How large a canal apical diameter should I instrument to?
Literature Support 

Baugh, Wallace 2005 - The Role of Apical Instrumentation in Root Canal Treatment: A Review of the Literature 
The most important objective of root canal therapy is to minimize the number of microorganisms and pathologic debris in root canal systems to prevent or treat apical periodontitis.  

This process of chemomechanical debridement, or cleaning of the root canal systems, has been described as the removal of all of the contents of the root canal systems before and during shaping. Grossman, 1970 – Endodontic Practice, described mechanical cleaning as the most important part of root canal therapy. Schilder, 1974 - Cleaning and shaping the root canal, also considered cleaning and shaping as the foundation for successful endodontic therapy. 
Thorough instrumentation of the apical region has long been considered to be an essential component in the cleaning and shaping process. It was discussed as a critical step as early as 1931 by Groove.

Simon, 1994 - The apex: how critical is it?  later recognized the apical area as the critical zone for instrumentation.  
Other authors, Cohen and Burns, 1998 – Pathways of the Pulp, and  Spangberg, 2001 - The wonderful world of rotary root canal preparation, concluded that the last few millimeters that approach the apical foramen are critical in the instrumentation process.  

Mechanical instrumentation and irrigation are sound endodontic principles and essential components of successful endodontics, Reig, 1952 - Histological study of instrumentation in root canals  and  Haga, 1968 - Microscopic measurements of root canal preparations following instrumentation.

Research has shown that mechanical instrumentation greatly reduces the number of microorganisms remaining in the root canal system.
 Mechanical instrumentation, Bystrom and G Sundqvist, 1981 - Bacteriologic evaluation of the efficacy of mechanical root canal instrumentation in endodontic therapy,  has been shown to reduce bacterial count even without irrigants or dressings. 
A combination of mechanical instrumentation and irrigation, Bystrom and G Sundqvist, 1981 - Bacteriologic evaluation of the efficacy of mechanical root canal instrumentation in endodontic therapy and  Cont’d ▼

Ingle and Zeldow, 1958 An evaluation of mechanical instrumentation and the negative culture in Endodontic therapy, further reduced the number of microorganisms by 100 to 1000 times
However, mechanical instrumentation with irrigation does not reliably disinfect an infected root canal system.

Pataky, 2002 - Antimicrobial efficacy of various root canal preparation techniques: an in vitro comparative study. 

Siqueira, 1999 - Mechanical reduction of the bacterial population in the root canal by three instrumentation techniques.
Dalton, Orstavik, Trope, 1998 - Bacterial reduction with nickel-titanium rotary instrumentation.
Orstavik, Kerekes, 1991 - Effects of extensive apical reaming and calcium hydroxide dressing on bacterial infection during treatment of apical periodontitis: a pilot study. 

The Apical Constriction 
The apical constriction (cementodentinal junction or CEJ) has long been advocated as the terminal end of instrumentation and obturation. Grove, 1931 The value of the dentinocemental junction in pulp canal surgery and Simon, 1994 -The apex: how critical is it?  
It is in theory the narrowest part of the canal and the location where the pulp ends and the periodontium begins.    
Ricucci,  1998 - Apical limit of root canal instrumentation and obturation, part 1. Literature review, advocated instrumenting to the apical constriction because impingement outside this junction may delay wound healing or result in adverse effects on the outcome of endodontic therapy. Materials or medications extruded beyond the constriction may promote inflammation and a foreign body reaction. 
Ricucci and Langeland, 1998 - Apical limit of root canal instrumentation and obturation, part 2. A histological study, showed that instrumentation and obturation to the apical constriction gave the best prognosis. A poorer prognosis was observed when obturating material extended beyond the apical constriction. 
A literature review by Wu, Wesselink and Walton, 2000 - Apical terminus location of root canal treatment procedures, agreed with the major findings of Ricucci and Langeland.   .   Cont’d ▼
However, it is worth noting that the apical constriction may not always be present or easily identifiable.   Simon, 1994 - The apex: how critical is it?  And,  Drummer, 1984 -The position and topography of the apical canal constriction and apical foramen.
Shape of the Apical Constriction 
Why do I try to fill to minor diameter? Where is it?  I do this! It’s the smallest diameter at apical extent of canal

The apical constriction has been carefully examined by a number of authors.

