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Abstract

Trauma from occlusion (TFO) is a crucial aspect of periodontics, influencing both the progression of periodontal disease
and overall oral health. It refers to injury to the supporting structures of the teeth caused by excessive occlusal forces
that exceed the adaptive capacity of the periodontium. While TFO does not directly cause periodontitis, it can exacerbate
periodontal breakdown when inflammation is present. The relationship between occlusal trauma and periodontal
disease progression remains a subject of debate, with historical theories such as Glickman’s Theory of Co-Destruction
and Waerhaug's opposing views shaping our understanding.

This review explores the pathophysiology, classification, clinical manifestations, diagnostic approaches, and
management strategies for TFO, incorporating the most recent literature. Key clinical signs include increased tooth
mobility, fremitus, widened periodontal ligament space, occlusal wear facets, and discomfort upon mastication.
Diagnosis requires a combination of clinical evaluation, radiographic assessment, and advanced occlusal analysis
techniques such as T-Scan and electromyography. Management strategies include occlusal adjustments, splinting,
orthodontic corrections, behavioral therapy, periodontal interventions, and prosthetic rehabilitation.

With advancements in digital occlusal analysis and interdisciplinary approaches, clinicians can better understand and
manage occlusal trauma. Future research should focus on long-term clinical trials to establish standardized treatment
protocols for optimizing periodontal health and function.

Keywords: Occlusion; Occlusal trauma; Bone resorption; Periodontal disease; Tooth mobility; Digital occlusal
analysis

1. Introduction

Occlusion plays a pivotal role in maintaining overall oral health, as it governs the way teeth come into contact and
distributes forces during function(1). When these forces exceed the adaptive capacity of the periodontium, the resulting
condition is referred to as trauma from occlusion (TFO)(1). This phenomenon has long been debated in periodontics,
with conflicting views regarding its role in periodontal disease progression. Some researchers argue that occlusal
trauma acts as a primary etiological factor, while others suggest it is merely a modifying element that exacerbates
existing periodontal conditions.(2,3)

The concept of TFO emerged in the early 20th century when Stillman (1917) first defined it as an injury to the
supporting structures of the teeth due to excessive occlusal force(1). Since then, multiple theories have been proposed
regarding the impact of occlusal trauma on periodontal tissues. Glickman’s Theory of Co-Destruction (1974) suggested
that occlusal trauma could alter the pathway of inflammation, contributing to accelerated bone loss and deep
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periodontal pockets(2). However, Waerhaug (1979) challenged this notion, asserting that bone loss patterns were
primarily dictated by plaque accumulation rather than occlusal trauma.(4,5)

Clinically, TFO presents with signs such as progressive tooth mobility, fremitus, widened periodontal ligament (PDL)
space, and pathologic tooth migration(6). Despite these noticeable changes, the fundamental question remains: does
occlusal trauma contribute to periodontal disease progression, or is it an adaptive response to excessive forces? Over
the years, histological, clinical, and experimental studies have sought to clarify this issue, with varying conclusions(2,7).

Recent advancements in diagnostic techniques such as electromyography (EMG), T-Scan, and digital occlusal analysis
tools have enhanced our ability to assess occlusal discrepancies and their impact on periodontal health(8,9).
Additionally, modern management strategies, including occlusal adjustments, splinting, orthodontic interventions, and
behavioral modifications, have improved outcomes for patients experiencing TFO(10).

This review aims to provide an in-depth analysis of trauma from occlusion, its pathophysiology, classification, diagnostic
methods, clinical manifestations, and treatment approaches. By integrating historical perspectives with the latest
research findings, we seek to offer a comprehensive resource for clinicians and researchers in the field of
periodontology.

2. Historical Perspective

The relationship between occlusal forces and periodontal health has been a subject of scientific inquiry for over a
century(2,11). Early observations of occlusal trauma were largely anecdotal, but with advances in periodontal research,
the understanding of its impact has evolved considerably(1).

