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Graph 5.4 Smear Layer Scores Hand instrumented group 

Graphically Illustrated 

 

The X-axis represents the tooth surfaces that were examined in the 

hand debridement group for smear layer assessment. 

The Y-axis represents the scores obtained and they ranged from 2 to 3, 

with 82 surfaces out of 120 having a score of 2 and the remaining 38 

surfaces with a score of 3. There were no surfaces with a score of 4 or 5 
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TABLE 5.VI Smear Layer Scores Rotary instrumented group 

 

LEVELS CORONAL MIDDLE APICAL TOTAL 

1 - - - - 

2 34 30  64 

3 6 10 1 17 

4 - - 6 6 

5 - - 33 33 

 40 40 40 120 

 

 

 

In the above table, 64 surfaces out of a total of 120 had a score of 2, 17 

surfaces had a score of 3, 6 surfaces a score of 4 and 33 surfaces a 

score of 5 as regards the presence of a smear layer in the rotary 

instrumented group. 

Scores of the coronal third were further divided into 34 surfaces with a 

score of 2 and 6 surfaces a score of 3. 

In the middle third, 30 surfaces had a score of 2 and 10 surfaces a score 

of 3. 

In the apical third, no surface had a score of 2, only 1 surface had a 

score of 3, 6 surfaces had a score of 4 and 33 surfaces had a score of 5. 
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Graph 5.5 Smear Layer Scores Rotary instrumented group 

Graphically Illustrated 

 

The X-axis represents the tooth surfaces that were examined using the 

rotary debridement group for smear layer assessment. 

The Y-axis represents the scores obtained and they ranged from 2 to 5. 

64 surfaces in total had a score of 2, 17 surfaces a score of 3, 6 surfaces 

a score of 4 and the remaining 33 surfaces had a score of 5. 
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5.2 Instrument separation 

 

Two rotary instruments in the S1 (shaping files) with .04 taper fractured 

at the tips (figure 5.4) and only one of the smaller sized (size 20) K-files 

fractured during instrumentation due to fatigue (Figure 5.3). 

 

                                

  Fig 5.3 Fractured tip of K-File       Fig 5.4 Fractured tips of S1 ProTaper  

        

 

 

                          

 

 

 

 

Figure 5.3 is the picture of the only K-file size 20 that separated during 

the manual debridement procedure, and figure 5.4 is the picture of the 

two S1 ProTaper files that separated during the rotary debridement 

procedure.   

 

 

Fractured tips of 
both K-file and S1 
ProTaper 
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Scanning Electron Microscopic Views 

(1) Control group 

 Assessment for debris 

  
Fig 5.5                                       Fig 5.6 

Apical third                                Middle third 

                                

  
Fig 5.7 

Coronal third 

 

In fig 5.5, a score of 2 was assigned as there is very limited amount of 

debris found on the apical third 
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Fig 5.6 was assigned a score of 3, as the amount of debris does not cover 

all the surfaces of the middle third of the root canal. On higher 

magnification, more than 50% of the dentinal tubules could be 

demonstrated. 

 

Fig 5.7 was assigned a score of 3, as the nerve tissue was seen due to 

larger areas which were uninstrumented. On higher magnification it was 

shown than there were large interlacing areas with more that 50% of the 

dentinal tubules clearly demonstrated, even in the presence of residual 

nerve tissue. 

 

   

Fig 5.8 X1000                           Fig 5.9 X1000 

 

Figures 5.8 and 5.9 have been included to show that the residual debris 

did not occlude the dentinal tubules 
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(2) Hand Instrumented group 

Assessment for surface debris 

     
 Fig 5.10                                    Fig 5.11 

Apical third                              Middle third  

 

Fig 5.12 

 Coronal third  

Fig 5.10 was given a score of 3, for the apical aspect of the root canal, 

because moderate amounts of debris are seen, with less than 50% of the 

sample surface covered. Fig 5.11 was assigned a score of 2, where there is 

only slight debris on the surface. Fig 5.12 was assigned a score of 2, 

where only slight debris remained on the surface of the sample. 

