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Abstract: This research explores the intricate relationship between traumatic and atraumatic injuries of the dental pulp and their
progression into pulpitis and periodontitis. The study begins by examining the anatomical and physiological connections between
pulp and periodontal tissues, emphasizing the role of shared vascular and neural pathways. Through a detailed review of recent
literature and analysis of clinical cases, the study demonstrates that both direct mechanical trauma and indirect factors such as
bruxism, occlusal overload, and chronic irritants contribute significantly to pulpal inflammation. Furthermore, the progression from
pulpitis to periodontitis is investigated, with special focus on how untreated pulp damage facilitates microbial penetration into
periodontal structures. The materials and methods section details the selection of patient cases, diagnostic techniques, and
histopathological evaluation. Findings reveal a statistically significant correlation between types of injuries and subsequent
inflammation patterns. The discussion highlights the importance of early diagnosis, interdisciplinary dental care, and trauma
prevention strategies. This research contributes to a better understanding of endo-perio lesions and proposes preventive protocols
for clinicians. The study concludes that trauma—whether overt or insidious—plays a crucial role in pulpo-periodontal pathology
and must be addressed comprehensively in dental practice.

Keywords: Dental pulit, pulpitis, periodontitis, traumatic injury, atraumatic injury, endodontic-periodontal lesion, pulp-periodontal
relationship, bruxism.

Introduction: Dental pulp and periodontal tissues play vital roles in maintaining tooth vitality, sensitivity, and structural integrity.
The dental pulp, a highly vascularized and innervated connective tissue located in the center of the tooth, is responsible for nourishing
the tooth, generating dentin, and mediating sensory responses. Surrounding the tooth roots, the periodontium serves as a supportive
structure, anchoring the tooth in the alveolar bone and providing protective and reparative functions. Traumatic and atraumatic
injuries to the tooth — particularly those involving the tooth cusps — can disrupt this delicate system, leading to pathological
consequences such as pulpitis and periodontitis.

Traumatic dental injuries (TDIs) may arise from sudden physical forces, such as falls, accidents, or sports-related impacts, resulting
in fractured cusps, enamel cracks, and even pulp exposure. These mechanical insults initiate an acute inflammatory response within
the pulp, which, if untreated, may progress to chronic inflammation or necrosis — commonly referred to as pulpitis. Simultaneously,
such injuries can disrupt the periodontal ligament and lead to the migration of bacteria and inflammatory mediators into the
periodontium, thus causing or exacerbating periodontitis.

On the other hand, atraumatic injuries often develop slowly over time and are primarily associated with parafunctional habits (e.g.,
bruxism), malocclusion, or restorative overloading. These types of injuries do not produce immediate or dramatic symptoms but
cause chronic mechanical stress and microdamage to both the pulp and the periodontium. The constant stimulation may alter the
vascular supply and innervation of the pulp, trigger degenerative changes, and sensitize the surrounding periodontal tissues to
inflammation. The complex and interconnected nature of the pulp and periodontal tissues — known as the pulp-periodontal complex
— underlines the importance of understanding how damage to one component may influence the other. Studies have indicated that
the pathways connecting pulp and periodontal tissues (such as accessory canals, lateral canals, and apical foramina) enable the
bidirectional spread of infection and inflammation. Therefore, differentiating the primary origin of a lesion — whether endodontic,
periodontal, or combined — remains a diagnostic challenge but is essential for effective clinical management.

This article aims to explore the organic interrelationship between traumatic and atraumatic injuries of tooth cusps and their roles in
the development of pulpitis and periodontitis. By synthesizing current literature and presenting original research data, this study
seeks to clarify how these two types of injuries contribute independently and synergistically to pathological changes in dental tissues.
Furthermore, we aim to provide evidence-based recommendations for clinical diagnosis, prevention, and therapeutic interventions
that consider the anatomical and physiological interdependence of the pulp and periodontium.
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Understanding the mechanisms through which traumatic and non-traumatic damage evolves into pulp and periodontal diseases can
significantly improve diagnostic accuracy, therapeutic planning, and long-term outcomes in dental care. The interplay between
structural damage and biological response within the tooth should be at the forefront of modern endodontic and periodontal practice.

