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AIM: Managing partial defects of the finger is crucial for both function and aesthetics, especially when bone or tendon is exposed. Perma-
col Enhanced Layer for Neodermis and Coverage (PELNAC), an artificial dermis, serves as a promising scaffold in surgical procedures,
providing wound protection and promoting tissue healing. This study assesses the effectiveness of PELNAC in treating a range of partial
finger defects.
METHODS: We assessed PELNAC’s morphology and microstructure using scanning electron microscopy, characterized its degradation
profile over six weeks in simulated body fluid, and confirmed its cytocompatibility with L929 cell cultures. In the clinical setting, 47 patients
with 56 partial finger defects (both superficial and deep) were treated using PELNAC alone. Outcome measures included wound closure
time, range of motion (ROM), sensory recovery (two-point discrimination), Vancouver Scar Scale (VSS) scores, and patient satisfaction.
RESULTS: Scanning electron microscopy revealed interconnected micropores in PELNAC, with a porosity of 81.3 ± 2.1% and aperture
sizes of 40–70 µm (top view) and 60–100 µm (section view). After six weeks in simulated body fluid, PELNAC retained 86.4± 1.5% of its
weight, and cells proliferated well on its surface. All treated wounds healed without the need for split-thickness skin grafts, with an average
closure time of 58.7 ± 12.8 days (range: 30–84 days). Age showed weak positive correlation with healing time (r = 0.152, p < 0.01) and
weak negative correlation with two-point discrimination (r = –0.55, p < 0.01). Longer healing times correlated with reduced ROM (r =
–0.143, p< 0.01), while higher VSS scores were linked to poorer functional outcomes (r = –0.22, p< 0.01). The average ROM in patients
with distal interphalangeal joint (DIPJ) defects was 49◦ (IQR: 45–56.25◦). Sensory recovery averaged 5.95 mm (IQR: 5.175–6.7 mm). The
mean VSS score was 2 (IQR: 1–3), indicating minimal scarring. Patient satisfaction was high (functional score: 9 (IQR: 8–9.25)), with no
severe complications reported.
CONCLUSIONS: This study evaluates the clinical and biomechanical effectiveness of PELNAC as a single-stage reconstructive material
for partial finger defects. PELNAC facilitates wound healing without secondary skin grafts, preserving joint mobility, promoting sensory
recovery, and minimizing scarring. The results highlight PELNAC as a simple, safe, and effective alternative to traditional approaches,
reducing donor site morbidity and eliminating the need for multiple surgeries.
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Introduction
Traumatic partial defect of the finger body frequently oc-
curred in orthopedics and emergency. Traumatic partial
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defects of the finger body are often associated with vari-
ous types of injuries, including cuts, blasts, avulsions, or
crashes. The damage often affects the segmental mid-
proximal digit, palmar distal digit, dorsal distal digit, and
lateral distal digit [1]. The defect of these cases usually in-
volves skin, nail bed, or soft tissue, with or without under-
lying exposure of bone or tendon.
Treating such injuries involves resurfacing the injured fin-
ger with a high-quality, sensitive skin covering while main-
taining its range of motion (ROM). Management of skin
and soft-tissue defects of the finger body is essential, es-
pecially when bone or tendon is exposed. Simple amputa-
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tion will compromise the finger’s look and function in situa-
tions of traumatic defect of finger segments. The traditional
reconstructive operations include free skin transplantation,
V-Y type advanced flap (a triangular flap technique), cross-
finger flap, thenar pedicle flap, abdominal pedicle flap, re-
verse digital artery island flap, and free flap. Free skin
transplantation is not applicable when bone or tendon is ex-
posed. Even though flap surgery can keep a finger’s length
intact, the majority of the reconstructed finger lacks a skin
crease or fingernail, and feeling recovery is hindered. Each
of these methods has clear drawbacks of its own [2].
Bioengineered skin replacements are an appealing option
to other therapies that physicians might utilize. Acting as
a matrix, the artificial dermis covers the wound and aids
in tissue regeneration and repair. Collagen and elastin are
examples of the extracellular and cellular components that
make up the bioengineered and biocompatible polymer ma-
trix used in its products. In 1981, in order to cure severe
burn injuries, Yannas et al. [3] and Burke et al. [4] cre-
ated the first “modern” artificial dermal replacement. Since
then, many types of artificial dermis goods, such as Derma-
graft, Terudermis [5], Matriderm, and Permacol Enhanced
Layer for Neodermis and Coverage (PELNAC) [6] have
been put on the market and become a popular option in
reconstructive surgical sectors. Many studies have looked
at the application of dermal replacements in reconstructive
surgery. These products are primarily used to treat burns,
ulcers, and chronic wounds in an effort to replicate the me-
chanical characteristics of healthy skin and prevent toxicity
or immunological reactions [7,8]. Multiple healing mech-
anisms, including localized inflammation; infiltration of
neutrophils, macrophages polarization, fibroblasts prolifer-
ation, and keratinocytes migration; and neovascularization
of the scaffold during recovery [9]. PELNAC is a common
artificial dermis. It has a deep layer constituted by a porcine
origin 3-dimensional collagen matrix which could integrate
into the defect and prompt cellular behaviors such as migra-
tion, proliferation, and differentiation. It will also provide
interconnective proses and proper elasticity. The superfi-
cial layer made by a silicon sheet serving as a temporary ar-
tificial epidermis against dehydration, microorganisms, and
toxins [10]. There are two steps in the typical PELNAC
application process. First, the dermal matrix covers the le-
sion. A few weeks later, the silicon layer is removed, and
an autologous split or full-thickness skin transplant is ap-
plied. Remarkably, a number of studies have demonstrated
that utilizing artificial dermis alone was sufficient to induce
one-stage wound healing of scalp and face abnormalities
(range: 1.3–63.5 cm2) [11–13]. This study uniquely evalu-
ates PELNAC as a standalone material for both superficial
and deep finger defects, challenging the conventional two-
stage approach.

