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Factors influencing the outcome of iatrogenic perforation repair in permanent 

teeth – a narrative review 

ABSTRACT 

The management of iatrogenic perforations in the permanent dentition is challenging. 

Early detection and timely repair of iatrogenic tooth perforations are crucial for achieving 

a favourable prognosis. This article brings together information on the factors that affect 

the success of perforation repair and categorizes them into three domains: perforation-

related, patient-related, and clinician-related. By analysing the existing literature, the 

review offers a holistic perspective on how these factors impact on the prognosis of 

perforation repair, providing useful guidance for clinical decision-making and risk 

evaluation. In highlighting the current limitations within the evidence base, the review 

also suggests avenues for future research aimed at enhancing the predictability and 

success rates of iatrogenic perforation repair in contemporary endodontic treatment. 
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INTRODUCTION 

A perforation is an unintended communication between the root canal system and the 

external surface of the tooth (1). Such an event will compromise the structural integrity 

of the tooth and damage the surrounding periodontal tissues and bone (2). Perforations 

may arise either pathologically, due to caries or resorptive processes (Figure 1A, B), or as 

a result of iatrogenic causes, such as mishaps during endodontic procedures (Figure 1C, 

D) or post space preparation (Figure 1E) (3,4,5,6). Root perforations in adult patients 

undergoing root canal treatment or post space preparation have been documented 

between 0.6% and 17.6% of cases (5).  

Iatrogenic perforations may occur during root canal procedures with common causes 

including discrepancies in crown-to-root angulation, calcification within the pulp 

chamber or canal orifices, anatomical irregularities, and excessive removal of dentine 

during access preparation (7,8) (Figures 2A-G). The primary aim of managing an 

iatrogenic perforation is to prevent loss of periodontal attachment by halting 

inflammation (Figures 3A-D). Where tissue breakdown has already occurred, the 

objective becomes the regeneration of the lost periodontal tissues (9,10). The prognosis 

of iatrogenic perforation repair is shaped by a range of factors. The time elapsed between 

the formation of a perforation and the initiation of appropriate treatment is of particular 

importance (11). Observations from several animal studies have revealed optimal healing 

only after immediate management performed under aseptic conditions (12,13). Smaller 

perforations are usually associated with minimal tissue damage and inflammation that 

results in more predictable healing (11). Site of perforation is yet another critical 

parameter in determining the favourable outcome of perforation repair as the therapeutic 

approach relies mainly on the position of the perforation and its relation to the crestal 

bone and attachment apparatus (11). Perforations located in the apical or middle third of 

the root were thought to offer a more favourable prognosis compared to those in the 

cervical third or pulpal floor (11). Non-surgical repair using biocompatible materials, 

particularly Mineral Trioxide Aggregate (MTA), have been linked with high success rates 

(14). Beyond local clinical considerations, systemic factors such as chronic illnesses, 

hormonal imbalances, and aging may also influence healing outcomes by altering the 

patient’s immune response (15). Nonetheless, the correlation among these systemic 
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health variables and the prognosis of perforation repair is unclear and needs more 

research.   

The systematic review and meta-analysis by Siew et al. (14) essentially assessed 

the treatment outcomes of repaired root perforations and aimed to identify various 

preoperative factors that influenced the outcome. The review by Estrela et al. (16) 

similarly focussed on therapeutic approaches, including aspects of diagnosis, prognosis 

and the various perforation repair materials employed. In another narrative review, 

several aspects of clinical techniques and outcomes following surgical and non-surgical 

repair were discussed (17). Accordingly, this narrative review focuses on the diverse 

etiological factors associated with iatrogenic perforations, categorizing them into 

perforation-related, patient-related, and clinician-related factors. By emphasizing these 

contributing factors rather than therapeutic approaches or clinical techniques, this 

review aims to provide a more comprehensive understanding of iatrogenic perforations 

and their outcomes. The objective is to identify the critical factors that influence the 

outcome of iatrogenic perforation repair, thereby offering clinicians important 

information to facilitate the development of well-informed management plans, while also 

addressing the discrepancies and limitations in outcome reporting within this field.  

LITERATURE SEARCH 

A comprehensive literature search was conducted using the PubMed and Scopus 

electronic databases to identify relevant studies on the various factors influencing the 

outcome of iatrogenic perforation repair. The search strategy involved the use of a 

combination of the following keywords: "iatrogenic perforation," "perforation repair," 

"treatment outcome," "prognostic factors," "success rate", “root canal treatment”, 

“perforation”, “root perforation,” “perforation management,” “furcal perforation 

management,” “endodontic complications,” “root perforation repair,” “apical perforation,” 

“coronal perforation,” “endodontic perforation,” “endodontics”. To capture a broad scope 

of relevant literature, filters were applied to include only peer-reviewed articles 

published in English, with no restriction on publication year. Additional refinement was 

achieved by screening titles and abstracts based on the following inclusion and exclusion 

criteria: clinical studies, reviews, non-human studies that assessed the outcomes 

following perforation repair were included whereas articles in languages other than 
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English were excluded. Titles and abstracts were independently screened by two 

reviewers. Any discrepancies between the two reviewers were resolved through 

discussion with a third author. 

PERFORATION-RELATED FACTORS 

Perforation-related factors that impact the outcome of iatrogenic perforation repair are 

those directly associated with the perforation itself.  

Size of perforation 

The primary objective of repairing a perforation is to prevent bacterial contamination 

from the tooth passing into the periradicular tissues and to avoid periodontal irritation 

from the extrusion of repair materials. In the past, smaller perforations were deemed to 

have a better prognosis, as the likelihood of achieving a secure seal without overfilling 

into adjacent tissues is higher (11). They were also categorised using vague terms like 

"small" or "large," without standardized criteria. More recent research; however, has used 

quantitative techniques to measure the size of perforations, which has resulted in more 

consistent and reliable clinical assessments (18,19). 

Himel et al. (20) evaluated the biological response to three different repair materials 

including tricalcium phosphate, calcium hydroxide, or Teflon discs in defects created on 

the pulpal floor of mandibular posterior teeth in dogs. The findings suggested that 

treatment outcomes were more favourable in larger teeth, where the perforations were 

smaller in proportion. MTA has improved outcomes in root perforation repair, and this 

effect extends not only to material choice but also influences the prognostic significance 

of perforation size and delay in repair, as highlighted by Gorni et al. (18). Mente et al. (21) 

demonstrated that the likelihood of healing decreased as the size of the perforation 

increased. The success rate of 67% was reported for teeth with larger perforations (>3 

mm), in comparison to 88% for perforations that were medium size (2-3 mm), and 90% 

for teeth with very small perforations (<1 mm). From a long-term study that classified 

perforations into three sizes (<1 mm, 2-3 mm and >3 mm), the non-healing rates reported 

were 0%, 6% and 16% respectively. Consequently, the study demonstrated a negative 

association between perforation size and healing, indicating that larger perforations were 

linked to an increased likelihood of treatment failure (18). From a 14-year longitudinal 
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study, it was concluded that larger perforations (>3 mm) were associated with noticeably 

higher failure rates than smaller perforations (19). Furthermore, Askerbeyli Örs et al. (22) 

used three-dimensional finite element analysis to investigate the effects of various furcal 

perforation sizes on the stress distribution pattern in first mandibular molars. The 

structural integrity of teeth was directly influenced by the extent of the perforation, as 

evidenced by the increased stress concentration in the surrounding dentine and 

periodontal ligament of teeth with larger furcal perforations. 

Summary: The size of perforations has always been considered a critical deterministic 

factor in obtaining favourable healing, with perforations that are larger usually associated 

with lower survival as well as reduced healing rates, emphasizing an inverse relation 

between perforation size and positive treatment outcomes. It is essential to quantify the 

exact dimensions of a perforation rather than relying on vague terms like "small" or 

"large." Clinicians should use standardized, quantitative approaches to measure 

perforation size, employing precise units and advanced imaging techniques such as high-

resolution radiography, or CBCT to ensure accuracy and reproducibility. Future research 

should evaluate treatment outcomes in accordance with predetermined size ranges using 

contemporary repair materials. 

