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Abstract
Background: Sequential hybrid protocols combining ablative and non-
ablative laser delivery have been proposed to achieve epidermal renewal 
and dermal remodeling within a single session, but are subject to operator-
dependent variability in timing and spatial registration between applications. 
ONEpulse technology addresses this limitation by integrating both 
wavelengths within a single co-registered pulse. 

Methods: A single sow underwent two treatments on the ventral abdominal 
skin. One treatment used a sequential application of Er:Glass laser (1540 
nm, 30 J/cm²) followed by Er:YAG laser (2940 nm, 18 J/cm²). The second 
treatment used ONEpulse technology to deliver both wavelengths within a 
single co-registered pulse at equivalent fluences. A baseline 6-mm punch 
biopsy was obtained, followed by two post-treatment biopsies at 2-month 
follow-up (one per treatment site). Samples were stained with hematoxylin 
and eosin, and epidermal area and collagen content were quantified using 
ImageJ software. 

Results: Epidermal area increased from 54,654 µm² at baseline to 65,673 
µm² after sequential treatment and to 89,090 µm² after ONEpulse treatment. 
The ONEpulse treatment was associated with a 35.7% greater epidermal area 
compared with the sequential treatment. Collagen content increased from 
53.4% at baseline to 56.8% after sequential treatment, and to 75.2% after 
ONEpulse treatment. The ONEpulse treatment was associated with a 32.5% 
greater collagen content compared with the sequential treatment. 

Conclusion: This pilot porcine study provides preliminary histological 
observations that ONEpulse delivery was associated with greater increases in 
epidermal area and collagen content compared with sequential Er:YAG and 
Er:Glass delivery at two months.
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Introduction
Laser resurfacing remains a cornerstone of aesthetic and regenerative 

dermatology, offering a versatile approach to the management of photoaging, 
rhytides, dyschromias, and cicatricial deformities [1,3]. Current therapeutic 
platforms are broadly classified into ablative and non-ablative lasers, each 



Bernardy J and Jarosova R., Arch Clin Biomed Res 2026
0DOI:10.26502/acbr.50170530

Citation:	Jan Bernardy, Rea Jarosova. Exploratory Histological Comparison of Sequential Versus ONEpulse™ Er:YAG/Er:Glass Laser Delivery 
in Porcine Skin: A Pilot Study. Archives of Clinical and Biomedical Research. 10 (2026): 237-242.

Volume 10 • Issue 4 238 

governed by distinct laser-tissue interactions and producing 
complementary, yet anatomically discrete, biological effects 
[3].

Ablative lasers, including carbon dioxide (CO₂) and 2940-
nm erbium:yttrium aluminium garnet (Er:YAG) systems, 
exploit the high absorption of laser energy by tissue water 
to induce rapid vaporization of the epidermis and superficial 
dermis [4,5]. This controlled injury initiates a wound-
healing cascade involving fibroblast activation, extracellular 
matrix reorganisation, and reepithelialization, replacing a 
disorganized, photodamaged epidermis with a thickened, 
structurally uniform cellular architecture [6-11]. Clinically, 
these changes translate into improved surface texture, barrier 
restoration, and a more uniform complexion [3,11-13]. In 
contrast, non-ablative lasers, such as the 1540-nm erbium:glass 
(Er:Glass), generate microscopic coagulation zones within 
the dermis while preserving epidermal integrity, stimulating 
fibroblast-driven neocollagenesis and elastogenesis [14-16]. 
The resulting dermal remodeling is clinically associated with 
improved tissue firmness, enhanced elasticity, and reduction 
in rhytides [17,18].

Given the complementary nature of these mechanisms, 
hybrid protocols combining sequential ablative and non-
ablative laser delivery have been proposed to achieve 
epidermal renewal and dermal remodeling within a single 
session [19,20]. Sequential delivery is, however, subject 
to operator-dependent variability in the timing and spatial 
registration between successive passes, which can influence 
the final clinical outcome [21,22]. 

