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Evaluation of Non-cross-linked Hyaluronic Acid on
Oral Wound Healing After Diode Laser and Scalpel
Incisions
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Background: The aim was to assess the impact of non-cross-linked hyaluronic acid
(HA) injections on the healing of intraoral wounds from 3 types of incisions.
Methods: A total of 36 Wister albino rats were included in this research. The rats
were randomly assigned to 1 of 6 groups: the first group underwent a scalpel inci-
sion in the buccal mucosa with HA injection. The second group received a laser
incision using a 976-nm diode laser with HA injection, whereas the third group
was subjected to a laser incision with a 450-nm diode laser with HA injection. The
fourth group underwent scalpel incision only, the fifth group received a 976-nm
laser incision only, and the sixth group received a 450-nm laser incision only.
Biopsies were collected at baseline, as well as on the third and seventh days, to
assess wound healing using hematoxylin and eosin and Masson trichrome staining.
Results: Group 3 exhibited the most pronounced results on the third and seventh
days after surgery, with collagen formation noted alongside well-organized granu-
lation tissue that contributed to improved and expedited wound healing.
Conclusions: In this low-volume experimental study, HA injections in wounds
made with a 450-nm diode laser demonstrated encouraging outcomes, enhanc-
ing the healing process and resulting in quicker recovery. (Plast Reconstr Surg Glob
Open 2025;13:6836; doi: 10.1097/GOX.0000000000006836; Published online 6 May

2025.)

INTRODUCTION

Numerous adults experience oral wounds that can
result from ulcerations, injuries, or orofacial operations,
all of which affect patients’ quality of life.”” The healing
process for oral wounds differs from that of skin wounds,
demonstrating a reduced proinflammatory response dur-
ing recovery, which allows for a quicker self-repair com-
pared with skin injuries. Nevertheless, the presence of
saliva and the fluctuating conditions in the oral cavity may
hinder the healing of these wounds.*’

Numerous instruments have been recommended for
making incisions in oral surgery, including traditional scal-
pels, the 976-nm diode laser, and the 450-nm diode laser.
Using blades can result in significant bleeding and a risk
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of scarring, but they do not inflict thermal injury on the
surrounding tissues.” Conversely, the 976-nm diode laser
has shown effective surgical results with minimal periph-
eral tissue damage.” In contrast, the 450-nm diode laser
has proven to be highly effective for surgical procedures
on oral soft tissues without adverse effects for patients.”
Additionally, research indicated that the 450-nm diode
laser provides a high level of tissue vaporization while lim-
iting tissue coagulation.’

Hyaluronic acid (HA) consists of alternating units of
the repeating disaccharide 3-1,4-p-glucuronic acid-B-1,3-N-
acetyl-p-glucosamine, which is broadly found throughout
the body and serves as a crucial element of the extracellu-
lar matrix (ECM)." HA is essential in the wound healing
process. The growing interest in HA products stems from
their diverse biological activities and various physiologi-
cal functions. HA has the capability to maintain a moist
environment that facilitates healing and encourages the
proliferation of growth factors, fibroblasts, and keratino-
cytes. Highly hydrophilic nature of HA allows it to absorb
exudate and improve cell migration. It has positive effects
on wound healing, leading to reduced inflammation, bet-
ter tissue remodeling, and enhanced angiogenesis."!

Although data are available on the use of blades,
the 976-nm diode laser, and the 450-nm diode laser for

Disclosure statements are at the end of this article,
following the correspondence information.

www.PRSGlobalOpen.com 1


https://doi.org/10.1097/GOX.0000000000006836
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1097/GOX.0000000000006836

surgical interventions, not enough existing studies have
compared the effect of non-cross-linked HA injection on
the wound healing rates produced by these devices within
a single research effort up to this point. Therefore, this
study sought to assess the impact of non-cross-linked HA
injection after the use of each instrument on the healing
of oral wounds.

