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Abstract: It is well-understood that wound care poses a significant burden on the healthcare system 
and patient well-being. As such, it is imperative to develop efficient methods that facilitate tissue 
repair. Our group previously developed a nutritional gel scaffold, proven to accelerate wound re-
pair. Due to its gel-like properties, this scaffold requires a time-consuming reconstitution, and is 
optimized for cavernous wounds. This pilot study examined the feasibility of a powdered form of 
this scaffold to accelerate healing of full-thickness wounds, thus broadening the range of applica-
tions, while providing a practical product. Splinted full-thickness wounds were generated on the 
backs of 6 mice, and treated with either powder, the original gel scaffold, or no treatment. Feasibility 
and efficacy of the powder was assessed through comparison of clinical wound measurements and 
histological assessments. There was a significant effect of treatment on rate of epithelialization [H(3) 
= 8.346, p = 0.0024] and on days to epithelial closure [H(3) = 8.482, p = 0.0061]. Post hoc analysis 
revealed that while requiring no reconstitution and simple to apply, the powder was sufficient to 
accelerate epithelialization compared to untreated wounds (p < 0.05). Furthermore, our results sug-
gest that application of this powder did not alter certain processes associated with healing progress, 
such as epidermal thickness and collagen deposition. As such, this powder may provide a novel 
alternative to our previously developed gel scaffold by accelerating epithelialization, while provid-
ing a practical product. Future studies necessitate further evaluation of healing measures with a 
larger sample size. 
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1. Introduction 
It is estimated that every year, greater than 8 million patients seek medical assistance 

for wound management [1]. Wound healing involves a series of processes, including in-
flammation, proliferation, and remodeling [2]; however, various patient groups, such as 
the elderly, obese patients, those with diabetes mellitus, coronary artery disease, or can-
cer, have impeded healing [3]. It is estimated that USD 10 billion is spent annually in 
North America alone on complex wound care [4]. This issue is also seen across Europe, 
where an estimated 2–3% of healthcare expenditure is spent on wound management [5]. 
Given the impact of wounds on patient wellbeing and the healthcare system, it is imper-
ative to develop efficient methods that facilitate tissue repair. 
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Although tissue-engineered skin substitutes have been used to facilitate wound heal-
ing, these can elicit acute rejection [6,7]. While scaffolds, including autografts, circumvent 
antigenicity, these are often composed of solid materials restricting the ability of the prod-
uct to conform to wound topography [8,9]. This inability to integrate with the wound sur-
face impedes vascular perfusion and innervation, increasing the risk of graft loss [8,9]. To 
circumvent these issues, several powder scaffolds have been developed [10–16]. These 
have been reported to be effective in conforming to wound irregularities and help main-
tain a protective environment. Additionally, powder scaffolds have been reported to en-
able a cellular response and promote angiogenesis, while offering hemostatic properties 
[13].  

The use of collagen-based biomaterials predates the 1900s, and has since accounted 
for a myriad of innovations aimed at improving soft-tissue repair [12,17]. The enthusiasm 
surrounding collagen-based biomaterials originates from the dominant role of collagen in 
the extracellular matrix (ECM) [12]. Collagen is commonly used in biomaterials for its 
biodegradable and non-toxic properties, whose fibers confer high tensile strength and sta-
bility [12,18]. To the authors’ knowledge, however, there have been no reports of a colla-
gen-based powder scaffold which accelerates wound epithelialization and closure. 

Our group previously developed a nutritional and flowable cross-linked collagen-
glycosaminoglycan-based scaffold with polyvinyl alcohol (PVA)-borate able to rapidly 
solidify once at 35–37 °C [8,9]. Once reconstituted, this gel scaffold was shown to have 
higher in vitro tensile strength, faster fibril formation, and reduced collagenase digestion 
compared to other collagen-based materials [8]. Furthermore, this scaffold contains the 
necessary amino acids, vitamins, and minerals required for cell growth [8,9,19]. Likewise, 
this product has been shown to accelerate healing, while enabling linear cellular organi-
zation and formation of a skin-like keratinized epidermis [8,9,19]. 

