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Abstract

:

Background: This study evaluated the efficacy of a multisonic technology for the debridement of vital and necrotic pulp tissues in freshly extracted human mandibular molar teeth. Methods: Twelve teeth with a diagnosis of symptomatic irreversible pulpitis (SIP) and twelve teeth with a diagnosis of pulp necrosis with symptomatic apical periodontitis (SAP) were extracted. The GentleWave® procedure was performed on 10 teeth from each group. Four non-treated teeth served as histologic controls. Histological consecutive 5 µm sections were obtained from the apical, middle, and coronal portion of the canals. The canals were evaluated for the presence of pulpal debris and bacteria. Results: In nine out of the ten specimens with SIP, no pulpal debris was detected in any portion of the canals. In the necrotic pulp group, eight out of the ten specimens had no detectable pulpal debris in any portion of the canal spaces. No bacteria were detected in the main canals, isthmuses, or lateral canals, but were detected deep within the dentinal tubules in 10 specimens. Conclusions: This study demonstrated that the multisonic technology was effective at removing vital and necrotic pulp tissue as well as bacteria from the root canal system, including inaccessible areas.
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1. Introduction


The goal of root canal therapy is to remove inflamed and necrotic pulp tissue from the root canal system to prevent or treat apical periodontitis [1]. As shown in numerous studies, bacteria have an important role in the inflammatory process of pulpal and periapical disease [2,3]. Because of this association, managing endodontic disease consists of a combination of mechanical instrumentation and chemical irrigation to reduce the bacterial load [4] to levels compatible with the healing process.



Many techniques for cleaning and preparing root canals have been recommended, along with the use of chemical solutions for disinfection, tissue dissolution, and removal of the smear layer [5]. Sodium hypochlorite (NaOCl) is commonly used in root canal therapy for disinfection and tissue dissolution [6,7].



Ethylenediaminetetraacetic acid (EDTA) is recommended for removal of the inorganic portion or smear layer [6,8]. No technique, however, for cleaning, preparing, and disinfecting the root canal system has been shown to be completely effective in removing all vital or necrotic tissue [9,10,11,12,13,14,15,16,17,18,19,20,21,22].



The lack of complete cleaning can be attributed to several factors such as the anatomical complexity of the root canal system, the accumulation of debris, and inactivation of the irrigation solution in difficult to reach areas (isthmuses, lateral canals, and fins) [23], and to the absence of an appropriate delivery of the irrigation solutions [24]. Moreira et al. [25] discussed the anatomical variation of the teeth and mechanical preparation through a meta-analysis and concluded that neither ultrasonic irrigation nor conventional positive pressure techniques are 100% effective. Paque et al. [13] and van der Vyver [26] reported side effects such as alteration of the original canal anatomy and instrument fracture. In addition, it has been demonstrated that the efficacy of irrigation is correlated with the penetration depth of the needle [24] and that the vapor lock phenomenon can decrease irrigation efficiency [27].



A system using multisonic technology has recently been introduced (GentleWave®). The technology uses a combination of broad-spectrum acoustic energy, advanced fluid dynamics, and accelerated chemistry to debride and disinfect the root canal system with minimal instrumentation. The mechanism of action allows efficient delivery of energy to all anatomical areas of the root canal system, including difficult to reach areas such as isthmuses, fins, lateral canals, and anastomoses [28]. The GentleWave System consists of a console and a sterile single-use procedure instrument (PI). The console degasses the procedure fluids which helps prevent vapor lock and then dilutes the procedure fluids to the desired concentrations (3% NaOCl and 8% EDTA). The technology allows use of lower concentrations of NaOCl and EDTA than traditional root canal therapy. In addition, the console delivers approximately 50 mL of procedure fluid per minute that ensures that fresh procedure fluid is continuously delivered to the root canal system which creates accelerated chemistry. When the high-pressure fluid jet flows through the procedure instrument, the jet of fluid interacts with the stationary fluid in the pulp chamber to generate a shear force which produces a cavitation cloud. The cavitation cloud consists of thousands of microbubbles which implode to create broad spectrum acoustic energy that travels into the root canal system. The degassed fluids also help prevent the damping of the acoustic energy as it moves through the root canal system. In addition, the fluid jet generates vortical flow which helps refresh the procedure fluids and produces negative pressure at the apices of the root canals which minimizes fluid extrusion [29]. The combination of broad-spectrum acoustic energy, advanced fluid dynamics, and accelerated chemistry leads to increased dissolution of organic matter, including pulp tissue and biofilm. Chan et al. [30] have reported on the effectiveness of multisonic technology in removing hard tissue debris, and others have evaluated gutta-percha and sealer removal using this system [31]. Other reports include the healing and post-operative outcome [32,33], apical extrusion of the irrigant solution [34], and biofilm removal [35]. To date, only one study [28] could be found that has evaluated the cleaning ability of this technology in posterior teeth.