Materials and Methods
Materials

Artificial dermal substitute-PELNAC was purchased from
Gunze Corp, Osaka, Japan. Simulated body fluid (SBF)
was bought from Leagene Biotechnology, Beijing, China.
L929 cells were purchased from National Collection of Au-
thenticated Cell Cultures, China. Cells were STR iden-
tified and mycoplasma free. Thermo Fisher supplied the
penicillin-streptomycin, fetal bovine serum (FBS), and
Dulbecco’s modified Eagle’s medium (DMEM) medium
(high glucose). Every other chemical was analytical grade
and was put to work right away.

Material Characterization
Surface Morphology and Microstructure

Scanning electron microscope (SEM, Phenom Pharos,
Thermo Fisher Scientific, Eindhoven, Holland) with an ac-
celeration voltage of 15 kV was used to observe the mor-
phology and microstructure of PELNAC. A platinum ion
coater was used to coat the samples for 120 seconds at
10 mA (EM, ACE600, Leica, Germany) and analyzed us-
ing SEM equipment. The pore diameters and distributions
were analyzed using ImageJ (1.40G, National Institutes of
Health, Bethesda, MD, USA) [14]. Beside SEM experi-
ments, the porosity and liquid absorbency of PELNACwere
measured as well according to previous reports [15,16].

Degradation

In vitro degradation test was conducted according to previ-
ous study with somemodifications [17]. PELNACwas sec-
tioned into 1 cm × 1 cm pieces, lyophilized, and precisely
measured before being placed in sterile centrifuge tubes
with 5 mL of SBF. The sealed tubes were maintained at 37
◦C for periods ranging from 1 to 6 weeks. At designated in-
tervals, the specimens were removed, cleaned with Deion-
ized (DI) water, freeze-dried again, and their mass recorded.
The mass loss of the samples was determined using the fol-
lowing formula: weight loss (%) = (W0 – Wt)/W0 × 100,
where W0 represents the initial weight (g) of the dried sam-
ple before incubation and Wt represents the weight of the
degraded sample after the respective time points.

Cell Experiments
Cell Culture

High glucose Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% fetal bovine serum and
a 1% penicillin mixture was used to culture L929 cells.
The culture medium was replaced every 2–3 days. Cells
were cultured until they reached 80–90% confluence.
Subsequently, Trypsin- Ethylenediaminetetraacetic Acid
(Trypsin-EDTA) was employed to detach the cells from
the tissue flask bottles, which were then transferred to a
new Petri dish. For further experimentation, cells from
passages 2 to 5 were utilized. Throughout the subculturing
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process, all cells were maintained in a constant temperature
incubator set at 37 ◦C with 5% CO2.

Cytocompatibility
Cytocompatibility of PELNAC was evaluated through cell
adhesion and proliferation on its surface according to pre-
vious study [15]. Cell seeding was conducted at a density
of 5 × 105 cells per PELNAC samples, with cell-free sam-
ples used as control for all the following work. Cells in
PELNAC were incubated for 7 days. Cell attachment and
proliferation of L929 cultivated in PELNAC samples was
assessed by SEM. The samples were fixed with 2.5 wt %
glutaraldehyde in Phosphate buffered saline (PBS) for one
hour at room temperature in order to observe them using a
SEM. They were then dehydrated sequentially with ethanol
series (25, 50, 75, 95, and 100% (v/v) 15min each) and hex-
amethyldisilazane for 15 min, and finally air dried at ambi-
ent temperature. Samples were examined using a SEM after
being coated with a platinum ion coater for 120 seconds at
10 mA.

Methods
From June 2014 to August 2019, a series of 47 patients with
partial finger body defects were treated with PELNAC in
the First Affiliated Hospital (Zhejiang University) includ-
ing, 15 women have 17 digits, while 32 males have 39.
They were between 15 and 70 years old.

The Inclusion Criteria
(1) Traumatic partial finger defects (superficial or deep)
with exposed underlying tissue (soft tissue, tendon, or
bone).
(2) Age between 15 and 70 years.
(3) Absence of pre-existing conditions affecting wound
healing (e.g., peripheral vascular disease, immunodefi-
ciency).