Unfortunately, this scaffold has practical limitations; with respect to application, the 
gel needs to be reconstituted with a sterile liquid and requires a polymerization time of 10 
to 20 min [8,9]. This time-consuming reconstitution and application process is undesirable 
and limiting in many clinical settings. Furthermore, given the flowable nature of the gel 
scaffold, it is optimized for deep and cavernous wounds [19]. As such, the gel scaffold 
may be substandard for full-thickness injuries, wherein movement of the affected area 
risks displacing the scaffold. This pilot study aimed to address the limitations associated 
with currently available treatments for wound healing by broadening the range of appli-
cations of our previously developed gel scaffold. To do so, we investigated whether a 
powder version of the original gel scaffold could function as a novel alternative to im-
prove healing in full-thickness wounds while providing a practical product. 

2. Materials and Methods 
2.1. Animal Model and Wound Generation 

Following a previously described model of excisional wound healing, six female CD1 
mice were purchased from Charles River Laboratories [20]. The mice were housed in an 
animal care facility under standardized conditions for a one week acclimation period. All 
procedures were completed in accordance with the ethics approval outlined by the Uni-
versity of British Columbia and the Canadian Guidelines on Animal Care. The mice were 
individually anesthetized using 2% isoflurane in oxygen (flow rate of 1.0 L/min) and kept 
under anesthesia throughout the procedure. Prior to wounding, the dorsum of each 
mouse was shaved and disinfected using 10% Povidone-Iodine (Betadine Purdue Pharma, 
Pickering, ON, Canada). Following aseptic surgical techniques, two full thickness, 7 mm 
diameter circular wounds were created bilaterally on either side of the vertebral column 
of each mouse. To prevent premature wound closure due to contraction of the underlying 
panniculus carnosus, each wound was splinted using annular silicone splints (Grace Bio-
Labs, Bend, OR, USA) with an inner and outer diameter of 7 and 14 mm, respectively. The 
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splints were secured using six interrupted sutures (6-0 Ethilon Nylon Suture, Ethicon LLC, 
Cornelia, GA, USA). 

2.2. Preparation and Application of Treatment Conditions 
Treatment conditions were defined as follows: (a) acellular in situ forming gel scaf-

fold (G), (b) acellular freeze-dried powdered (P), or (c) no treatment (NT). For the (G) 
condition, the acellular in situ forming gel scaffold was prepared and freeze dried into a 
powder, then reconstituted at the time of application [8,9]. The powder was reconstituted 
to 80 mg/mL with sterile water, vortexed for one minute, and then centrifuged for 5 min 
at 1000 revolutions per minute (RPM) with a relative centrifugal force (RCF) of 92 G. Since 
this mouse model was limited to two wounds per animal, it was not possible to assess all 
three treatment conditions simultaneously on each mouse. To circumvent this limitation 
and control for confounding factors, the six mice were randomly assigned to one of six 
treatment pairs (G-P, P-G, G-NT, NT-G, P-NT, NT-P). For wounds assigned to the (G) 
condition, 0.1 mL of gel was applied and allowed to polymerize over approximately 10 
min. For the (P) condition, 8 mg of un-reconstituted freeze-dried powder was distributed 
over the entire surface of the wound using a small scoopula. The time taken for the pow-
der to become visibly humidified was measured. Prior to reconstitution and application, 
the freeze-dried powder was stored at 4 °C. During the wound generation procedure, both 
the gel (G) and powder (P) were kept on ice, and then removed to warm to room temper-
ature immediately prior to application. No-treatment (NT) conditions received no gel or 
powder.  