The purpose of this study was to evaluate the efficacy of the multisonic technology in the debridement of the complex root canal system of human mandibular molar teeth independent of the pulpal and periapical diagnosis, by examining histologically the root canals for remaining pulp tissue and bacteria.




2. Materials and Methods


The Institutional Review Board approved the study HSC-DB-18-0844. Urgent Care Clinic patients requesting the extraction of symptomatic mandibular molar teeth, rather than accepting endodontic treatment, were asked to participate in the study and informed consent was obtained by the principal investigator (DEJ). The teeth were selected based on the pulpal and periapical diagnosis and anatomical similarities as well as the acceptability of the teeth for the multisonic technology procedure. Previously treated, cracked, or fractured teeth were not selected. A total of 24 teeth with the diagnosis of symptomatic irreversible pulpitis (SIP) (N = 12 teeth) and pulp necrosis with symptomatic apical periodontitis (SAP) (N = 12 teeth) were selected. Immediately after extraction, each tooth was placed in an individual test tube containing 20 mL of phosphate buffered solution (PBS), except for control group teeth that were placed immediately in a 10% buffered formalin solution. The average length of the roots was 11 mm ± 1.7 mm and the curvature degree was 20.5° ± 10.5° for all specimens [36].



Digital periapical radiographs (buccal and mesial views) were taken to evaluate the teeth for similarities in terms of root length, number of root canals, and root curvature, to ensure that the teeth had similar root canal anatomy.



All similar teeth were evaluated under the dental microscope (Global Inc., Saint Louis, MO, USA) to make sure that none had any root fractures. All clinical procedures were completed immediately after the teeth were extracted. After the evaluation of the teeth, the crown of each tooth was disinfected by rubbing the crown with wet 2 × 2 gauze impregnated with 6% NaOCl.



The access cavities were made with a high-speed handpiece with a sterile # 2 round carbide bur (Brasseler, Savannah, GA, USA) under constant water spray. The root canal orifices were located with a DG-16 endodontic explorer (HY-Friedy, Chicago, IL, USA) and a # 10 K file (Kerr, Brea, CA, USA) was used to explore the root canals and gain patency. Working length was established per manufacturer instructions (1.5 mm short of the apical foramen). The roots were completely covered with a thick layer of hot glue in the furcation area and around the roots to create a closed system which mimics the root when it is enclosed by the bone socket [27].



After initial instrumentation with # 10 and # 15 K hand files (Kerr, Brea, CA, USA), all the canals were enlarged using Vortex Blue (Dentsply, Tulsa, OK, USA) # 15/04 and # 20/04 as recommended by the manufacturer. Then, 1 mL of 3% NaOCl was delivered inside the root canal using a 5 mL syringe with a 30G irrigation needle (Dentsply, Tulsa, OK, USA) after each file. After preparing the root canals, an occlusal platform was created using Sound Seal (Sonendo Inc., Laguna Hills, CA, USA) per the manufacturer’s instructions. The occlusal platform was reaccessed using a # 557 carbide bur (Brasseler, Savannah, GA, USA) to the cavosurface margin of the original endodontic access. Then, a depth gauge was used to measure the depth of the pulp chamber. The corresponding sealing cap to the depth gauge was then selected and attached to the procedure instrument (PI) per manufacturer instructions. The PI was placed on the platform (Figure 1), ensuring that the sealing cap was fully seated to create a sealed environment. Then, the foot pedal was depressed to start the procedure. A sealed platform on the tooth is essential to prevent entry of air into the tooth which could impede the propagation of the energy and fresh fluids into the canal system. The initial cycle is a leakage test with distilled water for 1 min. The purpose is to verify a completely sealed environment between the tooth and the procedure instrument (PI) as well as to ensure the appropriate flow rate and optimize the procedure fluids. Next is a 4 min cycle of 3% NaOCl, a flush of distilled water for 30 s, 1.5 min of 8% EDTA, and a final rinse cycle of distilled water for 15 s. In total, approximately 350 mL of procedure fluids was delivered to each tooth. Once the procedure was completed, the platform and hot glue were removed from the tooth with the help of Kelly forceps. Using a 5 mL syringe with a 30G irrigation needle (Dentsply, Tulsa, OK, USA), 10% buffered formalin (Thermo Shandon Ltd., Cheshire, WA, USA) was injected directly inside the root canals and the tooth was placed immediately into a container with 10% buffered formalin for at least 48 h before the specimen was processed. All procedures were performed individually by the principal investigator. Numbers were used to identify the specimens: 1 to 10 for symptomatic irreversible pulpitis (SIP), 11–20 for necrotic pulp (SAP), and 21–24 for the histologic control groups.