2.1. Early Theories and Definitions

The term trauma from occlusion was first introduced in the early 20th century by Stillman (1917), who defined it as an
injury to the supporting structures of the teeth due to excessive occlusal forces(1,12). Later, in 1978, the World Health
Organization (WHO) further refined the definition, describing TFO as damage to the periodontium caused by stress on
the teeth produced directly or indirectly by the opposing dentition.

2.2. Glickman vs. Waerhaug: The Periodontal Debate

During the mid-20th century, the debate on whether occlusal trauma played a significant role in periodontal disease
progression intensified. In 1974, Glickman introduced the Theory of Co-Destruction, arguing that excessive occlusal
forces could influence the direction and severity of inflammatory processes in the periodontium. According to this
model, occlusal trauma could accelerate bone resorption and deepen periodontal pockets in conjunction with
inflammation(13).

On the other hand, Waerhaug (1979) provided a contrasting perspective, emphasizing that periodontal destruction was
primarily driven by plaque accumulation rather than occlusal forces. His research suggested that bone loss occurred in
response to subgingival plaque rather than the mechanical impact of occlusal trauma. This viewpoint remains influential
in modern periodontology, as the primary cause of periodontitis is now understood to be bacterial biofilm, with occlusal
trauma acting as a modifying factor rather than a direct cause of periodontal disease(4,5).

2.3. Animal and Clinical Studies on Occlusal Trauma

Animal studies conducted in the late 20th century sought to clarify the role of occlusal trauma in periodontal disease(1).
Experiments involving excessive occlusal loading in dogs and monkeys showed that while occlusal trauma caused
adaptive changes such as increased tooth mobility and widened PDL spaces, it did not directly cause attachment loss in
the absence of plaque-induced inflammation(14). These findings supported the idea that TFO might exacerbate
periodontal destruction but is not an independent etiological factor.

More recently, human clinical studies have provided additional insights. Retrospective case-control studies have shown
that patients with untreated occlusal discrepancies tend to have greater mobility and deeper probing depths than those
with well-maintained occlusion. However, evidence remains inconclusive on whether occlusal adjustments alone can
halt periodontal disease progression(13).
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2.4. Modern Understanding and Future Directions

Advancements in digital dentistry and occlusal analysis tools, such as the T-Scan system, have allowed clinicians to
assess occlusal forces with greater precision. This has led to a shift in focus from merely identifying occlusal trauma to
understanding its biomechanical implications on the periodontium(15).

While the historical debate continues, contemporary research suggests that occlusal trauma is best viewed as a risk
factor that can modify the course of periodontal disease rather than a primary etiological agent. Future studies should
focus on longitudinal clinical trials to determine how much occlusal therapy influences periodontal outcomes over time.

3. Pathophysiology of Occlusal Trauma

Trauma from occlusion induces a cascade of biological and mechanical changes in the periodontium, affecting the
periodontal ligament (PDL), alveolar bone, and cementum. The response to excessive occlusal forces varies depending
on the magnitude, duration, direction, and frequency of the force applied(1,16).

3.1. Stages of Occlusal Trauma

TFO progresses through various stages, leading to distinct histopathological changes in the periodontal tissues:

3.1.1. Initial Stage (Acute Response to Trauma)

Compression of the PDL fibers, leading to decreased blood flow and vascular stasis.
Degeneration of fibroblasts and endothelial cells due to ischemia.

Increased osteoclastic activity, resulting in localized bone resorption.

Widening of the PDL space due to adaptive responses to the excessive forces(17).

3.1.2. Progressive Stage (Chronic Adaptation to Occlusal Forces)

e Formation of pressure-induced resorption cavities in the alveolar bone.
e (Cemental tears and microfractures due to repeated excessive loads.
e Increased mobility of the affected teeth as a result of diminished periodontal support(18).

3.1.3. Advanced Stage (Severe Periodontal Breakdown)

e Severe alveolar bone loss leading to pathological migration of teeth.

e Permanent deformation of the PDL and disorganized fiber orientation.

e Apical displacement of the junctional epithelium, resulting in deep periodontal pockets.

e Exacerbation of pre-existing inflammatory conditions when combined with periodontitis(19).