Following the treatment applications, all wounds were covered with a semi occlusive 
dressing (Tegaderm Film, 3M Health Care, St. Paul, MN, USA). A secondary layer of 
dressing (3MTM CobanTM, Maplewood, MN, USA) was applied over the Tegaderm to pre-
vent the mice from removing the splints and interfering with the wound healing process. 
Treatments were applied twice, with the first application at the time of injury. The second 
application occurred at the onset of granulation tissue development within the wound 
bed. The study endpoint was determined as the time at which each mouse had reached 
complete closure of both wounds. To control for differences in healing speeds between 
mice, negative control (NT) wounds were monitored until closure. At the study endpoint, 
mice were first anesthetized using isoflurane, and euthanized by CO2 asphyxia. 

2.3. Wound Epithelialization and Closure 
Wounds were photographed twice per week; mice were first anesthetized, and the 

CobanTM and TegardermTM dressings were then removed, photographed, and re-band-
aged as described above. Using the photos acquired throughout the study, areas of open 
wound were measured in pixels with ImageJ (National Institute of Health, Bethesda, MD, 
USA) and normalized as a percentage of the inner splint area. The rate of wound closure 
for each mouse was determined via linear regression of open wound (%) as a function 
time (days). All wound measurements were conducted blindly. The same principles were 
used to calculate rate of epithelialization, where un-epithelialized regions of wound were 
normalized as a percentage of inner splint area, and the rate determined as a function of 
time. In addition to rate, days until complete epithelialization, and subsequently complete 
closure were noted. 

2.4. Histological Analysis 
All wound sites were harvested using a 12-mm circular biopsy punch. Tissue sam-

ples were fixed in 10% neutral buffered formalin solution (Sigma-Aldrich, St. Louis, MO, 
USA) for 24 h before being processed and embedded in paraffin blocks. Tissue samples 
were sectioned at 5 μm thickness and stained using either a standard hematoxylin and 
eosin stain (H&E) protocol, or Masson’s Trichrome stain. All histology slides were imaged 
using a Nikon Eclipse 80i microscope (Nikon Corporation, Tokyo, Japan). Histological 
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measurements were performed using AxioVision (Carl Zeiss MicroImaging Inc., Thorn-
wood, NY, USA) and ImageJ. All image acquisitions and measurements were performed 
blindly. 

2.5. Epidermal Thickness 
There have been previous reports suggesting that epidermal thickness (ET) is associ-

ated with healing progress, whereby a thinner epidermis correlates with maturation of 
the neo-epidermis [21,22]. In addition to measuring rate of epidermal regeneration as de-
scribed above, newly formed ET was measured throughout the wound bed, as a second-
ary measure of wound maturity. Using Axiovision to assess the H&E-stained samples, the 
ET for regions of fully formed epidermis were measured at 200 µm increments spanning 
the wound bed. All images and measurements were acquired blindly. 

2.6. Collagen Deposition 
Samples stained with Masson’s trichrome were evaluated for collagen deposition us-

ing ImageJ, whereby color deconvolution allowed for the separation of blue-stained col-
lagen fibers [23]. Collagen deposition was calculated as the percentage of collagen depo-
sition in wound bed and normalized to percent of collagen deposition in peripheral 
healthy dermis. All samples were assessed blindly. In addition, wounds were assessed for 
the presence of collagen deposition in a classical “basket-weave” pattern as a secondary 
measure of organized wound healing. Samples stained using Masson’s Trichrome were 
visualized and evaluated by a blinded individual. 

2.7. Statistical Analysis 
A graphical abstract was created using BioRender (Toronto, ON, Canada). Statistical 

analysis and figures were generated using GraphPad Prism (Sandiego, CA, USA). Nor-
mality of the data’s distribution was assessed using the d’Agostino–Pearson omnibus test 
for normality. Because of sample size, data normality could not be ascertained. Rates of 
epithelialization and wound healing were determined via linear regression as a function 
of wound area (%) to time (days). Comparisons between groups were determined using 
the Kruskal–Wallis test using the Dunn’s multiple comparisons correction test (α = 0.05). 

