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The diagnostic landscape of oral and maxillofacial pathology represents one of the most complex intersections of 

dentistry, medicine, and surgical pathology. Because the oral cavity contains unique structures such as 

odontogenic epithelium and specialized minor salivary glands, the histopathological interpretation of biopsies from 

this region requires a specialized set of skills. The Atlas of Oral and Maxillofacial Histopathologyserves as a

foundational reference for this discipline, bridging the gap between clinical presentation and microscopic

visualization.

Understanding the Scope of Oral and Maxillofacial Histopathology

Oral and maxillofacial histopathology is the branch of pathology that deals with the nature, identification, and 

management of diseases affecting the oral and maxillofacial regions. It is a science that investigates the causes, 

processes, and effects of these diseases. The practice relies heavily on the examination of incisional and 

excisional biopsy specimens to provide a definitive diagnosis that guides surgical and medical management.

The region is unique because it involves both hard tissues (teeth and jawbones) and soft tissues (mucosa, 

muscles, and glands). Pathologists must be well-versed in odontogenesis(the process of tooth formation), as

many pathologies in the jaw arise from remnants of the dental lamina or the enamel organ. Furthermore, the

presence of various types of epithelium—ranging from keratinized gingiva to non-keratinized buccal mucosa—adds

layers of complexity to the interpretation of epithelial dysplasia and squamous cell carcinoma.

Core Concepts in Diagnostic Interpretation

To accurately interpret a slide, the pathologist must first understand the micro-anatomyof the region. This includes

the identification of structures like the Serres' glands (rests of the dental lamina), Malassez's rests (remnants of

Hertwig's epithelial root sheath), and the specific architecture of the alveolar bone. The technical workflow typically

follows a structured sequence:

•  Gross Examination: Assessing the size, shape, color, and consistency of the specimen.

•  Tissue Processing: Fixation (usually in 10% neutral buffered formalin), dehydration, and paraffin embedding.

•  Sectioning: Creating thin slices (usually 4-5 microns) for staining.

•  Staining: Hematoxylin and Eosin (H&E) is the gold standard, though Periodic Acid-Schiff (PAS), Mucicarmine, 

and various Immunohistochemistry (IHC) markers are used for specific differentials.

Technical Analysis of Odontogenic Pathologies

Odontogenic lesions are unique to the maxillofacial complex. They are categorized primarily into odontogenic 

cysts and odontogenic tumors. Their classification is based on whether they are derived from the epithelial or

ectomesenchymal components of the tooth-forming apparatus.

1. Odontogenic Cysts

Cysts in the jaw are pathologic cavities lined by epithelium. They are divided into developmental and inflammatory 

types. The Odontogenic Keratocyst (OKC)is of particular clinical importance due to its aggressive behavior and



high recurrence rate.



Cyst Type Origin Histological Hallmarks Clinical Behavior

Radicular Cyst Inflammatory (Rest of 
Malassez)

Non-keratinized stratified 
squamous lining, Rushton 
bodies, cholesterol clefts.

Associated with non-vital 
teeth; slow growing.

Dentigerous Cyst Developmental (Reduced 
Enamel Epithelium)

Thin, 2-3 cell layer non-
keratinized lining; attaches 
at the CEJ.

Surrounds the crown of an 
unerupted tooth.

Odontogenic Keratocyst 
(OKC)

Developmental (Dental 
Lamina)

6-8 cell layers, corrugated 
parakeratin, palisaded 
basal layer (tombstone 
appearance).

Locally aggressive; high 
recurrence; associated with 
Gorlin Syndrome.

Lateral Periodontal Cyst Developmental (Rest of 
Serres)

Thin lining with focal 
epithelial thickenings 
(plaques).

Found between roots of 
vital premolars.

2. Odontogenic Tumors

Odontogenic tumors are rare neoplasms that mirror various stages of odontogenesis. The Ameloblastomais the

most significant epithelial odontogenic tumor. It manifests histologically in several patterns, including follicular and

plexiform.

The Follicular Pattern of ameloblastoma is characterized by islands of epithelium mimicking the enamel organ. 

The periphery of these islands shows columnar cells with reverse polarity (nuclei situated away from the 

basement membrane) and central areas of loosely arranged cells resembling the stellate reticulum.

Salivary Gland Pathology: A Complex Diagnostic Tier

The maxillofacial region contains major salivary glands (Parotid, Submandibular, Sublingual) and hundreds of minor 

salivary glands located in the palate, lips, and buccal mucosa. Salivary gland tumors are notoriously difficult to 

diagnose because of their morphologic diversity and cellular overlap.

Pleomorphic Adenoma (Benign Mixed Tumor)

This is the most common salivary gland tumor. Histologically, it presents a "mixed" appearance containing both 

epithelial and myoepithelial components within a mesenchymal-like background(mucoid, myxoid, chondroid, or

osteoid). The presence of a well-defined capsule is common, but "tongue-like" protrusions through the capsule are

frequent, necessitating wide surgical excision to prevent recurrence.

Mucoepidermoid Carcinoma (MEC)

MEC is the most common malignant salivary gland tumor. It is composed of a mixture of mucous-producing cells, 

epidermoid (squamous) cells, and intermediate cells. Grading is critical for prognosis:

•  Low Grade: Predominance of cystic spaces lined by mucous cells; minimal cellular atypia.

•  Intermediate Grade: A mix of cystic and solid areas; increased intermediate and epidermoid cells.

•  High Grade: Predominantly solid nests of epidermoid and intermediate cells; significant pleomorphism and 

mitoses; resembles squamous cell carcinoma.