The Exclusion Criteria
(1) Advanced age: Patients aged 70 years or older were ex-
cluded.
(2) Diabetes: Patients with diabetes were excluded due to
potential complications in wound healing.
(3) Heavy smoking: Patients whowere heavy smokers were
excluded, as smoking can impair wound healing.
(4) Long-term Use of Glucocorticoids: Patients who had a
history of long-term use of glucocorticoids were excluded,
as these medications can affect the healing process.
The source of patients included: (i) 20 fingers with twist in-
jury, (ii) 10 fingers with a sharp cut, and (iii) 14 fingers with
crash injury, (iv) 12 fingers with an electric saw injury. The
depth of the wound was superficial in 29 (61.7%) patients,
and deep (with tendon or bone exposure) in 18 (38.3%) pa-
tients.
Before employing PELNAC for coverage, the author of
this study explained all potential treatment options to each
patient, including V-Y advancement flap, autologous skin

graft, artificial dermis graft, pedicle flap, reverse digital
artery island flap, and free flap transplantation.
The procedure was performed under brachial plexus block
anesthesia or digital nerve block anesthesia. Following
thorough debridement and hemostasis, the wound was cov-
ered with PELNAC according to the manufacturer’s in-
structions. Initially, the PELNACwas customized to match
the shape and size of the defect. It was then soaked in saline
for 15 seconds prior to application. Next, the PELNAC
was secured to the defect using 4/0 Prolene sutures. Ad-
ditionally, small drainage holes were created in the silicon
film. All surgeries were conducted by the same surgeon.
Dressings were changed every 2–3 days, and the wound
wasmaintained in a moist environment until complete reep-
ithelialization occurred. The silicon film remained in place
until the wound was fully healed.
Efficacy was determined using objective and subjective
measures. The objective effectiveness criteria were: (1)
time for total wound closure, (2) sensory recovery (static
two-point discrimination test), (3) ROM, and (4) scar qual-
ity (Vancouver Scar Scale, VSS) [18]. The static two-point
discrimination was measured at the end of the follow-up
period.
The subjective efficacy criteria were: (1) patient’s level of
satisfaction at 12months postoperatively using a visual ana-
log scale (VAS, 0 = the worst and 10 = the best) [19]; (2)
patient’s tactile sense of the treated area at 12 months post-
operatively (normal, nearly normal, mild numbness, and se-
vere numbness).

Statistical Analysis
The SPSS forWindows, version 22.0 (IBMCorp., Armonk,
NY, USA) was used to enter and analyze the data. In sta-
tistical analysis, continuous variables (such as age, heal-
ing time) will be described using mean ± standard devi-
ation (SD). If the data are not normally distributed, me-
dian and interquartile range (IQR) will be used. The nor-
mality of continuous variables will be assessed using the
Shapiro-Wilk test. Categorical variables (such as gender,
injury type, and defect depth) will be presented as frequen-
cies and percentages. For group comparisons, normally dis-
tributed continuous variables will be analyzed using inde-
pendent t-tests or one-way analysis of variance (ANOVA).
If ANOVA shows significant differences, post-hoc analy-
sis using Tukey’s test will be performed to identify spe-
cific group differences. For continuous variables that do
not follow a normal distribution, Mann-Whitney U tests or
Kruskal-Wallis tests will be used for group comparisons.
The data for ROM and two-point discrimination do not fol-
low a normal distribution. Correlation analysis will be per-
formed using Spearman’s rank correlation coefficient to as-
sess the relationships between continuous variables. The
correlation coefficient (r) and p-values will be reported to
assess the significance of the correlations, with p-values
less than 0.05 considered statistically significant.
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Fig. 1. Age distribution and injury etiology of the cohort. (Left) Age distribution of patients, stratified by gender (male vs. fe-
male). (Right) Distribution of injury etiologies, categorized into four types: twist injury, sharp cut, crash injury, and electric saw injury.
Percentages reflect the proportion of each injury type within the cohort.

All statistical analyses will be conducted using two-tailed
tests, with p-values less than 0.05 indicating statistical sig-
nificance. p-values and correlation coefficients will be re-
ported in the results section, with all data analyzed using
appropriate statistical software.

Results
We studied the clinical efficacy of using artificial dermis
solely for one-stagewound healing in all kinds of partial fin-
ger body defects (with or without bone/tendon exposure).
All the cases healed well without a second-stage skin graft
(Table 1).

Clinical Treatment
A total of 47 patients (56 digits) were included in this
study (Fig. 1), which illustrates the cohort’s age distribu-
tion (stratified by gender) and injury etiology proportions
(twist injury, sharp cut, crash injury, and electric saw in-
jury) and all of them had a follow-up time of 12-18 months.
Finger body defects of 21 digits were superficial without
tendon or bone exposure. Finger body defects of 7 digits
were deep with tendon exposure, and 10 digits were deep
with bone exposure. All the patients healed well with good
quality and esthetic contours. No signs of complications
such as infection, hematoma formation, seroma formation
or painful scar were observed. None of them required ad-
ditional operation.
Demographic analysis (Table 2) revealed no significant dif-
ference in age between male (mean 39.6 ± 13.1 years)
and female patients (mean 32.9 ± 11.3 years, p = 0.426).
Healing times differed significantly among injury types
(ANOVA p < 0.001), with cut injuries demonstrating the