3. Results 
3.1. Use of This Powder Is Feasible for Full-Thickness Wounds in a Murine Model 

Comparison of the powder with its gel counterpart is provided (Table 1). This pow-
der is a freeze-dried, PVA borate, cross-linked collagen-glycosaminoglycan-based scaf-
fold, which was stored as a powder at 4 °C throughout the length of the study. The appli-
cation and distribution of the powder throughout the wound bed was subjectively noted 
to be feasible using a small scoopula. Once applied, moisture from the wound environ-
ment was sufficient to enable the powder rehydration process to begin spontaneously at 
the wound site (Figure 1A). Representative photographs of the powder in comparison to 
the gel scaffold are provided (Figure 1A,B). The time in which it took for the powder to 
humidify in situ was 90 s (Figure 1A). 

Table 1. Comparison of scaffold characteristics and properties. The characteristics and properties of the powder and the 
original gel scaffold are compared in this table. Summarized are the powder’s properties determined as per this study and 
the properties of the original gel scaffold determined through previously validated studies. Composition, reconstitution, 
feasibility of application, and properties are discussed. 

 Powder Gel 

Composition 
Cross-linked collagen-glycosaminoglycan-

based scaffold with polyvinyl alcohol (PVA)-
borate (freeze-dried/powdered) 

Cross-linked collagen-glycosaminoglycan-based scaf-
fold with polyvinyl alcohol (PVA)-borate reconsti-

tuted with sterile water [8] 
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Reconstitution Not required 
Requires reconstitution via vortexing for one minute 
in sterile water and centrifugation for 5 min at 1000 

RPM and 92 G RCF prior to application [8] 

Feasibility of  
Application 

Feasible to apply and observed to distribute 
throughout the wound bed in this murine 

model 
Rehydration of the powder into a gel scaffold 
begins once applied into the wound and visi-

bly humidifies in approximately 90 s 

Feasible to apply. Noted to distribute evenly in cav-
ernous and tunneling wounds [9] 

Properties 

Accelerates epithelialization 
Does not alter certain features suggestive of 
wound maturity, including ET and collagen 

deposition 

Superior mechanical and physical properties in vitro 
compared to other collagen-based materials [8] 

Contains the necessary amino acids, vitamins, and 
minerals required for cell growth [8,9] 

Accelerates healing while enabling linear cellular or-
ganization and formation of a skin-like keratinized 

epidermis [8] 
Non-toxic to human fibroblasts [8] 

Optimized for deep and cavernous wounds due to its 
flowable nature [8,9] 

Demonstrated to ameliorate healing in a hypertrophic 
scarring model [9] 

 
Figure 1. Powder vs gel scaffold comparison and rehydration time within the wound bed. (A) Upon application of the 
powder scaffold to the open wound, representative images of powder rehydration as a function of time are depicted. 
Photographs were acquired at time of application—0 s, 30 s, 60 s, and 90 s. (B) Depiction of the original gel scaffold is 
provided for comparison. 

3.2. Powder Application May Accelerate Wound Closure 
Progression of wound healing was observed through photographs acquired twice 

per week (Figure 2A). The effect of treatment condition on the rate of wound closure [(H(3) 
= 5.654, p = 0.0545] and days required to complete closure [H(3) = 5.570, p = 0.0549] are 
depicted in Figure 2B,C, respectively. While not statistically significant, both powder and 
gel conditions had nearly identical rates of closure, both of which were increased in com-
parison to NT 𝑥̅𝑥 = 5.2 ± 1.4, 𝑥̅𝑥 = 7.4 ± 0.9, 𝑥̅𝑥 = 7.4 ± 1.0, for NT, G, and P conditions, re-
spectively, Figure 2B). Additionally, both powder and gel conditions required a similar 
duration to close, both of which were decreased in comparison to NT (𝑥̅𝑥 = 18.0 ± 2.0, 𝑥̅𝑥 = 
14.3 ± 2.9, 𝑥̅𝑥 = 15.0 ± 2.2), for NT, G, and P conditions, respectively, Figure 2C). 
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Figure 2. Assessment of wound closure following treatment. Splinted full thickness wounds were treated with either gel 
scaffold (G), powder (P), or left untreated (NT). (A) Qualitative overview of wound healing across treatment conditions 
for the time of wounding, week one, and week two, is shown. Representative examples of each treatment condition were 
chosen for the selected time points. (B) Differences between rates of wound closure are depicted. The results are expressed 
as mean ± standard deviation, n = 4 for all treatments. (C) Days to wound closure for each treatment condition is depicted. 
The results are expressed as mean ± standard deviation, n = 4 for all treatments. 