ONEpulse technology was developed to address this 
limitation by integrating 2940-nm Er:YAG and 1540-nm 
Er:Glass wavelengths within a single coaxial optical pathway, 
delivering both laser energies to the same microscopic 
treatment zone in one pulse. In this configuration, the 
Er:Glass wavelength is delivered milliseconds before the 
Er:YAG wavelength within the same pulse. This differs 
from conventional sequential delivery, where the procedural 
workflow implies that the two wavelengths are separated 
by seconds to minutes. This intra-pulse energy delivery is 
hypothesized to create a photothermal synergy between 
the two wavelengths, potentially yielding a greater tissue 
remodeling response than sequential delivery. 

The present study aimed to explore the histological effects 
of sequential Er:YAG and Er:Glass delivery compared with 
ONEpulse™ delivery in a porcine skin model, using epidermal 
area and dermal collagen content as outcome measures.

Materials and Methods
This exploratory pilot study was conducted at the 

Veterinary Research Institute (VRI, Brno, Czech Republic), 
working under Good Laboratory Practice (GLP) certification. 
A single animal (Sus scrofa f. domestica, sow (gilt), 75 kg, 

n = 1) served as the experimental model. The animal was 
housed at VRI for the duration of the study, with handling 
and welfare oversight provided by certified veterinary staff 
throughout.

General anesthesia was introduced by combination of 
dissociative anesthetics and alpha-2 agonists a TKX mixture, 
consisting of tiletamine (Zoletil, Virbac, FR), 4 mg/kg, 
ketamine (Narkamon, Bioveta a.s., CZ), 2 mg/kg and xylazine 
(Rometar, Bioveta a.s., CZ), 2 mg/kg, and continued by total 
intravenous anesthesia (TIVA) by propofol (Propofol 1% 
MCT/LCT Fresenius, 10 mg/kg/h) administered through an 
auricular vein cannula. Following anesthesia induction, the 
ventral abdominal skin was cleansed, shaved, and demarcated 
into three spatially distinct areas.

Two treatments were delivered using the EXOLASE 
ONE device (BTL Industries) to the ventral abdominal 
skin. The first treatment was the sequential treatment, which 
consisted of non-ablative Er:Glass (1540 nm, 30 J/cm²) 
followed immediately by ablative Er:YAG (2940 nm, 18 J/
cm²) applied to the same area. The second treatment was 
the ONEpulse treatment, which delivered both wavelengths 
within a single spatially co-aligned pulse: Er:Glass (1540 
nm, 30 J/cm²) followed immediately by Er:YAG (2940 nm, 
18 J/cm²), with an intra-pulse temporal offset on the order 
of milliseconds. Each treatment lasted three minutes. Both 
treatment areas were spatially separated to prevent overlap.

Punch biopsies (6mm) were collected at two time points. 
A single baseline biopsy was obtained from untreated 
ventral abdominal skin prior to any laser exposure. At two 
months post-treatment, one biopsy was collected from each 
treatment area, yielding one specimen per treatment. Biopsies 
were performed under aseptic conditions; the wounds were 
treated by surgical stapling. All specimens were fixed in 10% 
neutral-buffered formalin, embedded in paraffin, sectioned 
at 5 µm, and stained with hematoxylin and eosin (H&E) for 
assessment of tissue architecture.

Stained slides were digitized using a calibrated automated 
slide-scanning light microscope in bright-field mode, with 
spatial calibration confirmed using a stage micrometer. 
One representative section per specimen was selected for 
quantitative analysis using semiautomatic ImageJ software 
(version 1.54g, NIH, USA). Epidermal area was quantified 
by tracing the epidermal region in each section, with results 
expressed in µm². Collagen content was quantified using 
the Color Threshold tool in the Hue, Saturation, Brightness 
(HSB) color space. Images were calibrated to µm². HSB 
parameters were adjusted to selectively isolate eosinophilic 
(pink) regions representing the collagenous matrix, and the 
area of positive staining was expressed as a percentage of the 
total region of interest.

