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Abstract 

 

Introduction: Bone regeneration involves osteoblasts, osteocytes, and osteoclasts, 

playing a vital role in healing processes. Saliva, a non-invasive sample for PCR, contains 

biomarkers for monitoring bone turnover markers (BTM), making it a valuable tool for 

enhancing diagnosis and treatment in periodontics through non-invasive analysis. 

Goal: This thesis aims to detect and quantify osteogenic biomarkers in vitro, creating a 

monitoring panel to validate these biomarkers as reliable indicators of bone remodelling, 

with the intent to apply this approach to saliva samples. 

Materials and Methods: Study Design: Ethical approval was granted in October 2023, 

the longitudinal study collects data at 0, 3, and 6 months with informed consent. 

Inclusion Criteria: Participants include those aged  18+ from the post-graduation course 

of Implantology at the Faculty of Dental Medicine, Universidade Católica Portuguesa, 

needing grafts or substitute treatments as identified by orthopantomography. Data 

collection involved the analysis of orthopantomographic images, administration of 

questionnaires, and saliva sampling using the passive drooling technique. The relative 

expression levels of OPG, RANK, RANKL, and GAPDH in MC3T3 cells, treated for 7 

days with OSSIX® Plus Ossifying Collagen Barrier Membrane, were quantified using the 

commercial kit NZYSpeedy qPCR Green Master Mix 2x (MB22401), from NZYtech. 

Additionally, the expression levels of Alpl, Runx2, Col1a1, and Bglap genes were 

quantified in untreated MC3T3 cells. 

Results: The study involved 11 patients (6 females, 5 males) average age 51.82 years), 

revealing reduced radiolucency at treatment sites, indicating bone regeneration. RT-

PCR assays from MC3T3 treated cells with collagen membranes confirmed 

overexpression of OPG, RANK, RANKL genes, while differential expression of GAPDH 

was not detected. In vitro gene expression conditions for Alpl, Runx2, Col1a1, and Bglap 

were optimized in untreated MC3T3 cells. 

Conclusion: These findings indicate that these genes could serve as salivary 

biomarkers for non-invasive bone regeneration, warranting further research. 

 

Keywords: Bone regeneration, bone grafts, RT-PCR, gene expression. 
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Resumo  

 

Introdução: A regeneração óssea, envolve osteoblastos, osteócitos e osteoclastos e 

desempenha um papel vital nos processos de cura. A saliva, uma amostra não invasiva 

para RT-PCR, contém biomarcadores para monitorização de marcadores de 

remodelação óssea, tornando-a numa ferramenta valiosa para melhorar o diagnóstico e 

tratamento em periodontologia, através de análises não invasivas. 

Objetivo: Detetar e quantificar biomarcadores osteogénicos in vitro, para criar um painel 

de monitorização e validar estes biomarcadores como indicadores fiáveis de 

remodelação óssea, com o intuito de aplicar esta abordagem a amostras de saliva. 

Materiais e métodos: O estudo longitudinal, com aprovação ética em outubro de 2023, 

envolveu a recolha de dados aos 0, 3 e 6 meses, com participantes com 18+ anos do 

curso de pós-graduação em Implantologia da Universidade Católica Portuguesa, 

necessitando de enxertos ou tratamentos substitutivos identificados por 

ortopantomografia. A recolha de dados inclui a análise de imagens ortopantomográficas, 

questionários e recolha de saliva utilizando a técnica de gotejamento passivo. A análise 

da expressão génica envolveu a quantificação de OPG, RANK, RANKL e GAPDH em 

células MC3T3 tratadas com a Membrana de Barreira de Colagénio Ossificante OSSIX® 

Plus usando o o kit comercial NZYSpeedy qPCR Green Master Mix 2x (MB22401), da 

NZYtech. Adicionalmente, os níveis de expressão de Alpl, Runx2, Col1a1 e Bglap foram 

quantificados em células MC3T3 não tratadas. 

Resultados: O estudo envolveu 11 pacientes (6 mulheres, 5 homens, idade média 

51,82 anos), revelando radiolucência reduzida nos locais de tratamento, indicando 

regeneração óssea. Os ensaios de RT-PCR confirmaram a sobrexpressão de OPG, 

RANK e RANKL em células MC3T3 tratadas, sem deteção de expressão diferencial de 

GAPDH. As condições de expressão génica in vitro para Alpl, Runx2, Col1a1 e Bglap 

foram otimizadas em células MC3T3 não tratadas.  

Conclusões: Estes resultados sugerem o potencial desses genes como biomarcadores 

salivares para monitorização não invasiva da regeneração óssea, justificando mais 

pesquisas. 

 

Palavras-Chave: Regeneração óssea, enxertos ósseos, periodontal, RT-PCR, 

expressão génica. 
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1. Introduction 
 

Bone regeneration is the healing of the bone, this regrowth is dependant of 

the processes that lead to the formation and absorption of bone. Bone can be 

formed by two distinct routes that rely heavily on three predominant cell types, 

the osteoblasts, that are derived from osteoprogenitor cells and whose main 

function is forming and depositing bone. A second cell type is the osteocytes, 

they serve to form intricate networks connecting each other through various 

cytoplasmic processes and enabling the transportation and exchange of calcium 

and phosphorus between the bone. The last cell type is the osteoclasts which is 

responsible for the bone resorption, enabling the breakdown of the organic matrix 

composing the bones. The first route to bone formation is the endochondral 

ossification and the second one is the intramembranous ossification. The latter is 

of greater importance to this analysis due to its specific role in the formation of 

the mandible and maxilla (1).  

The intramembranous ossification is defined by the differentiation of the 

progenitor cells directly into osteoblasts which can deposit an organic bone 

matrix. This matrix will later mineralize into bone being, not only the main way 

that the bones from the cranium are formed in the embryonic stages, but also, 

playing a crucial role in bone regeneration, serving as the principle means to 

primary bone healing (1). This pathway of bone regeneration happens naturally, 

due to continuous processes of bone remodulation or by injury inflicted by trauma 

or disease. Even if the body is particularly good at healing itself optimizing these 

processes is paramount. Effective bone regeneration is crucial for the success of 

treatments, such as  implants, where maximizing bone regeneration is key to 

achieving the best possible outcome (2).  

These optimizations can be achieved by the employment of procedures 

involving biomaterials, either individually, or in various combinations. Those 

combinations can be with guided tissue regeneration, growth and differentiation 

factors, enamel matrix proteins and by the insertion of diverse types of bone 

grafts or bone substitutes (3). Bone grafts, specifically autogenous grafts, are 

defined as being the benchmark material, due to its capabilities of either causing 
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a minute immune response or none, since its origin is from the patient itself. The 

graft contains cells like osteoblasts as well as osteoprogenitor stem cells that can 

induce osteogenesis and signalling of various molecules that are helpful to the 

process of healing, meaning the graft possesses the three optimal properties: 

osteogenesis, osteoinduction and osteoconduction, hence being the golden 

standard of biomaterials (1,3).  

These treatment options are important for certain conditions, like periodontitis 

and peri-implantitis, that, in some cases, can affect the oral environment leading 

to the reduction of bone density, as well as a reduction of the overall bone 

amount, they can also affect periodontal insertion and tooth-supporting alveolar 

bone, leading to overall declined oral health (4). It is important to resalt that these 

intricated diseases are characterized by multiple causative factors and that 

individuals affected by these conditions typically exhibit one or more associated 

risk factors (5). 

 Aggregatibacter actinomycetemcomitans and Porphyromonas gingivalis are 

some of the pathogens found in aggressive periodontitis but low levels of these 

species can be found in disease-stable sites therefor, the breakdown in specific 

periodontal sites cannot be solely attributed to bacterial specificity or plaque 

accumulation and immunopathology. In lieu, an active combined herpesvirus–

bacterial infection, as disease-active periodontitis often contains high loads of 

reactivated herpesviruses, can induce an immunosuppression response. Thus, 

bacterial overgrowth occurs and potentially can trigger the conversion from 

gingivitis (disease characterized by the inflammation of only the gingiva, and not 

the inflammation of all four periodontal tissues like periodontitis) to periodontitis 

in an individual, or from stable to progressive periodontal disease (5).  

Periodontal disease progression may recur following immunosuppressive 

events or new infections with unrelated herpesviruses. Periodontitis-inactive sites 

exhibit ongoing inflammation due to the presence of persistent subgingival 

bacteria (5). The periodontitis and peri-implantitis are ultimately mediated by 

chronic inflammation and immunosuppression, associated with a microbial and 

viral dysbiosis and are currently clinically diagnosed with the use of a manual 

instruments (probes) and radiography’s for assessing periodontal status. This 
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evaluation includes the measurement of parameters such as bleeding on probing 

(BOP), plaque index (PI), periodontal pocket depth (PPD), and periodontal bone 

loss (5,6).  

Those pathologies have the potential to harm multiple crucial structures and 

influence numerous factors related to optimal oral health. Factors like 

compromised chewing function resulting from tooth loss, the reabsorption of the 

alveolar bone, and the potential consequences associated with the reduction of 

the patient's soft tissue aesthetics can be problematic and affect the patient's 

overall quality of life (4,7). In addressing these challenges, the field of 

periodontics plays a crucial role, since periodontal treatment focuses on 

maintaining and restoring the health of the supporting structures around the teeth, 

(like the alveolar bone, gingiva, root cementum and the periodontal ligament) by 

employing all the previously mentioned techniques (8). 