3.2. Cellular and Molecular Mechanisms

Occlusal trauma triggers a complex network of biochemical and cellular reactions within the periodontium:

e Inflammatory Response: Increased levels of cytokines such as IL-1f3, TNF-a, and prostaglandin E2 (PGE2)
promote osteoclastic activity and accelerate alveolar bone loss.

e Vascular Changes: Occlusal forces impair microcirculation, leading to hypoxia and subsequent necrosis of
fibroblasts.

e Neural Response: Increased mechanoreceptor activity in the PDL, altering neuromuscular coordination and
leading to parafunctional habits such as bruxism.

e Tissue Remodeling: Persistent occlusal stress leads to cemental resorption, adaptive thickening of the alveolar
bone, and increased trabecular density as a compensatory mechanism(20-23).

3.3. Relationship Between Occlusal Trauma and Periodontal Disease

While occlusal trauma does not initiate periodontitis, it serves as a modifying factor that accelerates disease progression
in the presence of plaque-induced inflammation. Studies have demonstrated that excessive occlusal forces amplify
periodontal breakdown by:

e Enhancing inflammatory mediator release, thereby exacerbating connective tissue destruction.
e Increasing tooth mobility, which disrupts plaque control efforts and favors bacterial colonization.

327



World Journal of Biology Pharmacy and Health Sciences, 2025, 22(01), 325-335

¢ Inducing micromotion in the PDL, further promoting collagen degradation and epithelial downgrowth(2,24).

3.4. Experimental Evidence Supporting Pathophysiological Effects

e Animal Studies: Research conducted on primates and rodents has shown that TFO leads to widened PDL
spaces, increased tooth mobility, and bone resorption, particularly when combined with plaque accumulation.

e Human Clinical Studies: Retrospective analyses indicate that patients with occlusal trauma experience more
significant attachment loss and mobility compared to non-traumatized teeth.

o Histological Findings: Biopsies of periodontally compromised teeth subjected to excessive occlusal forces
reveal evidence of necrotic PDL fibers, resorptive lacunae, and increased osteoclast density(1,1).

4, Classification of Trauma from Occlusion

TFO can be classified based on its etiology, clinical presentation, and functional impact on the periodontium. This
classification aids in diagnosis, treatment planning, and understanding the role of occlusal forces in periodontal health.

4.1. Based on Etiology

e Primary Occlusal Trauma: This occurs when excessive occlusal forces are applied to a periodontium with
normal bone support. The primary cause is increased occlusal load from habits such as bruxism, malocclusion,
or high restorations.

e Secondary Occlusal Trauma: This occurs when normal or excessive occlusal forces act on a periodontium that
has already been compromised by bone loss due to periodontitis. This type of trauma is more damaging since
the adaptive capacity of the periodontium is already weakened(2,7).

4.2. Based on Clinical Presentation

e Acute Occlusal Trauma: Results from a sudden excessive force, such as accidental trauma, improperly placed
dental restorations, or sudden parafunctional activity. Clinical symptoms include pain, sensitivity, and sudden
tooth mobility.

e Chronic Occlusal Trauma: Develops over time due to continuous exposure to excessive occlusal forces. This
results in progressive widening of the PDL, increasing mobility, and long-term adaptation of the alveolar
bone(2,25,26).

4.3. Based on Functional Impact

e Reversible Occlusal Trauma: Mild occlusal overload that the periodontium can adapt to over time without
permanent damage. This type can often be corrected with occlusal adjustments.

e Irreversible Occlusal Trauma: Severe occlusal trauma leading to permanent structural damage, such as
cemental tears, root resorption, and severe mobility. This often requires multidisciplinary management,
including splinting, occlusal rehabilitation, and periodontal therapy(1,2).