Time elapsed before repair of perforation 

In an experimental study, Lantz and Persson (12) created root perforations in dogs and 

treated them either immediately or after a delay. Their findings revealed that immediate 

repair of the perforations resulted in the most favourable healing outcomes, underscoring 

the importance of repair as soon as the perforation is identified and prior to bacterial 

contamination in order to prevent infection and protect the periradicular tissues. 

Similarly, Seltzer et al. (13) treated 22 cases of root perforations in monkeys with zinc 

oxide eugenol alone or with overlying amalgam from immediate management to 10 

months. All cases had periodontal disease, but untreated and delayed cases had the more 

extensive tissue destruction. Beavers et al. (23) provided additional evidence to 

substantiate this finding. 

Early intervention, that is repair performed as soon as possible, prevents microbial 

contamination, infection, and damage to tissues, yielding the most favourable outcomes. 

In cases of older, chronic, and potentially infected perforations, successful treatment is 
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contingent on thorough decontamination prior to repair, ensuring that the procedure is 

performed under aseptic conditions (7,9,24–27). Early intervention is therefore essential 

to prevent the establishment and limit the spread of infection (Figure 4). 

Summary: Clinicians should prioritize the immediate detection and prompt repair of 

perforations. The timing of intervention following a perforation is a critical determinant 

of healing. Early intervention greatly improves the prognosis with more favourable 

healing patterns and less periodontal damage. Focus should be placed on adhering to an 

aseptic protocol with meticulous cleaning and decontamination of the perforation site in 

cases of delayed repair. Future studies should concentrate on creating uniform time 

frames and comparing different treatment modalities over time. 

Location 

The prognosis of iatrogenic perforation repair has been reported to be significantly 

influenced by the location of the defect in relation to the crestal bone level and the 

epithelial attachment, an area referred to as the “critical zone” (28). The prognosis is 

generally most unfavourable when the perforation occurs within this critical zone  with 

perforations located coronal to this zone typically having a good prognosis, as they are 

more accessible and can be adequately restored with conventional materials, without 

involving the periodontal tissues (11). Similarly, perforations situated apical to the critical 

zone tend to have a more favourable prognosis, provided that the root canal is accessible 

and treatment is feasible. These perforations can generally be debrided and repaired 

effectively, with a lower risk of bacterial contamination (29,30). Clauder and Shin (7) 

described that when a perforation is located closer to or above the level of crestal bone, 

downgrowth of junctional epithelium and progressive development of periodontal 

pockets would greatly compromise the prognosis of teeth with infected perforations. 

Specifically, sub-crestal perforations carry a decreased risk of bacterial contamination 

owing to the reduced exposure to the oral environment and are therefore not as 

susceptible to junctional epithelial downgrowth and periodontal pocket formation. 

Fuss and Trope (31) found that perforations near the crestal bone were particularly prone 

to epithelial tissue growth and the rapid development of periodontal pockets, which 

significantly reduces the likelihood of successful repair. Furcal perforations, in particular, 

are generally associated with a less favourable prognosis than apical or middle root 
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perforations, largely due to their increased susceptibility to contamination from the oral 

environment (13,14,32). In cases of furcal perforations, the main concerns are tissue 

damage and the potential communication with the gingival sulcus, with long-term studies 

reinforcing these observations (7,31,33). According to Gorni et al. (19), the middle third 

of the root had the highest percentage of non-healing perforations (12%), followed by the 

coronal third (3%), with the apical region having no failures (0%) (19). Gorni et al. (18) 

reported non-healing perforations in 13% of middle-third cases, 4% of coronal-third 

cases, and none in the apical third. The authors also concluded that although the size and 

site of the perforation used to be important determinants of prognosis, the introduction 

of MTA had fundamentally changed this perspective. It appears that the remarkable 

sealing properties and biocompatibility of MTA have diminished the significance of these 

prognostic factors in the contemporary clinical setting (21) (Figures 5, 6). 

Summary: One of the most crucial factors impacting the prognosis of root perforations is 

its location in relation to the critical zone. However, most reports indicate that historical 

prognostic indicators, including location, are not as relevant as they were before MTA was 

introduced. Clinicians should accurately define and record the location of perforations 

while planning their treatment strategy. Future study should aim to perform a more 

systematic and comparative analysis of the influence of perforation location on clinical 

outcomes, focusing specifically on the critical zone and furcation areas, where the 

prognosis is generally poorer. 

Tooth type 

Higher success rates in treating perforations in maxillary teeth have been reported (14). 

A case series also demonstrated that 73% of maxillary teeth had their perforations 

effectively treated, but mandibular teeth made up a significant number of failed cases 

(62.5%) (34). According to Mente et al. (21), teeth with perforations in a single-rooted 

tooth had a healing success rate of 92%, which was significantly higher than the 75% rate 

for teeth with perforations in multiple roots. Gorni et al. (19) found that all anterior tooth 

perforations healed completely, with a small percentage of premolar (14%) and molar 

(8%) failing to heal. Healing outcomes may vary due to anatomical variations, better blood 

supply, more accessible and simple root canal anatomy, and lower contamination risk 

(19). This implies that tooth type affects perforation repair outcomes. 
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Summary: Tooth type and root configuration have a critical impact on the outcome of 

perforation repairs. These anatomical features underscore the significance of 

individualized treatment planning, customized to the unique attributes of each tooth, to 

enhance success rates and optimize outcomes for patients. Clinicians must consider tooth 

type in their evaluation and treatment strategy when treating teeth with perforations. 

Advanced imaging and magnification technologies provide accurate assessments of 

anatomical intricacies and guide precise, successful treatments. Future research should 

focus on examining the impact of different root configurations and tooth types on the 

outcomes of perforation repair. 

Level of contamination 

When a perforation is exposed to microorganisms, particularly from the oral cavity or 

periodontal tissues, the likelihood of successful healing is reduced (11). The introduction 

of bacteria into the perforated area can trigger an intense inflammatory response, disrupt 

tissue regeneration, and contribute to the formation or persistence of disease (35,36). 

Experimental research provides strong evidence for the association between bacterial 

presence and poor healing outcomes. In an animal study involving monkeys, cases where 

bacteria remained after root canal treatment had a significantly higher incidence of 

unresolved periapical lesions, approximately 79%, compared to only 28% in bacteria-free 

scenarios (37). This disparity highlights the harmful effect of persistent microbial 

contamination on the healing process, as it perpetuates inflammation and tissue 

breakdown. Numerous studies have shown that the presence of bacterial contamination 

at the time of repair leads to compromised healing, with less favourable clinical outcomes 

(7,38) (Figure 4). 

Summary:  Microbial contamination is an important factor affecting the healing and 

overall success of perforation repair. Bacterial infection severely impairs tissue repair, 

frequently leading to chronic periradicular inflammation, as demonstrated by both 

experimental research and clinical observations. Perforation repair carried out from an 

internal approach should be done aseptically with dental dam isolation and antimicrobial 

techniques to prevent contamination of the site and eradicate microorganisms and 

promote tissue repair. Future research should investigate methods to improve 

perforation-specific disinfection techniques.  
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Periodontal health and radiographic changes at the perforation site 

The formation of pathological periodontal pockets can occur as a consequence of the 

apical migration of the periodontal attachment if a perforation is not repaired in a timely 

manner (33). Upon the formation of a pathological pocket, the perforated site remains 

chronically inflamed as a result of the continuous infiltration of bacteria through the 

defect. At this stage, the chances of achieving a successful repair are considerably reduced 

from a periodontal perspective (14,21,32,33). Specifically, when perforations are located 

in the coronal third of the root and are accompanied by periodontal pocket formation, 

treatment failure rates have been reported to reach as high as 100% (32). It has also been 

reported that perforated teeth with deep probing depths had a two-fold higher risk of 

healing failure and prolonged inflammation than those with a healthy periodontium 

(Figure 7) (18,39). 

Summary: Periodontal health and radiographic evidence of disease at the perforation site 

are key factors in determining the success of perforation repair. Prompt diagnosis and 

intervention are crucial to preventing apical migration of the periodontal attachment and 

the formation of periodontal pockets as they significantly reduce the success of 

perforation repair, particularly when present at the coronal third of the root. 