MATERIALS AND METHODS

This research involved 36 adult Wistar albino rats of
the species Rattus norvegicus, which were matched for age
and weight (4-6 mo old and weighing between 110 and
170g), sourced from the animal facility at the Faculty of
Science, Cairo University. The rats were given a week-long
period before the experiments to acclimatize to the labo-
ratory environment. They were provided with food and
water ad libitum, with fresh supplies delivered daily. This
study received approval from the Institutional Animal
Care and Use Committee at Cairo University, with the
approval number CU I F 34 24. Following general anes-
thesia, all rats were randomly assigned to 1 of 6 groups.
Each group contained 6 rats, and equal number of rats
were killed in each group at each time interval (baseline,
third postoperative day, and seventh postoperative day):

Group 1: A scalpel was used to make a 2-mm cut in the buc-
cal mucosa, followed by non-cross-linked HA injec-
tion in the wound bed and along the wound edges.

Group 2: A 2-mm cut was made in the buccal mucosa
using a 976-nm diode laser, followed by non-cross-
linked HA injection in the wound bed and along the
wound edges.

Group 3: A 2-mm cut was made in the buccal mucosa
using a 450-nm diode laser, followed by non-cross-
linked HA injection in the wound bed and along the
wound edges.

Group 4: A scalpel was used to make a 2-mm cut in the
buccal mucosa without any further intervention (con-
trol group).

Group 5: A 2-mm cut was made in the buccal mucosa using
a 976-nm diode laser without any further intervention
(control group).

Group 6: A 2-mm cut was made in the buccal mucosa using
a 450-nm diode laser without any further intervention
(control group).

The laser apparatus used in this research was the fiber
optic—delivered diode laser (LLX16, Guilin Woodpecker
Medical Instrument Co., Ltd, China). The laser device
has 3 wavelengths, 2 of which were used in this study (450
and 976 nm wavelengths), with all laser parameters stan-
dardized across the different wounds created, regardless
of their varying wavelengths, delivering a power of 2 W
in continuous mode for 2 seconds. Furthermore, every
group received identical amounts of non-cross-linked HA
injections, which was 0.01 mL, and the product used was
Monalisa Skin (Genoss Co., Ltd, Korea). No postoperative
dressings were used on any of the wounds, nor was any anti-
biotic ointment applied or suturing performed. A biopsy
was conducted on all the rats under general anesthesia;
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Takeaways

Question: Is non-cross-linked hyaluronic acid effective in
promoting the healing process in oral wounds?

Findings: The proposed technique may offer an accept-
able modality to aid in wound healing progression.
Meaning: The non-cross-linked hyaluronic acid injection
was found to provide optimum healing for oral wounds.

this occurred immediately after the procedure and again
on the third and seventh postoperative days for evalua-
tion purposes. The histological analysis of wound healing
was carried out using hematoxylin and eosin (H&E) and
Masson trichrome (MT) staining.

Microscope examination images were captured by
Labomed trinocular inverted phase contrast microscope
(TCM400) and the Atlas 16MP CMOS USB camera soft-
ware (Labomed). The magnification power is 10x, with a
scale bar of 50 pm. The MT-stained sections were analyzed
using the Labomed fluorescence microscope LX400 (cat
no: 9126000) and Labomed camera software.

Statistical Analysis

Numerical data were explored for normality by check-
ing the data distribution, calculating the mean and
median values, and using the Kolmogorov—Smirnov and
Shapiro-Wilk tests. Data showed a parametric distribu-
tion, represented by mean and SD values. Two-way analysis
of variance (ANOVA) was used to study the effect of dif-
ferent tested variables and their interaction. Comparison
of main and simple effects was done using pairwise ¢ tests
with Bonferroni correction. The significance level was set
at a P value of 0.05 or less for all tests. Statistical analy-
sis was performed with IBM SPSS Statistics Version 26 for
Windows.