shortest healing duration (42.9 ± 6.62 days), significantly
faster than crash (63.8± 7.47 days), saw (61.5± 13.5 days),
and twist injuries (62 ± 10.94 days; post-hoc p < 0.01).
Age showed weak positive correlations with healing time
(r = 0.152, p < 0.01) and negative correlations with two-
point discrimination (r = –0.55, p < 0.01). Longer heal-
ing times were associated with reduced ROM (r = –0.143,
p < 0.01). The time to re-epithelialization of the wound
was 58.7 ± 12.8 days on average (range, 30–84 days).
The median superficial defects healed in 48.5 (IQR: 42.5–
55.25 days), while median deep defects required 65.5 (IQR:
59.75–70.25 days) for full wound healing. Themedian two-
point discrimination was 5.95 mm (IQR: 5.175–6.7 mm),
and a small area of finger body defect healed with smaller
two-point discrimination than a large area of finger body
defect. The mean two-point discrimination values varied
by finger: thumb 5.75 mm (IQR: 5.4–5.875 mm), index 5.9
mm (IQR: 5.1–6.6 mm), middle 5.65 mm (IQR: 5.15–6.2
mm), ring 6.6 mm (IQR: 6.425–6.925 mm), and little 6.1
mm (IQR: 5–7.4 mm). A correlation analysis showed a
weak positive correlation between age and two-point dis-
crimination (r = –0.55, p < 0.01), suggesting that older pa-
tients may have slightly poorer sensory recovery. The me-
dian VSS was 2 (IQR: 1–3). VSS scores correlated neg-
atively with functional scores (r = –0.22, p < 0.01), indi-
cating that higher scar scores were associated with poorer
functional outcomes. The tactile sense of the treated area at
12 months was normal in 18 patients, nearly normal in 12
patients, mild numbness in 5 patients. None of the patients
suffered severe numbness. All patients were satisfied with
their therapeutic outcome (Themedian functional score was
9 (IQR: 8–9.25)).
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Table 1. Basic information of selected patients.

Sex
Age
(year)

Finger Cause
Healing
time
(day)

Flow-up
time
(day)

Rom
(degrees)

Two-point
discrimination

(mm)
VSS

Functional
score

Defect area

Male 50 Index, ring Saw injury 37/42 12 45/63 5.2/5.9 2 9 Defect at the level of the distal interphalangeal joint.
Male 42 Ring Cut 30 12 35 6.5 3 8 Defect at the level of the distal interphalangeal joint.
Male 69 Ring Crash 67 18 40 7.9 4 8 Defect distal to the area from the nail root fold to the middle 1/2 of the distal interphalangeal joint.
Female 23 Index Twist 41 16 52 5 1 8 Defect distal to the nail root fold.
Male 37 Middle Twist 57 14 49 5.1 1 9 Defect distal to the area from the nail root fold to the Middle 1/2 of the distal interphalangeal joint.
Female 54 Middle Cut 39 13 56 5.1 1 10 Defect at the level of the distal interphalangeal joint.
Male 56 Thumb Saw injury 69 13 45 4.9 1 9 Defect at the level of the distal interphalangeal joint.
Female 36 Middle Twist 60 18 50 5.4 1 10 Defect at the level of the distal interphalangeal joint.
Male 49 Index Cut 48 12 67 5.3 1 9 Defect distal to the nail root fold.
Male 47 Middle Crash 70 14 48 6.2 2 8 Defect at the level of the distal interphalangeal joint.
Female 24 Middle, index Cut 45/38 12 50/59 6.1/7.0 3 10 Defect distal to the nail root fold.
Male 19 Ring Crash 53 17 47 6.7 3 7 Defect distal to the area from the nail root fold to the middle 1/2 of the distal interphalangeal joint.
Male 45 Ring Saw injury 63 12 37 7.4 3 10 Defect at the level of the distal interphalangeal joint.
Male 15 Middle Crash 65 15 51 6.4 2 7 Defect at the level of the distal interphalangeal joint.
Female 36 Thumb Crash 61 17 45 5.3 1 9 Defect distal to the area from the nail root fold to the middle 1/2 of the distal interphalangeal joint.
Male 29 Index Cut 45 12 57 4.8 1 9 Defect distal to the nail root fold.
Male 59 Index, middle Saw injury 53/77 17 57/50 5.9/5.5 2 10 Defect distal to the nail root fold.
Male 33 Index Twist 39 18 68 6.7 3 10 Defect of the distal 1/2 of the nail bed.
Female 23 Index Saw injury 59 18 43 5 1 9 Defect at the level of the distal interphalangeal joint.
Male 38 Index, middle Crash 67/56 12 40/44 5.1/5.0 1 10 Defect at the level of the distal interphalangeal joint.
Female 17 Ring Saw injury 71 13 50 6.5 3 9 Defect at the level of the distal interphalangeal joint.
Male 26 Thumb Twist 75 12 47 6.8 3 9 Defect at the level of the distal interphalangeal joint.
Male 55 Ring Saw injury 68 12 41 4.9 1 9 Defect at the level of the distal interphalangeal joint.
Male 42 Index, middle Cut 51/38 12 65/61 6.4/6.2 2 9 Defect of the distal 1/2 of the nail bed.
Male 29 Thumb Crash 55 13 45 5.7 2 8 Defect of the distal 1/2 of the nail bed.
Male 31 Middle Cut 43 12 75 7.8 4 9 Defect distal to the nail root fold.
Male 42 Middle Saw injury 75 15 48 5.1 1 10 Defect at the level of the distal interphalangeal joint.
Male 33 Little Twist 65 14 44 4.9 1 10 Defect at the level of the distal interphalangeal joint.
Female 39 Ring, little Crash 56/49 12 44/45 4.9/5.0 1 9 Defect of the distal 1/2 of the nail bed.
Male 25 Middle Cut 47 14 64 7.4 4 8 Defect of the distal 1/2 of the nail bed.
Male 29 Little Saw injury 66 12 40 7.8 4 7 Defect at the level of the distal interphalangeal joint.
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Table 1. Continued.