Radiographic monitoring and clinical assessment should be used to detect early signs of 

pathosis at the perforation site. Future studies should investigate how the timing of 

intervention influences periodontal healing, especially in cases involving coronal third 

perforations. 

PATIENT-RELATED FACTORS 

Patient-related factors are discrete attributes or characteristics which influence the 

treatment outcome and play a critical role in determining how a patient responds to 

specific procedures. 

Age 

Age plays a pivotal role in endodontics, as the decrease in vascularity associated with the 

process of aging has been reported to have a negative impact on healing (40). It has been 

reported that individuals aged over 50 years have a greater incidence of non-healing 

perforation repairs in comparison to the patients younger than 50 years supporting the 
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hypothesis that advancing age is linked to a decrease in successful perforation repair (19). 

Although younger patients typically demonstrate better healing, successful outcomes are 

not solely determined by age alone (19). Several other factors, such as site and size of the 

perforations, presence of microbial contamination, may have more significant impact on 

overall outcomes of treatment (32). 

Summary: Age plays a role in the healing of perforation repairs, with younger patients 

tending to be associated with more favourable outcomes. Clinicians should recognize age 

as a factor influencing the healing potential of perforation repairs, with younger patients 

typically demonstrating more favourable outcomes. Future studies should investigate the 

biological mechanisms that cause age-related differences in healing following perforation 

repair. 

Gender 

The impact of gender in determining the outcomes of perforation repair remains unclear. 

A retrospective study of perforation repair revealed that females had a higher success rate 

than males (41). However, other studies have reported no such association (42–45). A 

systematic review also reported that no difference in success rates between male and 

females (14).  

Summary: Gender is not currently considered a major determinant of prognosis 

following perforation repair. Clinicians should be aware that the gender of a patient is not 

considered a major contributing factor in determining the treatment outcome as the 

literature does not reveal a correlation. However, further research is needed to evaluate 

the effect of the gender of an individual on treatment and healing outcomes after 

perforation management. 

Systemic conditions 

Conditions such as diabetes mellitus, cardiovascular diseases, osteoporosis, HIV infection, 

and autoimmune disorders can impair tissue repair and reduce the success rate of 

treatments (46). For instance, diabetes mellitus, characterised by chronic 

hyperglycaemia, impairs collagen formation and disrupts matrix protein degradation, 

leading to delayed wound healing and an increased susceptibility to infections. 

Additionally, hypertension is linked to inflammation and vascular damage that can 
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generally impede the healing process (15,47). Chronic inflammation and immune 

dysregulation are pathognomonic features of autoimmune disorders lupus and 

rheumatoid arthritis that have a detrimental effect on the process of tissue repair. Further, 

medications that are involved in managing these conditions, such as corticosteroids and 

biological agents, may further impair immune function, raise the threat of infection and 

postpone healing (47). HIV infection further lowers the prognosis for endodontic 

treatments by impairing T-cell mediated immunity, which is critical for reducing 

inflammation. 

Summary: Systemic health status has a significant impact on healing following 

perforation repair by impairing the immune response, bone turnover, and 

vascularisation. Clinicians must assess the systemic health of the patient prior to planning 

perforation repair procedures. Extended follow-up intervals, meticulous infection 

control, and potential use of additional therapies to enhance tissue repair should be 

considered and managed prior to the planning of treatment to promote optimal healing. 

Future studies should be directed towards examining the impact of various systemic 

health conditions on tissue vascularisation, bone remodelling, and immune response after 

perforation repair. 

Occlusal load 

Finite element analysis (FEA) has shown that mandibular molars with repaired 

perforations are subject to greater stress levels than intact teeth, with the highest stress 

concentrations occurring in buccal and furcal perforation sites (48). The increased stress 

levels within teeth are primarily due to the mismatch in the elastic modulus between 

dentine and repair materials such as calcium silicate-based cements, which do not 

replicate the biomechanical behaviour of tooth tissue (49). When occlusal forces are 

applied, they can intensify stress accumulation around the perforation site, heightening 

the risk of fracture especially in regions where the tooth structure has already been 

weakened by the perforation and its repair (48). 

Summary: The impact of occlusal load on the outcome of perforation repair highlights 

the need to evaluate biomechanical factors during treatment planning. Clinicians should 

thoroughly assess the occlusal load in patients receiving perforation repair. Selecting 

suitable repair materials and designing appropriate restorations are crucial steps in 
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promoting the longevity and effectiveness of the repair and the survival of teeth. Future 

studies should explore the role of occlusal load on the outcome of perforation repair, 

especially the impact of various forces acting occlusally and bite patterns on healing 

outcomes. Furthermore, studies should also examine how effectively occlusal 

modifications affect the stress at perforation sites, so as to promote the longevity and 

effectiveness of treatment. 

Clinician-related factors 

Clinician-related factors refer to elements that depend directly on the knowledge, skill, 

decision-making, and actions of healthcare professionals performing a specific treatment. 

Selecting the appropriate repair material 

According to Alshehri et al. (50) the ideal perforation repair material should be 

biocompatible, promote bone regeneration, possess antibacterial abilities, and offer 

exceptional sealing abilities. In the past, frequently employed materials for perforation 

repair included amalgam, zinc oxide eugenol, gutta percha, calcium hydroxide, glass 

ionomer cement, intermediate restorative material, composite resin and super ethoxy 

benzoic acid cements. However, current practice favours the use of bioactive materials 

that have demonstrated higher success rates, ranging from 73.3% to 92%, particularly 

when using larger sample sizes and extended follow-up periods. They have also provided 

a reliable long-term seal (18,21,32,41). A systematic review by Siew et al. (14) reported 

that nonsurgical repair of perforation with ProRoot MTA (Dentsply Maillefer, Ballaigues, 

Switzerland; grey and tooth-coloured versions), produced higher success rates in 

comparison with other materials, with an overall success rate of approximately 81% (14). 

Results from a laboratory study evaluating the performance of ERRM (Brasseler, 

Savannah, GA, USA), MTA (ProRoot MTA, Dentsply Tulsa, Tulsa, OK, USA), and GIC (Fuji II, 

GC Corporation, Tokyo, Japan) revealed that both ERRM and MTA had a similar sealing 

ability at the perforation site and performed better than GIC (51). Gorni et al. (19), 

reported that substantial reversal of healing occurs in the long term, even with MTA. The 

favourable sealing results observed with MTA and ERRM may be attributed to their 

composition and hydrophilic nature. This emphasizes the importance of calcium silicate-

based cements as an effective and valuable alternative in tooth preservation. Moreover, 

Gorni et al. (18) concluded that the possibility of inflammatory progression following 
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perforation repair management with ProRoot MTA (Dentsply Maillefer; grey and tooth-

coloured versions) was minimal, indicating its potential for long-term healing. 

Considering the superior sealing ability, biocompatibility, and improved healing 

abilities of calcium silicate-based cements, it has become the material of choice for 

perforation repair in cases where the defects are situated apical to the crestal bone. 

However, calcium silicate-based cements have limitations such as their potential to 

discolour teeth and become dislodged mainly in the region coronal to the crestal bone, 

when there is direct communication between perforation site and oral cavity. In such 

circumstances, alternative materials such as bonded composites or resin-modified glass 

ionomers, may yield more stable, aesthetic, and reliable results (Figure 8). A laboratory 

study (52) concluded that Bioaggregate (Diadent Group International) offered better 

biocompatibility and perforation repair in comparison to Portland cement and MTA 

Angelus (Angelus, Londrina, Brazil) when used as perforation repair and root-end filling 

materials. Hashem and Amin (53) revealed that MTA Angelus (Angelus) was influenced 

comparatively more by acidic pH in comparison to Bioaggregate (Innovative Bioceramix) 

when used as perforation repair material. Sinkar et al. (54) evaluated the sealing ability 

and microleakage between Biodentine (Septodont), RetroMTA (BioMTA, Seoul, Korea) 

and ProRoot MTA (Dentsply Maillefer), and concluded that Biodentine offered the better 

sealing ability and least microleakage. Guneser et al. (55) evaluated various perforation 

materials and reported that Biodentine (Septodont) performed considerably better in 

comparison with other repair materials including ProRoot MTA (Dentsply Maillefer) 

when subjected to various endodontic irrigants.  