Both Kuttler, 1955 - Microscopic investigation of root apexes and Mizutani et al., 1992 - Anatomical study of the root apex in the maxillary anterior teeth, showed irregularities in the shape of the cementodentinal junction.
 These shapes have been described as oval, long oval, ribbon shaped, or round, Mizutani et al., 1992 - Anatomical study of the root apex in the maxillary anterior teeth. 
Drummer, 1984 -The position and topography of the apical canal constriction and apical foramen, has shown the apical constriction to be irregular in a longitudinal direction as well. 
Shape of the Apical Constriction 
Twenty-five percent of the apical constrictions in teeth evaluated by, Wu, Wesselink, 2000 - Prevalence and extent of long oval canals in the apical third, had long oval shapes. In fact, the data demonstrated that the CEJ of most teeth were never completely round, but tended to be oval.  .     study of the root apex in the maxillary anterior teeth or        Mauger, 1998 - An evaluation of canal morphology at different levels of root resection in Mandibular incisors, did not have a round apical constriction. 
It is apparent from the literature that the apical constriction is not uniformly round, but is generally either oval or irregular. 
Clinically, this means that the greatest diameter of the canal shape must be taken into consideration if this area is to be thoroughly debrided with root canal instruments. 

Diameter of the Apical Constriction
This dimension varies tremendously within the canal. The literature has shown a number of studies concerning the apical constriction dimensions. There have been several comprehensive studies (19., 21., 24., 25. and 26.) that have investigated the diameters of the apical constriction. 
Kuttler, 1955 - Microscopic investigation of root apexes
Wu, Wesselink, 2000 - Prevalence and extent of long oval canals in the apical third.

Kerekes and L Tronstad, 1977 - Morphometric observations on root canals on human anterior teeth. 
Kerekes and L Tronstad,1977 - Morphometric observations on root canals on human premolars.

Kerekes and L Tronstad, 1997 - Morphometric observations on root canals on human molars.

Other studies are confined to a limited age group or sample size. Because the anatomy in this region is so complex and variable, most studies do not reflect the true horizontal dimensions of this region of the canal, Jou, 2004 - Endodontic working width: current concepts and techniques. More thorough studies about the shape and size of the apical constriction are needed. 

Instrumentation

Over the years, many ways have been advocated for the ideal mechanical preparation of root canal systems based in large part upon obturation philosophy. Many of these opinions were not supported by experimental research. Indeed, many of these instrumentation techniques were designed for the obturation phase of endodontic therapy and were not developed for optimal chemomechanical debridement of infected root canal systems.
Shaping and Enlargement of Root Canal Systems 
The literature has also shown that root canal systems need to be enlarged sufficiently to remove debris and to allow proper irrigation to the apical third of the canal. Research has shown that canals need to be enlarged to at least #35 file for adequate irrigation to reach the apical third (42). Salzgeber and JD Brilliant, 1977 -An in vivo evaluation of the penetration of an irrigating solution in root canals   CONT’D
Shuping et al., 2000 - Reduction of intracanal bacteria using nickel-titanium rotary instrumentation and various medications, and 
Siqueira et al.,1999 - Mechanical reduction of the bacterial population in the root canal by three instrumentation techniques , later confirmed the findings that larger file sizes are needed to allow the irrigating solution to reach the apex.

Larger instrumentation sizes not only allow proper irrigation but also significantly decrease remaining bacteria in the canal system. 
Orstavik et al., 1991 - Effects of extensive apical reaming and calcium hydroxide dressing on bacterial infection during treatment of apical periodontitis: a pilot study, demonstrated that instrumentation with a #45 file decreased the bacterial growth by 10-fold. 
Dalton et al., 1998 - Bacterial reduction with nickel-titanium rotary instrumentation, also showed with increasing file size, there was an increasing reduction of bacteria. His sampling was only significant between bacteria sampling before and after first instrumentation. 
This study was replicated by Sjogren et al., 1990 - Factors affecting the long-term results of endodontic treatment, who reported that a #40 file decreased bacteria better than smaller sized files.
Opposing these findings was the study of Yared and Daghe,1994 - Influence of apical enlargement on bacterial infection during treatment of apical periodontitis, who reported that a #25 file was as efficient as a #40 file for reducing residual microorganisms.
My preference is #25 – #30, with #30 preferred for irrigation purposes. I use this!
Apical Enlargement 
The apical portion of the root canal system can retain microorganisms that could potentially cause periradicular inflammation and therefore treatment interventions that maximize removal of pathogens should be indicated in the treatment of infected root canal systems, Sjogren, 1990 - Factors affecting the long-term results of endodontic treatment.   
Tan and Messer, 2002 - The quality of apical canal preparation using hand and rotary instruments with specific criteria for enlargement based on initial apical file size, compared hand versus rotary files using specific criteria for apical enlargement. Their results also conclude that no technique was totally effective in cleaning the apical canal space. They concluded that larger instrumentation was beneficial in reducing the debris in the apical third of the canal. Cont’d▼
Contrary to the above studies, Coldero et al. 2002 - Reduction in intracanal bacterial during root canal preparation with and without apical enlargement, reported that there was no difference in intracanal bacterial reduction with and without apical enlargement.  Chemomechanical preparation of the coronal aspect allowed NaOCl to reach the apical part of the canal and thus aid in eliminating E. faecalis without apical enlargement. However, in their study, there was minimal difference in the apical instrumentation sizes between groups 