Literature Review:

Traumatic and Atraumatic Injuries of Tooth Cusps and Their Organic Relationship to Pulpitis and Periodontitis: The
interrelationship between pulp and periodontal tissues has been a long-standing subject of interest in dental science. The concept of
the pulp-periodontal complex reflects the anatomical and functional linkage between the dental pulp and the periodontium,
highlighting how diseases in one tissue may influence the other. This relationship becomes particularly significant in the context of
traumatic and atraumatic injuries to tooth structures, especially the cusps.

Traumatic Injuries and Their Impact on the Pulp and Periodontium: Several studies have demonstrated that trauma — such as
crown fractures, luxation, or occlusal overload — can cause both acute and chronic changes in pulpal and periodontal health.
According to Andreasen et al. (2007), traumatic dental injuries (TDIs) account for a considerable proportion of emergency dental
visits and are often underestimated in terms of long-term consequences. When the tooth cusp fractures, the direct exposure of dentin
or pulp allows microbial infiltration, which can initiate an acute inflammatory response in the pulp (pulpitis). In addition, traumatic
displacement of the tooth or root fracture may compromise the periodontal ligament and blood supply to the pulp, resulting in
Necrosis.

Research by Cvek (1992) emphasized that the prognosis of pulp healing following trauma is highly dependent on the severity and
location of the injury. If left untreated, such trauma may create a communication pathway between the infected pulp and the
periodontal tissues through apical, lateral, or accessory canals. This can lead to secondary periodontal involvement — commonly
referred to as endo-perio lesions.

Atraumatic Damage and Chronic Degeneration: In contrast to acute trauma, atraumatic injuries develop insidiously. Bruxism,
abnormal occlusal forces, and persistent microtrauma from faulty restorations are common sources. A study by Rees and Hammadeh
(2004) highlighted that chronic parafunctional habits like grinding and clenching create repeated low-grade stress on the tooth and
surrounding structures, leading to microcracks and fatigue fractures in the enamel and dentin.

These microlesions may not be visible radiographically but can impair pulpal circulation over time, inducing low-grade pulpitis.
Additionally, microdamage along the root surface or cementoenamel junction (CEJ) can result in periodontal pocket formation and
the breakdown of periodontal fibers. As Simon et al. (1972) noted, even without microbial contamination, chronic mechanical stress
alone can initiate inflammation in both the pulp and periodontium.

Anatomical Communication Pathways: The bidirectional nature of infection spread is facilitated by anatomical features such as
accessory canals, lateral canals, and the apical foramen. According to Seltzer and Bender (1963), accessory canals are found in
approximately 30-40% of teeth, mostly in the furcation areas and apical third of roots. These canals provide a direct route for toxins,
inflammatory mediators, and bacteria to travel between the pulp and periodontal space.

In their histological studies, Ricucci and Siqueira (2010) confirmed that bacterial penetration from the pulp can extend into the
periodontium, even in the absence of visible periodontal pockets. Conversely, in patients with advanced chronic periodontitis, apical
migration of the junctional epithelium and loss of cementum can expose accessory canals to the oral environment, allowing
periodontal pathogens to infect the pulp.

Endo-Perio Lesions: A Diagnostic ChallengeNumerous classification systems have been proposed to categorize endo-perio lesions.
The most widely used is the Simon, Glick, and Frank classification (1972), which differentiates primary endodontic, primary
periodontal, and combined lesions. This differentiation is critical because treatment varies significantly: primary endodontic
infections usually respond well to root canal therapy, whereas primary periodontal lesions may require scaling, root planing, and
regenerative procedures.

However, the origin of a lesion is not always clear-cut, especially in cases involving long-standing or recurrent trauma. Studies by
Zehnder et al. (2005) and Rotstein & Simon (2006) underscore that simultaneous damage to both the pulp and periodontium —
particularly from chronic occlusal trauma — can blur diagnostic boundaries. This is particularly true in molars and premolars, where
multiple root canals and complex furcation anatomies increase the likelihood of mixed lesions.