Periodontitis and peri-implantitis can be more accurately diagnosed by a 

combination of clinical examination and through the application of advanced 

testing methods, such as conventional cultures, dark field microscopy, 

flowcytometry and immunofluorescence, etc. Being the Polymerase Chain 

Reaction (PCR) approach superior in many ways. It facilitates a more nuanced 

comprehension of the functioning of these diseases and enhances our 

understanding of effective treatment strategies, while also permitting the 

identification of susceptibility to the condition. This technique has multitude of 

advantages compared to its counterparts such as being able to identify specific 

specimens that are of clinical interest even if only one copy of the target DNA is 

present, having simplicity of quantification, doing a fast analysis that has 

repeatability, having a low contamination probability, having possibility to 

examinate large samples in one time and because it needs small amounts of 

genetic material to work. In turn, PCR enables genetic analysis and gene 

expression studies, making possible, diagnoses of the genetic aspects of the 

disease in question (9). 

The PCR technique works by facilitating the amplification of genes and 

RNA transcripts obtained from multiple sources. Every PCR test needs the 

presence of the DNA polymerase enzyme, an extracted DNA sample, primers, 
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and nucleotides. In the PCR process, the template extracted DNA (or cDNA 

obtained by reverse transcription from extracted RNA) represents the specific 

target sequence to be amplified and the DNA polymerase enzyme plays a pivotal 

role in replicating the target DNA sequences by connecting individual nucleotides, 

ultimately forming the PCR product. Primer molecules are short, single-stranded 

DNA or RNA sequences designed to selectively bind to the intended nucleic acid 

target. Typically, forward and reverse primer pairs consist of 18 to 22 base pairs. 

To initiate PCR amplification, DNA is extracted from the target, combined with 

primers, PCR buffer, deoxynucleotides (dNTP), MgCl2, and DNA polymerase 

enzyme in a reaction mix tube. The reaction tube is then inserted into a 

thermocycler, which executes repetitive cycles of DNA replication (9). 

The PCR reaction encompasses the subsequent stages: 

1. Denaturation: Step that heats the reaction tube to 94°C, causing the 

double-stranded DNA to separate into two single strands. 

2. Annealing: At temperatures ranging from 50 to 65°C, forward and reverse 

primers attach to specific sites on each single-stranded DNA template. The 

annealing temperature is determined by the melting temperature (Tm) of 

the primer pairs. 

3. Extension or Elongation: At 68-72°C, new complementary DNA strands 

are synthesized through the elongation of primers using the DNA 

polymerase enzyme. 

Frequently, the procedure is repeated 30-40 cycles, resulting in the generation of 

approximately 1*(230 ) molecules of the desired PCR product within the reaction 

tube assuming the process was started from only 1 copy of DNA (9). 

Different methods are available for assessing the amplified PCR product. The 

standard approach involves identifying the product based on its size after 

undergoing electrophoresis on either an agarose gel or a polyacrylamide gel. 

These gels are then stained with substances like SYBR Gold, SYBR Green, or 

ethidium bromide. Upon exposure to ultraviolet light, the PCR products are 

illuminated, and the amplified DNA sequence can be visualized as a distinct band, 

the size of which corresponds to the specific DNA fragment that has been 
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amplified. Depending on the objective, several types of PCR procedures can be 

employed. The Reverse Transcription PCR (RT-PCR) is the prime procedure for 

the purposes of this thesis, since it enables the detection of RNA expression by 

converting RNA molecules into cDNA which can then be used as templates for a 

PCR test (9,10). 

  PCR tests are adept at discerning several pathogens associated with 

periodontitis and peri-implantitis. These tests go beyond mere pathogen 

identification, extending their capabilities to include the detection and 

quantification of immune and inflammatory markers by RT-qPCR. These markers 

encompass microbial antigens, extracellular matrix proteins, and cytokines, 

shedding light on the intricate molecular landscape of these conditions. 

Furthermore, PCR facilitates the identification of microbial perio-pathogens and 

the assessment of viral prevalence, with a specific focus on viruses like the 

herpes simplex virus. Beyond pathogen identification, PCR also enables 

comprehensive gene expression studies, providing a holistic approach to 

understanding the underlying molecular mechanisms in periodontitis and peri-

implantitis diseases as well as the bone loss that accompanies these conditions 

(5,10). 

One medium that shows promise for usage with PCR is the saliva, this 

material has various ways of storage and a multitude of standardized protocols 

for its safe collection(11). It has also been demonstrated that regarding several 

markers, such as IL-6, an inflammatory marker, there is correlation between the 

saliva concentration of the marker and the blood concentration, and the same 

can be said in relation to certain DNA methylation markers, both at the gene 

specific and in a global(hydroxyl)methylation tier. Moreover, there are plethora of 

other molecules, pathogens, proteins and other biomarkers that can be found in 

saliva such as the ones encompassed in the standard PCR testing (6,11,12). 

Genes related to bone regeneration and inflammatory responses 

expression can also be quantified through saliva and PCR testing(13). Bone 

turnover markers (BTM) can, through non-invasive methods, also gauge the 

estimation of bone resorption and formation since many different types of proteins 

and biomarkers are produced during the remodelling of bone by the cells 



Salivary Biomarkers of Bone Turnover in Response to Biomaterials 
 

 

6 
 

responsible (osteoblasts, osteoclasts). More specifically, markers like the N-

terminal collagen extension propeptide type I (PINP), the osteocalcin, and the 

bone alkaline phosphatase can serve as markers, indicating the progression of 

bone formation. While for assessing bone resorption the crosslinking C-terminal 

collagen telopeptide type I (bCTX-I), N-terminal telopeptide of collagen type I 

(NTX), and the tartrate-resistant acid phosphatase isoform 5b (TRAP5b) can be 

used as indicators (14). 

The PCR that uses saliva can be used to assess the effectiveness and the 

mechanisms behind the methods used to regenerate bone, for example, in the 

use of biomaterials like grafts. By the analysis of specific pro-inflammatory and 

regulatory genes present in the saliva, it’s possible to determine their genetic 

expression as well as learning clues into the mechanisms that enable the 

regeneration of the bone due to the treatments being employed (such as grafts) 

and also helping in the creation of a base genetic expression profile that could 

serve as a means for diagnostic and evaluation of patient status (14).  

In this sense the objectives of this research, is to not only detect and 

quantify the chosen osteogenic biomarkers in saliva but also to establish a robust 

monitoring panel. The goal is to validate these biomarkers as reliable indicators 

of salivary bone remodelling. By delving into the intricate details of salivary 

composition, this study aims to contribute valuable insights that can enhance the 

effectiveness of monitoring and pave the way for advancements in the field of 

bone regeneration. 
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2. Materials and Methods 
 

Study Design 

The study gained the approval of the ethical committee in October 2023 

(Attachment 1). It was designed as a longitudinal study, with patient information 

collected at three distinct moments: initially, then three months later, and finally 

at the six-month mark. This process was conducted only after obtaining the 

acceptance and signature of an informed consent from each participant 

(Attachment 2). The study was scheduled to take place between October 2023 

and May/June 2024. 

To be included in this study, an individual needed to meet specific criteria. 

Firstly, the participant had to be a patient enrolled in the post-graduation course 

of Implantology at the Faculty of Dental Medicine, Universidade Católica 

Portuguesa. Additionally, the participant had to be 18 years of age or older and 

could be of any gender. Another requirement was having an orthopantomography 

in the Romexis system (Romexis version: 5.1.0.R/ 23/03/2018 build 1411) of the 

university. Finally, the participant needed to have a bone-related problem that 

could potentially be improved by the application of a bone graft or a bone 

substitute, such as a collagen membrane. 

Diagnostics 

The mouth is divided into four quadrants, with Quadrant 1 (upper right) 

having teeth numbered from the Central Incisor (11) to the Third Molar (18), while 

Quadrant 2 (upper left) follows with teeth numbered from the Central Incisor (21) 

to the Third Molar (28), and in the lower jaw, Quadrant 3 (lower left) includes teeth 

numbered from the Central Incisor (31) to the Third Molar (38), while Quadrant 4 

(lower right) consists of teeth numbered from the Central Incisor (41) to the Third 

Molar (48) (Attachment – 5). This system allows for precise identification of each 

tooth based on its position. (15) 

Initial screening of patients was performed using the Basic Periodontal 

Examination (BPE), a rapid screening tool designed to identify patients requiring 

further diagnostic assessment. The BPE involved "walking" a probe around each 
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tooth and recording the highest score (ranging from 0 to 4) in each sextant. 

Scores of 3 or 4 indicated the need for a more detailed periodontal assessment, 

including radiographic examination to determine bone loss. 

For patients with a BPE score of 3 or 4, a detailed periodontal examination 

was conducted. This included collecting comprehensive medical and dental 

histories to identify potential risk factors and predisposing conditions, performing 

a detailed intraoral examination to visually assess periodontal health, taking 

radiographs to assess the extent of bone loss, and conducting full mouth pocket 

depth charting to measure probing pocket depths (PPD) and clinical attachment 

loss (CAL). 