4.4. Based on Direction and Type of Occlusal Force

e Jiggling Trauma: Alternating forces applied in different directions, leading to increased PDL width and
mobility. Common in parafunctional habits such as clenching and bruxism.

e Unidirectional Trauma: Forces applied in a single direction, often associated with orthodontic movement or
bite misalignment(2,24,27).

4.5. Based on Association with Parafunctional Habits

e Parafunctional Occlusal Trauma: Resulting from bruxism, tongue thrusting, or other abnormal oral habits
that generate excessive, repetitive forces beyond normal function.

e Functional Occlusal Trauma: Arising from normal masticatory forces that become traumatic due to
compromised periodontal support(28-30).

This classification system allows for a better understanding of the diverse manifestations of TFO and aids clinicians in
tailoring treatment approaches accordingly.
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5. Clinical Manifestations

TFO presents with a variety of clinical signs and symptoms, affecting both the hard and soft tissues of the periodontium.
The severity of these manifestations depends on the magnitude, duration, and direction of the traumatic forces, as well
as the adaptive capacity of the periodontium.

5.1. Hard Tissue Changes

o Tooth Mobility: One of the earliest signs of TFO, mobility increases due to the widening of the periodontal
ligament space as a result of excessive occlusal forces(31).

e Fremitus: A palpable or visible movement of the tooth when subjected to occlusal forces, often detected during
occlusal evaluation(27).

e Wear Facets: Flattened, polished areas on the occlusal surfaces of teeth due to repeated excessive forces,
particularly in bruxers(32).

e Abfraction Lesions: Wedge-shaped defects at the cervical region of teeth, attributed to excessive occlusal stress
causing enamel microfractures(33).

e Root Resorption: Chronic trauma may induce internal or external root resorption, weakening the structural
integrity of the affected teeth(34).

5.2. Soft Tissue Changes

e Gingival Recession: In some cases, excessive occlusal forces can contribute to gingival recession, particularly
when combined with parafunctional habits(35,36).

¢ Periodontal Pocket Formation: In secondary occlusal trauma, excessive forces may exacerbate attachment
loss, leading to deepening of periodontal pockets(2).

e Gingival Inflammation: Although primarily caused by plaque, occlusal trauma may act as an aggravating factor,
intensifying the inflammatory response(36).

5.3. Radiographic Features

e Widened Periodontal Ligament (PDL) Space: A key radiographic indicator of TFO, seen as an increased space
around the root of the tooth(37).

e Alveolar Bone Resorption: Chronic occlusal trauma can lead to horizontal or vertical bone loss, especially in
cases where inflammation is present(19).

e Thickening of the Lamina Dura: In some cases, the bone around the affected teeth becomes sclerotic due to
adaptive responses(37).

5.4. Functional and Neuromuscular Symptoms

¢ Pain or Discomfort on Chewing: Patients may experience tenderness, soreness, or pain in teeth subjected to
excessive occlusal forces(38).

e Temporomandibular Joint (TM]) Symptoms: Chronic TFO may contribute to TM] disorders, leading to pain,
clicking, or restricted jaw movement(39).

e Headaches and Muscle Fatigue: Prolonged occlusal trauma can lead to hyperactivity of the masticatory
muscles, causing myofascial pain and headaches(40).

The presence of these clinical manifestations necessitates a thorough occlusal analysis and appropriate intervention to
prevent further periodontal deterioration and maintain overall oral health.

6. Diagnosis of Occlusal Trauma

Accurate diagnosis of occlusal trauma is critical for its management and requires a combination of clinical examination,
radiographic assessment, and advanced occlusal analysis techniques. Since occlusal trauma does not present with a
single definitive marker, a comprehensive diagnostic approach is essential to differentiate it from other periodontal
conditions(1,2).
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6.1. Clinical Examination

A thorough intraoral examination is necessary to identify clinical signs of TFO, which include:

e Tooth Mobility: Progressive mobility suggests occlusal overload, especially when not attributed to periodontal
disease(41).

e Fremitus Test: This test involves placing a finger on the buccal surfaces of the teeth and asking the patient to
bite. The presence of movement indicates occlusal interference.

e Wear Facets: Identifying flattened occlusal surfaces, especially in the absence of attrition due to aging, suggests
occlusal trauma(27).

e Pain or Discomfort: Patients may report pain upon chewing or localized sensitivity due to excessive forces
applied to certain teeth(42).

o Pathologic Tooth Migration: Shifting or extrusion of teeth, particularly in patients with reduced periodontal
support(6).

