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ABSTRACT: The current study aimed to compare the effects of a 

Hybrid filler (hyaluronic acid + calcium hydroxylapatite) and a 

hyaluronic acid filler (HA) on skin healing after induced wounds, 

using histological analysis. Materials and Methods: Three 

groups of three male Albino rats were randomly placed at the 3rd, 

7th, and 14th repair times. Rats have three circular cuts on their 

backs. The top wound got hybrid filler (NEAUVIA 

STIMULATE®), the bottom right wound got hyaluronic acid 

filler (TEOSYAL RHA® 3), and the bottom left wound wasn't 

filled as a test. On days 3, 7, and 14, biopsies were taken from each 

rat and sent to a pathologist for histopathology. Results: The 

treated groups showed less inflammation than the control group, 

especially on the third and seventh days. On the fourteenth day, 

the tested groups had much lower granulation tissue production 

rates than the control group, which stayed high. On day 14, the 

hybrid filler group had the most re-epithelialization. Conclusion: 

The skin of rats healed faster with hybrid and HA fillers. They 

may help wounds heal. 
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INTRODUCTION 

      Cellular and molecular activity coordinates wound healing. Injury induces 

inflammation, tissue growth, and remodeling. Platelets and injured blood vessels 

release growth factors, cytokines, and other healing agents. Once a blood clot 

develops, inflammatory cells defend the site from infection. Keratinocyte migration 

and proliferation at the wound edge initiate cutaneous fibroblast multiplication. 

Fibroblasts produce several extracellular matrices. Granulation tissue develops during 

wound healing. Collagen formation and degradation in mature scar tissue. 

Mechanically weak scar tissue lacks epidermal appendages[1]. 

       Non-branched hyaluronic acid (HA) is a high-molecular-weight 

biopolysaccharide. This naturally occurring linear dipolysaccharide is composed of β-

(1,3)-linked N-acetyl-D-glucosamine and β-(1,4)-linked D-glucuronic acid. The 

physicochemical and biological properties of this polyanionic polymer are unique. 

Because it is biological, endogenous, and natural, HA was selected as a polymer. HA 

is utilized in ocular surgery, arthritis therapy, wound healing, polymeric scaffolds, 

tissue engineering, cartilage regeneration, drug delivery, and, more recently, medicine 

delivery[2]. 

       The HA was utilized in animal studies. It promotes re-epithelialization, which 

results in elastic tissue and increased microvascular density in full-thickness surgical 

wound models[3]. During wound healing, hyaluronic acid promotes tissue 

regeneration, an inflammatory response, and angiogenesis[4]. 

       Dermal fillers have the potential to decrease facial lines and wrinkles. Because the 

body absorbs most wrinkle fillers, they are only temporary. The most common 

injectable fillers are hyaluronic acid fillers because they are safe, effective, reversible, 

and provide long-lasting, natural-looking results with minimal recovery time. These 

fillers are created by crosslinking HA chains with 1,4-butanediol diglycidyl ether[5]. 

      Microspheres of calcium hydroxylapatite are dispersed across an aqueous carrier 

gel to form the biodegradable filler. Injecting a soluble carrier gel allows for even 

distribution and spacing of microspheres. Microspheres boost regional collagen 

production after gel absorption[6]. 

       For unexpected results, hybrid filler reinforcement combines two or more fillers in 

a composite. The term "hybrid" refers to a varied entity. The fillers in this category vary 

chemically and physically. Many doctors combine the use of HA and CaHA fillers to 

take advantage of their synergistic advantages[7]. 
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MATERIALS AND METHODS 

The protocol of this study was conducted in vivo, submitted, and approved by the 

Local Ethics Committee (Uom.Dent. 22/23) Research Ethics Committee of the College 

of Dentistry, University of Mosul, Mosul, Iraq.  

 

Experimental Model 

       The study employed nine (250-350-gram) male albino rats, aged 4-6 months[8]. The 

animals were fed water and commercial feed (grain, fruit, and vegetables) and lived at 

the animal house in special cages at temperatures of 18-22 °C. All tests on animals 

followed the process for animal care to avoid health problems and make the tests more 

effective. 

