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Abstract

	 The oral cavity's diagnostic potential remains underutilized in mainstream medicine, 
despite being a dynamic interface between systemic physiology and environmental expo-
sure. This review proposes a mechanism-based framework that repositions oral structures 
and secretions as bio-reflective zones, thereby mirroring pathophysiological processes 
across endocrine, cardiovascular, renal, neurological, and genetic domains. By integrat-
ing evidence from salivary biomarkers, mucosal alterations, craniofacial anomalies, and 
radiographic features, we demonstrate how oral diagnostics can serve as early indicators 
of systemic dysfunction. Mechanistic clues to multisystem disorders are provided by oral 
phenotypes, with a particular emphasis on syndromic convergence. The manuscript also 
underscores the potential for implementation in the fields of interdisciplinary screening 
protocols, AI-assisted oral imaging, and salivary biosensing. It is imperative to take  
diagnostic equity into account when examining the potential of oral evaluations to address 
disparities in underserved populations, particularly in situations where systemic testing is 
unavailable. By integrating clinical, molecular, and imaging-based insights, this review 
enhances oral diagnostics from adjunctive observations to actionable tools in the detection 
and monitoring of systemic diseases, thereby promoting a paradigm.
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Introduction
	 The oral cavity has traditionally been viewed as the 
site of local pathologies such as caries and periodontal 
disease, yet growing evidence points to its broader role as 
a diagnostic interface for systemic health. Changes in oral 
tissues and, more recently, in the molecular composition 
of saliva, provide valuable insights into physiological dis-
turbances that extend beyond the mouth. Because saliva  
contains a diverse spectrum of proteins, nucleic acids, 
metabolites, and microbial signatures, it has emerged as 
a particularly attractive medium for detecting disease- 
related alterations in a non-invasive manner.(1,2)  
	 Despite this potential, the healthcare landscape often 
remains divided, with dentistry and medicine functioning 
as largely independent disciplines. Such compartmen-
talization limits opportunities for early recognition of 
systemic diseases and diminishes the impact of preven-
tive care. Oral manifestations that might otherwise serve 
as early diagnostic signals are frequently overlooked or 
managed in isolation, delaying comprehensive treatment 
and contributing to higher disease burden.
	 The review employs a mechanism-based framework 
to address challenges. Rather than classifying oral mani-
festations by broad disease categories, the review redefines 
the oral cavity as a bio-reflective zone, where systemic 
dysfunctions display through commonly shared biological 
pathways (allostatic load), such as chronic inflammation, 
oxidative stress, immune dysregulation, and metabolic  
deregulation. Through the lens of translational research, 
the review bridges the connections made in previous  
reviews by revealing the mechanistic links of oral and  
saliva findings in a clearly defined structure and emphasis-
ing how clinicians can put together the clinically actionable  
information about systemic health. We highlight translation-
al research—specifically, salivary diagnostics—as a non- 
invasive diagnostic method that can reveal early indica-
tors of health decline by reviewing more recent clinical, 
biological, and translational studies. 

	 Oral clues to systemic illness— a mechanism-based 
framework
	 Different biological routes enable systemic abnor-
malities to manifest through the oral cavity's dynamic  
interface.(3) In contrast to disease-based catalogues, a 
mechanism-oriented approach facilitates the comprehen-
sion of the way in which various conditions result in com-

parable oral outcomes.(4) This method helps clarify the 
impact of systemic disorders on oral health by examining 
the dissemination of microbes, inflammatory reactions, 
immune system changes, and molecular signalling. It 
provides a comprehensive understanding of the intercon-
nections between oral and systemic health.  
	 The subsequent subsections focus on a specific path-
way, illustrating how systemic dysfunction leads to oral 
and sublingual alterations that have diagnostic potential.