RESULTS

The results of the baseline samples for H&E stain anal-
ysis were as follows: group 1 displayed clean, crisp borders
where the epithelium was separated from the underlying
tissue. A small amount of bleeding was seen in the tissues,
and the mucosal damage spread farther into the surround-
ing tissue. The primary cause of the larger incision zone in
group 2 was thermal damage, which led to notable coag-
ulative necrosis at the edges of the wound. Because the
blood vessels were cauterized, there was only slight bleed-
ing, and thermal damage that penetrated deeper into the
surrounding tissue. In comparison, wounds made with a
450-nm diode laser in group 3 exhibited less thermal dam-
age, with cut edges that displayed extensive coagulative
necrosis and tissue dehydration.

On the third day, the connective tissue displayed sig-
nificant edema, reepithelialization was delayed, and there
was a noticeable inflammatory infiltration in group 1
samples, which was dominated by neutrophils and mac-
rophages. At this point, fibroblast activity was beginning,
but the rate of healing was delayed. Group 2 also dis-
played a marked inflammatory response with substantial
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macrophage infiltration, and the wound margins showed
slower reepithelialization with significant connective tis-
sue edema. Group 3 samples revealed a mild inflamma-
tory response, with macrophage cells predominating and
neutrophil activity being lower. Early reepithelialization
was also evident, and the surrounding connective tissue
displayed mild fibroblast proliferation. At this stage, tis-
sue repair seems to be more controlled than in the other
groups.

Group 1 demonstrated reepithelialization on the sev-
enth day. Tissue maturation was accelerated by the appar-
ent advancement in collagen organization. Angiogenesis
and mild inflammation were also visible. Group 2 dis-
played almost total reepithelialization, with a thin but
continuous layer of new epithelium covering the wound;
organized collagen deposition and fibroblast activity in
the connective tissue were prominent; inflammation was
low; and the tissue displayed good organization and visible
angiogenesis. Reepithelialization was evident in group 3
samples, in addition to a significant collagen deposition;
moreover, fibroblast activity was observed in the connec-
tive tissue, and the healing process was more developed
and well structured.

Group 4 baseline samples (H&E) showed an incision
with clean, sharp margins and a well-defined wound with
immediate disruption of epithelial layer and connective tis-
sue, including hemorrhage and inflammatory cell infiltra-
tion. The surrounding tissue showed no significant changes
apart from the mechanical disruption. On the third day,
there was an evidence of acute inflammation, character-
ized by the presence of polymorphonuclear leukocytes,
especially neutrophils, within the wound area. The epithe-
lial layer appeared disrupted, and early reepithelialization
was noted at the wound edges, associated with new vessel
formation. The connective tissue showed edema and some
early fibroblast proliferation. On the seventh day after
incision, the samples showed that the reepithelialization
was more advanced, with epithelial cells covering a larger
portion of the wound. The underlying connective tissue
showed an increased fibroblast activity, with new collagen
deposition and fewer inflammatory cells. Angiogenesis
(new blood vessel formation) was more prominent, which
means there was a state of active wound healing.

H&E stain for the fifth group also showed that base-
line samples had cut edges with extensive coagulative
necrosis and tissue dehydration when compared with
the incision performed using the 450-nm diode laser. On
the third day postincision, the inflammation was more
pronounced, with delayed granulation tissue formation.
Fibroblast activity was noticed, but epithelial proliferation
was slower compared with both blade and 450-nm diode
laser incisions. Samples taken on the seventh day postinci-
sion showed that the wound healing was progressing but
remained delayed compared with wounds created with
the 450-nm diode laser. Reepithelialization was incom-
plete, and collagen deposition was less organized, reflect-
ing prolonged tissue damage and remodeling.