       Three rodents were randomly allocated to each of the three healing periods (3rd, 

7th, and 14th days[9]. Veterinarians checked the animal's health and nutrition. State 

inspections looked for infectious and general illnesses. 

 

Materials 

TEOSYAL RHA® 3, hyaluronic acid dermal filler (23mg/ml), Switzerland. NEAUVIA 

STIMULATE® (26mg/ml hyaluronic acid +1% calcium hydroxyapatite) filler, 

Switzerland Figure (1). 

 

 
Figure (1): NEAUVIA STIMULATE filler, TEOSYAL RHA3 filler. 

 

Surgical Procedure 

Anesthetic Method 

       Intraperitoneal injections of ketamine® 50mg/kg and xylazine® 5mg/kg sedated 

the animal[10]. 

Surgical Method 

1. The rats were sedated and shaved using scissors and an electric hair clipper. 

Following that, the surgical site was disinfected with 10% povidone-iodine. 
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2. Each rat's dorsum was marked with three circular parts. The wounds were 1.5 cm 

broad and 4 cm apart. One wound (upper wound) was selected for injection with 

hybrid filler (NEAUVIA STIMULATE®), another (lower right) with HA filler 

(TEOSYAL RHA® 3), and the control site (lower left) was left uninjected (Figure 1). 

3. Wound formation: Blade no.15 was used to produce 1.5cm circular incisions on the 

specified skin while leaving the underlying muscle layer intact, Figure (1). 

4. The top wound was promptly injected with 0.1ml[11] of NEAUVIA STIMULATE 

dermal filler (HA+ CaHA) at the circle's perimeter (intradermal) at equal distances. 

The lower right wound was filled with 0.1ml TEOSYAL RHA® 3 hyaluronic acid 

dermal filler. The control wounds were not injected (Figure 2). 

5. To minimize infection, the surgical site was covered and compressed with a 

compression bandage after skin removal. The animals were kept in separate cages to 

minimize wound infection. 

 
Figure (2): Surgical procedure. A, B: shaving the area and marking the circles, C, D: 

wound creation and filler injection. 

 

Biopsy Collection 

Excisional biopsies were performed on three rats from each group on the third, 

seventh, and fourteenth days of the study. The rat wounds were biopsied.  

Group day three: After 3 days from the surgery, the rats were euthanized at the animal 

house. 

Group one week: After 7 days from the surgery, the rats were euthanized.  

Group two weeks: The rats were euthanized after 14 days from surgery. 
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 Skin samples were maintained in sterile containers with 10% formalin solution and 

sent for histopathology at predetermined intervals. 

Histological Criteria 

A. Inflammatory Cells Infiltration Criteria [12]  

Score 1: Nil, in the absence of observable inflammatory cells within the surgical field.  

Score 2: A small quantity of mild inflammatory cells was observed, comprising less 

than half of the field.  

Score 3: When inflammatory cells are observed in over 50% of the field, a moderate 

level of inflammation is present. 

Score 4: When a significant quantity of inflammatory cells is present in more than 75% 

of the field, the condition can be described as either severe or abundant.  

B. Granulation Tissue Formation Criteria [13] 

Score 1: The wound exhibits a lack of granulation tissue formation.  

Score 2: The amount of granulation tissue formed in the wound gap is limited.  

Score 3: The formation of granulation tissue is observed to be at a moderate level.  

Score 4: The extent of granulation tissue formation in the wound is significant.  

C. Re-epithelialization Criteria [14] 

Score 0: The process of re-epithelialization occurring at the periphery of the wound is 

observed.  

Score 1: The re-epithelialization process has resulted in coverage of less than 50% of 

the wound.  

Score 2: The process of re-epithelialization has resulted in the coverage of over 50% of 

the wound.  

Score 3: The wound has undergone re-epithelialization, with coverage extending over 

its entirety. However, the thickness of the covering is irregular.  

Score 4: The wound has undergone re-epithelialization, resulting in complete coverage 

with normal thickness. 

 

RESULTS 

All slides were blindly examined by three qualified histopathologists who received 

only the codes for each group to prevent any bias. Histometric analysis was done 

depending on scores that are inflammatory cells infiltration (ICI), granulation tissue 

formation (GTF), and re-epithelialization (RE). 