Though newer bioactive endodontic cements show promise, long-term follow-up 

studies and larger-scale clinical trials are needed to verify their efficacy and establish 

stronger guidelines for their use. Ultimately, the selection of an appropriate material for 

perforation repair is based on factors such as the specific type, location, and 

characteristics of the perforation, which is a crucial determinant of the prognosis.  

Summary: The selection of a material has an impact on the success of repair and should 

be primarily based on particular clinical circumstances, such as the type and location of 

the perforation. While ProRoot MTA (Dentsply Maillefer) remains the gold standard for 

perforation repair due to its proven high success rates, alternative bioactive materials 
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have demonstrated promising results in particular cases. Clinicians must carefully 

consider the choice of perforation repair material, as it directly impacts the long-term 

prognosis. Material selection should be guided by key clinical factors such as moisture 

control, location and size of the perforation and accessibility. Future research should 

focus on long-term clinical trials to assess the performance and longevity of newer 

bioactive materials in perforation repair. 

Adopting the appropriate clinical approach 

In the past, surgery was the preferred approach for managing perforations, primarily due 

to limited access and visibility, as well as the absence of tools to magnify and illuminate 

the site. However, the standard of care has changed as a result of these technological 

breakthroughs, favouring non-surgical procedures when possible. Non-surgical 

perforation repair using biocompatible materials in combination with use of microscopes 

has demonstrated success rates ranging from 72.5% to 90%, underlining the importance 

of prioritising this approach where appropriate (14,18,21,32,41,56). Surgical treatment 

is generally reserved for cases that either do not respond to non-surgical methods or 

require periodontal intervention (7,38,57). One of the key challenges during perforation 

repair is preventing salivary ingress and bacterial contamination, as these can 

compromise the sealing ability of the repair materials and increase the likelihood of post-

treatment disease. Effective disinfection of a perforation site is crucial during repair 

procedures to minimize the risk of infection and support proper healing. Giovarruscio et 

al. (58) recommended using 1% sodium hypochlorite (NaOCl) in cases of perforation, as 

it offers the benefit of minimizing the caustic effects on periradicular tissues while still 

providing essential antibacterial activity. Although NaOCl is an effective irrigant with 

strong antimicrobial properties, its inadvertent use at perforation sites can lead to several 

complications due to its cytotoxic nature. 

To ensure favourable healing, it is crucial to implement effective isolation techniques. 

These provide a controlled environment that enhances the success of the procedure (59–

61). Arens and Torabinejad (24) described cleaning of infected perforations and the 

wound with copious irrigation of 2.5% sodium hypochlorite before placement of the 

repair material. Sodium hypochlorite is an effective antimicrobial agent but should be 

used cautiously because of the risk of complications should the solution come into contact 
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with bone. The use of an internal matrix has been found to support the healing of furcation 

perforations, particularly when compared to traditional materials such as amalgam, 

which lack a structural scaffold (62). However, with the introduction of calcium silicate-

based cements, some studies suggest that the need for an internal matrix is reduced (63). 

Research has shown that the extrusion of calcium silicate-based cements into the alveolar 

bone does not impede the healing process (63–65). Instead, calcium silicate-based 

cements seem to facilitate biological repair by promoting cementum formation and aiding 

the regeneration of the periodontal apparatus. One factor not mentioned in reports is the 

optimum thickness of the repair material. The stability and resilience of the material is of 

prime importance, and it is surprising that no research has been published on this 

potential factor. 

Summary: Technological advancements in visualization have made non-surgical repair 

the preferred approach for perforation management when conditions are favourable. 

Clinicians must use bioactive materials and advanced imaging methods to repair root 

perforations. Effective isolation and decontamination with careful use of sodium 

hypochlorite is recommended. Sodium hypochlorite should be used carefully for 

disinfection to minimize risks. The use of an internal matrix should be based on specific 

clinical situations. Surgical treatments are now reserved for cases that do not respond to 

conservative methods or have additional complications. The optimum thickness of the 

repair material has not been investigated. Future studies should compare perforation 

repair outcomes by non-surgical and surgical approaches, particularly in terms of size, 

location, time frame, and periodontal involvement. 

Clinician’s expertise, magnification and illumination 

Effective management of iatrogenic perforations relies on the use of appropriate devices 

that enhance visibility and ensure accurate treatment, ultimately improving clinical 

results. Cone beam computed tomography (CBCT) is increasingly used to detect and 

assess root perforations (66). It increases the possibility of diagnosing root perforations 

by offering three-dimensional imaging that tends to overcome the drawbacks of 

conventional periapical radiographs (16,67). An ex vivo study (68) comparing digital 

periapical radiographs and CBCT to detect strip and root perforations revealed that 

despite higher risk of misdiagnosis found among both the modalities of imaging, CBCT 
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displayed higher sensitivity in comparison to periapical radiographs. This greater 

sensitivity associated with CBCT permits precise detection, decreasing the possibilities of 

false negatives. Thus, CBCT not only aids in diagnosing perforations but also decreases 

the risks associated with management and assists in perforation repair (69). 

Root canal treatments performed by specialists are more likely to result in 

predictably consistent and successful outcomes (18,21,70,71). The operating microscope, 

in particular, is recognised as a critical tool in the successful repair of perforations, as it 

greatly improves both visibility and precision during the procedure. The favourable 

outcomes associated with calcium silicate based cements are often attributed to the 

increased accuracy of its placement, alongside the material’s beneficial biological 

properties (14,55). To ensure a precise evaluation of the perforation site, it is imperative 

to have optimum visualization using an operating microscope (7). 

Summary: The clinician's expertise is a significant factor in the success of perforation 

repair, and the utilization of sophisticated equipment significantly improves precision 

and visibility. Clinicians should undertake training and be proficient in the use of 

advanced visualization and instrumentation tools in order to enhance precision, visibility, 

and control, especially in complex or minimally accessible areas. Future research should 

investigate how technologies such as magnification enhance the outcome of perforation 

repair when combined with bioactive materials with a focus on precision and visibility. 

CONCLUSIONS 

The outcome of iatrogenic perforation repair is affected by various perforation-

related, patient-related and clinician-related factors that determine healing and long-

term tooth survival. Effective planning and treatment are possible only if there is a clear 

understanding of these key parameters. Table 1 summarizes the major considerations 

that determine the success of perforation repair, emphasizing the key clinical and 

procedural factors. 

A variety of interconnected factors influence the outcome of perforation repair, 

each influencing treatment outcomes. Among various determinants of perforation repair 

outcomes, the presence of periodontal pockets in association with inflammation and bone 

loss, anatomical position of the perforation, perforation size, timing of treatment, and type 
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of repair material play a crucial role. Furthermore, the expertise of clinicians, the 

subsequent treatment strategy, and use of predictable case management protocols are 

other critical factors. Interdependency of these factors offers a growing necessity to 

formulate an updated system of classification of root perforations. Such a system would 

be an important tool to assist clinicians in making evidence-based decisions about 

diagnosis, treatment planning and management. An in-depth awareness of the factors 

influencing the prognosis is essential for providing reliable, effective and successful 

outcomes in treating iatrogenic perforations. The incorporation of these factors into 

clinical guidelines and classification systems will ultimately lead to improved patient care 

and well-being as well as long-term treatment success. 