3.3. Powder Application Accelerates Epithelialization, without Altering Epidermal Thickness 
A significant effect of treatment condition on rate of epithelialization [(H(3) = 8.346, 

p = 0.0024, Figure 3A] was observed. Post hoc analysis using Dunn’s multiple comparisons 
test indicated that gel-treated wounds had significantly greater rates of epithelialization 
compared to NT (p < 0.05, Figure 3A). Additionally, the powder-treated wounds were 
observed to have comparable epithelialization rates to gel-treated wounds, which was in-
creased in comparison to NT (𝑥̅𝑥 = 5.8 ± 0.7, 𝑥̅𝑥 = 9.6 ± 0.3, 𝑥̅𝑥 = 9.1 ± 0.5, for NT, G, and P 
conditions, respectively, Figure 3A). Furthermore, a significant effect of treatment condi-
tion on days required to achieve complete epithelial closure was found [H(3) = 8.482, p = 
0.0061, Figure 3B). Post hoc analysis using Dunn’s multiple comparisons test indicated 
that both powder-treated and gel-treated wounds required significantly fewer days to 
achieve epithelial closure compared to NT (p < 0.05, Figure 3B). Representative samples 
illustrating ET using H&E staining are provided at 2× and 10× magnification (Figure 
3C,D). No statistically significant difference in days required to achieve complete epithe-
lialization was found between the gel and powder treatments. Despite an increased 



Eur. Burn J. 2021, 2, 4 244 
 

 

epithelialization rate and fewer days required to achieve complete epithelialization of the 
wound bed, no difference in ET was found between groups (Figure 3E). Mean ET was 
noted to be 93.5 ± 33.4, 69.2 ± 16.3, and 67.9 ± 19.8 for NT, G, and P, respectively. 

 
Figure 3. Histological evaluation of wound tissue. Color legend is provided in the top right. (A) Differences between rates 
of wound closure across treatment conditions are depicted. The results are expressed as mean ± standard deviation, n = 4 
for all treatments. * p < 0.05. (B) Days to full epithelialization for each treatment is depicted. The results are expressed as 
mean ± standard deviation, n = 4 for all treatments, * p < 0.05. (C,D) Representative histological analysis by H&E used to 
quantify epidermal thickness is shown. The wound bed at 2× magnification (C) and within the wound at 10× magnification 
(D) is shown for NT (a), G (b), and P (c) conditions. Black dashed rectangles demarcate the wound areas shown at higher 
magnification on the right. Black triangles indicate the wound edges, whereby the wound is located between these mark-
ings. Scale bars for (C,D) represent 500 µM and 100 µM, respectively. (E) The mean ET for each treatment is displayed. 
Using H&E-stained slides, the ET of each wound was measured every 200 µm increments for regions of fully formed 
epidermis. Results are expressed as mean ± standard deviation, n = 4 for all treatments groups. 