Diagnostic Algorithms and Mathematical Models in Histopathology



Modern histopathology increasingly utilizes quantitative analysis to improve diagnostic accuracy. For instance, in 

evaluating Epithelial Dysplasia, pathologists look for a combination of architectural and cytologic changes. While

qualitative, these can be mapped to a semi-quantitative scoring system.

The Binary System for Oral Epithelial Dysplasia

Rather than the traditional Mild/Moderate/Severe grading, many centers are moving toward a binary (Low-risk vs.

High-risk) system. This model is based on the cumulative count of specific features:

1.  Architectural Features: Irregular epithelial stratification, loss of polarity, drop-shaped rete ridges, and 

premature keratinization (keratin pearls).

2.  Cytological Features: Abnormal variation in nuclear size (anisonucleosis), abnormal variation in cell size 

(anisocytosis), increased nuclear-to-cytoplasmic ratio, and atypical mitotic figures.

Mathematically, if more than four architectural features and five cytological features are present, the lesion is 

statistically more likely to progress to Squamous Cell Carcinoma (SCC), warranting aggressive intervention.

Practical Implementation: The Biopsy Field Guide

For the surgical pathologist, the Atlas of Oral and Maxillofacial Histopathologyserves as a procedural guide.

The following steps are essential for ensuring a high-quality diagnostic output:

Step 1: Clinical Correlation

Never interpret a slide in a vacuum. A radiolucent lesion in the posterior mandible has a different differential list

than a radiopaque lesion in the anterior maxilla. Essential data includes:

•  Patient age and gender.

•  Exact anatomical location.

•  Radiographic appearance (well-circumscribed, multilocular, ill-defined).

•  Relationship to teeth (associated with a crown, resorbing roots).

Step 2: Proper Specimen Orientation

For large excisions, such as a partial mandibulectomy, the pathologist must ink the margins (superior, inferior,

anterior, posterior, medial, lateral) to ensure complete tumor removal. Orienting the specimen correctly is the

difference between a successful curative surgery and a rapid recurrence.

Step 3: Decalcification Protocols

Maxillofacial specimens often contain bone. To section these, the tissue must undergo decalcification. Using 

strong acids (like HCl) is fast but can degrade DNA and ruin cellular detail. Using chelating agents like EDTAis

slower but preserves the micro-anatomy and IHC antigenicity much more effectively.

Common Diagnostic Pitfalls and Troubleshooting

Even seasoned pathologists encounter challenges in the maxillofacial region. Recognizing common artifacts and

mimicries is vital.

Incisional Biopsy Limitations

An incisional biopsy only represents a portion of the lesion. A common error is diagnosing a "Unicystic 

Ameloblastoma" as a simple dentigerous cyst because the biopsy did not capture the area of the cyst wall where 

the neoplastic epithelial proliferation was occurring. Solution:Surgeons should provide multiple samples from

different areas of large cystic lesions.



Crush Artifacts

Small biopsies taken with forceps often suffer from "crush artifact," where cells are distorted and nuclei become 

spindled. This can mimic small cell carcinoma or lymphoma. Solution:Use sharp scalpel incisions and avoid

excessive manipulation of the tissue with toothed forceps.

Pseudoinvasion vs. True Invasion

In the floor of the mouth, minor salivary gland ducts can be trapped within inflammatory infiltrates, mimicking the

nests of a squamous cell carcinoma. This "pseudoinvasion" requires careful observation of the basement

membrane and the lack of cytologic atypia to distinguish it from malignancy.

Advanced Diagnostic Techniques: Immunohistochemistry (IHC)

When H&E staining is inconclusive, IHC markers provide definitive clarity. In oral pathology, specific panels are

used to differentiate look-alike tumors.



Marker Target/Utility Diagnostic Application

p63 / p40 Squamous/Myoepithelial differentiation Distinguishing SCC from non-
epithelial tumors.

S100 / SOX10 Neural/Myoepithelial cells Identifying Pleomorphic Adenoma or 
Schwannoma.

Calretinin Calcium-binding protein Often positive in Ameloblastoma; 
negative in Keratocysts.

Ki-67 Proliferation index Assessing the aggressiveness of a 
tumor or degree of dysplasia.

CD1a / Langerin Langerhans cells Diagnostic for Langerhans Cell 
Histiocytosis (LCH).

The integration of molecular pathology is also expanding. For instance, the detection of the BRAF V600E mutation 

is highly associated with conventional ameloblastoma, while MAML2 rearrangementsare characteristic of

mucoepidermoid carcinoma. These molecular signatures provide an extra layer of diagnostic certainty that was

unavailable in previous decades.

The Evolving Role of Digital Pathology

As we look toward the future of maxillofacial diagnostics, digital pathology and Artificial Intelligence (AI)are

beginning to play a significant role. High-resolution whole-slide imaging (WSI) allows for remote consultation with

sub-specialists, a critical advantage given the rarity of some odontogenic tumors.

AI algorithms are currently being trained to recognize patterns in epithelial dysplasia. By analyzing thousands of

pixels, these systems can identify subtle variations in nuclear texture and chromatin distribution that may be

invisible to the human eye. However, these tools remain adjuncts to the pathologist’s expertise. The "Atlas" of the

future will likely be a digital, interactive database where AI helps highlight areas of interest on a slide, but the final

diagnostic synthesis remains the responsibility of the specialized pathologist.

Ultimately, the mastery of oral and maxillofacial histopathology requires a lifelong commitment to observing the

minute details of tissue architecture. Whether through the pages of a physical atlas or the interface of a digital

scanner, the goal remains the same: translating microscopic findings into actionable clinical intelligence that saves

lives and improves patient outcomes in the complex territory of the head and neck.
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