 



Table 1: Key factors that have the potential to influence the outcome of iatrogenic 

perforation repair 

Key Factors Impact on the outcome Clinical and procedural aspects 

Size of 
Perforation 

Smaller perforations are 
linked to better healing 
and survival rates 

Inverse/Negative correlation between 
perforation size and treatment success. 
Smaller perforation possesses less tissue 
disruption and better sealing 

Location of 
Perforation 

Apical > Coronal/Furcal 
in terms of prognosis 

Perforations within critical zone always 
offer poor prognosis. Coronal/Apical to 
critical zone are often accessible and so 
sealed effectively 

Time of Repair Early intervention leads 
to better healing 

  

Delayed treatment increases risk of 
infection and tissue destruction. Bacterial 
ingress from saliva or root canal system 
worsens the prognosis 

Contamination 
Level 

Lower contamination 
offers better outcome 

Residual bacterial infection hampers the 
tissue repair often resulting in persistent 
periapical inflammation 

Repair Material Bioactive materials have 
demonstrated better 
success rates 

Mineral Trioxide Aggregate (MTA) 
remains gold standard due to its proven 
biocompatibility, sealing ability, and high 
success rates 

Systemic Health Systemic health greatly 
influences parameters 
like immune response, 
bone turnover, 
vascularisation, tissue 
regeneration and have 
positive correlation 
between health and 
healing 

Diabetes, immunosuppression, or other 
systemic conditions may impair healing 



Age of Patient Younger patients 
generally show better 
healing 

Younger individuals possess greater 
regenerative capacity, better blood 
supply, enhanced stem cell activity and 
stronger immune function 

Technique 
Quality 

Precise, well-isolated 
perforation repair 
improves prognosis 

Use of magnification, illumination and 
proper sealing materials are crucial 

Periodontal 
Involvement 

Compromised 
periodontium offers only 
a poorer prognosis 

Periodontal pockets or bone loss near 
perforation site reduce success rate 

Occlusal Load Stress accumulation 
around the perforation 
site, increases the risk of 
fracture 

Comprehensive biomechanical 
assessment is crucial to promote long 
term functional stability. 

  

 



REFERENCES 

1. American Association of Endodontists. Glossary of Endodontic Terms. 10th ed. 
Chicago (IL): American Association of Endodontists; 2020.  

2. Nagpal R, Manuja N, Pandit IK, Rallan M. Surgical management of iatrogenic 
perforation in maxillary central incisor using mineral trioxide aggregate. BMJ Case 
Rep. 2013 Jul 10;2013(jul10 1):bcr2013200124. 

3. Olcay K, Ataoglu H, Belli S. Evaluation of Related Factors in the Failure of 
Endodontically Treated Teeth: A Cross-sectional Study. J Endod. 2018 Jan;44(1):38–
45. 

4. Roda RS. Root perforation repair: surgical and nonsurgical management. Pract 
Proced Aesthet Dent. 2001 Aug;13(6):467–72; quiz 474. 

5. Sarao SK, Berlin-Broner Y, Levin L. Occurrence and risk factors of dental root 
perforations: a systematic review. Int Dent J. 2020 Aug 20;71(2):96–105. 

6. Eleftheriadis GI, Lambrianidis TP. Technical quality of root canal treatment and 
detection of iatrogenic errors in an undergraduate dental clinic. Int Endod J. 2005 
Oct;38(10):725–34. 

7. Clauder T, Shin SJ. Repair of perforations with MTA: clinical applications and 
mechanisms of action. Endod Topics. 2006 Nov;15(1):32–55. 

8. Schilder H. Cleaning and shaping the root canal. Dent Clin North Am. 1974 
Apr;18(2):269–96. 

9. Ford TR, Torabinejad M, McKendry DJ, Hong CU, Kariyawasam SP. Use of mineral 
trioxide aggregate for repair of furcal perforations. Oral Surg Oral Med Oral Pathol 
Oral Radiol Endod. 1995 Jun;79(6):756–63. 

10. Silva RAB, Borges ATN, Hernandéz-Gatón P, de Queiroz AM, Arzate H, Romualdo PC, 
et al. Histopathological, histoenzymological, immunohistochemical and 
immunofluorescence analysis of tissue response to sealing materials after furcation 
perforation. Int Endod J. 2019 Oct;52(10):1489–500. 

11. Fuss Z, Trope M. Root perforations: classification and treatment choices based on 
prognostic factors. Endod Dent Traumatol. 1996 Dec;12(6):255–64. 

12. Lantz B, Persson PA. Periodontal tissue reactions after root perforations in dog’s 
teeth. A histologic study. Odontol Tidskr. 1967 Jun;75(3):209–37. 

13. Seltzer S, Sinai I, August D. Periodontal effects of root perforations before and 
during endodontic procedures. J Dent Res. 1970 Mar-Apr;49(2):332–9. 

14. Siew K, Lee AHC, Cheung GSP. Treatment Outcome of Repaired Root Perforation: A 
Systematic Review and Meta-analysis. J Endod. 2015 Nov;41(11):1795–804. 

15. Holland R, Gomes JE Filho, Cintra LTA, Queiroz ÍO de A, Estrela C. Factors affecting 

http://paperpile.com/b/JuvbKD/BeSx
http://paperpile.com/b/JuvbKD/BeSx
http://paperpile.com/b/JuvbKD/BeSx
http://paperpile.com/b/JuvbKD/9Em6
http://paperpile.com/b/JuvbKD/9Em6
http://paperpile.com/b/JuvbKD/9Em6
http://paperpile.com/b/JuvbKD/2U17
http://paperpile.com/b/JuvbKD/2U17
http://paperpile.com/b/JuvbKD/CW4x
http://paperpile.com/b/JuvbKD/CW4x
http://paperpile.com/b/JuvbKD/yVxs
http://paperpile.com/b/JuvbKD/yVxs
http://paperpile.com/b/JuvbKD/yVxs
http://paperpile.com/b/JuvbKD/cDcm
http://paperpile.com/b/JuvbKD/cDcm
http://paperpile.com/b/JuvbKD/xVBY
http://paperpile.com/b/JuvbKD/xVBY
http://paperpile.com/b/JuvbKD/4QGy
http://paperpile.com/b/JuvbKD/4QGy
http://paperpile.com/b/JuvbKD/4QGy
http://paperpile.com/b/JuvbKD/4KnQ
http://paperpile.com/b/JuvbKD/4KnQ
http://paperpile.com/b/JuvbKD/4KnQ
http://paperpile.com/b/JuvbKD/4KnQ
http://paperpile.com/b/JuvbKD/7Lxj
http://paperpile.com/b/JuvbKD/7Lxj
http://paperpile.com/b/JuvbKD/anpj
http://paperpile.com/b/JuvbKD/anpj
http://paperpile.com/b/JuvbKD/irDX
http://paperpile.com/b/JuvbKD/irDX
http://paperpile.com/b/JuvbKD/XrIX
http://paperpile.com/b/JuvbKD/XrIX
http://paperpile.com/b/JuvbKD/v5KE


the periapical healing process of endodontically treated teeth. J Appl Oral Sci. 2017 
Sep-Oct;25(5):465–76. 

16. Estrela C, Decurcio D de A, Rossi-Fedele G, Silva JA, Guedes OA, Borges ÁH. Root 
perforations: a review of diagnosis, prognosis and materials. Braz Oral Res. 2018 
Oct 18;32(suppl 1):e73. 

17. Clauder T. Present status and future directions - Managing perforations. Int Endod J. 
2022 Oct;55 Suppl 4:872–91. 

18. Gorni FG, Andreano A, Ambrogi F, Brambilla E, Gagliani M. Patient and Clinical 
Characteristics Associated with Primary Healing of Iatrogenic Perforations after 
Root Canal Treatment: Results of a Long-term Italian Study. J Endod. 2016 
Feb;42(2):211–5. 

19. Gorni FG, Ionescu AC, Ambrogi F, Brambilla E, Gagliani MM. Prognostic Factors and 
Primary Healing on Root Perforation Repaired with MTA: A 14-year Longitudinal 
Study. J Endod. 2022 Sep;48(9):1092–9. 

20. Himel VT, Brady J Jr, Weir J Jr. Evaluation of repair of mechanical perforations of the 
pulp chamber floor using biodegradable tricalcium phosphate or calcium 
hydroxide. J Endod. 1985 Apr;11(4):161–5. 

21. Mente J, Leo M, Panagidis D, Saure D, Pfefferle T. Treatment outcome of mineral 
trioxide aggregate: repair of root perforations-long-term results. J Endod. 2014 
Jun;40(6):790–6. 

22. Askerbeyli Örs S, Aksel H, Küçükkaya Eren S, Serper A. Effect of perforation size and 
furcal lesion on stress distribution in mandibular molars: a finite element analysis. 
Int Endod J. 2019 Mar;52(3):377–84. 

23. Beavers RA, Bergenholtz G, Cox CF. Periodontal wound healing following intentional 
root perforations in permanent teeth of Macaca mulatta. Int Endod J. 1986 
Jan;19(1):36–44. 