       In our study`s histological sections, group (A) refers to hybrid filler (HA+CaHA), 

group (B) to hyaluronic acid (HA) filler, and group (C) to the control group. 

1. Skin Histology Findings of the Third Day 

A. Inflammatory Cells Infiltration 
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       In the hybrid filler and HA filler group, less than half of the wounds’ fields 

demonstrated mild predominance of acute inflammatory poly morphonuclear 

leukocytes (neutrophils). In the control incision group, the scores showed an abundant 

number of inflammatory cells infiltration, figures (3,4). 

B. Granulation Tissue Formation  

All groups showed moderate amount of granulation tissue formation with 

angiogenesis on this day, figures (3,4).  

C. Re-epithelialization 

Less than half of the wound was re-epithelialized in the hybrid filler and HA filler 

groups. In the control group, the wound edges had already begun to re-epithelialize, 

figures (3,4). 

2. Skin Histology Findings of the Seventh Day 

A. Inflammatory Cells Infiltration  

 In comparison to the control group, which had a considerable quantity of 

inflammatory cell infiltration, both the hybrid filler and HA filler groups had minimal 

numbers of inflammatory cells, less than half of the wound, figures (5,6). 

B. Granulation Tissue Formation 

In both the hybrid filler and HA filler groups, granulation tissue with angiogenesis 

was seen in a moderate amount. The angiogenesis and granulation tissue development 

in the control group were more developed (Figures 5,6). 

C. Re-epithelialization 

The wounds treated with hybrid filler and HA filler both resulted in re-

epithelialization of more than 50% of the region. Less than half of the wound surface 

area was re-epithelialized in the control group, figures (5,6). 

3. Skin Histology Findings of Fourteenth Day 

A. Inflammatory Cells Infiltration      

 The hybrid filler and HA filler slides revealed no inflammatory cells infiltration. The 

control group demonstrated scant inflammatory cell infiltration, figures (7,8).  

B. Granulation Tissue Formation  

 After two weeks, the wounds in the hybrid filler and HA filler groups showed a small 

amount of granulation tissue production with angiogenesis. The granulation tissue of 

the control group was well advanced, figures (7,8). 

C. Re-epithelialization  

 The wound in the hybrid filler group was re-epithelialized with an even thickness. 

The re-epithelialization of wounds in HA samples was well developed but not uniform 

in thickness. More over half of the wounds in the control group had re-epithelialized, 

figures (7,8). 
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Figure (3): Histological section of rat skin (after 3 days) showing wound site (↔), 

containing inflammatory cells infiltration (i), re-epithelialization (R), granulation 

tissue (GT), angiogenesis (A). H&E stain, 40X. A (hybrid filler), B (hyaluronic acid 

filler), and C (control). 

 
Figure (4): Another histological section of rat skin (after 3 days) showing wound site 

(↔), containing inflammatory cells infiltration (i), re-epithelialization (R), granulation 

tissue (GT), angiogenesis (A). H&E stain, 100X. A (hybrid filler), B (hyaluronic acid 

filler), and C (control). 
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Figure (5): Histological section of rat skin (after 7 days) showing wound site (↔), 

containing inflammatory cells infiltration (i), re-epithelialization (R), granulation 

tissue (GT). H&E stain, 40X. A (hybrid filler), B (hyaluronic acid filler), and C 

(control). 

 

 
Figure (6): Another histological section of rat skin (after 7 days) showing wound site 

(↔), containing inflammatory cells infiltration (i), re-epithelialization (R), granulation 

tissue (GT). H&E stain, 100X. A (hybrid filler), B (hyaluronic acid filler), and C 

(control). 
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Figure (7): Histological section of rat skin (after 14 days) showing wound site (↔), 

containing inflammatory cells infiltration (i), re-epithelialization (R), granulation 

tissue (GT). H&E stain, 40X. A (hybrid filler), B (hyaluronic acid filler), and C 

(control). 

 
Figure (8): Another histological section of rat skin (after 14 days) showing wound site 

(↔), containing inflammatory cells infiltration (i), re-epithelialization (R), granulation 

tissue (GT). H&E stain, 100X. A (hybrid filler), B (hyaluronic acid filler), and C 

(control). 
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Table (1): The histopathological Scores of the inflammatory cells infiltration (ICI), 

granulation tissue formation (GTF), and re-epithelialization (RE) of the treatment 

groups (A: hybrid filler, B: hyaluronic acid filler) and the control group (C) as 

Median at 3rd (G1), 7th (G2) and 14th (G3) days of the study period. 
 