It can be clearly seen that the amount of residual debris that remained 

following hand instrumentation is quiet small and we can be sure that 

most of the necrotic debris has been removed.  
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Assessment for smear layer 

    
Fig 5.13                                     Fig 5.14 

Apical third                                Middle third 

 

Fig 5.15 Coronal third 

 

Fig 5.13 was given the score of 3, where there was a homogeneneous 

smear layer covering the surface, with few dentinal tubules open. In 

figure 5.14, a smear layer score of 3 was assigned for this slide. Fig 5.15 

was assigned a smear layer score of 2, where the amount of smear layer 

was very slight, with most dentinal tubules remaining open. 

On average the amount of smear layer found on the root canals debrided 

using hand files is found to be minimal, resulting in lower scores. It is 

clearly visible that most of the dentinal tubules remain patent and can be 

clearly discerned.  
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 (3) Rotary Instrumented group 

  A) Assessment of debris 

     
Fig 5.16                                    Fig 5.17 

Apical third                         Middle third 

 

Fig 5.18 

Coronal third 

Fig 5.16 was assigned a value of 4, where a substantial amount of surface 

debris can be seen covering more than 50% of the sample surface. 

Fig 5.17 was assigned a value of 3, where moderate amounts of debris 

were left behind, covering less than 50% of the sample surface. Fig 5.18 

was assigned a score of 2, where only slight debris was seen covering the 

surface of the sample. 

From the above slides it can be seen that the coronal third of the tooth 

tends to be cleaner than all the other surfaces, and the apical third has 

the highest amount of debris remaining in the rotary instrumented group. 
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B) Assessment of smear layer 

    

Fig 5.19 Apical third                    Fig 5.20 Middle third                                     

 

Fig 5.21 Coronal third 

Fig 5.19 was assigned a score of 5, where a thick non-homogeneous smear 

layer was seen covering the surface of the root canal wall. 

 

Fig 5.20 was assigned a score of 2, where a slight smear layer was seen 

covering the surface but most dentinal tubules remained open. 

 

Fig 5.21 was assigned a score of 2, where there was no smear layer 

covering the canal wall and all the dentinal tubules remained open. 
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CHAPTER 6 

DISCUSSION 

 

The scanning electron microscopic study analysis seem to be an adequate 

method used to investigate the influence of endodontic instruments on 

the morphology of dentine surfaces, therefore the methodology employed 

in the present study is in line with previous investigators (Ahlquist et al 

2001). 

 

Maintenance of the original canal as far as possible is a pre-requisite 

during root canal preparation; so that, iatrogenic complications arising 

from cleaning and shaping can be avoided.  Results obtained in the present 

study, indicate that there were only 4 teeth (10%) that showed signs of 

apical transportation. All these teeth were from the hand-instrumented 

samples. 

 

These procedural errors of apical transportation and loss of working 

length were only associated with the use of stainless steel hand files and 

could be attributed to insufficient flexibility in the instruments. Tan and 

Messer 2002, reported similar results, whereby two sites in twenty 

locations (10%) examined exhibited canal transportation. 

 

They found that more canal transportation occurred in the apical 1mm 

level than at the 3mm level away from the apical foramen of hand 

instrumented specimens, especially when the step back technique was 

employed. 
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Iqbal et al 2003 demonstrated that different instrumentation sequences 

used with nickel titanium rotary instruments produced similar results with 

minimal apical transportation and loss of working length. Similarly, the 

amount of apical transportation noticed in the present study corresponds 

with the study conducted by Bryant et al 1998.  

 

However, in the present study, an endodontic microscope was used to 

evaluate the presence of apical transportation instead of radiographs 

used in all the other studies. As expected, all sample teeth in the rotary-

instrumented group were found to have remained centred during the 

preparations, while the 10% in the hand instrumented group that showed 

apical transportation would have made making complete obturation 

impossible in the clinical context. 