24. Arens DE, Torabinejad M. Repair of furcal perforations with mineral trioxide 
aggregate: two case reports. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 
1996 Jul;82(1):84–8. 

25. Nicholls E. Treatment of traumatic perforations of the pulp cavity. Oral Surg Oral 
Med Oral Pathol. 1962 May;15:603–12. 

26. Kvinnsland I, Oswald RJ, Halse A, Grønningsaeter AG. A clinical and roentgenological 
study of 55 cases of root perforation. Int Endod J. 1989 Mar;22(2):75–84. 

27. Logani A, Sharma S, Kumar V. Management of long-standing perforation with 
mineral trioxide aggregate using metronidazole-containing collagen as an internal 
matrix. Saudi Endod J. 2017;7(2):123. 

28. Saed SM, Ashley MP, Darcey J. Root perforations: aetiology, management strategies 
and outcomes. The hole truth. Br Dent J. 2016 Feb 26;220(4):171–80. 

http://paperpile.com/b/JuvbKD/v5KE
http://paperpile.com/b/JuvbKD/v5KE
http://paperpile.com/b/JuvbKD/qyLov
http://paperpile.com/b/JuvbKD/qyLov
http://paperpile.com/b/JuvbKD/qyLov
http://paperpile.com/b/JuvbKD/IjSwb
http://paperpile.com/b/JuvbKD/IjSwb
http://paperpile.com/b/JuvbKD/evgs
http://paperpile.com/b/JuvbKD/evgs
http://paperpile.com/b/JuvbKD/evgs
http://paperpile.com/b/JuvbKD/evgs
http://paperpile.com/b/JuvbKD/xgxX
http://paperpile.com/b/JuvbKD/xgxX
http://paperpile.com/b/JuvbKD/xgxX
http://paperpile.com/b/JuvbKD/WKGV
http://paperpile.com/b/JuvbKD/WKGV
http://paperpile.com/b/JuvbKD/WKGV
http://paperpile.com/b/JuvbKD/AaxL
http://paperpile.com/b/JuvbKD/AaxL
http://paperpile.com/b/JuvbKD/AaxL
http://paperpile.com/b/JuvbKD/v3br
http://paperpile.com/b/JuvbKD/v3br
http://paperpile.com/b/JuvbKD/v3br
http://paperpile.com/b/JuvbKD/aBEX
http://paperpile.com/b/JuvbKD/aBEX
http://paperpile.com/b/JuvbKD/aBEX
http://paperpile.com/b/JuvbKD/xA1A
http://paperpile.com/b/JuvbKD/xA1A
http://paperpile.com/b/JuvbKD/xA1A
http://paperpile.com/b/JuvbKD/SMLx
http://paperpile.com/b/JuvbKD/SMLx
http://paperpile.com/b/JuvbKD/FXlw
http://paperpile.com/b/JuvbKD/FXlw
http://paperpile.com/b/JuvbKD/jkzoq
http://paperpile.com/b/JuvbKD/jkzoq
http://paperpile.com/b/JuvbKD/jkzoq
http://paperpile.com/b/JuvbKD/d5tP
http://paperpile.com/b/JuvbKD/d5tP


29. Frank AL. Resorption, perforations, and fractures. Dent Clin North Am. 1974 
Apr;18(2):465–87. 

30. Sinai IH. Endodontic perforations: their prognosis and treatment. J Am Dent Assoc. 
1977 Jul;95(1):90–5. 

31. Fuss Z, Trope M. Root perforations: classification and treatment choices based on 
prognostic factors. Endod Dent Traumatol. 1996 Dec;12(6):255–64. 

32. Krupp C, Bargholz C, Brüsehaber M, Hülsmann M. Treatment outcome after repair 
of root perforations with mineral trioxide aggregate: a retrospective evaluation of 
90 teeth. J Endod. 2013 Nov;39(11):1364–8. 

33. Tsesis I, Fuss Z. Diagnosis and treatment of accidental root perforations. Endod 
Topics. 2006 Mar;13(1):95–107. 

34. Alves de Melo PH, Machado AG, Barbosa Machado AL, Carvalho FN, de Melo JB, 
Jochims Schneider LF. Evaluation of Root Perforation Treatments with Mineral 
Trioxide Aggregate: A Retrospective Case Series Study. Iran Endod J. 2019 
Spring;14(2):144–51. 

35. Elbahary S, Haj Yahya S, Koç C, Shemesh H, Rosen E, Tsesis I. Bacterial colonization 
and proliferation in furcal perforations repaired by different materials: A confocal 
laser scanning microscopy study. Appl Sci (Basel). 2021 Apr 10;11(8):3403. 

36. Kogan P, He J, Glickman GN, Watanabe I. The effects of various additives on setting 
properties of MTA. J Endod. 2006 Jun;32(6):569–72. 

37. Fabricius L, Dahlén G, Sundqvist G, Happonen RP, Möller AJR. Influence of residual 
bacteria on periapical tissue healing after chemomechanical treatment and root 
filling of experimentally infected monkey teeth. Eur J Oral Sci. 2006 
Aug;114(4):278–85. 

38. Gancedo-Caravia L, Garcia-Barbero E. Influence of humidity and setting time on the 
push-out strength of mineral trioxide aggregate obturations. J Endod. 2006 
Sep;32(9):894–6. 

39. Asgary S, Verma P, Nosrat A. Periodontal healing following non-surgical repair of an 
old perforation with pocket formation and oral communication. Restor Dent Endod. 
2018 May;43(2):e17. 

40. Iezzi I, Pagella P, Mattioli-Belmonte M, Mitsiadis TA. The effects of ageing on dental 
pulp stem cells, the tooth longevity elixir. Eur Cell Mater. 2019 Feb 26;37:175–85. 

41. Pontius V, Pontius O, Braun A, Frankenberger R, Roggendorf MJ. Retrospective 
evaluation of perforation repairs in 6 private practices. J Endod. 2013 
Nov;39(11):1346–58. 

42. de Chevigny C, Dao TT, Basrani BR, Marquis V, Farzaneh M, Abitbol S, et al. 
Treatment outcome in endodontics: the Toronto study--phases 3 and 4: orthograde 
retreatment. J Endod. 2008 Feb;34(2):131–7. 

http://paperpile.com/b/JuvbKD/7tZf
http://paperpile.com/b/JuvbKD/7tZf
http://paperpile.com/b/JuvbKD/57WJ
http://paperpile.com/b/JuvbKD/57WJ
http://paperpile.com/b/JuvbKD/OmH9
http://paperpile.com/b/JuvbKD/OmH9
http://paperpile.com/b/JuvbKD/S5cC
http://paperpile.com/b/JuvbKD/S5cC
http://paperpile.com/b/JuvbKD/S5cC
http://paperpile.com/b/JuvbKD/LUJO
http://paperpile.com/b/JuvbKD/LUJO
http://paperpile.com/b/JuvbKD/3nD5
http://paperpile.com/b/JuvbKD/3nD5
http://paperpile.com/b/JuvbKD/3nD5
http://paperpile.com/b/JuvbKD/3nD5
http://paperpile.com/b/JuvbKD/l5od
http://paperpile.com/b/JuvbKD/l5od
http://paperpile.com/b/JuvbKD/l5od
http://paperpile.com/b/JuvbKD/e6QV
http://paperpile.com/b/JuvbKD/e6QV
http://paperpile.com/b/JuvbKD/lWBI
http://paperpile.com/b/JuvbKD/lWBI
http://paperpile.com/b/JuvbKD/lWBI
http://paperpile.com/b/JuvbKD/lWBI
http://paperpile.com/b/JuvbKD/oXDQ
http://paperpile.com/b/JuvbKD/oXDQ
http://paperpile.com/b/JuvbKD/oXDQ
http://paperpile.com/b/JuvbKD/YtNe
http://paperpile.com/b/JuvbKD/YtNe
http://paperpile.com/b/JuvbKD/YtNe
http://paperpile.com/b/JuvbKD/nOBP
http://paperpile.com/b/JuvbKD/nOBP
http://paperpile.com/b/JuvbKD/rc4y
http://paperpile.com/b/JuvbKD/rc4y
http://paperpile.com/b/JuvbKD/rc4y
http://paperpile.com/b/JuvbKD/jZkP
http://paperpile.com/b/JuvbKD/jZkP
http://paperpile.com/b/JuvbKD/jZkP


43. Farzaneh M, Abitbol S, Friedman S. Treatment outcome in endodontics: the Toronto 
study. Phases I and II: Orthograde retreatment. J Endod. 2004 Sep;30(9):627–33. 