2.1. Histologic Control Group


Two teeth from each test group (symptomatic irreversible pulpitis/SIP, necrotic pulp/SAP) were selected to be used as controls. Upon extraction, the teeth were immediately and individually fixed in 10% buffered formalin and submitted for histological processing.




2.2. Histological Process


The Excelsior AS (Thermo Fisher Scientific Inc., Waltham, MA, USA) was used to process the tissues. Demineralization was carried out in an aqueous solution, which was a mixture of 22.5% (vol./vol) formic acid and 10% (wt/vol) sodium citrate for 3–4 weeks [37,38]. All specimens were washed with running tap water for 24–48 h, followed by ascending grades of ethanol. The root segments were marked at 1 mm, 4 mm, and 6 mm from the tip of the root and separated using a razor blade. Each portion of the root was individually embedded in paraffin for cross-sections. Twelve consecutive 5 µm sections were obtained from the apical, middle, and coronal portion of the mesial and distal roots using a microtome (Leica RM 2235, Buffalo Grove, IL, USA). In the vital pulp tissue group (symptomatic irreversible pulpitis), all specimens were stained with hematoxylin-eosin (H&E) to screen for the presence of pulp tissue remnants. In the pulp necrosis group (necrotic pulp/symptomatic apical periodontitis), 6 out of the 12 consecutive 5 µm sections in each radicular third were stained with hematoxylin and eosin and 6 consecutive sections were stained using the Gram technique to detect Gram-negative and Gram-positive bacteria. The same procedure was used for the histologic control groups. Slides were examined under the BX41 light microscope using CellSens imaging software (Olympus Corp., Center Valley, PA, USA) by the principal investigator. All 12 consecutive cross-sections obtained from each radicular third were microphotographed and randomly ordered in a PowerPoint presentation for observation and grading by two blinded graders. Evaluations were performed separately. In case of disagreement between graders, they reviewed the findings until an agreement was reached [39].



In the vital group (symptomatic irreversible pulpitis), the specific characteristics analyzed were:




	(a)

	
Presence of pulp tissue and debris in the root canal lumen and fins.




	(b)

	
Presence of pulp tissue and debris inside isthmuses (if isthmus present).




	(c)

	
Presence of pulp tissue and debris inside lateral canals (if lateral canal present).









In the necrotic pulp group (symptomatic apical periodontitis), the specific characteristics analyzed in gram stain slides were the presence of bacteria:




	(a)

	
Adhered to necrotic pulp tissue located in the root canal lumen and fins.




	(b)

	
Adhered to necrotic pulp tissue located in the isthmuses (if isthmus present).




	(c)

	
Adhered to necrotic pulp tissue in lateral canals (if lateral canal present).




	(d)

	
Within dentinal tubules.










2.3. Statistical Analyses


Using R statistical software [39], a generalized linear mixed effects model controlling for repeated measurements on individual teeth was performed to assess if differences in the amount of remaining pulp tissue and bacteria occurred in canals, isthmus, lateral canals, and dentinal tubules (for bacteria only).





3. Results


All consecutive histological sections in the histologic control groups stained with hematoxylin and eosin confirmed the presence of pulp tissue in the apical, middle, and coronal portions of the mesial and distal roots for both evaluated groups (Figure 2A,B). In addition, the Gram stain of the necrotic group showed the presence of bacteria in all portions of both roots as well as in the dentinal tubules near the canal walls (Figure 2C,D).



Only three samples out of twenty treated teeth presented pulpal debris after the instrumentation and irrigation procedure—one from the symptomatic irreversible pulpitis (SIP) group and two from the necrotic symptomatic apical periodontitis (SAP) group (Tables 2 and 3).