Furthermore, in the sixth group, the H&E stain of
baseline samples showed a zone of injury, which caused
a significant coagulative necrosis at the wound margins,

and there was minimal bleeding due to cauterization
of blood vessels. Examination of the third-day samples
showed a mild inflammatory response, reepithelializa-
tion was visible, and the connective tissue showed promi-
nent fibroblast activation. Edema was limited to the
surrounding tissue. Samples taken on the seventh day
revealed that the reepithelialization progressed more
slowly with more prominent fibroblast and collagen
activity compared with blade-induced wounds. There was
more evidence of delayed tissue remodeling and inflam-
mation subsiding.

Baseline samples from group 1 revealed a disruption
of the collagen network at the site of the incision, accord-
ing to MT analysis. Collagen deposition began earlier on
the third day, as evidenced by more ordered, blue-stained
fibers. There was increased fibroblast activity and neovas-
cularization, and the granulation tissue seemed denser.
There appeared to be increased structure in the ECM,
which suggests early tissue remodeling. Collagen fibers
were well organized in the samples collected on the sev-
enth day, and the wound region had denser and more
consistent blue-green staining. HA encouraged the pro-
duction of more mature collagen.

Furthermore, MT analysis for group 2 baseline samples
displayed less blue staining at the incision site; neverthe-
less, on the third day, collagen deposition progressed, and
better-formed blue-stained fibers were visible. Granulation
tissue was denser and the ECM had indications of orga-
nization. Neovascularization was more noticeable, and
fibroblast activity was increased. Collagen fiber organiza-
tion and improved blue-green staining on the seventh day
indicated a more advanced stage of wound healing. Tissue
contraction was more noticeable.

Additionally, baseline samples from group 3 showed
damaged collagen fibers in MT analysis, and the stain
showed less blue-green staining because the collagen
matrix was destroyed. Collagen deposition became more
noticeable on day 3, as seen by the granulation tissue’s
enhanced blue staining. The overall tissue architecture
was stabilized, and the ECM displayed improved organiza-
tion. On the seventh day, however, the blue-green staining
was more vivid and the collagen deposition was more orga-
nized, indicating advanced ECM remodeling.

Baseline samples of the fourth group showed a disrup-
tion of collagen fibers within the connective tissue, with
clear demarcation between the injured and uninjured
areas. The incision site showed minimal collagen stain-
ing (pink-red), whereas the surrounding tissue retained
a dense blue-green collagen network. On the third day,
granulation tissue started to form, characterized by loose
collagen fibers (light blue staining) and increased cellu-
larity. Collagen deposition was beginning, but the fibers
were disorganized. On the seventh day postincision, col-
lagen deposition became more pronounced, with thicker
and more organized fibers visible in the wound area.
The blue-green staining in the MT indicated maturing
collagen.

MT stain for baseline samples taken from group 5
showed a large area of necrosis and disruption of the col-
lagen matrix. The collagen fibers appeared fragmented
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or absent. On the third day postincision, collagen regen-
eration was slower, with disorganized and loosely arranged
fibers. The blue staining in the granulation tissue was less
intense, and fibroblast activity was delayed. The ECM
remained highly disorganized, and the overall tissue archi-
tecture was poorly defined. Samples taken on the seventh
day postincision showed that collagen deposition was vis-
ible but still less organized compared with other groups.
The blue-green staining showed mild intensity, reflecting
the delayed tissue remodeling due to the higher degree
of thermal damage. Wound healing remained slower, with
ongoing fibrosis.

Moreover, samples taken from group 6 at the baseline
interval showed that the collagen fibers were disrupted,
and the stain showed a reduced blue-green staining due
to the destruction of the collagen matrix. On the third
day, the collagen regeneration was active, and the granu-
lation tissue appeared more organized compared with
the blade incisions; moreover, the collagen fibers were
firmly arranged. MT stain examination on the seventh day
showed that collagen deposition was visible, and the fibers
were more well organized than in the blade-incised group
and 976-nm diode laser—incised group. The MT stain for
collagen analysis between groups showed the following:

Baseline: There was no statistically significant difference
between groups according to collagen fiber (%). The
ANOVA test revealed no statistically significant differ-
ence between groups (P=0.286).