44. Ng YL, Mann V, Gulabivala K. A prospective study of the factors affecting outcomes 
of nonsurgical root canal treatment: part 1: periapical health. Int Endod J. 2011 
Jul;44(7):583–609. 

45. Ng YL, Mann V, Gulabivala K. A prospective study of the factors affecting outcomes 
of non-surgical root canal treatment: part 2: tooth survival. Int Endod J. 2011 
Jul;44(7):610–25. 

46. Segura-Egea JJ, Cabanillas-Balsera D, Martín-González J, Cintra LTA. Impact of 
systemic health on treatment outcomes in endodontics. Int Endod J. 2023 Mar;56 
Suppl 2:219–35. 

47. Niazi SA, Bakhsh A. Association between Endodontic Infection, Its Treatment and 
Systemic Health: A Narrative Review. Medicina (Kaunas) [Internet]. 2022 Jul 
14;58(7). Available from: http://dx.doi.org/10.3390/medicina58070931 

48. Airsang A, Adarsha MS, Meena N, Vikram R, Gowda V, Harti SA. Effect of pulpal floor 
perforation repair on biomechanical response of mandibular molar: A finite 
element analysis. J Conserv Dent. 2021 Sep-Oct;24(5):502–7. 

49. Anija R, Kalita C, Satheesh SL, Seal M, Kalita T, Saikia A. Comparative analysis of 
Biodentine and Mineral Trioxide Aggregate repair High Plasticity in reinforcing 
roots with perforation: An in vitro study. J Conserv Dent Endod. 2025 Jan;28(1):63–
7. 

50. Alshehri MM, Alhawsawi BF, Alghamdi A, Aldobaikhi SO, Alanazi MH, Alahmad FA. 
The Management of Root Perforation: A Review of the Literature. Cureus. 2024 
Oct;16(10):e72296. 

51.  Zarzour DS, Habib AA, Doumani M, et al. Comparative Evaluation of Sealing Ability 
of Three Materials Used in Furcal Perforation Repair (In Vitro). World J Dent 
2021;12(3):178–182. 

52. Bayram HM, Saklar F, Bayram E, Orucoglu H, Bozkurt A. Determination of the Apical 
Sealing Abilities of Mineral Trioxide Aggregate, Portland Cement, and Bioaggregate 
After Irrigation with Different Solutions. J Int Oral Health. 2015 Jun;7(6):13–7. 

53. Hashem AAR, Wanees Amin SA. The effect of acidity on dislodgment resistance of 
mineral trioxide aggregate and bioaggregate in furcation perforations: an in vitro 
comparative study. J Endod. 2012 Feb;38(2):245–9. 

54. Sinkar RC, Patil SS, Jogad NP, Gade VJ. Comparison of sealing ability of ProRoot MTA, 
RetroMTA, and Biodentine as furcation repair materials: An ultraviolet 
spectrophotometric analysis. J Conserv Dent. 2015 Nov-Dec;18(6):445–8. 

55. Guneser MB, Akbulut MB, Eldeniz AU. Effect of various endodontic irrigants on the 
push-out bond strength of biodentine and conventional root perforation repair 
materials. J Endod. 2013 Mar;39(3):380–4. 

http://paperpile.com/b/JuvbKD/Zu5X
http://paperpile.com/b/JuvbKD/Zu5X
http://paperpile.com/b/JuvbKD/GvR4
http://paperpile.com/b/JuvbKD/GvR4
http://paperpile.com/b/JuvbKD/GvR4
http://paperpile.com/b/JuvbKD/aqoZ
http://paperpile.com/b/JuvbKD/aqoZ
http://paperpile.com/b/JuvbKD/aqoZ
http://paperpile.com/b/JuvbKD/0OZY
http://paperpile.com/b/JuvbKD/0OZY
http://paperpile.com/b/JuvbKD/0OZY
http://paperpile.com/b/JuvbKD/jlYK
http://paperpile.com/b/JuvbKD/jlYK
http://paperpile.com/b/JuvbKD/jlYK
http://dx.doi.org/10.3390/medicina58070931
http://paperpile.com/b/JuvbKD/JuZdG
http://paperpile.com/b/JuvbKD/JuZdG
http://paperpile.com/b/JuvbKD/JuZdG
http://paperpile.com/b/JuvbKD/La4y
http://paperpile.com/b/JuvbKD/La4y
http://paperpile.com/b/JuvbKD/La4y
http://paperpile.com/b/JuvbKD/La4y
http://paperpile.com/b/JuvbKD/u6H0
http://paperpile.com/b/JuvbKD/u6H0
http://paperpile.com/b/JuvbKD/u6H0
http://paperpile.com/b/JuvbKD/uAqEq
http://paperpile.com/b/JuvbKD/uAqEq
http://paperpile.com/b/JuvbKD/uAqEq
http://paperpile.com/b/JuvbKD/8D8e
http://paperpile.com/b/JuvbKD/8D8e
http://paperpile.com/b/JuvbKD/8D8e
http://paperpile.com/b/JuvbKD/BphY
http://paperpile.com/b/JuvbKD/BphY
http://paperpile.com/b/JuvbKD/BphY
http://paperpile.com/b/JuvbKD/SqDM
http://paperpile.com/b/JuvbKD/SqDM
http://paperpile.com/b/JuvbKD/SqDM


56. Torabinejad M, Parirokh M, Dummer PMH. Mineral trioxide aggregate and other 
bioactive endodontic cements: an updated overview - part II: other clinical 
applications and complications. Int Endod J. 2018 Mar;51(3):284–317. 

57. Carrotte P. Surgical endodontics. Br Dent J. 2005 Jan 22;198(2):71–9. 

58. Giovarruscio M, Tonini R, Zavattini A, Foschi F. Reparative procedures for 
endodontic perforations: towards a standardised approach. Endod Pract. 
2020;14:217–228. 

59. Tsesis I, Rosenberg E, Faivishevsky V, Kfir A, Katz M, Rosen E. Prevalence and 
associated periodontal status of teeth with root perforation: a retrospective study 
of 2,002 patients’ medical records. J Endod. 2010 May;36(5):797–800. 

60. Mente J, Hage N, Pfefferle T, Koch MJ, Geletneky B, Dreyhaupt J, et al. Treatment 
outcome of mineral trioxide aggregate: repair of root perforations. J Endod. 2010 
Feb;36(2):208–13. 

61. Siqueira JF Jr, Rôças IN. Clinical implications and microbiology of bacterial 
persistence after treatment procedures. J Endod. 2008 Nov;34(11):1291–301.e3. 

62. Lemon RR. Nonsurgical repair of perforation defects. Internal matrix concept. Dent 
Clin North Am. 1992;36(2):439-457. 

63. Sluyk SR, Moon PC, Hartwell GR. Evaluation of setting properties and retention 
characteristics of mineral trioxide aggregate when used as a furcation perforation 
repair material. J Endod. 1998 Nov;24(11):768–71. 

64. Lee SJ, Monsef M, Torabinejad M. Sealing ability of a mineral trioxide aggregate for 
repair of lateral root perforations. J Endod. 1993 Nov;19(11):541–4. 

65. Torabinejad M, Hong CU, Lee SJ, Monsef M, Pitt Ford TR. Investigation of mineral 
trioxide aggregate for root-end filling in dogs. J Endod. 1995 Dec;21(12):603–8. 

66. Shokri A, Eskandarloo A, Noruzi-Gangachin M, Khajeh S. Detection of root 
perforations using conventional and digital intraoral radiography, multidetector 
computed tomography and cone beam computed tomography. Restor Dent Endod. 
2015 Feb;40(1):58–67. 