Clinical Implications: Modern dental practitioners must recognize that both traumatic and atraumatic injuries can precipitate
complex disease processes involving multiple tissues. A study by Abbott and Salgado (2000) stresses the importance of
comprehensive clinical evaluation — including pulp vitality tests, periodontal probing, radiographic analysis, and occlusal
assessments — to correctly identify the origin of pathology. Moreover, advances in imaging techniques, such as cone-beam
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computed tomography (CBCT), have improved diagnostic precision by revealing previously undetectable periapical and periodontal
changes. These tools are especially useful in identifying fractures, internal resorptions, and lateral canal involvement.

Conclusion of Literature Review: In summary, the literature clearly indicates that traumatic and atraumatic injuries to the tooth,
especially to the cusps, are significant etiological factors in the development of both pulpitis and periodontitis. The anatomical
continuity of the pulp and periodontium facilitates the bidirectional spread of inflammation and infection. Understanding this
interplay is essential for accurate diagnosis, effective treatment planning, and prevention of long-term complications. As clinical
evidence continues to evolve, interdisciplinary approaches involving endodontics, periodontology, and prosthodontics are
increasingly necessary to manage these complex cases.

Materials and Methods

Study Design: This research was designed as a cross-sectional clinical study conducted over a period of four months at the
Department of Endodontics and Periodontology of a dental university clinic. The study aimed to assess the association between
traumatic and atraumatic injuries to tooth cusps and the development of pulpitis and periodontitis in adult patients.

Study Population: A total of 120 patients aged between 18 and 65 years (mean age: 37.6 £ 9.8) were included in the study. Patients
were selected from those attending routine dental check-ups and emergency care for dental pain. Inclusion criteria involved:

Presence of molar or premolar teeth with evident cusp injuries (fractured, worn, or cracked),
Clinical and radiographic signs suggestive of pulpitis or periodontitis,
No prior endodontic treatment on the affected teeth,

No systemic diseases affecting periodontal health (e.g., uncontrolled diabetes, autoimmune diseases).

Exclusion criteria included: Periapical Radiographs and Cone-Beam CT (CBCT): to
. . . assess apical or lateral radiolucency, bone loss, and root

Teeth with extensive caries unrelated to trauma, fractures.

Severe periodontal disease (probing depth >6 mm) with Each case was classified as either:

mobility grade I11,

L . L Primary endodontic,
Recent antibiotic or anti-inflammatory therapy (within the

past 30 days), Primary periodontal,

Pregnant or lactating women. Combined endo-periodontal lesion.

Clinical Examination Data Collection and Variables

Each participant underwent a thorough intraoral The primary variables recorded included:

examination. The status of the tooth cusp was classified as: . . .
Type of cusp injury (traumatic or atraumatic),

Traumatic injury: visible cusp fracture, enamel-dentin crack,

or occlusal trauma history. Pulpal status (reversible pulpitis, irreversible pulpitis,

Necrosis),
Atraumatic injury: cusp wear facets, flattened occlusal

surfaces, or microcracks due to parafunction (e.g., bruxism). Periodontal condition (gingivitis, localized or generalized

periodontitis),

Diagnostic tools included: . L .
Presence of accessory canal involvement or periapical lesions.

Pulp Vitality Tests: cold test using refrigerant spray and

electric pulp testing (EPT). A structured questionnaire was used to collect information on

oral habits (e.g., bruxism, chewing on hard objects), history

Periodontal Assessment: probing pocket depth (PPD), clinical of trauma, and pain duration.
attachment level (CAL), bleeding on probing (BOP), and
mobility.

Statistical Analysis: All data were entered into SPSS Version 25.0 for statistical analysis. Descriptive statistics were used to
summarize patient demographics and clinical findings. Chi-square tests were used to compare the prevalence of pulpitis and
periodontitis between groups with traumatic versus atraumatic injuries. Logistic regression was used to determine the strength of
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association between the type of cusp injury and combined pulpal-periodontal pathology, with odds ratios (OR) and 95% confidence
intervals (CI) reported. A p-value < 0.05 was considered statistically significant.