Sex
Age
(year)

Finger Cause
Healing
time
(day)

Flow-up
time
(day)

Rom
(degrees)

Two-point
discrimination

(mm)
VSS

Functional
score

Defect area

Male 52 Index Crash 72 16 49 6.3 2 9 Defect at the level of the distal interphalangeal joint.
Female 21 Thumb Twist 60 14 47 5.9 1 8 Defect at the level of the distal interphalangeal joint.
Male 17 Middle, ring Saw injury 49/62 12 65/58 5.3/6.4 2 8 Defect of the distal 1/2 of the nail bed.
Female 20 Little Crash 56 13 46 6 2 10 Defect at the level of the distal interphalangeal joint.
Male 29 Ring, little Crash 56/74 17 66/50 6.7/7.2 3 9 Defect of the distal 1/2 of the nail bed.
Male 57 Little Twist 64 15 49 6.1 2 9 Defect at the level of the distal interphalangeal joint.
Male 48 Index Saw injury 77 12 51 6.6 3 8 Defect at the level of the distal interphalangeal joint.
Male 47 Little Cut 41 15 63 7.4 4 7 Defect of the distal 1/2 of the nail bed.
Female 39 Middle Crash 69 17 45 5.6 1 7 Defect at the level of the distal interphalangeal joint.
Male 35 Index Twist 61 17 39 9 5 10 Defect distal to the area from the nail root fold to the middle 1/2 of the distal interphalangeal joint.
Male 49 Ring, little Twist 72/63 12 35/47 7.0/7.4 3 7 Defect at the level of the distal interphalangeal joint.
Female 37 Little Saw injury 67 14 41 5 1 8 Defect at the level of the distal interphalangeal joint.
Female 34 Middle Twist 79 18 50 6.2 2 9 Defect at the level of the distal interphalangeal joint.
Female 39 Middle Crash 72 12 51 5.9 2 9 Defect at the level of the distal interphalangeal joint.
Female 52 Thumb Cut 84 16 55 5.8 2 9 Defect at the level of the distal interphalangeal joint.
Male 33 Middle Crash 67 18 49 5.7 2 8 Defect at the level of the distal interphalangeal joint.

VSS, Vancouver Scar Scale.
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Table 2. Summary of study findings.
Analysis category Variable/group Results/values

Demographic analysis Male patients’ age 39.6 ± 13.1 years
Female patients’ age 32.9 ± 11.3 years

Healing time analysis Injury cause (ANOVA) Cut injury (42.9 ± 6.62 days)
Crash injury (63.8 ± 7.47 days)
Saw injury (61.5 ± 13.5 days)
Twist injury (62 ± 10.94 days)

Defect depth Superficial defects: 48.5 (IQR: 42.5–55.25 days)
Deep defects: 65.5 (IQR: 59.75–70.25 days)

Correlation analysis Age vs. healing time r = 0.152, p < 0.01 (weak positive correlation)
Age vs. two-point discrimination r = –0.55, p < 0.01 (negative correlation)
Healing time vs. ROM r = –0.143, p < 0.01 (negative correlation)
VSS score vs. functional score r = –0.22, p < 0.01 (negative correlation)

Functional & sensory recovery Two-point discrimination (by fingers) Thumb: 5.75 mm (IQR: 5.4–5.875 mm)
Index: 5.9 mm (IQR: 5.1–6.6 mm)
Middle: 5.65 mm (IQR: 5.15–6.2 mm)
Ring: 6.6 mm (IQR: 6.425–6.925 mm)
Little: 6.1 mm (IQR: 5–7.4 mm)

ROM (DIPJ defect patients) 49° (IQR: 45–56.25°)
Scar assessment Vancouver Scar Scale (VSS) 2 (IQR: 1–3)

Functional score (satisfaction) 9 (IQR: 8–9.25)
Age p = 0.426
Different injury causes p < 0.001

ANOVA, analysis of variance; ROM, range of motion; IQR, interquartile range; DIPJ, distal interphalangeal joint.

The analysis indicates that PELNAC is effective in treat-
ing traumatic partial finger defects, with significant differ-
ences in healing times based on the cause of injury. Older
patients may experience longer healing times and slightly
poorer sensory recovery. Functional outcomes are influ-
enced by age, healing time, and sensory recovery, with
longer follow-up periods associated with better outcomes.