	 Inflammatory and immune-mediated disorders
	 Linking systemic disease to oral disease involves 
fundamental processes such as chronic inflammation and 
immunological dysregulation. Pro-inflammatory cyto-
kines, altered immune cell profiles, and dysregulated 
host–microbe interactions form oral symptoms that may 
precede or follow systemic illness.(5,6)

	 •	 Diabetes mellitus: Persistent hyperglycemia  
promotes low-grade systemic inflammation and impaired 
neutrophil function, contributing to increased periodontal 
susceptibility and delayed wound healing.(7) Elevated  
salivary levels of advanced glycation end products 
(AGEs) and inflammatory mediators further reflect disease  
activity.(8) 
	 •	 Rheumatoid arthritis (RA): Shared pathways of 
joint and periodontal destruction, including TNF-α and 
IL-6 signaling, underscore the bidirectional relationship 
between RA and periodontitis. Oral clinical signs may 
correlate with systemic disease severity.(9,10)

	 •	 Systemic lupus erythematosus (SLE): Immune 
complex deposition and mucosal vasculitis lead to  
oral ulcers, lichenoid lesions, and salivary gland  
dysfunction. Salivary anti-dsDNA antibodies and cytokine 
profiles have been investigated as non-invasive disease 
markers.(11-13)

	 •	 Inflammatory bowel disease (IBD): Aberrant  
mucosal immunity manifests orally as aphthous-like  
ulcers, mucosal cobble stoning, or pyostomatitis vege-
tans.(14,15) Salivary calprotectin and altered microbiome 
signatures have been proposed as adjunctive diagnostic 
tools.(16,17)

	 Salivary gland dysfunction and secretory imbalance
	 Alterations in salivary gland structure or function 
compromise the oral cavity’s protective environment, 
leading to xerostomia, opportunistic infections, and  



Oral Sci Rep: Volume 47 Number 3 September-December 2026 307

impaired mucosal healing.(18)

	 •	 Sjögren’s syndrome: Autoimmune destruction of 
salivary acini reduces flow and alters glandular proteins, 
producing dryness, rampant caries, and mucosal discom-
fort. Salivary anti-Ro/SSA antibodies serve as promising 
non-invasive markers.(19-21)

	 •	 HIV infection: Salivary gland disease may mani-
fest as diffuse infiltrative lymphocytosis, parotid swelling, 
and xerostomia, reflecting immune dysregulation.(22)

	 •	 Drug-induced xerostomia: Anticholinergics,  
antihypertensives, and antidepressants can diminish secre-
tion, mimicking glandular disease and complicating oral 
management.(23,24) 
	 Recognition of these changes highlights saliva as 
both a diagnostic fluid and a therapeutic target.

	 Mucosal and gingival alterations
	 Systemic hematologic and infectious disorders fre-
quently manifest as mucosal or gingival lesions due to 
impaired hemostasis, vascular fragility, or viral-mediated 
inflammation.(25)

	 •	 Leukemia: Gingival hypertrophy, spontaneous 
bleeding, and petechiae reflect infiltration and thrombo-
cytopenia.(26,27)

	 •	 Thrombocytopenia: Low platelet counts produce 
ecchymoses and mucosal haemorrhage.(28)

	 •	 COVID-19: Viral tropism for ACE2-expressing 
oral tissues can result in dysgeusia, mucositis, and ulcer-
ation.(29,30)

	 These mucosal findings often precede systemic diag-
nosis, underscoring their clinical value.

	 Bone metabolism disorders
	 Oral bone is highly sensitive to systemic disturbances 
in mineral metabolism, presenting with changes in alveolar  
bone density and architecture.(31)

	 •	 Osteoporosis: Reduced bone mass predisposes 
to tooth loss and compromised implant stability; salivary 
calcium and collagen breakdown products have been 
explored as biomarkers.(32,33)

	 •	 Renal osteodystrophy: Secondary hyperparathy-
roidism leads to jawbone changes, loss of lamina dura, 
and brown tumors.(34,35)

	 Oral radiography can provide adjunctive insights into 
skeletal health.

	 Oral-origin bacteremia and cardiovascular risk
	 The oral cavity serves as a reservoir for pathogenic 
bacteria capable of translocating into the bloodstream, 
contributing to cardiovascular morbidity.(36)

	 •	 Infective endocarditis: Poor oral hygiene and 
invasive dental procedures can introduce viridans strep-
tococci and Enterococcus into circulation.(37,38)

	 •	 Periodontitis–cardiac links: Systemic inflamma-
tion driven by periodontal pathogens such as Porphyro-
monas gingivalis is implicated in atherogenesis.(39,40)

	 Routine periodontal care represents a preventive 
measure with systemic benefit.

