (n=20) Control Group (n=20) p value
Median | Min | Max | SD | Median | Min | Max | SD
Pain on postoperative day (0—10): | | 0 3 0.99 3 2 7 1.25 | p<0.001
2 0 0 2 0.57 2 0 4 0.90 | p<0.001
5 0 0 2 0.67 [ 0 3 1.18 | p=0.015
14 0 0 2 0.45 0 0 0 0.00 | p=0.36
Healing time (days) I5 12 21 2.34 18 ] 28 | 4.38 | p=0.045
Pruritus during healing (0—10) 2 | 4 0.99 3 2 10 191 | p=0.97

Abbreviations: Min, minimum; Max, maximum; SD, standard deviation.
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Table 3 Late Donor-Site Scar Outcomes in the Study and Control Groups

Variable Study Group (n=19) Control Group (n=17) p value
Median | Min | Max | SD | Median | Min | Max | SD
Hyperpigmentation score (0—10) 6 5 8 0.99 7 4 9 1.37 | p=0.11
Scar elevation score (0-10) 0 0 2 0.76 0 0 0 0 p=0.051
Late pruritus score (0—10) 0 0 0 0 0 0 0 0 p=I

Notes: Because follow-up data could not be obtained from all enrolled patients, this analysis was performed in a reduced subset of
participants (Study group, n=19; control group, n=17).
Abbreviations: Min, minimum; Max, maximum; SD, standard deviation.

Discussion

The present randomized comparative study suggests that nanofiber matrix dressing may provide clinically meaningful
benefits in the management of split-thickness skin graft donor sites. Compared with conventional donor-site care, the
nanofiber matrix was associated with markedly lower pain intensity during the early postoperative period and a shorter
time to healing, whereas later scar-related outcomes and short-term safety remained broadly comparable between groups.
The main value of the present study lies in its translational positioning: rather than revisiting the theoretical advantages of
electrospinning alone, it tests whether a handheld electrospun nanofiber matrix can deliver measurable clinical benefit in
routine donor-site care. In that sense, the study addresses a specific gap between material-level promise and practical
bedside performance by evaluating early pain, healing time, pruritus, later scar-related outcomes, and donor-site safety
within a single randomized clinical framework.*”-'>!

The reduction in early postoperative pain is one of the most clinically relevant findings of the study. Donor-site pain
remains a major contributor to morbidity after split-thickness skin graft harvest and, in some patients, may be more
troublesome than the recipient site itself.>’'® This result is directionally consistent with the broader donor-site dressing
literature, which has repeatedly shown that moist and nonadherent dressings may improve patient comfort when
compared with more traditional gauze-based strategies.”* '*'">* QOur findings also support the clinical rationale for
electrospun wound coverage, because nanofiber matrices are designed to form a conformable temporary protective layer
that can preserve a favorable wound microenvironment while reducing mechanical irritation.'' ' The most directly
comparable study is the prospective randomized multicenter donor-site trial by Haik et al, which found similar overall
efficacy and safety between electrospun matrix coverage and standard care, with improved day 1 dermal irritation in the
nanofiber group.'> Compared with that study, our data add a more pronounced signal in favor of nanofiber treatment for
early pain and healing time. This difference should be interpreted cautiously, because comparator dressings, study setting,
sample structure, and assessed outcomes were not identical; however, it also suggests that the practical clinical effect of
electrospun donor-site coverage may depend on the specific conventional regimen against which it is tested.'>'**2

The shorter healing time observed in the nanofiber group also appears clinically relevant. In the recent meta-analysis
by Ho et al, moist dressings showed faster healing than non-moist strategies and were also associated with lower pain,
reinforcing the broader concept that donor-site healing may improve when the wound environment is kept more
physiologic and less traumatic.>* In this context, the approximately 3-day reduction in healing time in our cohort is
not trivial; it may translate into faster recovery, less wound burden, and a shorter period of vulnerability to exudation and
dressing-related discomfort. At the same time, our findings should be interpreted in the wider context of advanced donor-
site dressings. Randomized studies comparing modern dressings head-to-head have often shown smaller differences than
older comparisons against conventional paraffin-based care.”> > This may explain why our study, which compared
nanofiber matrix coverage with a conventional chlorhexidine-paraffin and povidone-iodine gauze approach, demonstrated
a clearer early advantage than some studies comparing only contemporary advanced dressings.”>

In contrast to the early postoperative endpoints, later scar-related outcomes did not differ significantly between
groups. Hyperpigmentation remained common, scar elevation was generally low, and late pruritus was negligible in both
groups. These findings are not necessarily unexpected. Donor-site scar maturation is multifactorial and may depend not