67. Alshamrani AS, Almusharraf AY, Alshammari KA, Ali EJB, Almutairi HH, Farrash FA, 
et al. Causes, diagnosis, treatment and prognosis of root perforations. Int J 
Community Med Public Health. 2022 Dec 29;10(1):351. 

68. Shemesh H, Cristescu RC, Wesselink PR, Wu MK. The use of cone-beam computed 
tomography and digital periapical radiographs to diagnose root perforations. J 
Endod. 2011 Apr;37(4):513–6. 

69. Bhuva B, Barnes JJ, Patel S. The use of limited cone beam computed tomography in 
the diagnosis and management of a case of perforating internal root resorption. Int 
Endod J. 2011 Aug;44(8):777–86. 

http://paperpile.com/b/JuvbKD/Or5x
http://paperpile.com/b/JuvbKD/Or5x
http://paperpile.com/b/JuvbKD/Or5x
http://paperpile.com/b/JuvbKD/47V9
http://paperpile.com/b/JuvbKD/WDiR
http://paperpile.com/b/JuvbKD/WDiR
http://paperpile.com/b/JuvbKD/WDiR
http://paperpile.com/b/JuvbKD/zTH4
http://paperpile.com/b/JuvbKD/zTH4
http://paperpile.com/b/JuvbKD/zTH4
http://paperpile.com/b/JuvbKD/iul6
http://paperpile.com/b/JuvbKD/iul6
http://paperpile.com/b/JuvbKD/YGcP
http://paperpile.com/b/JuvbKD/YGcP
http://paperpile.com/b/JuvbKD/YGcP
http://paperpile.com/b/JuvbKD/FipN
http://paperpile.com/b/JuvbKD/FipN
http://paperpile.com/b/JuvbKD/X32x
http://paperpile.com/b/JuvbKD/X32x
http://paperpile.com/b/JuvbKD/WOJW
http://paperpile.com/b/JuvbKD/WOJW
http://paperpile.com/b/JuvbKD/WOJW
http://paperpile.com/b/JuvbKD/WOJW
http://paperpile.com/b/JuvbKD/ZxWfq
http://paperpile.com/b/JuvbKD/ZxWfq
http://paperpile.com/b/JuvbKD/ZxWfq
http://paperpile.com/b/JuvbKD/59Nx
http://paperpile.com/b/JuvbKD/59Nx
http://paperpile.com/b/JuvbKD/59Nx
http://paperpile.com/b/JuvbKD/Sbblz
http://paperpile.com/b/JuvbKD/Sbblz
http://paperpile.com/b/JuvbKD/Sbblz


70. Pace R, Giuliani V, Pagavino G. Mineral trioxide aggregate as repair material for 
furcal perforation: case series. J Endod. 2008 Sep;34(9):1130–3. 

71. Ree M, Schwartz R. Management of perforations: four cases from two private 
practices with medium- to long-term recalls. J Endod. 2012 Oct;38(10):1422–7. 

 

http://paperpile.com/b/JuvbKD/24en
http://paperpile.com/b/JuvbKD/24en
http://paperpile.com/b/JuvbKD/mydw
http://paperpile.com/b/JuvbKD/mydw


FIGURE LEGENDS 

Figure1. Clinical and radiographic presentations of perforations due to various iatrogenic 

and pathological causes. A. Buccal view of tooth 12 showing granulation tissue in an 

extensive perforation caused by cervical resorption, B. 3D-reconstruction of tooth 12 

revealing the extent of the resorptive defect, C. Preoperative periapical radiograph of 

tooth 46, D. Periapical radiograph of tooth 46 with an endodontic file in a perforation that 

occurred in the floor of the pulp chamber during access cavity preparation. There is no 

bone destruction in the furcal region as the perforation just occurred, E. Periapical 

radiograph of teeth 36 and 37 showing posts emerging through extensive perforations 

that occurred during post space preparation, which led to extensive bone destruction 

(Image courtesy: Dr. Thomas Clauder) 

 

Figure 2. Radiographic and clinical images of various iatrogenic perforations. A. Periapical 

radiograph of tooth 14 with a perforation, B. Periapical radiograph of tooth 24 showing a 

perforation with extruded root filling material. A, B perforation occurred due 

misinterpretation of the crown-root angulation, C, D. Periapical radiograph and occlusal 

view of a pulp chamber perforation due to excessive removal of dentine associated with 

calcification of the pulp chamber, E, F, G. Periapical radiographs and occlusal view of a 

pulp chamber perforation due to excessive removal of dentine associated with 

calcification of the pulp chamber (Images courtesy: Dr. Thomas Clauder). 



 

Figure 3. Radiographic and clinical management of a pulp chamber floor perforation in 

tooth 36. A. Periapical radiograph of tooth 36 showing extensive tooth tissue loss that 

occurred during access cavity preparation and resulted in a perforation to the pulp 

chamber floor. No bone destruction in the furcal region is evident, B. Perforation site on 

tooth 36 and thinned-out pulpal floor, C. Closure of the perforation site and adhesive 

reconstruction of the pulpal floor with a resin bonded glass ionomer material (Geristore, 

Denmat), D. One-year post-operative periapical radiograph of tooth 36 showing the root 

filling and perforation repair with no signs of periradicular pathosis (Images courtesy: Dr. 

Thomas Clauder). 



 

Figure 4. Repair of an infected furcal perforation in tooth 16. A. Periapical radiograph 

shows no evidence of a perforation due to superimposition of restorative materials, B. 

Clinical image of tooth 16 with a massively infected long-term perforation between the 

buccal roots in the furcation, C. Situation after appropriate cleaning of the furcation and 

instrumentation of the previously undetected distobuccal canal, D. Use of a gutta-percha 

point as a space maintainer to prevent repair material blocking the canal, E. After 

perforation repair with ProRoot MTA and removal of the space maintainer, F. Filling of 

the canals after setting of the repair material, G. Immediate postoperative periapical 

radiograph, H. One-year postoperative radiograph shows no signs of pathosis (Images 

courtesy: Dr. Thomas Clauder). 



 

Figure 5. Repair of a perforation in the middle third of the mesial root of tooth 47. A. Strip 

perforation on the mesial root of tooth 47 not clearly visible on the preoperative 

periapical radiograph, B, C. Strip perforation clearly visible on CBCT images. D. Strip 

perforation caused by extensive removal of dentine during root canal preparation visible 

using a microscope, E. Strip perforation repair - with ProRoot MTA filling the entire 

coronal section of the canal, F. Postoperative periapical radiograph showing the 

perforation repair prior to tooth restoration (Images courtesy: Dr. Thomas Clauder). 

 



Figure 6. Repair of a perforation in the apical third of the mesial root of tooth 16. A. 

Preoperative periapical radiograph showing an insufficient root filling, massive apical 

transportation of the mesiobuccal canal and possible perforation in the apical third; note 

the gutta-percha point in the buccal fistula, B. Perforation in the apical third of the 

mesiobuccal root visible under high magnification, C. Perforation repair and root filling of 

MB1 with MTA, with warm vertical compaction of gutta-percha in MB 2, D. Postoperative 

radiograph with no signs of pathosis (Images courtesy: Dr. Thomas Clauder). 

 

Figure 7. Repair of mesial perforation in tooth 46 at the crestal bone level. A. Periapical 

radiograph showing post-treatment endodontic disease apically as well as in the 

furcation. The perforation on the mesial aspect of the mesial root led to the formation of 

a periodontal pocket, B. Massive infection of the perforation site, C. One-year 

postoperative periapical radiograph shows healing of the apical and furcation lesions. The 

periodontal pocket caused by the perforation is stable but without resolving the probing 

depth (Images courtesy: Dr. Thomas Clauder). 



 

Figure 8. Repair of a supracrestal, buccal perforation due to misangulation during 

accessing 11. A. Preoperative periapical radiograph not clearly showing a perforation, B. 

CBCT images reveal the extent of the perforation, C. Buccal perforation visible with the 

operating microscope through the access cavity, D. Perforation visible with the operating 

microscope from the buccal side, E. After restoring the perforation due to its supracrestal 

localization with composite, F. radiological postop after root canal obturation (Images 

courtesy: Dr. Thomas Clauder). 

 