Time Group Median of ICI Median of GTF Median of RE 

3rd Day 

G1A 2 3 1 

G1B 2 3 1 

G1C 4 3 0 

7th Day 

G2A 2 3 2 

G2B 2 3 2 

G2C 3 4 1 

14th Day 

G3A 1 2 4 

G3B 1 2 3 

G3C 2 4 2 

 

 

Table (2): Statistical comparisons of the histopathological scores as inflammatory 

cells infiltration (ICI), granulation tissue formation (GTF), and re-epithelialization 

(RE) between the control group and the treatment A (hybrid filler) group at the same 

day.  

Time period ICI (P-value) GTF (P-value) RE (P-value) 

3rd Day 0.024* 0.700 0.034* 

7th Day 0.043*   0.043* 0.034* 

14th Day 0.034*   0.025* 0.025* 

Mann-Whitney U test was used for the comparisons between groups at p≤0.05. (*): 

Significant difference. 

 

 

Table (3): Statistical comparisons of the histopathological scores as inflammatory 

cells infiltration (ICI), granulation tissue formation (GTF), and re-epithelialization 

(RE) between the control group and the treatment B (hyaluronic acid filler) group at 

the same day.  

 

Time period ICI (P-value) GTF (P-value) RE (P-value) 

3rd Day 0.025* 0.796 0.034* 

7th Day 0.043*   0.043* 0.043* 

14th Day 0.034*   0.025* 0.034* 

The Mann-Whitney U test was used for the comparisons between groups at p≤0.05. 

(*): Significant difference. 
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Table (4): Statistical comparisons of the histopathological scores as inflammatory cells 

infiltration (ICI), granulation tissue formation (GTF), and re-epithelialization (RE) 

between both treatment A (hybrid filler) and B (HA filler) groups on the same day.  

 

Time period ICI (P-value) GTF (P-value) RE (P-value) 

3rd Day 0.317 0.197 1.000 

7th Day 0.700 1.000 1.000 

14th Day 1.000 1.000   0.034* 

The Mann-Whitney U test was used for the comparisons between groups at 

p≤0.05. (*): Significant difference. 

 

 

DISCUSSION    

       Excisional wounds, which are the most common wound healing model, need 

second intention healing without sutures, much like acute clinical wounds. 

Haemorrhage, inflammation, granulation tissue, re-epithelialization, angiogenesis, 

and remodelling may all be examined in this model[15]. 

       During the initial phase of wound healing, inflammation is considered a critical 

period essential for clearing contaminating bacteria and creating a favorable 

environment for regenerating and repairing tissue events. Dysregulations of the 

immune response during wound healing, such as excessive levels of pro-inflammatory 

cytokines, lead to aberrations in immune cell recruitment, changes in proteolytic 

balance, and impaired blood vessel formation. The latter causes the wound to stagnate 

in the inflammatory reaction phase, resulting in delayed healing or chronic wounds 
[16]. The inflammatory phase was recorded during the first 3 days of healing, then 

declined after 7 days, and was completely removed at 14 days [17]. 

       On the third day, the hybrid filler and HA groups showed mild inflammation, 

while the control group showed severe inflammation. This indicates a significant 

difference in inflammation between treatment groups and controls. According to 

Trombelli et al. 2018, hyaluronic acid is bacteriostatic and anti-inflammatory[18]. 

Urdiales‐Gálvez et al. 2023 found that hybrid fillers (hyaluronic acid with calcium 

hydroxylapatite) for skin rejuvenation caused moderate irritation that disappeared 

within 48 hours without therapy[19]. On day 3, the experimental and control groups 

demonstrated moderate granulation tissue development. In comparison to the control 

group, which exhibited re-epithelialization only along the wound margin, re-

epithelialization was more rapid in the treatment groups that covered less than half of 

the wound. In his study, Kawano et al. 2021 found that HA increases epidermal cell 

migration within 6 hours, which reduces wound area[20]. Kim 2019 showed that 
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intradermal micro-droplet injections of CaHA filler caused fibroblast neocollagenesis 

and micro-blood circulation (neovascularization), which helped re-epithelialization[21]. 