Given the single-animal, exploratory design of this study, 
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Similarly, the increase in collagen content observed following 
both treatments is consistent with the established biological 
response to non-ablative Er:Glass delivery, characterized 
by fibroblast-driven extracellular matrix remodeling [14-
16]. Beyond these expected biological effects, however, the 
magnitude of the histological response differed markedly 
between the two treatments. This disparity supports the 
hypothesis of photothermal synergy between the two 
wavelengths, an interaction proposed to arise from their rapid 
consecutive intra-pulse delivery via ONEpulse technology. 
Two interconnected mechanisms are hypothesized as the 
basis of this synergy.

The first proposed mechanism relates to the epidermal 
response and arises directly from the delivery of the 
Er:Glass non-ablative wavelength immediately before the 
Er:YAG ablative wavelength. As the Er:Glass non-ablative 
wavelength penetrates through the epidermis into the dermis, 
it transiently deposits thermal energy within the epidermal 
tissue. This raises the local tissue temperature without causing 
ablation, pre-heating the tissue prior to Er:YAG delivery. 
This pre-heating brings the epidermal tissue closer to the 
vaporization threshold, and as a result, a greater proportion of 
the Er:YAG energy can be directed straight toward ablation 
rather than being spent on heating of unprepared tissue. 
This may produce a more consistent and uniform ablation 
across the treatment column, potentially accounting for the 
more pronounced epidermal area increase observed after 
the ONEpulse treatment. This proposed mechanism is based 
on prior physical and experimental studies suggesting that 
laser-induced temperature elevation just below the ablative 
threshold may alter thermal properties of the tissue, and 
thereby redirect the ablative energy [23-26].

The second proposed mechanism relates to the dermal 
collagen response. Because both the Er:Glass and Er:YAG 
lasers deposit thermal energy within the same tissue column, 
their concurrent contributions may lead to an accumulation 
of thermal energy within the dermis. This accumulation may 
elevate local tissue temperature beyond what the Er:Glass 
would generate independently, facilitating deeper heat 
diffusion into the dermis. This may increase the likelihood 
that the thermal stimulus reaches the fibroblast population, 
thereby promoting collagen remodeling, consistent with the 
greater increase in collagen content observed after ONEpulse 
treatment. This proposed mechanism is grounded in prior 
studies describing the heat accumulation that creates a 
thermal gradient within the tissue column [19,23,27].

Underlying both proposed mechanisms is the temporal 
and spatial unification of the two wavelengths within the 
same tissue column throughout treatment. In conventional 
sequential delivery, by contrast, the two wavelengths are 
applied in separate passes, introducing operator-dependent 
variability in both the timing and spatial registration between 
passes [21,22]. This variability may prevent the ablative 

no inferential statistical analysis was performed. All results 
are reported as absolute and relative differences between 
treatments.

Results
At baseline, the epidermal area measured 54,654 µm². 

Following sequential treatment, the epidermal area increased 
to 65,673 µm², representing an absolute increase of 11,019 
µm² from baseline. Following ONEpulse treatment, the 
epidermal area increased to 89,090 µm², representing an 
absolute increase of 34,436 µm² from baseline. The ONEpulse 
treatment was associated with a 35.7% greater epidermal area 
compared with the sequential treatment. 

Baseline collagen content accounted for 53.4% of the 
region of interest. Following sequential treatment, collagen 
content increased to 56.8%. Following ONEpulse treatment, 
collagen content increased to 75.2%. The ONEpulse 
treatment was associated with a 32.5% greater collagen 
content compared with the sequential treatment. See Figure 
1. for the representative histologic visualisation of differences 
between the sequential and ONEpulse treatment.

Discussion
This pilot study explored the histological effects of 

sequential Er:YAG and Er:Glass delivery compared with 
ONEpulse delivery in a porcine skin model, using epidermal 
area and dermal collagen content as outcome measures. 
Within this single-animal model, an increase in epidermal 
area was observed following both treatment settings, with 
the ONEpulse treatment associated with a 35.7% greater 
epidermal area compared with the sequential treatment. 
Similarly, an increase in collagen content was observed after 
both treatments, with the ONEpulse treatment associated 
with a 32.5% greater collagen content compared with the 
sequential treatment.

The increase in epidermal area observed following both 
treatments aligns with the well-documented biological 
response to ablative Er:YAG delivery, characterized by re-
epithelialization and progressive epidermal thickening [6-10]. 