6 https: Nanotechnology, Science and Applications 2026:19



Biskupski et al

only on the dressing itself, but also on age, skin phenotype, donor-site depth, inflammatory burden, and duration of
remodeling.>**® Moreover, studies of donor-site scarring frequently report heterogeneous and sometimes subtle long-
term differences. Hecker et al found broadly similar performance across several modern donor-site dressings, while long-
term randomized follow-up by Karlsson et al did not confirm robust subjective differences in scar outcome between
dressing groups.”*?” Therefore, the absence of a clear late scar advantage in our study is compatible with the broader
literature and should not negate the importance of the early benefits observed in pain and healing.** 2’

The safety findings were also reassuring. Although mild exudate occurred in 3 patients in the nanofiber group, the
between-group difference was not statistically significant, and no participant developed other local or systemic signs of
infection attributable to donor-site healing. This is broadly consistent with the currently available clinical evidence on
handheld electrospinning systems in donor sites and selected burn wounds, where the technology has generally shown
acceptable tolerability and short-term safety.'*'® The observed association between exudate and longer healing time
should be interpreted with caution because the number of affected patients was small. It is more plausible to interpret
exudate here as a marker of a slower-healing wound course rather than as evidence of a specific nanofiber-related
complication.”” We also found that older age correlated positively with longer donor-site healing time, which is
biologically plausible and consistent with the broader wound-healing literature. By contrast, we did not detect
a significant association between healing time and diabetes or smoking status; however, given the limited cohort size,
this should not be interpreted as evidence that these factors are clinically irrelevant.?*°

Beyond the direct interpretation of outcomes, the present study also has a specific translational relevance. Electrospun
wound dressings are often described in terms of their structural or biological advantages, but real-world adoption depends
on more than efficacy alone. Wider clinical implementation will likely require not only reproducible clinical benefit, but
also robust manufacturing standardization, control of fiber morphology and batch-to-batch consistency, sterilization
compatibility, device usability in routine practice, and a regulatory pathway that is sufficiently clear for nanotechnology-
based medical devices.”' * Current translational literature emphasizes that moving advanced wound technologies from
laboratory development to clinical routine remains a complex process, shaped by manufacturing, regulatory, and
implementation challenges as much as by biological performance.*'* In this broader context, the unique angle of our
study is that it contributes pragmatic clinical data to a field that is still too often dominated by preclinical promise rather
than bedside evidence.>'

Our study also highlights several actionable research gaps. First, larger multicenter randomized trials are needed to
determine whether the benefits observed here remain consistent across different institutions, donor-site locations, and
dressing routines. Second, future studies should compare electrospun nanofiber matrices not only with conventional
paraffin-based care but also with optimized modern moist donor-site dressings, because that is the most clinically
relevant comparative standard today.'**?*** Third, later scar assessment should be strengthened by longer follow-up,
validated scar scales, and objective tools for pigmentation, pliability, and surface characterization. Fourth, translational
studies should move beyond classical healing endpoints and incorporate analgesic consumption, number of dressing
changes, patient satisfaction, workflow burden, and cost-effectiveness, because these factors are likely to influence real-
world adoption as much as statistical superiority in a single endpoint.®>' > Finally, once the baseline clinical value of the
platform is established more firmly, future work may explore whether electrospun donor-site matrices can be rationally
upgraded through controlled incorporation of antimicrobial or other bioactive agents while maintaining manufacturing
simplicity and regulatory feasibility.'''3-3!32

Several limitations must be acknowledged. This was a single-center study with a relatively small sample size, which
limits external validity and reduces power for less frequent outcomes, particularly infection-related events and late scar
differences. Not all patients were available for later follow-up, which weakened the scar analysis and introduced the
possibility of attrition bias. In addition, scar quality was assessed using a simple investigator-based 0—10 rating system
rather than a validated multidomain scar instrument. Nevertheless, the randomized design, clinically meaningful end-
points, and clear signal in early postoperative pain and healing time support the relevance of the findings and justify

further investigation.
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Conclusions

In this randomized comparative study, nanofiber matrix dressing reduced donor-site pain during the early postoperative
period and shortened healing time after split-thickness skin graft harvest when compared with conventional donor-site
dressing. By contrast, pruritus during healing, later scar-related outcomes, and short-term safety remained broadly
comparable between groups. Mild exudate occurred in a small number of patients treated with the nanofiber matrix,
but no other local or systemic infection-related complications were observed. Taken together, these findings suggest that
nanofiber-based donor-site management may improve the early postoperative course without compromising short-term
safety. In the broader context of donor-site care, the present study supports handheld electrospun nanofiber coverage as
a clinically relevant translational application of electrospinning technology in reconstructive surgery.
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