3.4. Powder Application Does Not Alter Collagen Deposition 
Granulation tissue and matrix formation was determined by calculating total percent 

collagen deposition. Representative samples illustrating collagen deposition using Mas-
son’s Trichrome are provided at 2× and 10× magnification (Figure 4A,B). No significant 
difference was found in quantitative measurement of collagen deposition among treat-
ment groups (Figure 4C). Wounds were examined at 40× magnification (Figure 4D) to 
assess for patterns of collagen deposition. The majority of NT and P-treated wounds had 
predominantly mixed presentations of classic “basket-weave” collagen depositions, with 
regions of collagen deposition in thinner, parallel bundles. Collagen deposition resem-
bling that of a basket weave was primarily found in the upper papillary dermis, whereas 
the lower reticular dermis was primarily composed of parallel collagen bundles. Of all 
treatment conditions, G-treated conditions were observed to have a basket-weave colla-
gen deposition, which most closely resembled that of unwounded skin. Nonetheless, no 
clear difference in collagen patter deposition was identified between groups. 
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Figure 4. Analysis of collagen deposition in wound tissue. Histological analysis by Masson’s Trichrome is shown. (A,B) 
The whole wound at 2× magnification (A) and within the wound at 10× magnification (B) is shown for NT (a), gel (b), and 
powder (c) conditions. Black dashed rectangles demarcate the wound areas shown at higher magnification on the right. 
Black triangles indicate the wound edges, whereby the wound is located between these markings. Scale bars for (A,B) 
represent 500 µM and 100 µM, respectively. (C) The ratio of collagen deposition across the wound bed for all treatment 
groups is displayed. The results are expressed as mean ± standard deviation, n = 4 across all treatment groups. (D) The 
wounds at 40× magnification are shown for NT (a), gel (b), and powder (c) conditions. The scale bars represent 50 µM. 

4. Discussion 
It is understood that healthcare benefits from improvements in wound healing tech-

nologies at both an individual and institutional level [24]. To address this need, our group 
previously developed an in situ-forming nutritional scaffold proven to accelerate wound 
repair [8,9]. However, our gel scaffold is limited by its need for reconstitution and re-
stricted range of applications. In this pilot study, we found that application of a novel 
powdered version of the original gel scaffold is a feasible approach for accelerating epi-
thelialization in a murine model. Furthermore, our results suggest that application of this 
powder did not disrupt certain processes associated with healing progress and matura-
tion, including that of epidermal thickness and collagen deposition. 

Although it was not quantified, the authors noticed that the powder’s ease of use was 
improved, compared to the original gel scaffold. Unlike the gel, the powder did not re-
quire reconstitution prior to application [8]. Beyond being an inherently simpler product 
to use, providing it as a ready-to-use powder would circumvent additional costs associ-
ated with reconstitution (materials, equipment, and time lost). The application and distri-
bution of the powder throughout the wound was also found to be feasible using a small 
scoopula. However, the presence of a broader standard deviation in collagen deposition 
was noted amongst powder-treated wounds in comparison to those treated with gel. The 
authors have considered that this may be due to the powder rehydrating in heterogeneous 
clumps when compared to the gel’s homogeneous distribution. Accordingly, further op-
timization of the application technique may be beneficial. Interestingly, the wound envi-
ronment was sufficient to enable the powder rehydration process to begin spontaneously 
and rapidly at the wound site. The authors speculate that, compared to the original gel 
scaffold, this property may provide an inherent advantage in absorbing wound exudate. 
Future studies may benefit from assessing whether this powder offers any benefit in 
wounds with increased exudate, such as in burn wounds. 
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In addition to providing an easy-to-use and feasible product, the powder and original 
gel scaffold significantly accelerated epithelialization compared to NT, with similar effi-
cacy. These results are corroborated by previous studies, demonstrating that our gel scaf-
fold accelerated healing in murine wound models [9,19]. Interestingly, a significant dif-
ference in rate of epithelialization was only found between the gel and NT groups, despite 
powder-treated wounds having nearly identical epithelialization rates as those treated 
with gel. This is thought to be a consequence of the Kruskall–Wallis test comparing value 
ranks as opposed to group means. It is therefore likely that, had the sample size been 
larger and a one-way ANOVA been appropriate to assess differences, significance would 
have been observed. This observation is corroborated by the finding that powder-treated 
wounds required significantly fewer days than NT to completely epithelialize, for which 
an increased epithelialization rate is thus anticipated. Acceleration of wound healing and 
prompt re-epithelialization is associated with a decrease in infection rates, scarring, mor-
bidity, and relieves financial burdens on the health care system [24,25]. Open wounds 
provide a region in which invasion and colonization of microbes can occur, rendering 
these sites less receptive to treatment and prolonging wound healing [25]. As such, 
prompt re-epithelialization has proven advantageous in limiting complications of the re-
pair process [25].  