Taken together, virtually all of the studies provide a strong consensus that larger apical preparation sizes produces a greater reduction in remaining bacteria and dentinal debris as compared to smaller apical preparation sizes. 

My Conclusion: bigger is better but no ideal diameter has been determined by the research.

Longitudinal Studies Concerning Instrumentation
Longitudinal studies have been conducted over the years. These studies have evaluated the influence of various aspects of endodontic therapy on clinical success. 
Strindberg, 1956 -The dependence of results of pulp therapy on certain factors: an analytic study based on radiographic and clinical follow-up examination followed 254 patients for up to 10 yr. His results showed that small apical preparations had greater success using the instrumentation and obturation techniques of the 1950s. 
Hoskinson et al., 2002 -  A retrospective comparison of outcome of root canal treatment using two different protocols a reported a retrospective study evaluating two protocols with similar final apical preparation sizes (#20–30), but different obturation techniques. The results indicated similar success rates with both protocols. 
Kerekes and Tronstad,1979 - Long-term results of Endodontic treatment performed with a standardized technique,,  studied 333 patients that were treated with a standardized technique. His results concluded that larger file sizes did not have better results than smaller file sizes. 
The Toronto study, Friedman, 2003 - Treatment outcome in Endodontics: the Toronto study. Phase 1: initial treatment, also concluded there was no difference in success when it came to apical enlargement. However, this study did not quantify the master apical sizes and nickel titanium rotary files were not generally used in this study.

Microorganisms in Dentinal Tubules
Sufficient evidence exists to demonstrate that instrumentation and irrigation of root canals does not always remove all of the microorganisms:

Usman, Baumgartner and Marshall, 2004 - Influence of instrument size on root canal debridement.
Rollison, 2002 - Efficacy of bacterial removal from instrumented root canals in vitro related to instrumentation technique and size
Tan and Messer, 2002 - The quality of apical canal preparation using hand and rotary instruments with specific criteria for enlargement based on initial apical file size 

Bystrom and Sundqvist, 1981 - Bacteriologic evaluation of the efficacy of mechanical root canal instrumentation in endodontic therapy.

Ingle and Zeldow, 1958 - An evaluation of mechanical instrumentation and the negative culture in Endodontic therapy