Case 1

A 50-year-old man who suffered from an electric saw injury
presented with a partial lateral soft tissue defect in DIPJ
of the index finger and fingertip defect of the ring finger
with underlying bone exposure (Fig. 2A,B). Artificial der-
mis was covered on the wound after primary debridement
(Fig. 2C). Thewound of index finger healed at 37 days post-
operatively, and the wound of the ring finger healed at 42
days postoperatively. ROM of the DIPJ of the index finger
was 45 degrees, VSS score is 2, VAS score is 1, the treat-
ment area of sensory feels good and two-point discrimina-
tion is 5.9 mm. Both wounds healed with nearly normal
skin structure, a scar on the index finger was linear, and a
scar on the ring finger was nearly invisible (Fig. 2D,E).

Case 2

A 42-year-old man was injured by a sharp cut, leading to
a superficial skin and soft tissue defect of the fingertip in
ring finger (Fig. 3A). Artificial dermis was covered on the
wound after primary debridement (Fig. 3B). The wound
was healed 30 days after surgery. ROM of the DIPJ of the

index finger was 35 degrees, VSS score is 3, VAS score is
1, the treatment area of sensory feels good and two-point
discrimination is 6.5 mm. The reborn skin was similar in
color and texture to normal skin (Fig. 3C). Scar was nearly
invisible.

Case 3

A 55-year-old man suffered from a crash injury during
working in the factory. The injury led to a large area of
deep defect in the distal phalange of ring finger with bone
exposure (Fig. 4A,B). After debridement, artificial dermis
was covered on the wound (Fig. 4C). The reborn tissue and
skin can be seen under the silicon layer at 8 weeks postop-
eratively (Fig. 4D). The wound healed fully after 68 days.
ROM of the DIPJ of the index finger was 41 degrees, VSS
score is 1, VAS score is 2, the treatment area of sensory have
a slight numbness and two-point discrimination is 4.9 mm.

Morphology and Microstructure

The morphology and microstructure of bioengineered skin
substitutes are important as they will prompt not only cell
behavior such as adhesion, proliferation, and infiltration
into scaffolds but also facilities nutrients exchange between
core of scaffold and surrounding [20]. Fig. 5 demon-
strates the morphology and microstructure of artificial der-
mal substitute-PELNAC. It was clearly demonstrated that
PELNAC possesses many interconnective pores and ma-
jor pore diameters range from 40 to 70 µm analysed from
top view images (Fig. 5A–C). However, the major pore di-
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Fig. 2. Intraoperative and follow-up images of a patient with electric saw injury who received artificial dermis coverage. (A,B)
DIPJ of the index finger and fingertip defect of the ring finger with underlying bone exposure. (C) Artificial dermis was covered on the
wound. (D,E) The fingers healed well after operation. DIPJ, distal interphalangeal joint.

ameters range from 60 to 100 µm analysed from section
view images which may be resulted from the anisotropy of
the pore shape (Fig. 5D–F). Previous study has hown that
the pore diameters range between those regions are opti-
mal for cell infiltration [21]. Through the investigation of
the porosity of PELNAC, we found porosity of PELNAC is
81.3 ± 2.1%. High porosity is essential for bioengineered
substitutes [22,23]. The increased specific surface areas
by micropores can provide more sites for protein adsorp-
tion and liquid-solid interaction to accelerate the degrada-
tion of scaffolds, which facilitate the cells growth. In addi-
tion, capillary force generated by the porosity of scaffolds
can improve the attachment of cells on the scaffolds sur-
face [24]. Liquid absorbency is an important property of
wound dressing or absorbing exudates and fluid in an open
wound [25]. The liquid absorbency is 1765.2 ± 56.9% ex-
amined using BS EN 13726-1: 2002, Part 1: the aspects of
absorbency. The absorption capacity of PELNAC was al-

most equivalent to a calcium alginate dressing, which may
be due to collagen component in PELNAC [26].

Degradation

Degradation property is another important characteristic of
bioengineered skin substitutes as fast degradation may re-
duce its mechanical strength and destroy wound coverage
and slow degradation will inhibit new tissue formation. To
investigate the degradation behavior of PELNAC, the re-
maining weight of scaffolds after immersing in SBF were
measured (Fig. 6). The weight of scaffolds decreased with
increasing time continuously and became 86.4 ± 1.5% af-
ter a 6-week incubation, which indicated that the integrity
of PELNAC could be sustained at least for 6 weeks.

Cytocompatibility

According to international standard ISO-10993-5, (Biolog-
ical evaluation of medical devices Part 5: Tests for in vitro
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Fig. 3. Intraoperative and follow-up images of a patient with a sharp cut who received artificial dermis coverage. (A) A superficial
skin and soft tissue defect of the fingertip in ring finger. (B) Artificial dermis was covered on the wound. (C) The reborn skin was similar
in color and texture to normal skin.