Vital and symptomatic irreversible pulpitis (SIP) group: In nine out of ten specimens, no pulp tissue or debris was detected in the apical, middle, or coronal portion of the mesial and distal roots. This included two specimens with fused roots. Figure 3 shows an example of (3A) main canal and apical lateral canals and (3B) main canals and isthmus which are free of pulp debris. Figure 3C,D show isthmuses and fins free of debris. In addition, Figure 3E,F show that there is no debris in the uninstrumented portions of the root canal.



Pulp necrosis and symptomatic apical periodontitis (SAP) group: In eight out of ten specimens, no pulp debris was detected in the apical, middle, or coronal portion of the mesial and distal roots including the ramifications, isthmuses, or lateral canals. In two specimens, pulp debris was found in the apical portion of the mesial buccal root canal (Figure 4A,B). In ten out of ten specimens, no bacteria were detected in the main canals, isthmuses, or lateral canals of the mesial and distal roots. The apical portion of distal root shows complete pulpal debridement of the main and lateral canal (Figure 4C,D). Some bacteria were found deep in the dentinal tubules in all coronal sections of 10 specimens (Figure 4E,F). Table 1 shows the mean percentage of bacteria remaining deep within the dentinal tubules in the apical, middle, and coronal portions of the root canals.



Statistical analysis: Table 2 shows the analysis of deviance table for the generalized linear mixed effect model (GLMM) for the fixed effects of group (vital, necrotic), zone (coronal, mid, apical), and location (MB, ML, DB, DL root canal) on percent of teeth with pulp tissue remnants. The repeated measure effects of multiple cross-sections for each individual tooth were included as a random effect in the GLMM. Table 3 shows the analysis of deviance table for generalized linear mixed effect model (GLMM) for the fixed effects of group (vital, necrotic), zone (coronal, mid, apical), and location (isthmuses) on percent of teeth with pulp tissue remnants. The repeated measure effects of multiple cross-sections for each individual tooth were included as a random effect in the GLMM. Statistical analyses show that no differences could be detected among the groups (vital or necrotic), zones, remaining pulp tissue, or bacteria in the root canal systems.




4. Discussion


The efficacy of root canal debridement using the multisonic technology was evaluated in this study. This technology uses broad spectrum acoustic energy, advanced fluid dynamics, and accelerated chemistry to debride and disinfect the entire complex root canal system with minimal instrumentation [34,40].



The ability to debride the root canal will depend on the pathological status of the pulp and the location of the pulp tissue within the root canal system. Vital teeth have vital pulp tissue that is very difficult to remove; while necrotic teeth have a combination of vital and necrotic tissue that can be easier to remove. Necrotic teeth also have bacteria in the main and lateral canals which can be very difficult to remove completely.



The apical portion of the root is the most challenging area to clean. It has already been demonstrated that rotary or hand instrumentation performs differently in each zone of the root. Thus, the ability of the multisonic technology to efficiently debride different pulp tissues and different areas of the root was assessed.



Several ex vivo, in vitro, and in vivo studies with various conventional instrumentation and irrigation techniques have shown that pulp tissue and bacteria may remain in complex root canal systems [41,42,43,44]. In addition, no difference between hand and rotary instrumentation in the cleaning and disinfection of the root canal system has been reported. The use of chemical solutions appears to be important and helps in the root canal debridement. This points out the limitation of mechanical instrumentation [45,46,47,48,49,50,51,52].



Tissue dissolution with NaOCl can be improved when the solution is activated, the time of exposure is extended, and the temperature is increased [53]. According to some authors [54,55,56], mechanical agitation, as well as fluid flow, can enhance the dissolving capacity of vital and necrotic pulp tissue by NaOCl. Even though this project did not evaluate the conventional irrigation needle technique, the clear differences between the needle technique and the multisonic technology make the comparison difficult. These differences include: (1) the volume of the solution used is very different between the multisonic technology (350 mL) and conventional irrigation (39 mL [57]); (2) the conventional technique uses intermittent irrigation while the multisonic technology uses continuous refreshing of fluids for 6.5 min; and (3) conventional irrigation uses laminar fluid flow in which the multisonic technology uses a combination of vortical flow and broad-spectrum acoustic energy. These differences may explain the multisonic technology’s ability to better dissolve pulp tissue as well as remove bacteria.