Three days: The highest mean value of collagen fiber
(%) was recorded in group 3 (450nm + HA),
which was 36.33 + 2.04, followed by group 1 (blade
+ HA) at 32.07+3.30, then group 2 (976nm +
HA) at 29.05 + 3.17, followed by group 6 (450nm
only) at 26.13 + 3.51, then by group 4 (blade only)
at 23.01 £3.61, and the lowest value was in group
5 (976nm only) at 18.27+1.93. The ANOVA test

Fig. 1. H&E stain for group 1 (seventh-day sample).
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revealed a statistically significant difference between
groups (P=0.001).

Seven days: The highest mean value of collagen fiber (%)
was recorded in group 3 (450nm + HA), which was
54.83 + 2.52, followed by group 1 (blade + HA) at
50.31 £4.17, then by group 2 (976nm + HA) at
45.67 + 3.43, followed by group 6 (450nm only)
at 40.27 £ 4.06, group 4 (blade only) at 35.67 + 2.52,
and the lowest value was in group 5 (976 nm only) at
30.16 + 3.11. ANOVA test revealed a statistically sig-
nificant difference between groups (P = 0.001). The
previously described histological findings (H&E stain
and MT stain) as well as the interpretation of those
findings as descriptive data in terms of the percentage
of the collagen fibers are presented in Figures 1-13
and Tables 1-3.

Fig. 3. H&E stain for group 3 (seventh-day sample).
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Fig. 5. H&E stain for group 5 (seventh-day sample).

DISCUSSION

Wound healing involves multiple stages, and any dis-
ruption in these stages can lead to impaired healing.
Consequently, various treatment options have been pro-
posed to facilitate the healing process.”” In this study, 3
incisions were made in the buccal mucosa of rats using
3 distinct methods: a scalpel, a 450-nm diode laser, and
a 976-nm diode laser. This was followed by the injection
of non-cross-linked HA at the wound bed and along the
wound edges. All wounds were allowed to heal by second-
ary intention, without the use of sutures or dressings that
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Fig. 7. MT stain for group 1 (seventh-day sample).

could potentially influence the outcomes and evaluation
methods used.

The group that underwent an incision made with
a 450-nm diode laser followed by non-cross-linked HA
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Fig. 9. MT stain for group 3 (seventh-day sample).

injection demonstrated the most favorable healing pat-
tern among all groups observed. Consequently, using
this particular wavelength in addition to injecting HA
for intraoral incisions may yield a more satisfactory
healing outcome compared with other incision tech-
niques, specifically those using a scalpel or a 976-nm
diode laser.

The results obtained were consistent with findings
from other studies that demonstrated the effectiveness of
using a 450-nm diode laser wavelength in oral soft tissue
surgical procedures. This method not only exhibits high
efficacy in tissue vaporization but also minimizes tissue
coagulation.* "

The application of the 976-nm diode laser in this
research has demonstrated the capability to induce

6
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Fig. 11. MT stain for group 5 (seventh-day sample).

thermal damage in the tissue samples, as assessed
through histological evaluation. These results contrast
with those reported by Palaia et al” in 2021, which indi-
cated that the 976-nm diode laser resulted in minimal
thermal damage and limited peripheral injury at the cut
edges. Conversely, Al-Ani et al' in 2024 reported that the
980-nm diode laser caused tissue damage due to ther-
mal effects, aligning with the observations made in our
study. The results of our study showed that the thermal
effect of this specific wavelength might have a negative
impact on the stability and accelerate the degradation of
the HA, thus compromising the effect of HA on wound
healing. That is why the use of HA with the 976-nm diode
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practices for selecting a specific wavelength for diode
lasers in intraoral incisions, aimed at enhancing the heal-
ing process.