Fig. 4. Intraoperative and follow-up images of a patient with large defect of distal phalange ofmiddle finger who received artificial
dermis coverage. (A,B) A large area of deep defect in the distal phalange of ring finger with bone exposure. (C) Artificial dermis was
covered on the wound. (D) The fingers healed well after operation.

cytotoxicity). L929 were selected to reveal the cytocom-
patibility of PELNAC. L929 cells were seeded in PELNAC
and cultured for 7 days in vitro. SEM micrographs of the
cultivated L929 in scaffolds (Fig. 7) show that cells were at-

tached well on the surface of scaffolds and the numbers of
cells increased over culture time. From the high mangnifi-
cation images, which clearly indicated that there were more
cells at Day 7 in scaffolds comparing those in early time
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Fig. 5. The SEM images and pore diameter distributions of implantable artificial dermis-PELNAC. (A,B) are top view (collagen
layer). (C) is pore diameter distribution analyzed from top view images. (D,E) are section view. (F) is pore diameter distribution analyzed
from section view images. Star in section view (D) indicated silicon layer in PELNAC. SEM, Scanning electron microscope; PELNAC,
Permacol Enhanced Layer for Neodermis and Coverage.

Fig. 6. In vitro degradation behavior of implantable artificial
dermis-PELNAC in simulated body fluid (SBF) solution (pH
7.3–7.5) at 37 ◦C for 6 weeks.

points—Day 1 and 3. Moreover, L929 cells demonstrated
round cell morphology in this PELNAC which is different
from the spreading cell morphology on culture flask sur-
faces, which may resulted from the 3D culture envirment.
These results demonstrated PELNAC possessed good cyto-
compatibility for cell adhesion and proliferation.

Discussion

Traumatic partial defects of the finger are common, and
selecting the appropriate reconstruction method is crucial
for achieving optimal outcomes. There are many surgical
methods to repair finger soft tissue defects. For superfi-
cial defect, free skin transplantation is a golden standard
procedure, but the transplanted skin is thin, and the appear-
ance of the healed wound is not plump, damage to the donor
site of the skin is inevitable. For deep defects, flap trans-
plantation is necessary. V-Y advancement flaps [27], thenar
pedicle flaps [28], cross-finger flaps [29], abdominal pedi-
cle flap, reverse digital artery island flap and free flaps are
considered conventional surgical methods for repairing fin-
ger soft tissue defects. The V-Y advancement flap has lim-
itedmobility and is suitable only forminor fingertip defects.
High tension at the apex often leads to distal flap necrosis
and impacts the function of the DIPJ. Alternatives such as
cross-finger flaps, thenar flaps, and abdominal flaps require
immobilization, disrupting daily activities and necessitating
secondary surgeries for pedicle division. The reverse digi-
tal artery island flap compromises a digital artery, affecting
finger blood supply and leaving visible lateral scars. Free
flap transplantation, while an option, demands advanced
microsurgical skills, carries higher risks, and often results in
bulky flaps with poor aesthetic outcomes. Artificial dermis,
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Fig. 7. The SEM images of implantable artificial dermis-PELNAC (A) and L929 cells cultured for 1 day (B); 3 days (C) and 7
days (D). Stars in (B–D) indicated cells in PELNAC.

a synthetic substitute, promotes the regeneration of dermis-
like tissue and vascularization in exposed wounds, offering
a promising option for reconstructive procedures. It repre-
sents an intermediate step in the reconstructive ladder be-
tween an infeasible skin graft and an avoidable flap. When
applied on the wound, the dermal matrix is colonized by
autologous fibroblast, creating a viable scaffold onto which
split-thickness skin graft is available [30]. It permits bone,
tendon, and other weakly vascularized structures to be ef-
fectively coveredwith vascularized tissues without the need
for a flap. Various artificial dermal replacements are be-
ing created and utilized in clinical practice to cure wounds
[29]. Artificial dermis grafts for finger defect reconstruc-
tion are simple to perform, with a high success rate and
short operative times. They reduce the need for complex
surgeries, minimize patient surgical burden, are versatile
for defects of various levels and angles, provide thin, hair-
less skin, avoid uncomfortable immobilization, maintain
finger length, minimize painful dressing changes, and are
suitable for multiple fingertip amputations. It is feasible to
achieve excellent sensory restoration while also reducing
donor-site morbidity. It is particularly important to cover
the wound at an early stage and shorten the length of stay
when the medical resources are in short supply during epi-
demic [31,32]. But the application of artificial dermis graft
is commonly used for superficial defects of the skin or soft
tissue, especially when donor site of the skin is not enough
and needs two steps surgeries. In contrast, other skin alter-
natives such as Integra (LifeSciences, Princeton, NJ, USA),
while alsowidely used in the clinic, may not perform aswell

as PELNAC in some respects. Pelnac is thinner and softer
than Integra, making it easier to apply to uneven wound
surfaces. In terms of epidermal proliferation and skin re-
juvenation, Pelnac is more restorative [9]. Integra required
additional surgery to remove its silicone layer in order for
a final skin graft to be performed. PELNAC showed faster
healing, greater wound contraction, and better scar control
in superficial wounds [9].