The diagnosis and classification of periodontal disease involved several 

steps. First, patients were categorized into one of the following types based on 

clinical findings: periodontal health (no signs of inflammation or periodontitis), 

gingivitis (inflammation without loss of attachment), periodontitis (loss of 

attachment and bone), or other conditions (including necrotizing periodontal 

diseases and periodontitis as a manifestation of systemic disease). (16) 

Next, the extent of periodontal involvement was determined as localized 

(≤ 30% of teeth affected), generalized (> 30% of teeth affected), or following a 

molar/incisor pattern (specific pattern affecting molars and incisors). The severity 

of periodontitis was then staged based on interdental CAL and bone loss: Stage 

I (initial) with interdental CAL 1-2 mm and bone loss in the coronal third (<15%) 

with no tooth loss due to periodontitis; Stage II (moderate) with interdental CAL 

3-4 mm and bone loss in the coronal third (15-33%) with no tooth loss due to 

periodontitis; Stage III (severe) with interdental CAL ≥5 mm and bone loss 

extending to the middle third of the root and beyond with ≤4 teeth lost due to 

periodontitis; and Stage IV (advanced) with interdental CAL ≥5 mm and bone loss 

extending to the middle third of the root and beyond with ≥5 teeth lost due to 

periodontitis. (Attachment 4) 

The rate of disease progression and risk factors were assessed to assign 

a grade: Grade A (slow) with no loss over 5 years, <0.25% bone loss/age, and 

heavy biofilm deposits with low levels of destruction; Grade B (moderate) with <2 
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mm loss over 5 years, 0.25-1.0% bone loss/age, and destruction commensurate 

with biofilm deposits; and Grade C (rapid) with ≥2 mm loss over 5 years, >1.0% 

bone loss/age, and destruction exceeding expectations given biofilm deposits 

and risk factors such as smoking or diabetes. (Attachment 3) 

Finally, the current health status of the periodontium was determined 

based on BOP and PPD: periodontal health (no BOP, PPD ≤ 3 mm, no CAL), 

gingival inflammation in remission (BOP ≥ 10%, PPD ≤ 4 mm, no CAL), 

periodontitis currently stable (BOP < 10%, PPD ≤ 4 mm, no BOP at 4 mm sites), 

and periodontitis currently unstable (PPD ≥ 5 mm or PPD 4 mm with BOP). 

(Attachment 4) 

A comprehensive diagnostic statement was formulated for each patient, 

incorporating the type, extent, stage, grade, and current status of the periodontal 

disease, along with relevant risk factors. (16) 

 

Clinical Procedure 
 

The protocol for surgical intervention was carried out using the following 

materials: 2% lidocaine with 1:200000 epinephrine, surgical instruments including 

a 12D blade scalpel, periosteal elevator, Gracey curettes, and titanium curette, 

Bio-Oss® (deproteinized bovine-derived xenograft) as graft material, Bio-Gide® 

(bioabsorbable collagen membrane) for the collagen membrane, 3-0 silk sutures, 

sterile saline, and chlorhexidine digluconate solution (0.2%). (17) 

 

In the pre-surgical preparation, informed consent was obtained from the 

patient, oral hygiene instructions were provided, and prophylactic antibiotics were 

administered if indicated. A comprehensive periodontal examination was 

conducted, and radiographs (Orthopantomography and Intra-oral periapical 

radiographs) were taken. 

During the surgical procedure, local anaesthesia was administered using 

a 2% lidocaine with 1:200000 epinephrine alveolar nerve block. An intracrevicular 

incision was made, and a full thickness mucoperiosteal flap was raised using a 
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periosteal elevator to expose the underlying bone. All granulation tissue was 

thoroughly removed from the defect, and scaling and root planning were 

performed on the exposed root surfaces using Gracey curettes. 

 

The Bio-Oss® graft material was moistened in sterile saline before 

placement, then used to fill the intrabony defect. The Bio-Gide® collagen 

membrane a material with the same properties as OSSIX® Plus Ossifying 

Collagen Barrier Membrane, that was used for the gene expression study of these 

thesis, was cut to fit the defect morphology using a template and placed and 

adapted over the entire defect, ensuring it covered 2-3 mm of the surrounding 

alveolar bone. The mucoperiosteal flaps were repositioned coronally to prevent 

membrane exposure and secured using interrupted 3-0 silk sutures from the 

buccal to the lingual surface. 

In the post-surgical care, the patient was instructed to avoid brushing the 

surgical area, rinse with 0.2% chlorhexidine solution twice a day for two weeks 

and apply ice intermittently on the first day to reduce swelling. A follow-up visit 

was scheduled after one week for suture removal, with continued monitoring and 

cleaning of the surgical site with chlorhexidine at two weeks. Supragingival 

scaling was performed every month for the first six months. 

 

For maintenance, oral hygiene instructions were reinforced at each visit, 

and probing or subgingival instrumentation was avoided during the first six 

months post-surgery. (17) 

 

Data recovery 
 

For each individual who consented to participate in the study, the main 

investigator collected data through several methods. 

 

Initially, the analysis of the orthopantomography was conducted. The 

health review concerning the dentition and bone density of the subjects was 

performed through the analysis of the orthopantomography during the first, 

second, and third visits. 
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Additionally, participants completed a questionnaire (Attachment 4). 

 

Furthermore, the saliva collection method was employed. Saliva samples 

were gathered at the onset of the dental appointment, after informing the patient 

and obtaining their consent for participation in the study. Using the passive 

drooling method, unstimulated saliva was collected following a straightforward 

and non-invasive protocol established at SalivaTec (CIIS platform) and 

conducted in accordance with guidelines approved by the National Health 

Authorities. Patients were instructed to accumulate saliva in their mouth and 

discharge it into a collection tube. Following this procedure, the collection tube 

was sealed, placed on ice, and transported to the SalivaTec laboratory at the 

Faculty of Dental Medicine at UCP. The gathered saliva samples were divided 

into aliquots of 200 μL within 1.5 mL tubes, for each patient there where two 

aliquots, one only containing 200 μL of saliva, while the other in addition to the 

saliva also contained 250 μL RNALater, which were then preserved at -80 °C until 

the time of analysis. 

 

Gene expression Analysis  
 

 

MC3T3 Cell Culture 

 

The MC3T3 cells were cultivated in Minimum Essential Medium Eagle 

(MEM), which was enriched with 10% fetal bovine serum (FBS), 1% 

antibiotic/antimycotic (A/A), and 1% glutamine. The cells were maintained at a 

temperature of 37°C in a humidified atmosphere containing 5.5% CO2. When the 

cells had grown to confluence, the medium was carefully removed, and the cells 

were gently washed with PBS. To detach the cells, trypsin-EDTA was added, and 

the flask was incubated for 7 minutes. After this period, medium was added to 

halt the trypsin's action. The cells were then counted and seeded into 6-well 

plates, with each well receiving 1.5 x 105 cells. 
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RNA extraction 

 

After obtaining the cell pellet, Buffer NR was added and vortexed 

vigorously to ensure thorough mixing. The lysate was applied to an NZYSpin 

Homogenization column placed in a 2 mL collection tube. The column was then 

centrifuged at 11,000g for 1 minute. The flow-through was transferred to a new 

1.5 mL microcentrifuge tube. A volume of 350 μL of 70% ethanol was added to 

the flow-through and mixed immediately by pipetting up and down. The mixture 

was loaded onto an NZYSpin Binding column, centrifuged at 11,000g for 30 

seconds, and the flow-through was discarded. The column was placed in a new 

microcentrifuge tube. Buffer NI (350 μL) was added to the column, centrifuged at 

11,000g for 30 seconds, and the flow-through was discarded. 

The Digestion Mix was prepared by combining 10 μL of DNase I with 90 

μL of Digestion Buffer. Digestion Mix (95 μL) was applied directly to the centre of 

the silica membrane of the column and incubated for 15 minutes at room 

temperature. Then, 200 μL of Buffer NWR1 was added to the column, centrifuged 

at 11,000g for 1 minute, and the flow-through was discarded. 

Next, 600 μL of Buffer NWR2 was added to the column, centrifuged at 

11,000g for 1 minute, and the flow-through was discarded. This step was 

repeated with 250 μL of Buffer NWR2, centrifuging at 11,000g for 1 minute. The 

flow-through was discarded again to ensure the column membrane was dry. The 

NZYSpin Binding column was placed in a new RNase-free microcentrifuge tube. 

60 μL of RNase-free water was added directly to the column membrane, and the 

column was centrifuged at 11,000g for 1 minute to elute the RNA. 

The RNA concentration was measured using 2 μL of the sample on a 

microdrop plate. RNase-free water was used as a control in the first well of the 

microdrop plate to ensure a reading of 0 RNA concentration. The RNA sample 

was placed in the second well to determine the concentration and purity ratios 

(18). 

 

cDNA synthesis 

 

All reaction components and the RNA sample were kept on ice to prevent 

RNA degradation. In a microcentrifuge tube, the following components were 
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combined: 10 μL of NZYRT 2x Master Mix, 2 μL of NZYRT Enzyme Mix, the RNA 

sample (volume as required), and DEPC-treated water to make up the final 

volume. The NZYRT 2x Master Mix contained oligo(dT)18, hexamers, MgCl2, and 

dNTPs. The oligo(dT) primer bound to the Poly(A) tail of the mRNA, and the 

hexamers increased the sensitivity of the reaction. The NZYRT Enzyme Mix 

included NZY Reverse Transcriptase and NZY Ribonuclease Inhibitor. The 

reverse transcriptase initiated the synthesis of the cDNA strand, while the 

ribonuclease inhibitor protected the RNA templates from degradation. 