Moreira et al. [25] performed a meta-analysis comparing passive ultrasonic irrigation to conventional irrigation techniques. The study demonstrated that there is no statistically significant difference in the presence of bacteria between the two techniques and there is bacteria remaining in the root canal system. Using histological evaluation of cleaning with ultrasonic irrigation, Gutarts et al. [58] showed that ultrasonic irrigation for 1 min in each canal after hand/rotary instrumentation cleaned the canals well 1–3 mm from the apex but the results for the isthmus region were not consistent over the same range. Varela et al. [59] showed that ultrasonic irrigation and hand irrigation removed more pulp debris from round-shaped canals compared to oval-shaped canals. This study shows that the multisonic technology with minimal instrumentation of 20/04 is sufficient to remove pulp tissue and disinfect the main canal, isthmuses, and lateral canals at all levels regardless of the shape of the canal. This finding is consistent with a previous study using the same technology where non-instrumented premolars were evaluated with scanning electron microscopy and it was demonstrated that predentin and tissue were removed [40]. In addition, Molina et al. [28] histologically evaluated mandibular and maxillary molars that were instrumented to 15/04 and they found the canals free of pulp tissue in 97.2% of mesial roots and 96.52% in the distal root. This study’s results are consistent with the Molina study.



Root canal anatomy and root curvature are of main importance in the efficacy of ultrasonic irrigation. Castelo-Baz [60] compared passive ultrasonic irrigation (PUI) and continuous ultrasonic irrigation (CUI) in an artificial model. CUI had better results but had several disadvantages, including extrusion of irrigants beyond the root canal which compromises the safety of the technique and the possibility of creating a ledge if the irrigation needle is positioned beyond the root canal curvature. With the multisonication technology of the GentleWave System, the irrigation solution is able to reach the total length of the root canal with less likelihood of the solution being extruded into the periapical tissues due to negative apical pressure [29,61]. The degassed solutions used in the GentleWave system could eliminate vapor lock from the apical portion of the root canal system, when compared to sonic and ultrasonic [61]. De Gregorio et al. [62] found that apical negative pressure (ANP) was the only technique able to deliver the irrigation solution to the full working length, while passive ultrasonic irrigation (PUI) was able to reach lateral canals but was unable to break vapor lock. In a histological study in mesial roots of lower molars, Susin et al. [20] compared the efficacy of apical negative pressure (ANP) and manual dynamic irrigation (MDI) in the removal of debris from the isthmus area. The findings were similar in both groups with slightly better removal using ANP, especially in narrower isthmuses. Haapasalo [63] demonstrated better tissue dissolution obtained by GentleWave when compared to the same amount of NaOCl delivered by a size 19G needle attached to a syringe in a 5 min period. The technology uses degassed fluids which improves the implosive effect of the cavitation since the entrained air in non-degassed solutions can cause damping of acoustic and hydrodynamic energy [64]. Thus, the degassed fluid allows the energy generated by multiple wavelengths of sound in a broad range of frequencies to be more efficiently delivered throughout the root canal system (main canal, fins, isthmuses, lateral canal, etc.). The constant refreshing of NaOCl ensures a more effective breakdown and removal of tissue, bacteria, and biofilm [35].



The console pressurizes and delivers the fluids into the procedure instrument (PI). When the PI is placed in position, 1 mm above the pulp chamber floor, the irrigation solution flows at a high speed (9000 PSI). Inside the procedure instrument there is an orifice that turns the pressurized fluid into a high-speed stream of fluid. The stream of fluid interacts with the accumulated fluid inside the chamber, causing continuous hydrodynamic cavitation. The stream of fluid is deflected to generate vortical fluid dynamics and negative pressure. The implosion of bubbles inside the cavitation cloud generates shock waves and acoustic energy that propagate throughout the root canal system [64]. Charara et al. [34] demonstrated that the technology minimizes the possibility of extrusion of the treatment fluids.



Our findings showed the minimal presence of remaining bacteria within dentinal tubules. The importance of the chemical disinfection of the root canal system in in vitro models has been previously described [4,65]. It is recognized that bacteria inside dentinal tubules can be associated with persistent periapical disease [66,67]. Even though histological sections demonstrated cleaning of the root canal system, bacteria remained within the dentinal tubules. Caputa et al. [68] did not find strong evidence to formulate a clinical recommendation on the disinfection and healing effect of apical periodontitis in teeth with multiple root canals when ultrasonic irrigation was applied during primary root canal treatment. Future studies need to evaluate the ability of the multisonic technology to decontaminate the root canal space using microbiological methods.



One of the limitations of the present study is the lack of control groups with conventional irrigation technique. This study was designed as an observational study to understand the compatibilities of the multisonic technology and to verify that the correct protocols and procedures were used. Based on this study, an in vivo study with extraction was designed to compare the GentleWave procedure to the conventional irrigation and instrumentation technique.