In conjunction with measuring speed of wound healing, features suggestive of heal-
ing progress and maturity were also assessed. Two measures were used: ET and collagen 
deposition. Wound closure is achieved via keratinocyte proliferation and full reepitheli-
zation of the wound [21]. Secondary to rapid keratinocyte proliferation, newly regener-
ated epidermis is initially thick, and progressively thins as the neo-epidermis matures 
[21]. As such, ET can be considered as an index of healing progress [21,22]. It is also widely 
accepted that collagen formation and deposition constitutes wound healing by facilitating 
tissue growth and repair [26–29]. Specifically, the deposition of collagen fibers has been 
associated with mature granulation tissue, and thus is characteristic of a more advanced 
healing stage [30–34]. Furthermore, the classic “basket-weave” deposition pattern of col-
lagen has been associated with a decreased incidence of scar tissue, whereas the formation 
of collagen bundles parallel to the basement membrane have been associated with in-
creased scar tissue formation in rodents [35]. 

Despite an observed increase in wound healing rate, no significant difference in ei-
ther measure of ET, percent collagen deposition, nor pattern of collagen deposition were 
observed, suggesting that application of the powder did not alter healing progress and 
wound maturation as per the measures used in this study. Interestingly, however, ET in 
the powder group was 27.4% thinner than the NT group, corroborating with the hypoth-
esis that powder application accelerates wound healing. It may be that statistical signifi-
cance was not observed due to the limited sample size of our pilot study. Furthermore, 
our study was conducted using a healthy mouse model, and thus NT wounds are pre-
sumed to have undergone normal healing physiology. It may be possible that application 
of this powder would improve healing outcomes if assessed in a model of aberrant wound 
healing, and thus would warrant further investigation. 

While it aimed to investigate the efficacy and feasibility of a novel powder as an ad-
junct to wound healing, this pilot study is limited in certain respects. Assessment of the 
feasibility was limited by the subjectivity of the analysis. Additionally, due to the pilot 
nature of this study, the authors recognize that findings were largely limited by sample 
size. Future studies using a greater study sample to increase statistical power whilst im-
proving the generalization of our findings are warranted. An increase in sample size 
would likely elucidate the importance of results which were found to be of near signifi-
cance in this study, notably wound closure and epidermal thickness. Additionally, the 
powder contains a nearly identical composition to its gel counterpart, and thus it is pre-
sumed that the powder likely has similar scaffolding properties once reconstituted in 
vivo. However, this was not specifically assessed in this study. Thus, further evaluation 
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of the powder’s scaffolding properties such as its role in supporting cell attachment and 
migration would be of benefit. 

As alluded to above, elucidating the potential of this powder in accelerating and ame-
liorating healing quality warrants additional studies using models of aberrant healing. 
Such research would enable a better understanding of the role for this powder in patients 
who suffer from pathological wounds. Another important consideration is the potential 
for use of this powder in burn wounds. It is estimated that every year, 6 million people 
seek assistance for burn wounds, and burn care treatment is a well-known economic bur-
den [1,36–39]. As such, investigating this powder using a burn wound model would be of 
great value. Nonetheless, our findings suggest that this powder may provide a promising 
alternative to our previously developed gel scaffold by accelerating healing while provid-
ing a practical product. As such, the culmination of additional studies would be to assess 
this powder in patients with full-thickness wounds, including that of burn injuries. 
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