The reaction components were gently mixed and incubated at 25°C for 10 

minutes to allow the oligo(dT) primers to bind to the RNA template. The mixture 

was then incubated at 50°C for 30 minutes to promote the activity of the reverse 

transcriptase and facilitate cDNA synthesis from the RNA template. Following 

this, the mixture was incubated at 85°C for 5 minutes to inactivate the reverse 

transcriptase. 

Afterwards, 1 μL of RNase H was added to the mixture, which was then 

incubated at 37°C for 20 minutes to remove the RNA bound to the cDNA, 

ensuring RNA-free DNA for subsequent RT-qPCR reactions. The synthesized 

cDNA product was stored at -20°C until further use.(18) 

 

Gradient PCR for primer testing 

 

Twelve cDNA samples converted from mRNA of MC3T3 cells, and twelve 

cDNA samples converted from non-stimulated saliva mRNA were prepared for 

the PCR reactions. In a PCR tube, the reaction mixture was prepared by adding 

the following components in the given order: 5 μL of NZYSpeedy qPCR Green 

Master Mix (2x), 0.4 μL of Forward primer, 0.4 μL of Reverse primer, 2.2 μL of 

PCR water, and 2 μL of diluted cDNA. 

 

The gradient PCR machine was set to the following thermal cycling 

conditions: initial denaturation at 95ºC for 2 minutes, followed by 40 cycles of 

denaturation at 95ºC for 5 seconds, and annealing at gradient temperatures 

(69ºC, 65.4ºC, and 59ºC) for 20 seconds. The genes tested included RANKL, 

RANK, OPG, RunX2, ALPL, Col1A1, Bglap and GAPDH. After the PCR cycles, 

the amplification results were analysed to determine the optimal annealing 
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temperature for each primer set based on the quality and specificity of the 

amplified products. 
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3. Results 
 

Sample characterization 
 

A total of 11 patients from the Faculty of Dental Medicine of Viseu 

participated in the study. Of the 11 individuals, 6 (55%) are female and 5 (45%) 

are male (Figure 1).  

Table 1 presents the age and gender distribution of the study participants, 

categorized into five distinct age groups: 18-30, 31-41, 42-52, 53-63, and 64-74 

years. It includes the frequency of participants within each age group, along with 

the corresponding gender breakdown. The age group 42-52 years has the 

highest representation, constituting 27% of the total participants, with 67% males 

and 33% females. Both the age groups 18-30 years and 64-74 years represent 

9% of the total participants each. The 18-30 group is exclusively female, while 

the 64-74 group has a balanced gender distribution. The age groups 31-41 years 

and 53-63 years each account for 18% of the participants. The 31-41 age group 

is composed entirely of females, whereas the 53-63 age group has an equal 

distribution between males and females. 

 
 
Table 1- Age and Gender Distribution of Study Participants 

Age Groups Frequency Gender Age 
Percentage 

by Age Group 

Gender 
Percentage by 

Age Group 

18 to 30 1 

Male 0 9% 0% 

Female 1 100% 

31 to 41 2 

Male 0 18% 0% 

Female 2 100% 

42 to 52 3 

Male 2 27% 67% 

Female 1 33% 

53 to 63 2 

Male 1 18% 50% 

Female 1 50% 

64 to 74 3 

Male 2 27% 67% 

Female 1 33% 
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Table 2 illustrates the prevalence of hypertension among the study 

participants, broken down by gender. Among the participants, 4 individuals (36%) 

reported having hypertension, while 7 individuals (64%) did not have 

hypertension. Among those with hypertension, 2 were female and 2 were male. 

This represents 18% of the total participant population for each gender. 

Overall, 36% of the participants reported having hypertension. The gender 

distribution shows that both males and females are equally represented among 

participants with hypertension, each accounting for 18% of the total participants. 

This indicates that the prevalence of hypertension is equally distributed between 

males and females, with no significant gender disparity. 

 
 

Table 2 - Hypertension Prevalence Among Study Participants and Correlation with Gender 

 
 

 
 

Among the participants represented in Table 3, 1 individual (9%) reported having 

diabetes, while 10 individuals (91%) did not have diabetes. The participant with 

diabetes was male, representing 9% of the total participant population. 

Overall, 9% of the participants reported having diabetes. The gender distribution 

shows that diabetes was only present in a male participant, accounting for 100% 

of those who reported having diabetes. There were no female participants with 

diabetes, highlighting a male-specific occurrence of diabetes. Among the 

participants who did not have diabetes, 4 were male (36%) and 6 were female 

(55%). 

 

 

Question Answer Gender 
Hypertension 
percentage 

Patients with 
hypertension gender 

percentage 

Do you have 
hypertension? 

Yes 4 Female 2 36% 18% 

No 7 Male 2 64% 18% 
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Table 3 - Diabetes Prevalence Among Study Participants by Gender 

 

 

About the participants on Table 4, 36% reported having hypertension, 

while 64% did not. For diabetes as shown in Table 3, 9% of the participants 

reported having the condition, while 91% did not. Heart problems were reported 

by 9% of the participants, while 91% did not have heart problems. There were no 

participants with blood diseases or liver diseases, as 100% of the participants 

responded "No" to these conditions. Stomach diseases were reported by 9% of 

the participants, while 91% did not have them. Similarly, 9% of the participants 

reported having intestinal diseases, and 91% did not. Cancer was reported by 

9% of the participants, with 91% not having the condition. There were no 

participants with kidney diseases or allergies, as 100% responded "No" to these 

conditions.  

Other diseases were reported by 27% of the participants, while 73% did 

not report any other diseases. Additionally, 9% of the participants reported having 

undergone radiotherapy or chemotherapy treatment, while 91% had not. 

Key observations include that hypertension is the most prevalent condition 

reported, affecting 36% of the participants. Both diabetes and heart problems are 

present in 9% of the participants. Notably, none of the participants reported 

having blood or liver diseases. Other diseases were reported by 27% of the 

participants, making it the second most prevalent category after hypertension. 

Question Answer 
Diabetes 

percentage 
Gender 

Patients with 
diabetes gender 

percentage 

Do you have 
Diabetes? 

Yes 1 9% 

Male 1 9% 

Female 0 0% 

No 10 91% 

Male 4 36% 

Female 6 55% 
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Furthermore, 9% of participants have undergone radiotherapy or chemotherapy 

treatments. 

 

Table 4 - Distribution of Pathological Conditions Among Study Participants 

 

 
 
 

Pathology Distribution Yes No Yes (%) No (%) 

Do you have hypertension? 4 7 36% 64% 

Do you have diabetes? 1 10 9% 91% 

Do you have or have you had any 
of these conditions? - Heart 
problems 

1 10 9% 91% 

Do you have or have you had any 
of these conditions? - Blood 
diseases 

0 11 0% 100% 

Do you have or have you had any 
of these conditions? - Liver 
diseases 

0 11 0% 100% 

Do you have or have you had any 
of these conditions? - Stomach 
diseases 

1 10 9% 91% 

Do you have or have you had any 
of these conditions? - Kidney 
diseases 

0 11 0% 100% 

Do you have or have you had any 
of these conditions? - Intestinal 
diseases 

1 10 9% 91% 

Do you have or have you had any 
of these conditions? - Cancer 

1 10 9% 91% 

Do you have or have you had any 
of these conditions? - Allergies 

0 11 0% 100% 

Do you have or have you had any 
of these conditions? - Other 
diseases 

3 8 27% 73% 

Have you undergone any 
radiotherapy or chemotherapy 
treatment? 

1 10 9% 91% 
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Among the 11 patients, diagnoses of other pathologies not covered in the 

standard questions include 1 (9%) with gout, 1 (9%) with hypothyroidism and 

migraines, 1 (9%) with a malignant intestinal tumour, and 1 (9%) with 

hypothyroidism (Figure 1). 

 
 

Family history of diseases among the patients shows that 5 (45%) have no 

family history of diseases, 2 (18%) have a family history of cancer, 2 (18%) have 

a family history of heart diseases, 1 (9%) have a family history of diabetes, and 1 

(9%) have a family history of both heart diseases and diabetes (Figure 2). 

 

1 1 1 1

Gout Hypothyroidism,
migraines

Malignant intestinal
tumor

Hypothyroidism

Figure 1 - Distribution of other Pathologies 

Figure 2 - Distribution of diseases in the family history 

2 2

1 1

Cancer Heart diseases Diabetes Heart Disease, Diabetes
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Within the group of participants on Table 5, 8 individuals (73%) reported 

undergoing medical treatment or taking medication in the last 30 days, while 3 

individuals (27%) did not. Additionally, 4 individuals (36%) reported taking 

antibiotics in the last 3 months, whereas 7 individuals (64%) did not. 

A significant majority of participants (73%) have undergone medical 

treatment or taken medication recently, indicating a high prevalence of ongoing 

medical management within the study cohort. Furthermore, over one-third of the 

participants (36%) have taken antibiotics in the last 3 months, reflecting the use 

of antibiotics among a notable portion of the cohort. The remaining 64% of 

participants have not taken antibiotics in this period, suggesting variability in the 

necessity or prescription of antibiotics among the group. 

 
 
 
Table 5 - Medication prevalence among participants 

Medication Distribution 

Questions Response Percentage 

Have you undergone any medical treatment 
or medication in the last 30 days? 

Yes 8 73% 

No 3 27% 

Have you taken any antibiotics in the last 3 
months? 