 

These results correspond to those reported by other researchers such as 

Iqbal et al 2003, Jardine and Gulabivala 2000(a), Tan and Messer 2002, 

Sonntag, Delschen, Stachniss 2003.  

 

In the study by Jardine and Gulabivala 2000(a), they suggested that the 

reason nickel titanium instruments cause less transportation than 

stainless steel K-files, when the same filing technique was used, may not 

only be due to the increased flexibility of the nickel titanium 

instruments, but rather to their decreased cutting ability. 

 

They also noted that the curvature of the canal did not affect the 

outcome of the efficacy of both hand and rotary instruments and that 

the curvature of the root canals was maintained in all groups under 

investigation, that is, there was no visible canal transportation in all the 

 

 

 

 



 

 

62

62

groups that they examined. However, rotary nickel titanium files 

separated in the presence of acute curves in root canal topography or 

shape. Overall, the minor straightening or apical transportation that was 

observed in the present study is comparable with other investigations. 

 

Two files in the S1 or shaping range of the ProTaper® nickel titanium 

rotary files separated and only one size 20 stainless steel K-file 

separated. This was in line with results found by several investigators. Li 

et al 2002, found that rotary instruments were susceptible to fracture 

especially the shapers, because they are more rigid and are therefore not 

able to engage curved canals without strain and distortion. 

 

Shen et al 2006 also found that defects and distortions occurred with 

rotary files. They found that these defects occurred on ProTaper® files 

and the minimum number of times that these instruments can be safely 

used is related to the anatomy and the morphology of the treated tooth. 

In a study conducted by Schafer et al 2006, they found that during the 

preparation of 120 teeth, a total of 10 instruments (12%) separated 

probably as a result of instrument fatigue. It is therefore imperative 

that the operator should inspect each and every instrument prior to 

clinical use 

 

In the study conducted by Schafer and Vlassis 2004, two ProTaper and 

three RaCe instruments out of ten sets fractured, similar to the findings 

in the present study. 

 

 

 

 

 

 

 



 

 

63

63

In the study by Foschi et al 2004, the amount and the morphology of the 

smear layer, presence of pulpal and dentinal debris and the morphology of 

the inner dentinal walls were parameters they used for the evaluation of 

shaping and cleaning efficacy of rotary nickel titanium instruments. 

 

According to Torabinejad et al 2002, all endodontic instrumentations 

create dentine debris and smear layer as a consequence of their action on 

root canal walls. They indicated that the so formed debris might be 

compacted along the entire root canal surface, thus increasing the risk 

for bacterial contamination with subsequent reduction in the adaptation 

of the sealer and Gutta-Percha. 

 

Iqbal et al 2003, said that this debris might be compacted apically 

creating an apical plug that prevents complete filling of this important 

region. It was also noted that it was very important that endodontic 

instruments remove dentine and debris from all canal walls, rendering the 

walls free from any bacteria. 

 

However, from the results obtained in the present study, it was shown 

that the apical aspect of all root canals especially those debrided using 

rotary instruments had large amounts of both debris and smear layer. 

 

The results in table 5.II imply that by using only the barbed broach for 

the extirpation, a large amount of debris still remained in the middle and 

the apical thirds of the canal. In 80% of the specimen examined in this 

group and therefore this in no way can be the only method of 

debridement. 
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From table 5.III it is evident that between 35% and 49% of the canals in 

this group still had debris classified as moderate (score 3) in the middle 

and apical thirds of the canals and this would have impacted on the 

clinical success if only this method of debridement was used. 

 

From table 5.IV, it is apparent that substantial debris (score 4) was 

present in the apical third of 75% of the canals debrided with the rotary 

technique implying that this method on its own is not very efficient in 

debriding the canal especially in the apical third of the root canal. 

 

Figure 5.V illustrates that at least half the canals (50%) in the hand-

instrumented group had a homogeneous smear layer (score 3) still present 

in the apical third of the canal and this will negatively impact on bonding 

and sealing of the root canal especially in the apical third. 