Figure 1: Representative histologic sections showing differences 
in epidermal area and collagen content between the sequential 
treatment (left) and the ONEpulse treatment (right). Staining with 
H&E; 40× magnification, scale bar 100 µm. 
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and non-ablative energies from consistently acting on the 
same tissue column, thereby reducing the likelihood of the 
photothermal interactions described above. Furthermore, 
longer intervals between passes may allow the initial thermal 
elevation to dissipate before the second wavelength is applied, 
limiting their photothermal synergy. The broader principle 
that the timing of energy delivery can influence biological 
tissue response is not without precedent in the literature.

Indirect support has been reported in other energy-
based systems. Harari et al. [28] found that simultaneous 
microwave energy delivery in liver tissue produced larger 
and more confluent ablation zones with higher peripheral 
temperatures compared with sequential delivery. While 
not directly comparable to laser resurfacing, this finding 
suggests that the timing of energy delivery may influence the 
biological tissue response [28]. The present findings can be 
further contextualized within the laser resurfacing literature. 
The epidermal area increase measured after the sequential 
treatment is broadly consistent with published histological 
data from ablative resurfacing studies at comparable follow-
up intervals [29,30]. Similarly, the collagen increase observed 
after the sequential treatment falls within the range reported 
in non-ablative resurfacing studies at similar timepoints [31-
33]. To our knowledge, however, no histological studies have 
directly compared ONEpulse technology with sequential 
ablative and non-ablative laser delivery, making the present 
study the first to provide preliminary comparative histological 
observations between these two approaches.

As hybrid laser resurfacing protocols combining ablative 
and non-ablative delivery continue to gain clinical interest for 
their ability to address multiple tissue compartments within 
a single session, there is growing demand for approaches 
that offer greater reproducibility and efficiency of outcomes 
[34,35]. From a clinical perspective, delivery systems that 
can achieve greater epidermal renewal and dermal collagen 
deposition within a single session, while reducing operator-
dependent variability, may offer advantages in terms of 
procedural consistency, with the potential to translate into 
more reproducible improvements in skin texture, laxity, and 
scarring. Conceptually, if confirmed in adequately powered 
clinical studies, ONEpulse technology may provide a more 
reproducible approach to combined ablative and non-ablative 
laser resurfacing than conventional sequential delivery.

This study has notable strengths. First, porcine skin is 
widely regarded as a reliable preclinical surrogate for human 
dermatology due to its structural and physiological similarity 
to human skin, and has been used extensively in laser 
resurfacing research [36]. Second, the intra-animal design, 
in which both treatments were applied to the same subject 
under identical systemic and environmental conditions, 
controls for inter-subject biological variability and 
provides a direct within-subject comparison. 

As with any exploratory pilot study, several limitations 
should be considered when interpreting these findings. The 
single-animal design, while appropriate for hypothesis-
generating observations of this nature, precludes inferential 
statistical analysis and limits the generalizability of the results. 
Additionally, direct quantitative comparison of the findings 
in this study is limited by the methodological heterogeneity 
across studies. Furthermore, the observed differences between 
treatments may partly reflect local anatomical variation and 
should therefore be interpreted with appropriate caution. 
Similarly, a single 6-mm punch biopsy per treatment area 
may not fully capture the spatial distribution of the biological 
response across the entire treated zone. Another limitation is 
that the dermal collagen content was estimated from H&E-
stained sections, rather than using a collagen-specific stain. 
In the future, studies should incorporate larger cohorts to 
enable inferential analysis and histological safety endpoints. 
Ultimately, studies in human subjects with validated clinical 
outcome measures will be necessary to determine whether the 
histological observations here are reproducible and translate 
into clinically meaningful differences between ONEpulse and 
sequential dual-wavelength delivery.

Conclusions
This pilot porcine study provides preliminary histological 

observations that ONEpulse delivery was associated with 
greater increases in epidermal area and collagen content 
compared with sequential delivery after two months post-
treatment. These findings provide a histological basis for 
hypothesis generation and support further investigation.
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