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ABSTRACT

Human biochemistry forms the scientific foundation of modern dental education by linking molecular mechanisms
to oral health and disease. The biochemical processes occurring within the mouth closely parallel those operating in
other tissues and organ systems, underscoring the systemic nature of oral health. Saliva, a complex biological fluid,
plays a central role in maintaining oral homeostasis through its buffering capacity, antimicrobial proteins, enzymes,
and immunoglobulins that support both innate and adaptive immunity. Key salivary constituents-including
lysozyme, amylase, cystatins, mucins, peroxidases, and statherin-significantly contribute to oral defense, microbial
regulation, and tooth integrity. An understanding of structural proteins such as collagen, which constitutes a major
component of dentin and periodontal tissues, is essential for appreciating tooth architecture, integrity, and
pathology. The metabolism of carbohydrates and lipids begins in the mouth through enzymes such as salivary
amylase and lingual lipase, highlighting the importance of biochemical pathways in dental disease processes. Acid—
base balance and buffering systems play a important 5role in salivary pH regulation, directly influencing enamel
demineralization and remineralization, thereby affecting dental caries susceptibility. Systemic metabolic disorders,
particularly diabetes mellitus, exhibit multiple oral manifestations including periodontal disease, impaired wound
healing, xerostomia, and increased susceptibility to infection. Dentists must therefore interpret biochemical and
laboratory parameters-such as glycemic control markers and coagulation profiles—to maintain safety and
efficiency of patient care. This review highlights the expanding importance of biochemistry in dental education,
diagnostics, research, and clinical practice, emphasizing its role in improving patient outcomes through a holistic

understanding of mouth and overall body health.
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Importance of Biochemistry in Dental Education

Contemporary dental practice demands the seamless integration of basic biomedical sciences with clinical expertise.
Among these sciences, biochemistry occupies a pivotal position as it explains life processes at the level of molecules
and cells. Dental education increasingly recognizes that a sound understanding of biochemical principles is essential for

interpreting disease mechanisms, selecting appropriate therapeutic interventions, and ensuring patient safety.

Advances in molecular biology, genomics, proteomics, metabolomics, and tissue engineering have profoundly
transformed dentistry. Conditions once viewed purely as local oral problems are now understood to have complex
biochemical and systemic underpinnings. For instance, periodontal disease is no longer regarded merely as a bacterial
infection but as a chronic inflammatory disorder influenced by host immune responses, metabolic status, and genetic

susceptibility.

Clinical biochemistry has become integral to dental diagnostics and treatment planning. Routine investigations such as
lipid profiling, fasting blood glucose estimation, glycated hemoglobin (HbA1c), and coagulation tests provide critical
insights into a patient’s systemic health. These parameters influence decisions related to surgical procedures,
anaesthesia, healing capacity, and risk of complications. Point-of-care biochemical testing has further enhanced

chairside decision-making, allowing dentists to assess patient risk rapidly and accurately.

Dentistry has evolved from a discipline primarily concerned with dental caries and tooth extraction to one responsible
for comprehensive oral and maxillofacial healthcare. Despite improvements in preventive strategies, dental materials,
and oral hygiene practices, dental caries and periodontal disease remain among the most frequently occuring chronic

diseases worldwide.

Their multifactorial etiology-encompassing microbial, dietary, genetic, immunological, and biochemical factors-

necessitates a strong foundation in biochemistry for effective prevention and management.

Biochemistry

Medical
Biochemistry

Clinical
Biochemistry

Figure 1: The relationship between general basic biochemistry, medical biochemistry and diagnostic
biochemistry highlights how foundational biochemical concepts translate into clinical diagnostics and

therapeutic applications in dentistry.

Biochemical Basis of Dental Caries and Plaque Formation
Dental cavities is a dynamic, biofilm-mediated disease resulting from an imbalance between demineralization and

remineralization processes. Carbohydrates, particularly fermentable sugars, play a significant role in caries
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development. Salivary o-amylase initiates the digestion of dietary starches inside the mouth, producing maltose,

destrins, and glucose that serve as substrates for oral bacteria.