Yes 4 36% 

No 7 64% 

 
  

Specified treatments among the patients are as follows: 1 (9%) using 

simvastatin, Zyloric, 1 (9%) using Euthyrox, Zonegran, 1 (9%) using simvastatin, 

1 (9%) using Pentasa suppository, 1 (9%) using tryptophan, cholestyramine, 1 

(9%) using simvastatin, Zartan, and 1 (9%) using Euthyrox (Figure 3). 
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The antibiotics used include 2 (18%) taking amoxicillin 1g, 1 (9%) taking 

metronidazole 250mg and clavamox 875mg/125mg, and 1 (9%) taking 

metronidazole 250mg (Figure 4). 

 
 
 

 
 

1 1 1 1 1 1 1

Figure 3 - Specified regular medical treatments or medications 

2

1 1

Amoxicilina 1g Metronidazol 250mg e clavamox
875mg/125mg

Metronidazol 250mg

Figure 4 - Distribution of antibiotics taken 
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The majority of participants on Table 6, comprising 73% (8 out of 11), 

reported that they do not smoke or have never smoked. A smaller segment, 

accounting for 27% (3 out of 11), identified themselves as former smokers. 

Among those who have smoked, 18% (2 out of 11) began smoking at the 

age of 12, while 9% (1 out of 11) started smoking at the age of 18. Regarding the 

number of cigarettes smoked per day, 9% (1 out of 11) of the participants smoked 

more than 10 cigarettes daily, whereas 18% (2 out of 11) limited their smoking to 

up to 10 cigarettes per day. 

For those who have quit smoking, 9% (1 out of 11) quit smoking 40 years 

ago, another 9% (1 out of 11) ceased smoking 30 years ago, and 9% (1 out of 

11) stopped smoking 20 years ago. 

 
 
 
 
Table 6 - Smoking Distribution 

Smoking Distribution 

Questions Answers Percentage 

Do you smoke or have you ever smoked? No  8 73% 

Former smoker 3 27% 

If you smoke/smoked: - At, what age did you start 
smoking? 

12 2 18% 

18 1 9% 

How many cigarettes do you smoke/smoked (per day): 
Note: a pack equals 20 cigarettes. 

More than 10 1 9% 

Up to 10 2 18% 

If you are a former smoker, how many years ago did you 
quit smoking? 

40 1 9% 

30 1 9% 

20 1 9% 

 
 
 
 

Table 7 reveals several key insights into the diagnosis and treatment of 

periodontitis among the patients. The majority of the patients are diagnosed with 

Stage II, Grade B periodontitis, with a few cases of Stage IV, Grade C, and Stage 

I, Grade A periodontitis. 
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In terms of treatment types, Horizontal Regeneration, Alveolar 

Preservation, and Maxillary Sinus Elevation are the most common. Notably, 

Periodontal Regeneration is specifically used for more severe cases, such as 

those diagnosed with Stage IV periodontitis. 

The treatments are distributed across various teeth, with some procedures 

involving multiple teeth, such as Maxillary Sinus Elevation. Certain teeth, like 26 

and 36, are involved in more than one case, indicating a trend in the locations 

requiring treatment. 

 
 
 
Table 7 - Periodontal Treatment Plans and Materials Used 

Patient Periodontal Diagnosis What treatment will be 
performed? 

Which tooth (teeth) 
will be treated? 

What material will be 
used? 

SP1 Stage II, Grade B Horizontal Regeneration 11 
Bovine xenograft and 
reticulated collagen 

membrane 

SP2 Stage II, Grade B Maxillary Sinus Elevation 
14, 13, 12, 11, 21, 

22 
Bovine xenograft 

SP3 Stage II, Grade B Alveolar Preservation 26 Bovine xenograft 

SP4 Stage IV, Grade C 
Periodontal 

Regeneration 
14, 15, 13 

Bovine xenograft and 
Endogain 

SP5 Stage II, Grade B Horizontal Regeneration 26 
Bovine xenograft and 
reticulated collagen 

membrane 

SP6 Stage II, Grade B Alveolar Preservation 16 
Bovine xenograft and 
reticulated collagen 

membrane 

SP7 Stage I, Grade A Maxillary Sinus Elevation 26 
Reticulated collagen 

membrane 

SP8 Stage II, Grade B Alveolar Preservation 22 Bovine xenograft 

SP9 Stage II, Grade B Horizontal Regeneration 36 
Bovine and autologous 

xenograft 

SP10 Stage I, Grade A Maxillary Sinus Elevation 14, 15 
Bovine xenograft and 
reticulated collagen 

membrane 

SP11 Stage IV, Grade C 
Periodontal 

Regeneration 
16, 46 

Bovine xenograft and 
Endogain 

 
 
 
 

Table 8 provides insights into the female health status and reproductive 

history of the participants. None of the participants are currently pregnant, as 

indicated by 0% answering "Yes" to the question "Are you pregnant?" while 55% 

answered "No." 
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Regarding menopause, 18% of the participants are currently in menopause, while 

36% are not.  

For those who are in menopause, the duration varies: one participant (9%) 

has been in menopause for 5 years, another participant (9%) for 20 years, and 

one participant (9%) has been in menopause for less than a year. 

Concerning the timing of the last menstruation, the responses are distributed as 

follows: one participant (9%) reported their last menstruation was 4 days ago, 

another participant (9%) said 7 days ago, and yet another participant (9%) 

mentioned 20 days ago 

 

Table 8 - Female Health Status and Reproductive History 

 

  

Table 9 summarizes the oral hygiene practices and experiences of the 

participants, revealing several key insights. All participants (100%) reported that 

they brush their teeth daily, demonstrating a strong adherence to basic oral 

Female Health Status and Reproductive History 

Questions Answers Percentage 

Are you pregnant? 

Yes 0 0% 

No 6 55% 

Are you in menopause? 

Yes 2 18% 

No 4 36% 

If yes, for how long (years)? 

5 1 9% 

20 1 9% 

How long ago was your last menstruation (days)? 

0 1 9% 

4 1 9% 

7 1 9% 

20 1 9% 
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hygiene practices. The frequency of brushing varies, with 27% brushing once a 

day, 45% brushing twice a day, and 27% brushing three times a day. 

When it comes to using dental floss, 45% of participants use it regularly, 

36% use it sometimes, and 18% do not use it at all. This indicates that while a 

majority engage in flossing, there is room for improvement in making this a 

consistent habit among all participants. 

All participants (100%) had visited a dentist within the last year, reflecting 

a commendable level of dental care maintenance. This high rate of dental visits 

suggests a proactive approach to oral health care among the group. 

Only 9% of participants reported experiencing pain in the face or inside the 

mouth, suggesting that most participants do not suffer from oral discomfort. This 

low incidence of pain is a positive indicator of overall oral health. 

Eighteen percent of participants feel that their mouth is "dry." Among those 

who experience dry mouth, half (9%) try to compensate by drinking more water, 

indicating an awareness and proactive approach to managing oral dryness. This 

issue, while not affecting the majority, is still significant and warrants attention. 

All participants (100%) reported not feeling any changes in taste, indicating 

no recent issues with taste perception among the group. 

Table 9 - Oral Hygiene Status 

Oral Hygiene Status 

Questions Answers Percentage 

Do you brush your teeth daily? 
Yes 11 100% 

No 0 0% 

If yes, how many times a day? 

1 3 27% 

2 5 45% 

3 3 27% 

Do you use dental floss? 

Yes 5 45% 

Sometimes 4 36% 

No 2 18% 

When was the last time you 
visited a dentist? 

More than a 
year ago 

0 0% 

Less than a 
year ago 

11 100% 
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Patient orthopantomographys Data 
 

Do you feel any pain in the face 
or inside the mouth? 

Yes 1 9% 

No 10 91% 

Do you feel that your mouth is 
"dry"? 

Yes 2 18% 

No 9 82% 

If yes, do you try to compensate 
for this by drinking more water? 

Yes 1 9% 

No 1 9% 

Do you feel any changes in taste? 
Yes 0 0% 

No 11 100% 

Figure 5 - Patient SP1, orthopantomography comparison time 1 16/03/2021 (above), time 2 14/06/2024 
(below) 
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An analysis of the orthopantomographys from time 1 and time 2, as shown 

in Figure 5, reveals a reduction in radiolucency at the treatment site (tooth 11) in 

the second image. This finding, highlighted in the figure, suggests potential bone 

regeneration or an increase in local bone density. 

 

 

An evaluation of the orthopantomographys from time 1 and time 2, shown 

in Figure 6, reveals reduced radiolucency at the treatment site in the second 

image. This area, where a maxillary sinus lift was performed using a bovine 

xenograft, is highlighted with a red circle. The site corresponds to the location 

where teeth 14, 13, 12, 11, 21, and 22 would be. 

  

Figure 6 - Patient SP2, orthopantomography comparison time 1 28/10/2023 (above), time 2 03/07/2024 
(below) 
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By contrasting the orthopantomographys from time 1 and time 2 on 

Figure 7, it is evident that there is reduced radiolucency in the second image at 

the treatment site (tooth 26), where the alveolar preservation was made by using 

a bovine xenograft, which is highlighted with a red circle. This suggests possible 

bone regeneration or an increase in local bone density.  

Figure 7 - Patient SP3, orthopantomography comparison time 1 11/12/2020 (above), time 2 03/07/2024 
(below) 
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Comparing the orthopantomographys from time 1 and time 2, as shown in 
Figure 8, reveals reduced radiolucency in the second image at the treatment site 
(tooth 26), where horizontal regeneration was applied. This area, highlighted in 
the image with a red circle, suggests possible bone regeneration or an increase 
in local bone density. 