 

From table 5.VI it is apparent that in this rotary-instrumented group the 

majority of the canals (82.5%) had a thick homogeneous smear layer 

covering the dentine surfaces (score 5) in the apical third of the canals 

and would make it difficult clinically to obtain a hermetic seal especially in 

this part of the root canal. 

  

It can be clearly seen that the use of rotary instruments resulted in the 

formation of a large quantity of both smear layer and debris, as indicated 

by the high scores recorded 

 

Scanning electron microscopic analysis demonstrated a substantial portion 

of the dentine surface in the coronal third to be free from smear layer. 

This corresponds to the findings of Ahlquist et al 2001. However the 
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SEM findings in the apical third of the canals instrumented with rotary 

instruments corresponds with previous scanning electron microscopic 

(SEM) studies by Ahlquist et al 2001, Schafer and Lohmann 2002, 

Versumer et al 2002, who also reported the presence of great amounts of 

smear layer after the use of nickel titanium rotary and stainless steel 

manual instruments in the apical third of the root canals. 

 

It is likely that the nickel titanium rotary instruments produced fine 

dentine particles and shavings that were spread out and compacted along 

the dentine wall. Schafer et al 2006(b) concluded that the use of nickel 

titanium rotary files produced a clean and debris free dentine surface in 

the middle and coronal thirds; however, they were unable to produce a 

dentine surface free from smear layer and debris in the apical third of 

the root canal instrumented. 

 

The reason for this difference in the debris-removal capability of these 

rotary instruments especially in the apical third but also in the rest of 

the root canal is probably due to the fact that the final apical 

preparation diameter of the ProTaper group of instruments was the size 

30. It has been shown by Hulsmann et al 2003, that larger apical 

preparation sizes are necessary in many cases in order to contact as much 

of the circumference of the root canal as possible in the apical third of 

the canals to ensure optimal debridement in this critical area of the root 

canal 

 

According to Ahlquist et al 2001, significantly less debris was found in 

the apical region when using the manual filing technique. This was found to 

correspond with the results of the present study. They (Ahlquist et al 
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2001) concluded that the manual technique employed in their study 

produced cleaner root canal walls than the rotary ProTaper® technique 

probably due to the tactile feel and the experience of the operator.  

 

However, neither of the instrumentation techniques achieved total 

debridement of the root canal, with both debris and smear layer 

remaining on the dentinal walls of the canals especially in the apical third 

of the root canals. This was also found to be true in the present study. 

 

In the present investigation, the two rotary instruments fractured 

occurred with instrument size 30 or S1 tip, and only one size 20  K-file as 

a result of fatigue. These results are in accordance with a previous study 

(Guelzow et al 2005), where the incidence of fractures was avoided with 

increasing file sizes, and with most fractures occurring with sizes 30 and 

35. 

 

AS regards the cleanliness of the canals these findings are in contrast 

with the regularly held belief, that because the apex is narrower, and  

the files should be engaging all the surfaces of the canal during 

debridement, this region should be the cleanest. However, the results 

obtained in this study corroborate with all the other studies conducted 

and show that the apical third is the least instrumented of all the areas 

of the root canal especially when using rotary instrumentation. 

 

The weakness of the present study was that the SEM measurements for 

debris and smear layer were arbitrary as no standardization is available 

at this stage. The drying process resulted in crack formation; the badly 

cracked specimens could thus not be used. Only two teeth showed severe 
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numbers of cracks and these were then discarded and replaced by two 

new slides. The sources of these cracks could not be clearly determined 

because the collection of the samples (teeth) was not standardized. The 

researcher did not specify to the dentists that the patient’s ages should 

have been noted. It would have made the results more predictable if, for 

instance, the dentists were asked to collect teeth in the age group of 

patients between 20 and 30 years of age, which would have meant that 

the teeth would have been fairly young. 