	 Neurological and sensory manifestations
	 Neurological disease often alters oral sensation, 
motor control, and salivary function, reflecting broader 
neurodegenerative processes.(41)

	 •	 Parkinson’s disease: Impaired motor control leads 
to drooling and swallowing dysfunction; reduced salivary 
dopamine metabolites may have biomarker relevance.
(42,43)

	 •	 In Multiple sclerosis, demyelination may result 
in dysgeusia and trigeminal neuralgia.(44,45)

	 •	 Zinc deficiency disrupts the function of taste  
receptors, resulting in hypogeusia or dysgeusia.(46)

	 These modifications highlight the diagnostic interac-
tion between neurology and oral medicine.

	 Gastrointestinal and acid-related damage
	 Digestive tract disorders frequently present as erosive  
or pigmentary alterations in oral tissues, showing signs of 
acid exposure or mucosal pathology.(47) 
	 •	 Gastroesophageal reflux disease (GERD): pro-
longed acid exposure erodes enamel and irritates the mu-
cosa.(48,49)

	 •	 Eating disorders: Xerostomia, parotid enlarge-
ment, and palatal erosion are caused by episodes of vom-
iting.(50) 
	 •	 Before intestinal polyps are found, mucocutane-
ous pigmentation of the lips and buccal mucosa can serve 
as a diagnostic hint in Peutz-Jeghers syndrome.(51)

	 Consequently, oral evaluation provides a perspective 
on gastrointestinal pathology.

	 Nutrient-linked mucosal and structural alterations
	 Oral tissues experience rapid nutrient deficiencies as 
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a result of their high metabolic demands and rapid cellular 
turnover. 
	 •	 Iron deficiency causes angular cheilitis and atro-
phic glossitis; Plummer-Vinson syndrome causes dyspha-
gia and pallor in the oral mucosa.(52,53)

	 •	 B-complex deficiency: Glossitis, cheilitis, and 
burning mouth are all typical indicators.(51)

	 •	 Vitamin C deficiency: Leads to gingival bleeding 
and poor wound healing.(54)

	 •	 Vitamin D deficiency: Impairs mineralization, 
affecting alveolar bone.(55,56) 
	 •	 Protein–energy malnutrition: Causes mucosal 
atrophy and delayed eruption in children.(57)

	 The oral cavity's susceptibility to systemic nutrition 
is underscored by these manifestations.

	 Genetic disorders and syndromic oral features
	 Early diagnostic markers may be the distinctive oral 
and craniofacial manifestations of several hereditary and 
syndromic disorders. The timely genetic assessment and 
multidisciplinary care can be significantly influenced by 
a precise oral examination. 
	 •	 Down syndrome (Trisomy 21): Common oral 
symptoms include delayed eruption, hypodontia, mac-
roglossia, fissured tongue, and a much higher risk of  
periodontal disease since the immune system is dysfunc-
tional.(58-60) 

	 •	 Major functional and aesthetic implications are 
associated with ectodermal dysplasia, which is charac- 
terised by hypodontia or anodontia, peg-shaped or conical 
teeth, impaired salivary flow, and xerostomia.(61-63)

	 •	 Cleidocranial dysplasia is characterised by mul-
tiple impacted and extra teeth, delayed eruption, and a 
high-arched mouth. Oral x-rays are often used to help 
make the diagnosis.(64,65) 

	 •	 In Marfan syndrome, defects in the connective 
tissues cause the jaw joints to be hypermobile, the palate 
to be high-arched, and crowding to be present.(66)

	 •	 Neurofibromatosis type 1: Oral neurofibromas, 
enlargement of fungiform papillae, and mandibular  
radiolucencies may be observed.(67,68)

	 •	 Apert syndrome: Midface hypoplasia, high-
arched palate, crowding, and delayed eruption result from 
craniosynostosis and altered jaw development.(69,70) 
	 •	 Treacher Collins syndrome: Hypoplastic zygoma 
and mandible, cleft palate, and dental anomalies such as 

enamel hypoplasia are common.(71,72) 
	 •	 Turner syndrome: Associated with high-arched 
palate, micrognathia, and increased risk of malocclu- 
sion.(73,74)

	 •	 Williams syndrome: Often presents with small, 
widely spaced teeth, malocclusion, and increased preva-
lence of dental caries.(75-77)

	 •	 Osteogenesis imperfecta: Often associated with 
Dentinogenesis imperfecta in which teeth are translucent, 
opalescent with rapid wear is a defining oral feature.(78-80)