CONCLUSIONS

A promising technique seems to be the injection of
non-cross-linked HA following 450-nm diode laser inci-
sions. Additionally, we observed that oral wounds made
with this particular wavelength had a superior healing pat-
tern to wounds made with a scalpel and diode laser set at
976 nm. Therefore, it is highly advised to conduct more
research in addition to patient clinical trials to better
explore the latter strategy.
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Cairo 11799, Egypt
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Table 1. Descriptive Statistics for Collagen Fiber (%) of Different Groups

Time

Groups Baseline 3d 7d

Group 1 (blade + HA) 4.17£0.97 32.07 = 3.30 50.31 +4.17
Group 2 (976 nm + HA) 4.05+0.83 29.05 + 3.17 45.67 + 3.43
Group 3 (450nm + HA) 3.42 + 0.65 36.33 + 2.04 54.83 + 2.52
Group 4 (blade only) 3.53 +0.53 23.01 + 3.61 35.67 + 2.52
Group 5 (976 nm only) 4.08 + 0.65 18.27 +1.93 30.16 + 3.11
Group 6 (450 nm only) 4.04 + 0.65 26.13 + 3.51 40.27 + 4.06

Data are expressed as mean + SDs.

Table 2. Results of 2-way ANOVA and Post Hoc Tests Comparing Collagen Fiber (%) Between Different Groups and Different
Time Points

Time

Groups Baseline 3d 7d P
Group 1 (blade + HA) 4.17 £ 0.97 aA 32.07 +3.30 cB 50.31 +4.17 cC 0.001°*
Group 2 (976 nm + HA) 4.05 + 0.83 aA 29.05 + 3.17 bcB 45.67 + 3.43 bcC 0.001*
Group 3 (450nm + HA) 3.42 + 0.65 aA 36.33 + 2.04 dB 54.83 +2.52 dC 0.001°*
Group 4 (blade only) 3.53 +0.53 aA 23.01 £ 3.61 bB 35.67 +2.52 aC 0.001*
Group 5 (976 nm only) 4.08 + 0.65 aA 18.27 +1.93 aB 30.16 £ 3.11 aC 0.001*
Group 6 (450 nm only) 4.04 + 0.65 aA 26.13 + 3.51 bcB 40.27 + 4.06 bC 0.001*
P 0.286 0.001* 0.001*

Different small letters indicate significant differences (P < 0.05) among means in the same column. Different capital letters indicate significant differences (P <
0.05) among means in the same row. Data are expressed as mean + SDs.
*Significant, P< 0.05; nonsignificant, P> 0.05.

Table 3. Multiple Comparisons Between Groups at Each Time Point Regarding Collagen Fiber (%), Using Bonferroni Correc-
tion Post Hoc

Time
Groups Baseline 3d 7d
Group (blade only)
Group (976 nm only) 0.796 0.040%* 0.008*
Group (450 nm only) 0.727 0.025%* 0.027*
Group (blade + HA) 0.738 0.008* 0.049*
Group (976 nm + HA) 0.104 0.009* 0.020%
Group (450nm + HA) 0.440 0.008* 0.022*
Group B (976 nm only)
Group (450 nm only) 0.476 0.006* 0.047*
Group (blade + HA) 0.683 0.006* 0.010%*
Group (976 nm + HA) 0.121 0.007* 0.009*
Group (450nm + HA) 0.944 0.008* 0.023*
Group (blade + HA) 0.377 0.026* 0.008*
Group (976 nm + HA) 0.815 0.042* 0.009*
Group (450 nm + HA) 0.920 0.007* 0.007*
Group G (blade + HA)
Group (976 nm + HA) 0.691 0.014* 0.044*
Group (450nm + HA) 0.230 0.023* 0.009*
Group H (976 nm + HA)
Group (450nm + HA) 0.267 0.040* 0.008*

*Significant, P< 0.05; nonsignificant, P> 0.05.
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