       On the seventh day, hyaluronic acid's anti-inflammatory capabilities were shown 

when both treatment groups showed little inflammation and were still lower than the 

control group. This agrees with Marinho et al. 2021[22]. Calcium hydroxyapatite 

medicines with hyaluronic acid injected into rats' soft tissues had reduced 

inflammation[23]. Median scores indicated that treatment groups had less granulation 

tissue than the control group. When compared to the control group, which had less 

than half of the incision re-epithelialized after 7 days, both treatment groups 

performed better. This showed that the wounds of the study groups healed more 

quickly. Gao et al. 2019 showed that HA promotes re-epithelialization and 

angiogenesis in rats’ wounds[24]. 

       Unlike the control group, the hybrid filler and HA filler groups experienced 

complete remission of the inflammatory process on the fourteenth day. Urdiales-

Galvez et al. 2023 discovered no irritation after the use of the hybrid filler[19]. Neither 

treatment group showed significant granulation tissue development on this day. The 

control group, on the other hand, had an abundance of granulation tissue. On day 14, 

macrophages synthesize TNF-α from HA. TNF-α inhibits granulation tissue, 

fibroblastic collagen synthesis, and scarring[25]. The hybrid filler that completely 

covered the wound with a normal thickness received the highest median ratings for 

re-epithelialization. The median score for HA fillers was lower than for hybrid fillers 

with irregular thickness. The control group had the lowest wound re-epithelialization 

rate (greater than 50%). 

 

CONCLUSIONS 

Within the limitations of the current study, it is possible to conclude that: 

 Both medications considerably improved secondary intention wounds and had a 

beneficial influence on healing acceleration in terms of epithelial healing following 

injection, according to our findings. We may suggest that you consider utilizing a 

hybrid filler or hyaluronic acid filler as an alternate way to treat wounds. 
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 مض الهيالورونيك على التئام الجروح الثانويةادراسة مقارنة لتأثيرات الحشو الهجين وح

 

 2 عبد الستار سالم محمود  1 ,عبد الحميد ناطق الدباغ  1 ,محمد ناظم مصطفى

 قسم جراحة الفم والوجه والفكين / كلية طب الأسنان / جامعة الموصل ، العراق 1

 قسم تشخيص الفم / كلية طب الأسنان / جامعة الموصل ، العراق 2
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 الملخص 

: لمقارنة تأثيرات الفلر الهجيني )حمض الهيالورونيك + هيدروكسيلاباتيت الكالسيوم( وفلر حمض الهيالورونيك على  الأهداف

: تم وضع ثلاث مجموعات من ثلاثة ذكور المواد وطرائق العمل التئام الجلد بعد الجروح المستحثة باستخدام التحليل النسيجي.

جرذان ألبينو بشككككل عشكككواأي في أوقات الصكككلاح الثال  والسكككابع والرابع عشكككر. الفئران لدئها ثلاث جروح داأرئة على  

ظهورهم. حصكل الجرح العلو  على الفلر الهجيني، الجرح الأئمن السكفلي حصكل على فلر حمض الهيالورونيك، ولم ئتم مل  

، تم أبذ الخزعات من كل فأر وإرسكالها إلى أبصكاأي الثال  والسكابع والرابع عشكرئسكر السكفلي كابتبار. في الأئام  الجرح الأ

: أظهرت المجموعات المعالجة التهابًا أقل من مجموعة السكككيطرخ، باصكككة في اليومين الثال  النتائج علم أمراض الأنسكككجة.

والسكابع. في اليوم الرابع عشكر، كان لدا المجموعات المعالجة معد ت إنتاأ أنسكجة حبيبية أقل بكثير من مجموعة السكيطرخ،  

 ني هي الأكثر في عملية إعادخ تكوئن النسيج الظهار .والتي ظلت مرتفعة. في اليوم الرابع عشر، كانت مجموعة الفلر الهجي

 : شفا  جلد الفئران بشكل أسرع باستخدام الفلر الهجيني وفلر حمض الهيالورونيك. قد تساعد في التئام الجروح.الاستنتاجات
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