Among dietary sugars, sucrose exhibits the highest cariogenic potential. It not only serves as a fermentable
carbohydrate but also acts as a substrate for bacterial glucosyltransferase enzymes, which synthesize extracellular
polysaccharides. These polysaccharides enhance bacterial adhesion, plaque cohesion, and biofilm maturation, thereby

promoting disease progression.

Bacterial metabolism of carbohydrates leads to the production of organic acids such as lactic acid, resulting in a
reduction of plaque pH. When the pH falls below the critical threshold of approximately 5.5, enamel hydroxyapatite
begins to dissolve, releasing calcium and phosphate ions. Dentin, which contains a higher proportion of organic matrix,

is more susceptible to degradation and can be affected at near-neutral pH levels.

Matrix metalloproteinases (MMPs), a group of zinc-dependent proteolytic enzymes present in dentin and saliva, play a
key role in caries progression. Acidic conditions activate these enzymes, leading to degradation of the dentinal collagen
matrix after initial mineral loss. Zinc not only regulates MMP activity but also supports dentin remineralization,

explaining its inclusion in certain restorative materials and oral care products.

Fluoride remains among the most effective agents in caries prevention. It enhances enamel resistance by forming fluor

hydroxyapatite, which is less soluble in acidic conditions.

Additionally, fluoride inhibits bacterial glycolytic enzymes, thereby reducing acid production within the plaque biofilm.
Dental plaque itself is a well-structured microbial community capable of adapting to acidic environments.
Streptococcus mutans is a principal cariogenic organism due to its acidogenicity, aciduricity, and ability to synthesize
extracellular polysaccharides. Understanding these biochemical mechanisms is fundamental for developing effective

preventive and therapeutic strategies against dental caries.

Saliva: Composition, Function, and Biochemical Significance

Saliva is a vital biological fluid essential for maintaining oral health. Produced by the major and minor salivary glands,
it consists predominantly of water, electrolytes, enzymes, proteins, and immunological components. Beyond its
lubricating and digestive roles, saliva acts as a primary defense system against oral pathogens and environmental

insults.

The buffering capacity of saliva is primarily mediated by bicarbonate and phosphate systems.

These buffers neutralize acids produced by bacterial metabolism, thereby protecting enamel from demineralization and

promoting remineralization. Salivary pH and flow rate are therefore critical determinants of caries susceptibility.

Saliva contains a broad range of antimicrobial molecules, including lysozyme, lactoferrin, peroxidases, defensins, and
immunoglobulins-particularly secretory IgA. These components inhibit bacterial growth, prevent microbial adhesion,

and modulate oral immune response.

Proteins such as mucins and statherin play essential roles in maintaining tooth integrity. Mucins contribute to lubrication

and form a protective mucosal barrier, while statherin prevents spontaneous precipitation of calcium phosphate salts,
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thereby maintaining enamel mineral balance. Cystatins regulate protease activity and protect oral tissues from excessive

proteolytic damage.

Adequate salivary flow is crucial for oral tissue health. Conditions leading to xerostomia-such as medication use,
systemic diseases, or radiation therapy-significantly increase the risk of dental caries, periodontal disease, and oral

infections.

Saliva as a Diagnostic Medium in Clinical Biochemistry
Recent advances in salivaomics have established saliva as an important diagnostic marker in clinical biochemistry.
Saliva reflects physiological and pathological states in real time, containing biomarkers such as proteins, nucleic acids,

metabolites, hormones, and microbial components.

Compared to blood, saliva provides many benefits: non-invasive collection, ease of repeated sampling, improved patient
compliance, reduced risk of infection, and cost-effectiveness. These benefits make saliva particularly suitable for large-

scale screening and monitoring.