 

 It could therefore not be ascertained with certainty what the main 

cause of the cracks was, whether the cracks were present preoperatively, 

during the experimentation or as a result of the drying process for SEM 

analysis. Also the reason for tooth loss was not determined; therefore 

the possibility of traumatic fracture could not be excluded. 

 

The preoperative storage of these teeth was not specified in relation to 

the time required to place the extracted teeth in normal saline, where 

slight drying might have occurred if the practitioners delayed placing 

these teeth in the storage jars provided. The observed cracks resulted in 

the distortion in the smear layer, probably due to the shrinkage that took 

place during the drying process. 

 

Ahlquist et al 2001, also used the desiccator for the drying of their 

specimens but they used platinum for specimen coating, however, Foschi 

et al 2004 used critical point drying for their specimens prior to gold 

sputter coating and these are alternatives that could be considered in 

future studies using SEM analysis 
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Using higher magnification such as those used in figures 5.15 and 

5.16(X1000) tended to zone in on a small area, thus limiting the size of 

the surface area being analysed but provided detailed information as 

regards the canal wall status and the patency of the dentinal tubules. 

However this magnified view could not be used for debris and amount of 

smear layer analysis as it was too limited a portion of the canal wall. 

 

In the present investigation, most of the instrument fracture occurred at 

the tips but these could be retrieved.  

 

The amount of smear layer that remains after instrumenting with rotary 

instruments is larger when compared to that remaining in the hand 

instrumented samples. 

 

In the present study, EDTA was not used because the aim of the study 

was to assess the clinical efficacy of two instrumentation methods. 

However, it is known that the use of EDTA removes most of the formed 

smear layer thus exposing the dentinal tubules as demonstrated by a 

study carried out by Ahlquist et al 2001. The application of EDTA is 

known to improve the adhesion of root canal sealers for final obturation. 
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CHAPTER 7 

 

LIMITATIONS 

The following limitations were identified in the present study. 

• Cracking of teeth during the specimen preparation, and the 

aetiology of such cracks could not be established, as they could 

have occurred pre-operatively, during the debridement, as a result 

of the storage conditions, or during the drying process for SEM 

analysis. 

• There is a narrow margin between the first two scores in the 

assessment of surface debris. There were no surfaces, which were 

completely debris free, however the amount varied slightly, 

therefore, to differentiate between a score of 1 and 2 was 

impossible and these should in future be combined into one score. 

• All samples were first measured or studied using both low 

magnification (40) and higher magnification (1000). At lower 

magnification, all sites chosen were 1mm on the apical aspect of all 

the specimens. However, the higher magnification, tended to zoom 

in on a small or narrow field of study, thus limiting the correct 

assessment of root canal cleanliness as regards quantitative 

analysis but was very valuable for qualitative assessment of the 

canal walls and the patency of the dentinal tubules. 

• The ProTaper files sequence is limited as compared to the K-files, 

where debridement was continued up to file size 50 and only a size 

30 was used to reach the apex when using ProTaper. 
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CHAPTER 8 

CONCLUSIONS AND RECOMMENDATIONS 

 

8.1 CONCLUSIONS 

 

Within the parameters of this study, it can be concluded that both hand 

instrumented and rotary-instrumented canals had evidence of debris and 

smear layer after debridement especially in the apical third of the canals. 

However hand instrumentation using K-files resulted in better cleanliness 

of the root canal compared to rotary instrumentation using ProTaper 

instruments. Both types of instrumentation techniques resulted in limited 

amounts of instrument separation and need to be carried out with care. 

ProTaper maintained the shape of the root canal more effectively 

compared to hand instruments that resulted in 10% of the canals showing 

evidence of apical transportation. 

 

8.2 RECOMMENDATIONS 

 

Based on the results of this study 

• Care must be taken when using rotary or hand instruments for 

canal debridement to avoid the possibility of instrument 

separation 

• Rotary instruments should not be used more than six times and 

must be diligently examined prior to utilization for signs of 

distortion, which can result in instrument separation. 