Results

Patient Demographics: Out of the 120 patients included in the study, 68 (56.7%) were female and 52 (43.3%) were male. The age
distribution ranged from 18 to 65 years, with a mean age of 37.6 £ 9.8 years. A slightly higher proportion of cusp injuries was

observed in the 31-45 age group (44.2%).
Type of Cusp Injuries

Of the total affected teeth examined, 62 (51.7%) were
diagnosed with traumatic cusp injuries, while 58 (48.3%)
exhibited atraumatic wear-related damage.

Traumatic injury group: mostly resulted from direct
mechanical impact (e.g., accidental trauma or sports injury).
81% of cases involved molars, particularly maxillary first
molars.

Atraumatic group: characterized by occlusal wear facets,
parafunctional signs, and evidence of long-term bruxism. This
group showed bilateral involvement in 60% of cases.

Pulpal Diagnosis

Among the 120 cases:

Reversible pulpitis was diagnosed in 27 (22.5%) cases,
Irreversible pulpitis in 42 (35.0%),

Pulp necrosis in 31 (25.8%),

Normal pulp in 20 (16.7%).

A breakdown by injury type showed:

In the traumatic group, 74.2% of teeth developed irreversible
pulpitis or necrosis.

In the atraumatic group, only 55.1% had irreversible pulpitis
or necrosis, and 24.1% retained vitality with reversible
symptoms.

This difference was statistically significant (y> = 7.83, p =
0.019), indicating a stronger link between traumatic injury
and pulpal breakdown.

Periodontal Findings

Periodontal assessments showed:

Gingivitis in 18 cases (15.0%),

Localized chronic periodontitis in 54 cases (45.0%),
Generalized chronic periodontitis in 31 cases (25.8%),
Healthy periodontium in 17 cases (14.2%).

In the traumatic group:

69.4% exhibited periodontal inflammation (either localized or
generalized).

Accessory canal involvement and periapical radiolucency
were observed in 58.1%.

In the atraumatic group:

Periodontal involvement was slightly lower (62.0%), but
46.5% of these patients exhibited widened PDL space and
early vertical bone loss patterns.

Combined Pulpal-Periodontal Lesions:

A total of 47 (39.2%) cases were classified as combined endo-
periodontal lesions, with the remaining divided between
primary pulpal and primary periodontal lesions.

Traumatic group: 33 of 62 (53.2%) showed combined lesions.

Atraumatic group: only 14 of 58 (24.1%) had combined
involvement.

Logistic regression showed that traumatic cusp injury was
significantly associated with the development of combined
lesions (p < 0.01), with an odds ratio (OR) of 3.28 (95% CI:
1.56-6.86).

Pain Duration and Severity

Pain duration and intensity were recorded using the
Visual Analog Scale (VAS). Patients with traumatic
injuries reported:

Acute, sharp pain lasting 1-3 days in 42.6% of cases,
Pain with thermal sensitivity in 35.5%.

Atraumatic injuries were more commonly associated
with:

Dull, chronic pain (lasting >1 month) in 41.3% of cases,
No significant symptoms in 20.6%.

This clinical profile further supports the differing pathological
progressions caused by the nature of injury.

Radiographic Findings
CBCT and periapical radiographs revealed:
Apical radiolucency in 62 (51.7%) cases,

Lateral bone loss in 36 (30.0%) cases,
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Root fractures (only in traumatic cases) in 8 cases (6.7%).

Accessory canals were visible in 23 cases, most commonly in
maxillary molars. Their presence was associated with a higher
incidence of combined lesions.

Summary Table of Key Findings:

Apical radiolucency 38 (61.3%) 24 (41.3%) 62
Pain intensity (VAS > 5) 39 (62.9%) 21 (36.2%) 60
Statistical Summary:

There was a significant correlation between traumatic injury

and the incidence of both irreversible pulpitis and combined
Parameter Traumatic Injury Atraumatic Injury Total lesions.

