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Article Type: Case Report  Abstract 
Vital pulp therapy (VPT) has become an established biologically-based treatment for preserving 
pulp vitality in mature permanent teeth with irreversible pulpitis. Although long-term clinical 
success has been widely reported, direct clinical evidence demonstrating the biological outcome 
beneath the pulp-capping material years after treatment is exceptionally rare because successfully 
treated teeth seldom require re-entry. A mature mandibular first molar diagnosed with 
symptomatic irreversible pulpitis associated with symptomatic apical periodontitis underwent a 
miniature pulpotomy. Because conventional hemostasis could not be achieved, the calcium-
enriched mixture (CEM) cement tampon approach was used. Clinical and radiographic follow-up 
demonstrated resolution of symptoms, preservation of pulp sensibility, and progressive formation 
of a dentin bridge. Six years later, fracture of the coronal restoration necessitated restorative 
retreatment. Removal of the fractured restoration and residual CEM cement unexpectedly exposed 
the original pulpotomy site, revealing a continuous, mature mineralized dentin bridge that 
completely covered the pulp exposure. The tooth was conservatively restored, and one year later 
(seven years after the original treatment), it remained asymptomatic, responsive to pulp sensibility 
testing, and free of radiographic signs of periapical disease. This accidental re-entry provided a 
rare opportunity to directly visualize long-term hard-tissue repair following miniature pulpotomy 
with the CEM cement tampon approach. Together with sustained pulp vitality and complete 
periapical healing over seven years, this case provides uncommon clinical evidence supporting the 
long-term biological effectiveness of conservative VPT in mature permanent teeth. 
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Introduction 

ital pulp therapy (VPT) has emerged as a biologically-based 
treatment strategy for preserving the vitality and function of 

inflamed pulps in permanent teeth [1]. Growing clinical evidence 
has challenged the traditional concept that teeth diagnosed with 
irreversible pulpitis invariably require root canal treatment [2, 3]. 
Instead, contemporary studies have demonstrated that 
conservative pulp-preserving procedures, when combined with 
bioactive calcium silicate cements and an adequate coronal seal, 

can achieve predictable long-term clinical and radiographic 
success even in mature permanent teeth with advanced pulpal 
inflammation [4]. Consequently, VPT is increasingly regarded as 
a minimally invasive treatment that preserves the tooth’s natural 
defense, sensory, and reparative functions. 
Clinical success following VPT is generally determined by the 
absence of symptoms, positive pulp sensibility responses, and 
radiographic evidence of continued periapical health. Although 
these surrogate clinical outcomes strongly suggest successful 
healing, they provide only indirect evidence of the biological events 
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occurring beneath the pulp-capping material. Histological studies 
have demonstrated dentin bridge formation and maintenance of 
pulp vitality after treatment; however, such observations are largely 
limited to animal experiments or extracted human teeth [5-7]. In 
routine clinical practice, successfully treated teeth rarely undergo 
late re-entry, making direct evaluation of the healed pulp exposure 
site exceptionally uncommon. 

One of the principal determinants of successful VPT is the 
effective control of pulpal hemorrhage before the placement of 
the capping biomaterial. Persistent bleeding has traditionally 
been interpreted as a marker of extensive pulpal inflammation 
and has often been considered an indication for more invasive 
treatment [8]. To address situations in which conventional 
hemostasis cannot be achieved, the calcium-enriched mixture 
(CEM) cement tampon approach was proposed as a biological 
strategy in which the calcium silicate cement simultaneously acts 
as a hemostatic tampon and a bioactive pulp-capping material 
[9]. Although favorable clinical outcomes using this technique 
have been reported [10-12], opportunities to directly verify the 
long-term biological response of the pulp following this 
approach have remained extremely limited [13]. 

The present report describes a unique accidental re-entry six 
years after a miniature pulpotomy performed using the CEM 
cement tampon approach. Fracture of the coronal restoration 
unexpectedly exposed the original treatment site, allowing direct 
clinical visualization of a mature mineralized dentin bridge in a fully 
functional tooth. To our knowledge, such long-term direct clinical 
confirmation of hard-tissue repair following miniature pulpotomy 
is exceptionally rare. This case, therefore, provides unusual clinical 
evidence supporting the long-term biological effectiveness of 
conservative vital pulp therapy in a mature permanent tooth. 