Figure 8 - Patient SP5, orthopantomography comparison time 1 24/10/2023 (above), time 2 25/06/2024 
(below) 
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Through comparison of the orthopantomographys from time 1 and time 2 

on Figure 9, it is evident that there is reduced radiolucency in the second image 

at the treatment site (tooth16) where the alveolar preservation was made by using 

bovine xenografts and cross-linked collagen membranes after the removal of the 

teeth, highlighted with a red circle. This indicates potential bone regeneration or 

an increase in local bone density.  

Figure 9 - Patient SP6, orthopantomography comparison time 1 19/10/2023  (above), time 2 28/06/2024  
(below) 
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As well, by comparing the orthopantomographys from time 1 and time 2, 

as shown in Figure 10, reveals reduced radiolucency in the second image at the 

treatment sites (tooth’s 16, 46), where the periodontal regeneration treatment 

was applied, in this case by using bovine xenograft and Endogain as biomaterials. 

The treatment site is highlighted with red circles. This also suggests possible 

bone regeneration or an increase in local bone density. 

 

  

Figure 10 - Patient SP11, orthopantomography comparison time 1 16/12/2023 (above), time 2 28/06/2024 
(below) 
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Gene expression analysis 

Figure 11 - Melting curve diagrams and amplification graphs depicting the relative expression levels of OPG mRNA (A and 
B), RANK mRNA (C and D), RANKL mRNA (E and F), and GAPDH mRNA (G and H) in MC3T3 cells on day 7 using the 
commercial kit NZYSpeedy qPCR Green Master Mix (NZYtech) (performed in duplicate). Red and blue lines represent 
treated and untreated MC3T3 cells, respectively, with a 4x4 mm OSSIX® Plus Ossifying Collagen Barrier Membrane placed 
in transwell inserts. 
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The RANKL/RANK/OPG signalling pathway is crucial for osteoclast 

maturation, bone modelling, and remodelling. To assess its activity, we measured 

the mRNA expression levels of OPG, RANK, and RANKL in the presence and 

absence of the OSSIX® Plus Ossifying Collagen Barrier Membrane (Figure 11, 

A-F). After 7 days of culture, there was a significant upregulation of OPG, RANK, 

and RANKL genes in the presence of the collagen membrane, indicating its 

potential impact on bone remodelling processes. 

In the melting curves (Figure 11,A, C, E, G), a distinct melt peak confirms 

the specificity of the amplified products, with the treated group (red) showing a 

shift in peak compared to the untreated group (blue), particularly for OPG and 

RANKL, suggesting altered gene expression dynamics due to the collagen 

barrier. 

The amplification plots (Figure 11, B, D, F, H) demonstrate successful 

amplification of the target genes, with treated cells exhibiting higher fluorescence 

intensity, indicative of increased gene expression. Notably, the RANKL mRNA 

expression profile (Figure 11, E-F) reveals the necessity for further optimization 

to achieve a clearer amplification peak. 

The GAPDH expression (Figure 11, G-H) remained stable in both treated and 

untreated conditions, confirming its suitability as a housekeeping control gene for 

future studies, as indicated by consistent amplification curves and melt peaks 

across samples. 

Overall, the results suggest that the OSSIX® Plus Ossifying Collagen Barrier 

Membrane modulates the expression of key genes in the RANKL/RANK/OPG 

pathway, which could enhance osteogenic activity and bone regeneration.  
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Future studies should focus on optimizing conditions for RANKL amplification 

to better understand its role in conjunction with collagen membranes. 

Figure 12 - Melt curves of RT-qPCR amplification of candidate genes for the multi-gene osteogenic biomarker panel: Alpl 
mRNA (A), Bglap mRNA (B), Col1A1 mRNA (C), and Runx2 mRNA (D)  in MC3T3 cells on day 7, using the commercial kit 
NZYSpeedy qPCR Green Master Mix (NZYtech). Thermal cycling conditions: initial denaturation at 95°C for 2 minutes, 
followed by 40 cycles of 95°C for 5 seconds and 59°C for 30 seconds. 
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Figure 12 shows the melt curve analysis of RT-qPCR amplification for 

different candidate genes associated with osteogenic differentiation in MC3T3 

cells. The genes analysed are Alpl mRNA (A), Bglap mRNA (B), Col1A1 mRNA 

(C), and Runx2 mRNA (D). The graphs provide insights into the specificity and 

efficiency of the PCR reactions performed after 7 days of untreated MC3T3 cell 

cultures. 

The melt curve for Alpl (Figure 12, A) shows a single, distinct peak at 

around 85°C. This indicates a specific and efficient amplification of the Alpl 

mRNA, with no significant off-target amplifications or primer-dimer formations. 

Similarly, the melt curve for Bglap (Figure 12, B) shows a single, distinct peak at 

approximately 85°C. The specificity of the Bglap amplification is confirmed, 

demonstrating efficient and accurate PCR conditions.  

The melt curve for Col1A1 (Figure 12, C) presents a single peak at around 

80°C. This peak confirms the specific amplification of Col1A1 mRNA. Lastly, the 

melt curve for Runx2 (Figure 12, D) shows a single peak at approximately 85°C. 

This peak indicates the specific and efficient amplification of Runx2 mRNA. 

The melt curves for Alpl, Bglap, Col1A1, and Runx2 (Figure 12, A, B, C, and 

D, respectively) illustrate the specificity and efficiency of the RT-qPCR 

amplifications performed on MC3T3 cells after 7 days of culture. Each graph 

shows a single, well-defined peak, indicating that the chosen primers and PCR 

conditions (59°C annealing temperature) are appropriate for these target genes. 

This validation is essential for ensuring the reliability of the multi-gene osteogenic 

biomarker panel, confirming that 59°C is an effective annealing temperature for 

all four genes, thereby supporting their use in further experiments. 
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4. Discussion 

 

Patient Demographics and Health Status 
 

With a nearly equal gender distribution (55% female and 45% male), the 

study can analyse potential gender differences in bone regeneration. Hormonal 

differences between males and females can influence bone density and healing 

processes. As highlighted by Ortona et al. 2023 (19), significant gender 

differences in bone health and healing shown in epidemiological evidence and 

clinical studies, there are consistent variations in bone fracture healing outcomes 

between males and females. For instance, males tend to exhibit more rapid 

fracture healing, while females are more prone to atrophic non-unions and 

delayed healing processes, often influenced by estrogen levels and inflammatory 

responses. These differences underscore the necessity of analysing gender-

specific data in studies like ours to uncover potential disparities in bone 

regeneration. Including both genders helps in understanding these variations and 

improving treatment approaches. 

Regarding the age range of the participants was between 29 and 73 years, 

with an average age of 51.82 ± 14.82 years, this allows for the assessment of 

bone regeneration across a broad spectrum of adult life stages. Bone healing and 

regeneration capabilities can differ significantly between younger and older 

adults. As Korzh et al. 2021  (20) emphasized that, bone healing is influenced by 

various factors, including hormonal changes, inflammatory responses, and 

cellular mechanisms, which can vary with age. Younger adults tend to have more 

robust bone regeneration capabilities, while older adults may experience slower 

healing processes and a higher risk of complications due to factors like reduced 

hormone levels and increased prevalence of osteoporosis. These differences 

underscore the importance of including a diverse age range in studies to fully 

understand the variations in bone regeneration.  
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Family history data in this study provides significant insight into the 

potential genetic and environmental factors influencing bone health and 

regeneration in the patient cohort. Among the 11 participants, 45% reported no 

family history of diseases, while 55% had a family history of conditions such as 

cancer (18%), heart diseases (18%), diabetes (9%), and a combination of heart 

diseases and diabetes (9%). As Oton-Gonzalez et al. 2022 (21), outlined there is 

significance in the genetic and environmental factors on the development of 

metabolic bone diseases, emphasizing the importance of genetic predispositions 

in bone health and regeneration. For example, various bone diseases such as 

osteoporosis, osteogenesis imperfecta, and osteopetrosis have well-established 

genetic underpinnings that affect bone turnover and integrity. The genetic basis 

of these diseases, often involving multiple modes of inheritance and gene 

mutations, highlights the necessity of considering familial history in understanding 

bone health. However, this does not imply that the presence of any of these 

diseases in a family history will influence bone regeneration during the performed 

treatments. 

The presence of comorbidities such as hypertension (36% of participants) 

and type II diabetes (9% of participants) were considered in the study, but their 

impact on bone regeneration needs further exploration. As highlighted in Hu et 

al. 2021 (22), hypertension is associated with lower levels of bone metabolism 

markers such as osteocalcin and 25-hydroxy vitamin D, which are crucial for bone 

formation and mineralization. The study indicates that hypertensive patients, 

particularly females, tend to have lower osteocalcin levels, suggesting reduced 

bone turnover. This correlation suggests that hypertension may negatively affect 

bone health. Additionally, medications used to manage hypertension may have 

effects on bone metabolism as well. Regarding diabetes type II as highlighted in 

Romero-Díaz et al. 2021 (23) showed that, patients with type II diabetes suffer 

from an increased risk of fractures due to impaired bone quality. This impairment 

is attributed to low bone turnover, the incorporation of advanced glycation end-

products, and microvascular complications, which all contribute to reduced bone 

strength and increased fracture risk. These factors indicate that diabetes can 

negatively affect bone regeneration.  
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Addressing Cancer data, like a malignant intestinal tumour (present in 9% 

of participants), can metastasize to bones, further complicating regeneration 

processes. As highlighted in Santos et al. 2021 (24), mechanically stimulated 

osteocytes are crucial for bone anabolism and regeneration. The presence of 

metastatic cancer cells in bones significantly disrupts these regenerative 

activities. Mechanically stimulated osteocytes can limit the progression of 

metastatic cancer and support bone regeneration through direct remodelling of 

the extracellular matrix and activation of signalling pathways linked to genome 

integrity. However, the impact of metastatic cancer on these processes is 

detrimental. 