Bacteria are able to penetrate dentinal tubules in vitro and in vivo. Deeply embedded bacteria are shielded from instrumentation and irrigation, making their removal or eradication difficult.
In Vitro Studies 
Akpata and Blechaman, 1982 - Bacterial invasion of pulpal dentine wall in vitro, showed that when the number of bacteria in a canal increased, their depth of penetration in dentinal tubules also increased. 
Haapasalo and Orstavik, 1987 - In vitro infection and disinfection of dentinal tubules, used bovine teeth and showed that E. faecalis may heavily invade dentinal tubules up to 400 μm. 
Orstavik and Haapasalo, 1990 - Disinfection by endodontic irrigants and dressing of experimentally infected dentinal tubules, found that E. faecalis and Streptococcus sanguis invaded dentinal tubules 300 to 400 μm within 2 to 3 wk. 
In Vivo Studies 
Armitage et al., 1983 - Cemental changes in teeth with heavily infected root canals, found bacteria in dentinal tubules one-half the distance to the cementodentinal junction.   Cont’d ▼
Ando and Hoshino, 1990 - Predominant obligate anaerobes invading the deep layers of root canal dentin, demonstrated the presence of bacteria 500 to 2000 μm in tubules in teeth with heavily decayed crowns. 
Nagaoka et al.,1995 - Bacterial invasion into dentinal tubules of human vital and nonvital teeth, showed that vital teeth are more resistant to tubular invasion but, as time progressed, both vital and nonvital teeth showed greater depths of penetration. 
Peters et al., 2001 - Viable Bacteria in root dentinal tubules of teeth with apical periodontitis - half of the teeth with apical periodontitis demonstrated bacteria deep in the tubules that in some cases penetrated nearly to the cementum layer. 
Siqueira et a.,l 2002 - Patterns of microbial colonization in primary root canal infection demonstrated the presence of bacteria up to 300 μm in the dentinal tubules.
 Matsuo et al. (95) showed that 70% of the tubules had bacteria in them, some located as far as the cementum. 
Love and Jenkinson, 2002 - Invasion of dentinal tubules by oral bacteria, postulated that in vivo conditions may stimulate bacteria and promote intratubular growth in dentinal tubules. They proposed that symbiotic relationships with other bacteria allow the invasion of other groups of bacteria to more easily invade the dentinal tubules.
 My Conclusion: bacterial can invade dentinal tubules and can penetrate to the cementum. They are a problem for us. That’s why we use irrigants.
Fate of the Bacteria in Tubules
Should there be a reason for concern? Love and Jenkinson, 2002 - Invasion of dentinal tubules by oral bacteria, concluded that bacteria left in dentinal tubules may cause infections following root canal therapy. 
Oguntebi, 1994 - Dentine tubule infection and Endodontic therapy implications,  also concluded that bacteria in the tubules can contribute to failure of endodontic therapy. 
But, Peters et al.,1995 - The fate of the role of bacteria left in root dentinal tubules, concluded that some bacteria superficially located in the tubules do not survive instrumentation and those that remain deeper in the tubules may be subsequently inactivated or of an insufficient number to cause pathology.  Cont’d ▼

However, in a later study, Peters et al.,2001 - Viable Bacteria in root dentinal tubules of teeth with apical periodontitis, concluded that bacteria still present in the deeper levels of the tubules were of sufficient numbers that they could possibly lead to recurrent infections.

Intracanal medications have long been advocated to promote disinfection or eradication of microorganisms in dentinal tubules. Various agents (101., 102., 103., 104., 105. and 106.) have been used to disinfect the tubules up to 220 μm. These various agents or solutions were not effective on all types of bacteria. 
Gutierrez,1990 - Scanning electron microscope study on action of Endodontic irrigants on bacteria invading the dentinal tubules, 

Safavi, et al., 1990 - Root canal dentinal tubule disinfection.
Heling, 1998 - Antimicrobial effect of irrigant combinations within dentinal tubules.

Vahdaty,  1993 - Efficacy of chlorhexidine in disinfecting dentinal tubules in vitro

Buck, 1999 - In vitro disinfection of dentinal tubules by various endodontics irrigants
Basrani,  2003 - Efficacy of chlorhexidine and calcium hydroxide containing medicaments against Enterococus Faecalis in vitro. 
Weiger et al. 2002 - Vitality status of microorganisms in infected human root dentine, studied the vitality of bacteria in infected human dentin tubules after treatment with an intracanal medication. They found, under selected conditions, viable S. Sanguis and E. faecalis even after treatment with calcium hydroxide
My conclusion: there is always bacteria left in tubules no matter what we do!

Conclusion: How Big? Literature gives no clear answer!
●The ultimate goal of root canal instrumentation is to eradicate bacteria from the root canal system.

●The ability to thoroughly clean and shape the anatomic complexities of the canal system is the primary determinant for endodontic success    Cont’d ▼
●Longitudinal studies have shown instrumentation to larger files sizes doesn’t contribute significantly to the enhanced statistical success for endodontic therapy.
●Better microbial removal and more effective irrigation occurs when canals are instrumented to larger apical sizes .

●Although bacteria may remain viable in dentinal tubules, proper instrumentation and adequate irrigation significantly reduces bacteria from the canal and the dentinal tubules.

●A review of the literature indicates that the apical constriction and the 3 to 4 mm of the canal coronal to it are larger than the sizes advocated by some manufacturers. A review of the literature indicates that the apical constriction and the 3 to 4 mm of the canal coronal to it are larger than the size advocated by some manufacturers. (#20, #25, or #30)

●The scientific evidence of a high success rate when proper cleaning is obtained before obturation gives credence to the importance of good apical cleaning. Ignoring science for the sake of speed and simplicity may place the final  outcome for our patients in jeopardy. Moreover, because the apical dimensions of root canals range from very large to very small, we should seek instruments and techniques that can help the clinician determine when instrumentation to the correct apical size has been achieved.
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