5. Conclusions


In summary, numerous studies have shown the difficulty of adequately cleaning the root canal system independent of the instrumentation or irrigation technique used. In this study which used histological examination, the multisonic technology combined with minimal instrumentation was effective for removal of vital and necrotic pulp tissue from the root canal system and inaccessible areas. Future studies are needed to compare the multisonic technology to other techniques and technologies. In addition, in vivo studies should be conducted to evaluate the long-term prognosis of this minimally invasive technology.
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Figure 1. The corresponding sealing cap attached to the procedure instrument (PI) and positioned on the platform. 
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Figure 2. Photomicrographs of the histologic control groups. The hematoxylin and eosin technique was used to detect tissue and the Gram staining technique was used to detect the presence of bacteria. The photomicrographs show representative cross-sections of the vital controls (A, 4× and B, 20×) and the necrotic controls (C, 10× and D, 20×) in the apical region of mandibular molars. 
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Figure 3. Photomicrographs of representative cross-sections from the vital mandibular molars group that have undergone H&E staining. The apical regions of the mesial canals of vital mandibular molars show main canals and the difficult to reach areas including the isthmus and apical deltas free of pulpal debris. (A, 10×) and middle (B, 10×). The middle portion of the mesial-buccal (MB) and mesial lingual root canal shows the lack of pulpal debris in the isthmus and fins. (ML) (C,D, 10×). E and F show the apical portion of a mesial root. Note in (E, 10×) the lack of pulp tissue or debris in the uninstrumented portion of the root canal and isthmus. (F, 10×) shows the absence of pulp or tissue debris in completely uninstrumented canals as indicated by the irregularly shaped canal walls. 
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Figure 4. Photomicrographs of representative cross-sections from the pulp necrosis mandibular molars group. (A) (20×, H&E): The apical regions of the mesial buccal canal show debris accumulation at a root canal irregularity (fin). (B) (20×, Gram): No bacteria can be detected. (C) (H&E, 10×): Apical section of distal root shows the complete debridement of main and lateral canal. (D) (Gram, 10×): No bacteria can be detected. (E) (H&E, 20×): Coronal section of mesial lingual root canal shows complete debridement of main canal. (F) (Gram, 100×): Presence of bacteria deep within dentinal tubules. 
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Table 1. Mean percentage of samples with bacteria inside the dentinal tubules.
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	Root Canal
	DB *
	DL *
	MB *
	ML *





	Portion
	Coronal
	4.98
	1.66
	4.98
	5.81



	
	Mid
	3.32
	0.00
	2.49
	3.32



	
	Apical
	2.49
	0.83
	3.32
	1.66







* DB (distal buccal), DL (distal lingual), MB (mesial buccal), ML (mesial lingual).
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Table 2. Analysis of deviance table for the generalized linear mixed effect model on percentage of teeth with pulp tissue remnants.
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	PULP
	F
	Df
	Df. Res
	Pr (>F)





	Group
	0.0134
	1
	18.295
	0.9090



	Zone
	1.7792
	2
	152.262
	0.1723



	Location
	1.5550
	3
	156.963
	0.2024



	Group: zone
	0.3139
	2
	152.029
	0.7310



	Group: location
	1.0298
	3
	155.209
	0.3811



	Zone: location
	0.1182
	6
	153.266
	0.9941



	Group: Zone: Location
	0.4476
	4
	152.029
	0.7740







F (value of the F distribution), Df (degrees of freedom), Df. Res (residual (or error denomination)), Pr (>F) (p-value; probability of getting value > F).
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Table 3. Analysis of deviance table for generalized linear mixed effect model (GLMM) for the fixed effects of group (vital, necrotic), zone (coronal, mid, apical), and location (isthmuses) on percent of teeth with pulp tissue remnants.
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	ISTHMUS
	F
	Df
	Df. Res
	Pr (>F)





	Group
	0.1534
	1
	17.051
	0.70015



	Zone
	0.8005
	2
	110.061
	0.45169



	Location
	0.8315
	3
	116.571
	0.47016



	Group: zone
	2.5244
	2
	110.005
	0.08474



	Group: location
	1.9472
	3
	116.889
	0.12582



	Zone: location
	0.6081
	6
	110.609
	0.72334



	Group: Zone: Location
	0.6544
	6
	110.825
	0.68646







F (F distribution value), Df (degrees of freedom), Df. Res (residual (or error denomination)), Pr (>F) (p-value; probability of getting value > F).
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