6.2. Radiographic Assessment

Radiographs provide essential information about bone and periodontal structures affected by occlusal trauma. Key
radiographic indicators include:

e Widening of the Periodontal Ligament (PDL) Space: Seen in areas of excessive occlusal force, often around
the apices of affected teeth(37).

e Alveolar Bone Resorption: Horizontal or vertical bone loss, which may be more pronounced in secondary
occlusal trauma(19).

o Thickening of the Lamina Dura: An adaptive response to increased occlusal forces, indicative of chronic
trauma(43).

¢ Root Resorption: Chronic TFO may contribute to external or internal resorption, weakening the affected
tooth(44).

6.3. Occlusal Analysis Techniques

Advanced diagnostic tools help quantify occlusal forces and identify areas of excessive pressure:

e Articulating Paper: Used to detect high-contact areas that indicate occlusal interference(45).

e Shim Stock Test: Assesses interocclusal contact strength by placing thin foils between the teeth during
closure(46).

e T-Scan Digital Occlusal Analysis: Provides real-time assessment of bite force distribution, allowing for precise
adjustments(8).

o Electromyography (EMG): Measures muscle activity to detect abnormal occlusal forces associated with
parafunctional habits like bruxism(8).

6.4. Temporomandibular Joint (TM]) Evaluation
Occlusal trauma may lead to TM] disorders, necessitating additional assessments:
e Palpation of the TM] and Masticatory Muscles: Evaluates tenderness or discomfort in the joint area.
¢ Range of Motion Testing: [dentifies restrictions in jaw movement linked to occlusal disharmony.
¢ Joint Sounds (Clicking or Crepitus): May indicate an imbalance caused by occlusal interferences(2,47).
6.5. Differential Diagnosis
Since occlusal trauma shares symptoms with various other conditions, it is crucial to differentiate it from:
o Periodontitis: While both present with bone loss and mobility, occlusal trauma does not cause deep
periodontal pockets unless periodontitis is already present(1).
e C(Cracked Tooth Syndrome: Pain upon biting may be due to structural fractures rather than occlusal
overload(48).

o Pulpitis or Periapical Pathology: Inflammatory dental conditions can mimic TFO but typically present with
additional radiographic findings like periapical radiolucency(2,49).
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6.6. Importance of a Comprehensive Approach

A multidisciplinary approach combining clinical findings, radiographic evaluation, occlusal analysis, and patient
history ensures an accurate diagnosis of occlusal trauma. Early identification allows for timely intervention, preventing
further periodontal damage and maintaining long-term oral health(43).

7. Management Strategies

The management of occlusal trauma involves a multidisciplinary approach, including occlusal adjustment, periodontal
therapy, restorative intervention, orthodontic correction, behavioral modifications, and prosthetic rehabilitation. The
goal is to reduce excessive forces on the periodontium while ensuring occlusal harmony and stability(2).

7.1. Occlusal Adjustment
Occlusal adjustment is a common intervention to eliminate premature contacts and high points that contribute to

occlusal trauma.

e Selective Grinding: Minor occlusal discrepancies can be corrected by adjusting premature contacts using fine
diamond burs.

o Equilibration Procedures: Ensure even distribution of occlusal forces across all teeth, preventing localized
trauma.

e T-Scan Guided Adjustments: Digital occlusal analysis systems help refine occlusal contacts with
precision(1,50).