• The results of this study show that neither hand instrumentation 

nor rotary instrumentation methods resulted in all areas of the 
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root canal which were completely clean and therefore the need 

for chemical debridement in addition to mechanical debridement 

to better prepare the canal for the obturation process. 

• In the event of SEM analysis, critical point drying of specimen 

which is a completely controlled drying mechanism, instead of 

placing the samples in the desiccator to dry over a 48 hour period 

before sputter coating for SEM observations is recommended 

because some samples showed varying degrees of crack formation 

which cannot be accounted for and the specimens were therefore 

excluded from the present study. 
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APPENDIX I 

DEBRIS 

TOOTH CORONAL MIDDLE APICAL 

1 Control 1 3 2 4 

2 Control 2 3 3 4 

3 Control 3 3 3 3 

4 Control 4 2 3 4 

5 Control 5 2 3 4 

6 Control 6 2 3 2 

7 Control 7 3 3 2 

8. Control 8 3 3 4 

9 Control 9 3 3 4 

10 Control 10 3 2 4 

11 Hand 1 2 2 2 

12 Hand 2 2 2 2 

13 Hand 3 3 2 3 

14 Hand 4 3 2 3 

15 Hand 5 2 2 3 

16 Hand 6 3 2 2 

17 Hand 7 2 2 3 

18 Hand 8 2 2 3 

19 Hand 9 2 2 3 

20 Hand 10 2 2 3 

21 Hand 11 2 2 3 

22 Hand 12 2 2 3 
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23 Hand 13 3 2 3 

24 Hand 14 3 2 3 

25 Hand 15 3 2 3 

26 Hand 16 2 2 2 

27 Hand 17 2 2 3 

28 Hand 18 2 2 3 

29 Hand 19 2 2 2 

30 Hand 20 2 2 2 

31 Hand 21 2 2 2 

32 Hand 22 2 2 2 

33 Hand 23 2 2 2 

34 Hand 24 2 2 2 

35 Hand 25 2 2 2 

36 Hand 26 2 2 2 

37 Hand 27 2 2 2 

38 Hand 28 2 2 2 

39 Hand 29 2 2 2 

40 Hand 30 2 2 2 

41 Hand 31 2 2 2 

42 Hand 32 2 2 2 

43 Hand 33 2 2 2 

44 Hand 34 2 2 2 

45 Hand 35 2 2 2 

46 Hand 36 2 2 2 

47 Hand 37 2 2 2 

48 Hand 38 2 2 2 

49 Hand 39 2 2 2 
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50 Hand 40 2 2 2 

51 Rotary 1 2 2 4 

52 Rotary 2 2 2 4 

53 Rotary 3 3 2 4 

54 Rotary 4 3 2 4 

55 Rotary 5 2 2 4 

56 Rotary 6 2 3 4 

57 Rotary 7 2 2 4 

58 Rotary 8 2 2 4 

59 Rotary 9 2 2 4 

60 Rotary 10 2 2 4 

61 Rotary 11 3 2 4 

62 Rotary 12 2 2 4 

63 Rotary 13 3  3 4 

64 Rotary 14 3 3 4 

65 Rotary 15 2 3 3 

66 Rotary 16 2 2 3 

67 Rotary 17 2 2 2 

68 Rotary 18 2 3 4 

69 Rotary 19 2 3 4 

70 Rotary 20 2 3 4 

71 Rotary 21 3 3 4 

72 Rotary22 3 3 4 

73 Rotary23 3 3 4 

74 Rotary 24 3 3 4 

75 Rotary 25 2 3 3 

76 Rotary 26 2 3 3 
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77 Rotary 27 2 2 4 

78 Rotary 28 2 2 3 

79 Rotary 29 2 3 4 

80 Rotary 30 2 2 4 

81 Rotary 31 2 2 2 

82 Rotary 32  2 2 2 

83 Rotary 33 2 2 4 

84 Rotary 34 2 2 3 

85 Rotary 35  2 2 4 

86 Rotary 36 2 2 4 

87 Rotary 37 2 2 3 

88 Rotary 38 2 2 4 

89 Rotary 39  2 2 4 

90 Rotary 40 2 2 4 
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APPENDIX II 

SMEAR LAYER 

 