Salivary diagnostics have been explored for detecting oral diseases such as caries and periodontal disease, as well as
systemic diseases such as diabetes mellitus, cardiovascular diseases, viral infections, and malignancies. Measurement of
salivary glucose, cortisol, inflammatory cytokines, and microbial profiles provides important information about disease,

risk and progression.

Assessment of salivary buffering capacity and microbial composition allows for individualized preventive strategies

and risk-based patient management, reinforcing the role of biochemistry in personalized dental care.

Table 1: Role of Biochemistry in Common Oral Diseases Oral Condition.

Condition Biochemical/Physiological Change Clinical Outcome

Dental caries | Glycolysis, acid production, mineral loss Enamel demineralization
Periodontitis | Cytokines, enzymes, oxidative stress Bone and tissue destruction
Xerostomia Reduced salivary proteins and buffers Increased caries risk

Oral ulcers Vitamin deficiencies, impaired collagen synthesis Delayed healing
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Figure 2: Relevance of Human Biochemistry in Dental Education & Clinical Practice.
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The oral cavity contains a highly specialized immune system capable of maintaining tissue homeostasis despite
constant microbial challenges. Periodontal disease represents a chronic inflammatory condition resulting from complex

interactions between pathogenic biofilms and host immune responses.

Inflammatory mediators such as cytokines (interleukin-1p, interleukin-6, tumor necrosis factor o), prostaglandins, and
matrix metalloproteinases play central roles in connective tissue degradation and alveolar bone resorption. These

mediators disrupt collagen metabolism, impair tissue repair, and promote disease progression.

Oxidative stress and reactive oxygen species further exacerbate periodontal tissue damage. Antioxidant systems in
saliva and gingival crevicular fluid modulate these effects, highlighting the biochemical balance between tissue

destruction and protection.

Raised levels of inflammatory biomarkers correlate with disease severity, making them valuable tools for diagnosis,

prognosis, and therapeutic monitoring in periodontal care.

Role of Laboratory Investigations in Dental Patient Management:
Laboratory investigations are indispensable for safe and effective dental practice, particularly in patients with major
systemic disease. Parameters such as blood glucose levels, HbAlc, lipid profiles, renal function tests, and coagulation

indices guide treatment planning and risk assessment.

Patients with diabetes mellitus present unique challenges due to impaired wound healing, increased susceptibility to
infection, and higher prevalence of periodontal disease. Monitoring glycemic control allows dentists to schedule

procedures appropriately and minimize complications.

Similarly, identification of bleeding disorders-both inherited and acquired—is essential before performing invasive
dental procedures. Understanding coagulation pathways and interpreting laboratory data enable dentists to collaborate

effectively with medical professionals and ensure patient safety.
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Figure 3: Biochemistry and Its Role in Healthcare.
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Table 2: Systemic Diseases with Biochemical Basis and Oral Effects.

Systemic Disease Biochemical Change Oral Manifestation

Diabetes mellitus Hyperglycemia, AGEs Periodontitis, delayed healing

Renal disease Altered calcium—phosphate balance | Bone loss

Vitamin C deficiency | Defective collagen synthesis Gingival bleeding

Vitamin D deficiency | Impaired mineral metabolism Bone resorption
CONCLUSION

A comprehensive understanding of human biochemistry enables dental professionals to interpret oral health and disease
within a broader systemic framework. Saliva not only performs essential protective and digestive functions but also
extremely important diagnostic medium reflecting both dental and the whole-body conditions. Molecular and
biochemical mechanisms underpin the pathogenesis of dental cavities, periodontal (gum) disorders, and their
associations with systemic disorders.

As dental science continues to advance, the integration of general, medical, and clinical biochemistry into dental
education, research, and practice is indispensable. Strengthening biochemical knowledge among dental professionals

will enhance diagnostic accuracy, improve treatment outcomes, and ultimately advance the quality of oral healthcare.
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