7.2. Splinting and Stabilization
For teeth with increased mobility due to secondary occlusal trauma, splinting may be recommended:
e Temporary Splints: Resin or fiber-reinforced composite splints provide short-term stability.
¢ Permanent Splints: Fixed splinting using wire-reinforced composite or crowns is used in severe cases(51).
7.3. Orthodontic Therapy
Malocclusion and dental misalignment can contribute to excessive occlusal forces. Orthodontic correction includes:
¢ Repositioning of Malaligned Teeth: Brackets, aligners, or functional appliances help achieve proper occlusion.
e Intrusion or Extrusion of Supraerupted Teeth: Restores occlusal equilibrium.
e Space Closure for Missing Teeth: Prevents drifting and secondary trauma(52,53).
7.4. Periodontal Therapy
Since occlusal trauma often coexists with periodontal disease, periodontal interventions are essential:
e Scaling and Root Planing: Eliminates plaque and calculus, exacerbating trauma-induced inflammation.
e Surgical Interventions: Procedures like guided tissue regeneration (GTR) help restore lost bone support.
e Periodontal Splinting: Stabilizes teeth affected by both TFO and periodontal attachment loss(54,55).
7.5. Restorative and Prosthetic Rehabilitation
Defective restorations or missing teeth can contribute to occlusal disharmony. Corrective strategies include:
e Replacing Faulty Restorations: High crowns, overhanging restorations, and improper occlusal morphology
should be corrected.
e Implant-Supported Prostheses: Prevents overloading of adjacent natural teeth.

¢ Full Mouth Rehabilitation: Indicated for patients with extensive occlusal discrepancies due to wear, erosion,
or tooth loss(1,56).
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7.6. Behavioral and Habit Management
Parafunctional habits exacerbate occlusal trauma and should be addressed:
e Occlusal Guards/Night Guards: Recommended for bruxism and clenching patients.
e Cognitive Behavioral Therapy (CBT): CBT helps patients control involuntary parafunctional activities.
o Biofeedback Techniques: Assist in reducing muscle hyperactivity contributing to excessive occlusal
forces(57,58).
7.7. Temporomandibular Joint (TM]) Therapy
Patients presenting with TM] disorders associated with occlusal trauma may require specialized care:
e Physiotherapy and Muscle Relaxation Exercises: Reduce strain on masticatory muscles.
e  Occlusal Splints (Michigan or Stabilization Splints): Redistribute occlusal forces evenly.
e Pharmacologic Interventions: NSAIDs and muscle relaxants may be used for symptomatic relief(59,60).
7.8. Long-Term Maintenance and Follow-Up
Regular monitoring and maintenance of occlusal health are crucial for preventing recurrence:
e Periodic Occlusal Evaluations: Ensure ongoing occlusal harmony.

¢ Regular Periodontal Maintenance: Prevents further attachment loss.
o Patient Education: Encourages awareness of habits that contribute to occlusal trauma(1,2,27).

By integrating these management strategies, clinicians can effectively minimize the adverse effects of occlusal trauma
and enhance periodontal stability.

8. Conclusion

Trauma from occlusion remains a topic of significant clinical relevance in periodontics. While it does not directly initiate
periodontal disease, its role as a modifying factor in the progression of periodontitis has been well documented. The
interplay between occlusal forces and periodontal health underscores the importance of early diagnosis, prevention,
and multidisciplinary management.

Proper occlusal assessment and intervention strategies, such as occlusal adjustments, splinting, orthodontic correction,
and behavioral modifications, play a crucial role in minimizing excessive forces and preventing long-term periodontal
complications. Additionally, periodontal therapy should be integrated into the treatment plan for patients with both
occlusal trauma and periodontitis to ensure comprehensive care.

Advancements in digital occlusal analysis and biomechanical studies continue to improve our understanding of occlusal
trauma and its effects. Future research should focus on long-term clinical trials assessing the impact of various

treatment modalities on periodontal stability and patient outcomes.

Ultimately, successful management of occlusal trauma requires a patient-specific approach, combining precise
diagnostics with evidence-based interventions to preserve periodontal health and function over the long term.
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