	
	 Uremic and dialysis associated oral changes
	 Uremia and dialysis alter the oral environment 
through metabolic toxins and fluid imbalance.
	 •	 Uremic stomatitis, which manifests in advanced 
renal failure, has an odour similar to ammonia, ulcerations 
on the mucosal surface, and pseudomembranes.(81)

	 •	 Dialysis patients often have xerostomia as a  
result of fluid restriction and the side effects of their  
medications.(82,83) 
	 •	 Changes associated with dialysis: These include 
petechiae, delayed healing, and an increase in calculus 
formation.(84-86) 

	 Clinical and translational implications
	 Reconceptualising the oral cavity as a bio-reflective 
zone enables new approaches for the diagnosis, moni-
toring, and risk stratification of systemic diseases. Early 
indicators of renal, cardiovascular, neurodegenerative 
and endocrine diseases can be detected by the changes 
in the oral cavity, such as craniofacial anomalies, muco-
sal changes, and salivary biomarkers. As an advantage, 
the oral evaluations could be incorporated for standard  
systemic assessment to enhance diagnostic sensitivity and 
early detection.
	
	 Salivary biomarkers: evidence, advantages, and 
challenges
	 Saliva is considered a reflection of blood, and its 
popularity in the field of diagnostics is accelerating,  
especially as it is a non-invasive and patient-friendly  
mode of collection.(87,88) It contains a wide array of  
biologically relevant constituents like proteins, nucleic 
acids, antibodies, cytokines, metabolites and microbial  
components that reveal the immune, inflammatory,  
endocrine and metabolic states.(87,89,90) There have been 
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several correlations that demonstrate the link between 
serum and salivary biomarkers, such as the inflamma-
tory and cardiac markers, including C-reactive protein 
and troponins in cardiovascular diseases(91,92), proteomic 
signatures and autoantibodies in autoimmune disorders 
like Sjogren’s syndrome(93,94), salivary glucose levels in 
diabetes(95,96), proteomic, microRNA, and spectroscopic 
signatures in oral and systemic malignancies, including 
breast, lung and pancreas.(97-101) The salivary biomark-
ers are also associated with neurodegenerative diseases, 
including Alzheimer’s and Parkinson’s.(102,103) The trans-
lational relevance and diagnostic sensitivity are further 
enhanced using advances in analytical techniques like 
enzyme-linked immunosorbent assays, quantitative mass 
spectrometry, Raman spectroscopy and saliva-omics plat-
forms.(89,104,105) The salivary-based tests offer an upper 
hand by reducing patient discomfort, being non-invasive 
and easy to collect, and potentially applicable in large-
scale populations.(106,107) However, the clinical translation 
remains challenged by biological variability, circadian 
rhythm, lower biomarker concentrations, salivary flow 
rate fluctuations, lack of standardised reference ranges and 
limited large-scale validation across diverse populations. 
These limitations are to be addressed before relying com-
pletely on salivary biomarker-based diagnostics in routine 
clinical practice. 

	 Artificial intelligence (AI) -assisted oral imaging: 
clinical relevance, advantages and limitations 
	 Another powerful tool for early detection, monitor-
ing and diagnosis is artificial intellingence (AI) assisted  
oral imaging. The AI-based algorithms are applied to 
intraoral photographs, radiographs and cone-beam 
computed tomography (CBCT), and optical imaging 
modalities have high sensitivity in identifying dental 
caries, periapical pathologies, periodontal bone loss, 
oral potentially malignant disorders and even malig-
nancies like oral squamous cell carcinoma.(108,109)  

A lot of things can be carried out using AI-assisted imag-
ing, such as predicting the disease, assessing its severity, 
and monitoring the progression of the disease, which in 
turn reduces the inter-observer variability and enhances 
the diagnostic consistency.(110,111) This integration of 
chairside imaging, along with deep learning models, could 
improve the detection of even subtle oral or radiographic 
alterations, which could be accidentally missed or over-