Hypothyroidism, reported by 18% of participants, can lead to decreased 

bone turnover and delayed bone healing. Thyroid hormones are critical for bone 

growth and remodelling; therefore, insufficient levels can impair the bone 

regeneration process and lead to osteoporosis. As evidenced in the review by 

Wu et al. 2023 (25), thyroid hormones play an essential role in bone metabolism 

by regulating osteoclast and osteoblast activities. The deficiency of thyroid 

hormones, as seen in hypothyroidism, results in reduced osteoclastic bone 

resorption and decreased osteoblastic activity, leading to low bone turnover-

mediated bone loss. 

Among the participants in this study, 73% were non-smokers, suggesting 

a generally healthier oral environment within this group. Given that smoking is a 

well-documented risk factor for periodontal diseases and bone loss, the high 

percentage of non-smokers may indicate a lower prevalence of these conditions 

in the study population, as suggested by Donos et al. 2023 (26). 

Conversely, 27% of the participants were ex-smokers, with cessation 

periods ranging from 20 to 40 years. This extensive duration since quitting 

smoking suggests that these individuals may have experienced substantial 

recovery in both oral and systemic health. Prolonged cessation potentially allows 

for partial reversal of the adverse effects of smoking, thereby improving 

conditions for bone regeneration and overall treatment outcomes. 
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The study Donos et al. 2023 (26), also underscores the critical 

consideration of past smoking habits on bone turnover and treatment efficacy. 

Smoking's adverse effects on healing and bone regeneration are primarily due to 

its vasoconstrictive properties, which reduce oxygen supply to tissues. 

Additionally, smoking disrupts the proliferation and differentiation of osteoblasts 

and fibroblasts, essential cells in bone regeneration, by modulating the 

expression of genes crucial for bone metabolism. 

Nicotine, a primary toxic component of cigarette smoke, further 

exacerbates these issues by increasing platelet adhesiveness, leading to the 

formation of microclots. These microclots reduce microvascular perfusion, 

resulting in tissue ischemia. This compromised vascularization is particularly 

detrimental to graft revascularization and integration, which are vital for the long-

term success of bone regeneration procedures. 

Medications like Simvastatin, a statin, are known to influence bone 

metabolism positively. As suggested by study (27) Jin et al. 2021, the use of 

Simvastatin among several study participants may have contributed positively to 

bone regeneration outcomes. Simvastatin, a widely prescribed HMG-CoA 

reductase inhibitor, is known not only for its cholesterol-lowering effects but also 

for its beneficial impact on bone metabolism. This medication has been 

extensively studied for its ability to promote osteogenesis and angiogenesis, 

which are crucial for bone healing and regeneration. It achieves these effects by 

inducing the expression of key osteogenic genes such as BMP-2, VEGF, alkaline 

phosphatase, and type I collagen, while simultaneously inhibiting osteoclast 

activity. These molecular mechanisms enhance the proliferation and 

differentiation of osteoblasts, vital for new bone formation. Additionally, pathways 

such as Ras/Smad/Erk/BMP-2 signalling and the Wnt/β-catenin pathway are 

activated by  Simvastatin, further promoting osteogenic differentiation and bone 

repair. Given these properties, participants using Simvastatin are likely to benefit 

from its anabolic effects on bone tissue, potentially leading to improved outcomes 

in bone regeneration and overall treatment efficacy.  
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Euthyrox, a thyroid hormone replacement therapy, is important for overall 

metabolism, including bone health. The study of Heim et al. 2022 (28), referred 

to the use of Euthyrox, a thyroid hormone replacement therapy, among study 

participants showed its critical role in overall metabolism and bone health, by 

helping to maintain proper thyroid hormone levels, which are vital for various 

metabolic processes. Both hypothyroidism and hyperthyroidism can negatively 

impact bone mineral density, increasing the risk of fractures, therefore, managing 

thyroid hormone levels is essential for preserving skeletal integrity and supporting 

overall metabolic functions. The significance of maintaining adequate thyroid 

hormone levels extends to bone health due to thyroid hormones playing a pivotal 

role in bone remodelling, meaning that this can have a positive effect on patient’s 

outcomes. 

The administration of antibiotics such as Amoxicillin and Metronidazole, 

either individually or in combination, within the last three months may not affect 

bone regeneration outcomes as suggested by the study Payer et al. 2020 (29), 

which examined the impact of systemic antibiotics on clinical outcomes and 

patient-reported measures in oral implant therapy with simultaneous guided bone 

regeneration and found no significant benefits in terms of post-surgical 

complications or patient experiences, even presenting some risks associated with 

antibiotic resistance and disruption of the microbiome. Further supporting this, a 

prospective cohort study by Menon et al. 2019 (30), demonstrated that the use of 

amoxicillin significantly alters the oral microbiome, with notable changes in the 

relative abundance of various bacterial taxa and an increase in antibiotic 

resistance genes such as TEM-1. This prolonged impact on the oral microbiome 

exposes the potential risks of antibiotic prophylaxis. 

Clinical Evaluation 
 

Comparisons between the initial and subsequent orthopantomography 

imaging sessions revealed significant findings. Patient 1, 2, 3, 5, 6 and 11 showed 

reduced radiolucency at the treatment sites, suggesting possible bone 

regeneration or increased bone density. For Patients 4, 7, 8, 9, and 10, 

(attachments 6 to 10) only initial imaging was available, making comparison 
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impossible. These results suggest a trend towards bone regeneration in patients 

treated with biomaterials, with some variability based on individual conditions and 

treatment specifics. 

The orthopantomography results provide preliminary evidence of the 

effectiveness of different biomaterials in promoting bone regeneration. Most 

patients showed a reduction in radiolucency at treatment sites, indicating 

increased bone density and regeneration. This aligns with the established 

benefits of using biomaterials such as bovine xenografts and collagen 

membranes. Research has shown that these materials are widely used and 

effective in periodontal and peri-implant regeneration due to their 

osteoconductive properties and ability to support bone formation (31). 

However, the variability in outcomes suggests that individual patient 

factors, such as age, health status, and specific treatment protocols, play a 

significant role in the effectiveness of these biomaterials. It is well-documented 

that factors related to surgery, the design and surface properties of implants, and 

patient-specific conditions like systemic health and oral hygiene can significantly 

influence the success of bone regeneration procedures (31). 

The positive outcomes in terms of bone regeneration were evident in most 

patients, as shown by reduced radiolucency in orthopantomography images. 

Reduced radiolucency at treatment sites is a strong indicator of bone 

regeneration or increased bone density. In dental imaging, radiolucency 

represents areas where bone density is lower, making them appear darker on the 

radiograph. A reduction in radiolucency signifies that the bone is becoming 

denser, indicating successful regeneration. This positive outcome was observed 

in patients 1, 2, 3, 5, 6 and 11. This finding is supported by Lubis et al. 2023 (32), 

where significant increases in bone density were observed over time, confirming 

that reductions in radiolucency on radiographs correlate with increased bone 

density and regeneration. 

While most patients showed positive outcomes, the degree of bone regeneration 

varied among individuals. Lubis and colleagues (32), observed significant 

variability in bone healing responses, which supports the claim that factors such 
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as age, gender, overall health status, and specific comorbidities influence the 

degree of bone regeneration. For instance, older patients or those with chronic 

conditions like diabetes or hypertension may exhibit slower or less complete bone 

regeneration compared to younger, healthier individuals. 

Taken together, the clinical outcomes and patient characterization in a 

longitudinal approach will be valuable for supporting and validating the molecular 

data from salivary samples in future studies. 

 

Gene expression analysis 
 

The primary aim of this study was to develop a non-invasive method for 

monitoring bone turnover by detecting and quantifying osteogenic biomarkers in 

saliva. One important goal of this research was to evaluate the expression levels 

of OPG, RANK, and RANKL mRNA in MC3T3 cells. These genes are pivotal in 

the RANK–RANKL–OPG signalling pathway, as demonstrated by Leon-Oliva et 

al. 2023 (33). They are known for their role in bone remodelling and osteoclast 

maturation. The commercial kit NZYSpeedy qPCR Green Master Mix (NZYtech) 

was used to measure mRNA levels, revealing a significant upregulation of OPG, 

RANK, and RANKL genes in the presence of the OSSIX® Plus Ossifying 

Collagen Barrier Membrane (used to treat the patients). As expected, these 

findings indicate that the collagen membrane modulates the expression of these 

key genes, potentially enhancing osteogenic activity and bone regeneration, 

moreover, the differential gene expression was monitored in the developed in 

vitro approach, using MC3T3 cells treated with OSSIX® Plus membrane. 

In the melting curves depicted in Figure 11, a distinct melt peak confirms the 

specificity of the amplified products. The amplification plots demonstrate 

successful amplification of the target genes, with treated cells exhibiting higher 

fluorescence intensity, indicative of increased gene expression. Notably, the 

RANKL mRNA expression profile highlights the necessity for further optimization 

to achieve a clearer amplification peak. It is worth restating that GAPDH 

expression remained stable in both treated and untreated cells, confirming its 
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suitability as a housekeeping control gene for future studies. Additionally, the 

research into in vitro conditions for detection and quantification of Runx2, Col1a1, 

Bglap and Alpl mRNAs were also carried out. These genes were selected due to 

their critical roles in osteogenesis, making them essential targets for 

understanding bone regeneration processes. 