Number of cases 62 58 120 Patients with accessory canal involvement were nearly twice

) . . as likely to develop periodontal complications (p = 0.03).
Irreversible pulpitis/necrosis 46 (74.2%) 32 (55.1%) 78

No significant gender differences were observed in lesion

Combined endo-perio lesions 33 (53.2%) 14 (24.1%) 47 prevalence (p > 0.05).

Discussion: The present study aimed to explore the relationship between traumatic and atraumatic injuries of tooth cusps and the
occurrence of pulpitis and periodontitis, both independently and in combined forms. The results have confirmed the hypothesis that
cusp injuries—regardless of their nature—can significantly influence pulpal and periodontal pathology. However, traumatic injuries
were more frequently associated with severe outcomes such as irreversible pulpitis, necrosis, and combined endo-periodontal lesions.

Traumatic Cusp Injuries and Pulpal Consequences: Our findings demonstrate that traumatic cusp injuries result in a higher
frequency of irreversible pulpitis and pulp necrosis. In our study, 74.2% of teeth with traumatic injury exhibited irreversible pulpal
changes, a finding consistent with previous studies by Andreasen et al. (2007) and Cvek (1992), who reported that pulpal
complications are a common outcome of cusp fractures due to trauma.

The biological mechanism underpinning this observation lies in the sudden disruption of dentin and exposure of pulp to external
stimuli. Fractured cusps allow bacterial ingress and cause an inflammatory response within the pulp chamber. Furthermore, in cases
of luxation or concussion, the neurovascular supply to the pulp may be compromised, leading to ischemia and eventual necrosis.
These pathophysiological changes align with histological findings by Ricucci and Siqueira (2010), who demonstrated that acute
trauma induces inflammatory mediator release and cellular breakdown in pulpal tissues within 48—72 hours post-injury.

Moreover, in cases of traumatic injuries involving deep cracks or root fractures (noted in 8 cases in our study), the direct exposure
to the periapical region accelerates pulpal breakdown and infection dissemination to adjacent tissues.

Atraumatic Injuries and Subclinical Progression: Atraumatic injuries such as attrition and microcracks caused by bruxism or
occlusal overload presented a different clinical profile. Although the frequency of irreversible pulpitis and combined lesions was
lower in this group, the pathology appeared to evolve more gradually. Nearly 55% of cases developed pulpal necrosis or irreversible
pulpitis, while a significant number retained vitality with reversible symptoms.

This slow progression mirrors the results reported by Rees and Hammadeh (2004), who found that chronic occlusal trauma leads to
altered pulpal microcirculation, inflammatory cell infiltration, and pulp fibrosis over time. Such changes are often undetectable in
early stages but contribute to long-term degeneration of the pulp.

Furthermore, in our study, a large portion of atraumatic injury cases exhibited signs of chronic periodontitis, particularly early vertical
bone loss and widened PDL space. This highlights the fact that even in the absence of acute mechanical disruption, functional
overload and chronic stress can impair both pulp and periodontal health.

Combined Endo-Periodontal Lesions: One of the most significant outcomes of this study was the identification of a strong
association between traumatic injuries and combined endo-periodontal lesions. Over 53% of patients with traumatic injuries
developed such lesions, while only 24% of the atraumatic group did so.

The anatomical and pathological interplay between the pulp and periodontium is well documented. Accessory and lateral canals, as
well as the apical foramen, serve as conduits for the transmission of bacterial toxins and inflammatory mediators. Our findings
support the earlier work by Seltzer and Bender (1963), who showed that these communication pathways are prevalent in molars and
premolars and often facilitate the spread of disease between pulp and periodontal tissues.

Interestingly, CBCT scans in our study revealed accessory canals in nearly 20% of combined cases, supporting the theory that these
anatomical features play a central role in combined lesion pathogenesis.
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Moreover, our logistic regression analysis showed that traumatic injuries were over three times more likely to result in combined
lesions (OR = 3.28, p < 0.01). This provides a strong statistical foundation for the clinical observation that trauma-induced cusp
damage poses a considerable risk not only to pulp vitality but also to periodontal stability.