looked during routine clinical examination. 
	 AI-assisted oral imaging offers several advantages 
in a translational perspective, such as rapid analysis of 
the images, easier when assessing larger patient popula-
tions and the possibility of integration into tele-dentistry 
and remote screening workflows.(112) AI-based imaging  
systems support a multi-modal diagnostic framework 
when combined with clinical examination and other di-
agnostic modalities, which could align the precision and 
preventive approach.(113) However, there could be several 
challenges that could be faced, such as varying image 
quality, lack of standardised imaging protocols, algorithm  
bias due to non-representative training datasets, data  
privacy-related concerns, regulatory oversight and the 
most importantly, widespread clinical adoption of the 
technique.(114,115) It is essential to address these limita-
tions through multi-centre validation studies, and stan-
dardised reporting guidelines are essential to ensure 
safe, ethical, and effective integration of AI-assisted oral  
imaging to routine clinical practice.(108,114)

	 Strengths
	 The clinical value of liquid biopsy has expanded  
beyond its value for disease assessment.(116,117) Informa-
tion at the molecular level will reflect systemic physio- 
logical changes at an earlier stage, even before clinical 
symptoms begin to appear, making salivary biomarker  
research even more reliable.(118) This ability to identify  
even the slightest biological shift supports earlier clinical  
risk assessment and long-term monitoring, especially  
for chronic diseases.(118,119) Along with the advances in 
salivary diagnostics integration with AI-assisted analysis 
of oral images, it helps to identify the changes that could 
not be detected from visual examination alone, allowing 
for precise diagnostics.(120) When considered together, 
these approaches help to a more integrated understanding 
of patient health, which is especially relevant for screening 
and preventive care.

	 Limitations
	 Although there are several advantages, these tools 
face some important challenges that could hinder their 
application in routine clinical use.(121) The oral conditions 
and biological variation among individuals influence the 
salivary biomarkers, which might cause difficulties in 
interpretation and reduce the specificity. The training data 
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quality and its diversity play a major role in the perfor-
mance of AI-assisted imaging, and models developed in 
controlled environments may not perform consistently 
across different populations or clinical situations.(122) 

Both approaches also lack widespread longitudinal vali-
dation and standardised implementation pathways, mak-
ing integration into existing clinical workflows uneven. 
Addressing these limitations will be essential to help 
oral diagnostic innovations move beyond experimental  
settings and achieve clinically reliable everyday appli-
cation.(89)

	 Future directions
	 To fully utilise the diagnostic capabilities of the oral 
cavity, subsequent research should progress from initial 
discoveries to mechanistic validation and clinical integra-
tion. The chairside use with a focus on population-level 
specificity and sensitivity, which could detect inflammato-
ry, metabolic and neuroendocrine markers using salivary 
biosensing platforms. AI-assisted oral imaging appears to 
be promising for early detection of systemic disease when 
trained on a variety of datasets through pattern identifica-
tion of disease progression. Syndromic mapping of oral 
phenotypes should be broadened to encompass underrep-
resented disorders and populations, thereby facilitating the 
development of more broad-based diagnostic algorithms. 
As systemic testing is unavailable in underserved commu-
nities, oral diagnostics have the potential to address this. 
It requires support at the policy level, ethical management 
of data, and culturally aware implementation. Integrating 
oral diagnostics into systemic care pathways, refining AI 
models, and advancing biosensor technology can trans-
form the mouth from a passive site of observation to an 
active sentinel of whole-body health.

Conclusions
	 The oral cavity serves as a bio-reflective zone, reflec- 
ting systemic health via structural, microbial, and  
molecular indicators. This review presents oral diagnos-
tics as a mechanism-driven approach for the early detec-
tion and monitoring of systemic diseases. Oral features, 
ranging from salivary biomarkers to craniofacial anom-
alies, provide insights that extend beyond disciplinary 
boundaries. To realise this potential, oral diagnostics  
require validation across diverse populations, integration 
into screening protocols, and support through interdisci-

plinary collaboration. Recent developments in biosensing, 
AI-assisted imaging, and syndromic mapping present  
significant translational opportunities, particularly in  
underserved areas. We propose a paradigm shift that  
transforms oral evaluations from supplementary ob-
servations into effective instruments for systemic care. 
Oral diagnostics can integrate clinical silos, fostering an  
understanding of the mouth not merely as a site of disease, 
but as an indicator of overall health. Advances in salivary 
biosensing and AI-assisted oral imaging further support 
the role of the oral cavity as a scalable, non-invasive  
diagnostic interface for systemic disease. 
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