The optimization of protocols for detection of these genes represents a 

significant milestone. The analysis of melting curves and peak results indicated 

specific amplification, validating their use in future biomarker comparisons. The 

melting curves results for Runx2, Col1a1, Bglap and Alpl showed specific 

amplification at 59°C, enabling their simultaneous detection in future assays. 

These findings underscore the potential clinical applications of salivary 

biomarker analysis in monitoring bone regeneration. By combining this approach 

with orthopantomography, a comprehensive method for assessing the 

effectiveness of bone grafts and other biomaterials can be established. The 

OSSIX® Plus membrane's impact on gene expression shows its role in bone 

remodelling processes, which benefit patients with bone diseases or those 

requiring bone regeneration. 

However, this study has limitations. As indicated by Lubis et al. 2023 (32), the 

small sample size and short study duration necessitate further research with 

larger cohorts and extended follow-up periods to confirm these findings and 

establish robust clinical protocols. Additionally, variability in saliva sample quality 

and factors such as diet, oral hygiene, and systemic health may influence salivary 

biomarkers, requiring careful management in future studies. 

Technical challenges encountered during the optimization of PCR protocols, 

such as ensuring the specificity and sensitivity of primers, highlight the need for 

ongoing refinement of laboratory techniques. Addressing these challenges will be 

crucial for the successful implementation of salivary diagnostics in clinical 

practice. Future studies should focus on optimizing conditions for RANKL 

amplification to better understand its role in conjunction with collagen 

membranes.  
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5. Conclusion 
 

The study aimed to evaluate bone regeneration processes through a 

comprehensive analysis of patient demographics, health status, and advanced 

biomarker diagnostics. This multifaceted approach provided valuable insights into 

how various factors such as gender, age, family history, comorbidities, lifestyle 

choices, and medications influence bone healing. 

The evaluation of clinical results demonstrated promising outcomes with 

biomaterials such as bovine xenografts and collagen membranes in promoting 

bone regeneration. Most patients exhibited reduced radiolucency at treatment 

sites, indicating increased bone density and successful regeneration. However, 

variability in outcomes highlighted the influence of individual patient factors, such 

as systemic health and treatment protocols, on the effectiveness of these 

materials. However, the variability in results underscores the impact of individual 

patient factors—such as systemic health and differing treatment protocols—on 

the efficacy of these materials. To establish the robustness of these findings, 

further research involving larger patient cohorts and extended follow-up periods 

is essential. 

The gene expression results, particularly the optimization of PCR protocols 

for osteogenic biomarkers, represented a significant advancement in non-

invasive monitoring of bone turnover. The successful amplification of key genes 

(Runx2, Col1a1, and Bglap) underscores the potential of salivary biomarker 

analysis in clinical practice. The study also demonstrated the impact of the 

OSSIX® Plus collagen membrane on gene expression, supporting its role in 

modulating bone remodelling processes. The findings also suggest that the 

RANK/RANKL/OPG system should be incorporated into the biomarker panel for 

a more comprehensive assessment. 

In summary this study contributes to the growing body of knowledge on bone 

regeneration by highlighting the intricate interplay of demographic, genetic, 

health, and lifestyle factors. The findings emphasize the need for personalized 

treatment approaches, considering the unique characteristics of each patient, to 
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optimize bone regeneration outcomes. The successful development of non-

invasive salivary biomarker analysis offers a promising avenue for future research 

and clinical applications, potentially revolutionizing the monitoring and 

management of bone health and regeneration. 
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7. Attachments 
 

Attachment 1 – Parecer 
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Attachment 2 - Informed Consent 
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Attachment 3 - Questionnaire



Salivary Biomarkers of Bone Turnover in Response to Biomaterials 
 

 

57 
 



Salivary Biomarkers of Bone Turnover in Response to Biomaterials 
 

 

58 
 



Salivary Biomarkers of Bone Turnover in Response to Biomaterials 
 

 

59 
 



Salivary Biomarkers of Bone Turnover in Response to Biomaterials 
 

 

60 
 



Salivary Biomarkers of Bone Turnover in Response to Biomaterials 
 

 

61 
 



Salivary Biomarkers of Bone Turnover in Response to Biomaterials 
 

 

62 
 



Salivary Biomarkers of Bone Turnover in Response to Biomaterials 
 

 

63 
 



Salivary Biomarkers of Bone Turnover in Response to Biomaterials 
 

 

64 
 



Salivary Biomarkers of Bone Turnover in Response to Biomaterials 
 

 

65 
 



Salivary Biomarkers of Bone Turnover in Response to Biomaterials 
 

 

66 
 



Salivary Biomarkers of Bone Turnover in Response to Biomaterials 
 

 

67 
 



Salivary Biomarkers of Bone Turnover in Response to Biomaterials 
 

 

68 
 



Salivary Biomarkers of Bone Turnover in Response to Biomaterials 
 

 

69 
 



Salivary Biomarkers of Bone Turnover in Response to Biomaterials 
 

 

70 
 



Salivary Biomarkers of Bone Turnover in Response to Biomaterials 
 

 

71 
 



Salivary Biomarkers of Bone Turnover in Response to Biomaterials 
 

 

72 
 

 
 

 

Attachment 4 – Periodontal Diagnostic Table 
 
 

Aspect Criteria Details 

Type of Periodontal Disease 

Periodontal Health No signs of inflammation or 
periodontitis. 

Gingivitis Inflammation without loss of 
attachment. 

Periodontitis Loss of attachment and bone. 

Other Conditions Necrotizing diseases, 
periodontitis as a manifestation 
of systemic disease, etc. 

Extent of Disease 

Localized ≤ 30% of teeth affected. 

Generalized > 30% of teeth affected. 

Molar/Incisor Pattern Specific pattern affecting molars 
and incisors. 

Staging 

Stage I (Initial) Interdental CAL 1-2 mm, bone 
loss in the coronal third (<15%), 
no tooth loss due to 
periodontitis. 

Stage II (Moderate) Interdental CAL 3-4 mm, bone 
loss in the coronal third (15-
33%), no tooth loss due to 
periodontitis. 

Stage III (Severe) Interdental CAL ≥5 mm, bone 
loss extending to the middle 
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Attachment 5 – Teeth Numbering Table 
 

Tooth Name Number Quadrant 

Central Incisor 11 Upper Right 

Lateral Incisor 12 Upper Right 

Canine 13 Upper Right 

First Premolar 14 Upper Right 

Second Premolar 15 Upper Right 

First Molar 16 Upper Right 

Second Molar 17 Upper Right 

Third Molar (Wisdom) 18 Upper Right 

Central Incisor 21 Upper Left 

Lateral Incisor 22 Upper Left 

Canine 23 Upper Left 

First Premolar 24 Upper Left 

Second Premolar 25 Upper Left 

First Molar 26 Upper Left 

Second Molar 27 Upper Left 

Third Molar (Wisdom) 28 Upper Left 

Central Incisor 31 Lower Left 

Lateral Incisor 32 Lower Left 

Canine 33 Lower Left 

First Premolar 34 Lower Left 

third of root and beyond, ≤4 
teeth lost due to periodontitis. 

Stage IV (Advanced) Interdental CAL ≥5 mm, bone 
loss extending to the middle 
third of root and beyond, ≥5 
teeth lost due to periodontitis. 

Grading 

Grade A (Slow) No loss over 5 years, <0.25% 
bone loss/age, heavy biofilm 
deposits with low levels of 
destruction. 

Grade B (Moderate) <2 mm loss over 5 years, 0.25-
1.0% bone loss/age, destruction 
commensurate with biofilm 
deposits. 

Grade C (Rapid) ≥2 mm loss over 5 years, >1.0% 
bone loss/age, destruction 
exceeds expectations given 
biofilm deposits, risk factors 
such as smoking/diabetes. 

Current Disease Status 

Periodontal Health No BOP, PPD ≤ 3 mm, no CAL. 

Gingival Inflammation 
(Remission) 

BOP ≥ 10%, PPD ≤ 4 mm, no 
CAL. 

Periodontitis Currently Stable BOP < 10%, PPD ≤ 4 mm, no 
BOP at 4 mm sites. 

Periodontitis Currently Unstable PPD ≥ 5 mm or PPD 4 mm with 
BOP. 
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Second Premolar 35 Lower Left 

First Molar 36 Lower Left 

Second Molar 37 Lower Left 

Third Molar (Wisdom) 38 Lower Left 

Central Incisor 41 Lower Right 

Lateral Incisor 42 Lower Right 

Canine 43 Lower Right 

First Premolar 44 Lower Right 

Second Premolar 45 Lower Right 

First Molar 46 Lower Right 

Second Molar 47 Lower Right 

Third Molar (Wisdom) 48 Lower Right 

 
 

Attachment 6 – Patient SP4, orthopantomography time 1 

 

 

Attachment 7 – Patient SP7, orthopantomography time 1 
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Attachment 8 – Patient SP8, orthopantomography time 1 

 

Attachment 9 – Patient SP9, orthopantomography time 1 

 

Attachment 10 – Patient SP10, orthopantomography time 1 

 