Case Report 

A 34-year-old female patient was referred for the treatment of a 
symptomatic mandibular molar with a non-contributory 
medical history. Her mature mandibular first molar presented 
with spontaneous pain and tenderness to percussion. The tooth 
had lingering pain upon cold testing (Endo-frost Cold Spray; 
Roeko; Coltene Whaledent, Langenau, Germany), and a normal 
probing depth (≤3 mm). Radiographic evaluation demonstrated 
extremely deep caries extending to the pulp horn and PDL 
widening. Clinical and radiographic examinations established 
the diagnosis of symptomatic irreversible pulpitis associated 
with symptomatic apical periodontitis (Fig. 1A). After obtaining 
informed consent, a miniature pulpotomy was selected as the 
definitive treatment. 

After a 0.12% chlorhexidine mouth rinse and administration 
of local anesthesia with 2% lidocaine plus 1:80000 epinephrine 
(DaruPakhsh, Tehran, Iran), the dental pulp was exposed 
following complete removal of the caries. Following removal of 
the inflamed superficial pulp tissue with a round-end sterile 
diamond bur to perform a miniature pulpotomy, a sterile cotton 
pellet soaked in 2.5% sodium hypochlorite solution was gently 
placed over the pulp for ~2 min; however, persistent pulpal 
hemorrhage prevented conventional hemostasis. Therefore, the 
CEM cement (Bionique Dent, Tehran, Iran) tampon approach 
[9] was employed to simultaneously control bleeding and seal 
the pulp wound. The tooth was permanently restored with resin 
composite material (Z250; 3M/ESPE, St Paul, MN, USA) during 
the same appointment (Fig. 1B). 

The postoperative course was uneventful. The patient 
reported complete relief of symptoms within 24 h. Periodic 
follow-up examinations demonstrated normal clinical findings, 
positive pulp sensibility responses, absence of tenderness to 
percussion or palpation, and progressive dentin bridge 
formation beneath the capping material (Fig. 1C), indicating 
successful maintenance of pulp vitality. 

Six years later, the patient returned after fracturing the tooth 
and coronal restoration while biting on a hard object. Clinical 
examination revealed coronal structural loss without signs of 
pulpal or periapical disease. Radiographic examination 
demonstrated normal periodontal ligament space, intact lamina 
dura, and no evidence of periapical pathology (Fig. 1D, E). 

During restorative retreatment, removal of the fractured 
restoration along with the residual CEM cement, unexpectedly 
exposed the previous pulpotomy site. A continuous, well-
organized mineralized dentin bridge was directly visible to the 
naked eye (Fig. 1F). The bridge appeared intact, completely 
covered the original exposure site, and exhibited a smooth, 
mature surface. This accidental re-entry provided a unique 
opportunity to directly verify the biological outcome of the 
original VPT procedure. 

After conservative cavity preparation, the tooth was restored 
with amalgam (Cinalux; Shahid Faghihi, Tehran, Iran) (Fig. 1G). 
The immediate postoperative radiograph clearly demonstrated 
the radiographic outline of the mineralized bridge beneath the 
packed amalgam restoration (Fig. 1H). 

At the one-year review following retreatment (seven years 
after the original miniature pulpotomy), the tooth remained 
asymptomatic and fully functional. Pulp sensibility responses 
were positive and comparable with those of adjacent and 
contralateral control teeth. Radiographic examination 
confirmed maintenance of pulp vitality, complete periapical 
healing, and structural stability of the dentin bridge (Fig. 1I). 
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Figure 1. Long-term follow-up of miniature/tampon pulpotomy with CEM cement in a mandibular first molar with irreversible pulpitis and 
symptomatic apical periodontitis; A) Preoperative radiograph: extremely deep caries with PDL widening; B) Immediate post-op: CEM cement 
tampon pulpotomy and composite restoration; C) Two-year follow-up: a thin dentin bridge formed; D, E) Six-year follow-up: fracture of tooth 
and restoration, with normal PDL and intact dentin bridge; F) Clinical re-entry: the mature dentin bridge is directly visible after removing the 
restoration and cement; G, H) Conservative retreatment and amalgam restoration, with bridge outline visible radiographically; I) Seven-year 