Artificial dermis graft PELNAC, possessed many inter-
connective pores and the major pore sizes ranges from 40
to 100 µm revealed from our study facilitates cell migra-
tion into the matrix, allowing the formation of a consis-
tent and elastic neodermis [33]. PELNACTM is a double-
layered skin replacement made out of a collagen scaffold
underneath a silicone membrane. The underlying atelo-
collagen matrix layer acts as a scaffold for the ingrowth
of fibroblasts, macrophages, and endothelial cells, result-
ing in a genuine dermis. The top silicone layer serves as
a temporary barrier to limit bacterial infiltration and mois-
ture evaporation, thereby minimizing infection [18]. Its
special shape supports tissue regeneration by giving cells
the perfect substrate and encouraging the proliferation of
endothelium and fibroblast cells. Pelnac encourages the
production of type III collagen, which gives fibroblasts a
framework to adhere to and cells covered and permeated
the scaffold in fibroblast-like spindles. According to histo-
logical investigations, wounds treated with PELNAC ex-
hibited moderate levels of inflammatory cell infiltration,
suggesting that PELNAC can successfully control the in-
flammatory response without overreacting [9]. PELNAC
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may stimulate the expression of many angiogenic factors,
including Angiopoietin-1 (ANGPT1), Placental Growth
Factor (PGF), and Vascular Endothelial Growth Factor A
(VEGFA) [34]. The development of new blood vessels and
microvessels was uniformly distributed in the tissues, and
Vascular Endothelial Growth Factor (VEGF) was consider-
ably positive [9]. Furthermore, PELNAC induces a more
rapid spontaneous re-epithelization of the wound [35], or
a higher wounded surface contraction, as already demon-
strated by Hori and colleagues [35]. PELNAC mimics en-
dogenous dermis, reducing disabling scar contractures and
improving cosmetic outcomes [36].
In conventional methods, the out-layer silicon film of
PELNAC was removed in 2–3 weeks, and a subsequent
split-thickness skin graft was carried out. Based on
the optimal microstructure and good cytocompatibility of
PELNAC, we believe that once the bioartificial dermal re-
placement can be integrated as neodermis, the epidermal
migration might take place as well, so we did not remove
the silicon film until all the skin regeneration finished. The
results showed that the reborn skin region displayed mor-
phological features similar to those of the normal skin, even
in the cases with bone or tendon exposure. The sensory
restoration was good, and the scar was soft and linear. All
the patients were satisfied with the appearance and function
of the reborn skin. ROM was not influenced in most pa-
tients, and the influence on DIPJ was small in patients who
suffered from defect in the DIPJ area. The results of our
study suggest that artificial dermis is a simpler and better
method than conventional methods for the reconstruction
of finger body defects.
PELNAC, as an artificial dermalmaterial, has demonstrated
significant advantages in the repair of partial finger defects.
It eliminates the need for secondary surgeries common in
traditional methods, achieving one-stage healing with a sin-
gle material. This greatly simplifies the surgical process,
reducing patient suffering and surgical risks. PELNAC is
effective not only for superficial defects but also for deep
defects, including those exposing bone or tendon. No com-
plications such as infection, hematoma, seroma, or painful
scars were observed in the study, and none of the patients
experienced severe numbness and the two-point discrimina-
tion was 5.95 mm (IQR: 5.175–6.7 mm). In contrast, sim-
ple amputation will bring a significant burden to insurance.
Flap surgery needs a longer time of stay, and the whole cost
is not cheap. Though the cost of the artificial dermis has
not been included in our medical-care system, the total cost
of this surgery is not higher than other methods of surgery.
The time to complete healing may be a little longer than
conventional artificial dermis coverage and split-thickness
skin graft, but a second surgery is not needed, and dam-
age to the donor site of skin is avoided. The main com-
plications which may lead to the failure of artificial dermis
include infection, hematoma formation, seroma formation,
and improper mobilization. So clean wound bed, proper
hemostasis, and drainage are important for wound healing.

Besides, strictly postoperative surveillance of the wound is
necessary. Furthermore, we have done some research about
repairing wounds with complete defect of the finger body.
In these cases, the exposure of tendon and bone was more
severe than in case 3, and we finished one-stage wound cov-
erage through a local rotational fascia flap combined with
artificial dermis. The initial effect was good, and we will
discuss it in future articles.
This study has several limitations that should be addressed
in future research. First, the lack of a control group (e.g.,
traditional flap surgery, autologous skin grafting, or other
artificial dermis products) limits the ability to directly com-
pare the efficacy of PELNACwith existing methods. With-
out such comparisons, it is difficult to determine whether
PELNAC offers significant advantages in terms of opera-
tive time, functional recovery, scar quality, or patient satis-
faction. Future studies should incorporate randomized con-
trolled trials (RCTs) to validate its relative benefits.
The follow-up period of 12–18 months is insufficient to
assess long-term outcomes, such as scar contracture, sen-
sory function deterioration, or tissue stability after material
degradation. Extending the follow-up period to 3–5 years
would provide more comprehensive insights into the long-
term efficacy and safety of PELNAC. Although 47 patients
(56 digits) were included, the sample size remains rela-
tively small, and the heterogeneity in injury types (e.g., cuts,
crash injuries, electric saw injuries) and depths (superficial
vs. deep) may affect the consistency of the results. Future
studies should expand the sample size and stratify analyses
based on injury types to ensure more robust conclusions.

Conclusions
Using PELNAC alone, a functional material with intercon-
nected micropores, high porosity, and good cytocompati-
bility, appears to be a simple and effective clinical inter-
vention for improving the reconstruction of partial finger
defects, avoiding donor site morbidity and the need for a
second surgery. Future studies should include larger sam-
ple sizes and comparative prospective trials to evaluate the
long-term benefits of PELNAC.
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