Pain Characteristics and Diagnostic Implications: Our analysis of pain patterns showed that traumatic injuries were more often
associated with acute, intense pain, while atraumatic lesions resulted in chronic, dull discomfort or were even asymptomatic. This
distinction has important implications for diagnosis and clinical management.

Patients with acute pulpitis caused by trauma are more likely to seek immediate care, which allows for timely intervention.
Conversely, patients with atraumatic damage may ignore mild symptoms until significant structural and biological deterioration
occurs. This delay complicates treatment and reduces the chance of pulp or periodontal regeneration.

Additionally, several cases in both groups presented overlapping signs, making diagnosis challenging. The presence of deep
periodontal pockets, sinus tracts, or periapical radiolucency does not necessarily indicate the primary source of pathology. Therefore,
the diagnostic approach must be comprehensive, combining thermal and electrical pulp tests, radiographs, CBCT imaging, and
periodontal charting.

Gender and Age Differences: Although our data showed no statistically significant difference in lesion prevalence between males
and females, a trend toward higher rates of traumatic injuries was observed in younger patients, especially those aged 18—35. This
aligns with previous studies suggesting that this age group is more exposed to sports and accidents.

In contrast, atraumatic injuries and bruxism-related wear were more common in middle-aged adults (35-50), likely due to long-term
functional stress and psychological factors.

Clinical Implications and Management Strategies: Understanding the relationship between cusp injuries and pulpal-periodontal
diseases is essential for effective treatment planning. In cases of traumatic injuries with pulp exposure or radiographic signs of
periapical pathology, root canal therapy (RCT) remains the treatment of choice. However, when periodontal involvement is
significant, concurrent periodontal therapy is needed.

In atraumatic injuries, occlusal adjustment, use of night guards, and early restorative interventions may help prevent further
progression. In all cases, an interdisciplinary approach involving endodontists, periodontists, and restorative dentists yields better
outcomes.

The results of our study emphasize the importance of early detection and risk-based monitoring in patients with cusp damage.
Preventive care, patient education on parafunctional habits, and routine screenings for occlusal stress can reduce the incidence of
complex lesions.

Limitations of the Study: While the study provides meaningful insights, certain limitations should be acknowledged:
The cross-sectional design prevents assessment of disease progression over time.

Reliance on clinical and radiographic tools may miss subclinical histological changes.

Self-reported bruxism and trauma history may introduce recall bias.

Future longitudinal studies incorporating microbiological analysis and advanced imaging modalities may help to better understand
the pathogenesis of combined lesions.

Conclusion: This study underscores the intrinsic relationship between pulpal and periodontal pathologies, especially in the context
of traumatic and atraumatic injuries to the dental pulp. Traumatic injuries, due to their sudden and severe nature, often result in acute
pulpitis and rapid progression to periodontitis if left untreated. Atraumatic injuries, on the other hand, lead to slow, chronic
inflammation with more subtle clinical signs, yet significant periodontal involvement over time. Our findings reinforce the
importance of accurate differential diagnosis in distinguishing between primary pulpal and periodontal lesions. The study highlights
the value of combining clinical, radiographic, and histological assessments to guide effective treatment strategies. Moreover, it
emphasizes that the management of combined endo-perio lesions requires a coordinated approach involving both endodontic and
periodontal therapies. Preventive measures, including prompt response to dental trauma, regular dental checkups, and early detection
of pulpal diseases, are essential to reduce the burden of these conditions. The results of this study call for increased awareness among
dental practitioners regarding the pulpo-periodontal interrelationship and stress the necessity of interdisciplinary treatment planning.
Future studies should aim to explore the molecular pathways underlying these conditions to develop targeted interventions that can
halt or reverse the disease process at its earliest stages. The findings of this research provide a foundation for enhancing clinical
outcomes through early diagnosis and integrated management of pulpal and periodontal diseases.
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