follow-up: stable periapical health and maintained pulp sensibility 
 

Discussion 

Successful VPT is generally assessed using clinical findings, pulp 
sensibility testing, and radiographic examination. Direct observation 
of the healed pulp exposure site is rarely possible because successful 
teeth usually remain functional and do not require retreatment. 
Consequently, clinical evidence confirming the actual morphology of 
the repaired tissue in long-term human cases is scarce [14]. In the 
present case, accidental re-entry six years after treatment provided a 
rare opportunity to directly visualize a mature mineralized dentin 
bridge in a functioning tooth. This observation was consistent with 
the favorable clinical and radiographic findings recorded throughout 
the follow-up period, including maintenance of pulp sensibility and 
complete periapical healing. 

The introduction of mineral trioxide aggregate (MTA) 
represented a major milestone in modern endodontics, 
fundamentally changing the management of VPT and other 
biologically based procedures. Originally developed from refined 
Portland cement with the addition of radiopacifying agents [15], 
MTA demonstrated unprecedented biocompatibility, bioactivity, 
and the ability to stimulate hard-tissue formation, thereby 
establishing the calcium silicate cement (CSC) family as the gold 
standard for pulp preservation. Subsequently, other CSCs, 
including CEM cement, were developed to optimize handling 
characteristics and physicochemical properties while maintaining 
the favorable biological performance of the material class. 
Although MTA and CEM differ in their chemical composition 
and physical characteristics, both have consistently demonstrated 
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excellent biocompatibility, bioactivity, sealing ability, and 
favorable long-term clinical outcomes in VPT [16-25]. Despite the 
substantial experimental and clinical evidence supporting CSCs 
[26], opportunities to directly observe the mature hard tissue 
formed beneath these biomaterials in functioning human teeth 
years after treatment remain exceptionally rare. The present case, 
therefore, provides uncommon clinical evidence that the 
regenerative potential attributed to CSCs can translate into 
durable dentin bridge formation and long-term preservation of 
pulp vitality under clinical conditions. 

The present report also supports the biological rationale of 
miniature pulpotomy using the CEM cement tampon approach. 
Despite initial uncontrolled pulpal bleeding (traditionally regarded 
as an unfavorable prognostic sign [27]), the pulp remained vital and 
functional for seven years after treatment. These findings are 
consistent with growing evidence suggesting that preservation of 
healthy residual pulp tissue, together with effective sealing by 
bioactive calcium silicate cements, may facilitate long-term tissue 
repair even in teeth diagnosed with irreversible pulpitis [28]. 

Furthermore, the successful clinical performance of the 
amalgam placed directly over the exposed bridge (without any 
intervening pulp protective layer) corroborates its structural 
completeness and confirms the absence of clinically relevant 
tunnel defects. This interpretation is supported by a comparative 
histologic study, in which CEM/MTA induced complete, 
inflammation-free dentinal bridge formation, significantly 
outperforming calcium hydroxide [29]. Conversely, a separate 
animal study found that the addition of calcium chloride to 
MTA did not enhance its histological performance as a pulp-
capping agent [30]. Thus, the present clinical observation aligns 
with those findings, confirming that CSCs can generate a 
biologically robust and functionally integral hard-tissue barrier 
over the long term [31, 32]. 

Because this is a single case report, its findings should be 
interpreted cautiously and cannot be generalized. Nevertheless, 
the combination of long-term clinical success, maintained pulp 
sensibility, complete radiographic healing, and direct 
visualization of a mature dentin bridge provides unusually 
compelling clinical evidence supporting durable hard-tissue 
repair following biologically based VPT. 

Conclusion 

This accidental re-entry offered a rare opportunity to directly 
observe a mature dentin bridge six years after miniature 
pulpotomy using the CEM cement tampon approach. Together 
with sustained pulp vitality, complete periapical healing, and 

seven years of successful clinical function, the findings provide 
unique clinical evidence supporting the long-term biological 
effectiveness of conservative VPT. 
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