TOOTH CORONAL MIDDLE APICAL 

1 Manual 1 2 2 3 

2 Manual 2 2 2 3 

3 Manual 3 2 2 2 

4 Manual 4 2 2 2 

5 Manual 5 2 2 2 

6 Manual 6 2 2 3 

7 Manual 7 2 2 3 

8 Manual 8 2 2 3 

9 Manual 9 2 2 2 

10 Manual 10 3 3 3 

11 Manual 11 3 3 3 

12 Manual 12 3 3 3 

13 Manual 13 2 2 3 

14 Manual 14 2 2 3 

15 Manual 15 2 2 3 

16 Manual 16 3 3 3 

17 Manual 17 3 3 3 

18 Manual 18 3 3 3 

19 Manual 19 3 3 3 

20 Manual20 3 3 3 

21 Manual 21 3 3 3 
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22 Manual22 2 2 3 

23 Manual23 2 2 3 

24 Manual24 2 2 3 

25 Manual25 2 2 2 

26 Manual26 2 2 2 

27 Manual27 2 2 2 

28 Manual28 2 2 2 

29 Manual29 2 2 2 

30 Manual30 2 2 2 

31 Manual 31 2 2 2 

32 Manual32 2 2 2 

33 Manual33 2 2 2 

34 Manual34 2 2 2 

35 Manual35 2 2 2 

36 Manual36 2 2 2 

37 Manual37 2 2 2 

38 Manual38 2 2 2 

39 Manual39 2 2 2 

40 Manual40 2 2 2 

41 Rotary 1 3 3 5 

42 Rotary 2 2 3 5 

43 Rotary 3 3 3 5 

44 Rotary 4 3 2 5 

45 Rotary 5 3 3 5 

46 Rotary 6 2 3 5 

47 Rotary 7 3 3 5 

48 Rotary 8 3 3 5 
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49 Rotary 9 2 3 5 

50 Rotary 10 2 3 5 

51 Rotary 11 2 3 4 

52 Rotary 12 2 2 5 

53 Rotary 13 2 2 3 

54 Rotary 14 2 2 4 

55 Rotary 15 2 2 5 

56 Rotary 16 2 2 5 

57 Rotary 17 2 2 5 

58 Rotary 18 2 2 5 

59 Rotary 19 2 2 5 

60 Rotary20 2 2 5 

61 Rotary 21 2 2 5 

62 Rotary 22 2 2 5 

63 Rotary 23 2 2 5 

64 Rotary 24 2 2 5 

65 Rotary 25 2 2 4 

66 Rotary 26 2 2 4 

67 Rotary 27 2 2 5 

68 Rotary 28 2 2 5 

69 Rotary 29 2 2 5 

70 Rotary 30 2 2 5 

71 Rotary 31 2 2 5 

72 Rotary 32 2 2 5 

73 Rotary 33 2 2 5 

74 Rotary 34 2 2 5 

75 Rotary 35 2 2 5 
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76 Rotary 36 2 2 4 

77 Rotary 37 2 2 4 

78 Rotary 38 2 2 5 

79 Rotary 39 2 2 5 

80 Rotary 40 2 2 5 
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APPENDIX III 

APICAL TRANSPORTATION 

 

TOOTH APICAL THIRD 

1 Control 1 None 

2 Control 2 None 

3 Control 3 None 

4 Control 4 None 

5 Control 5 None 

6 Control 6 None 

7 Control 7 None 

8 Control 8 None 

9 Control 9 None 

10 Control 10 None 

11 Hand 1 None 

12 Hand 2 None 

13 Hand 3 None 

14 Hand 4 None 

15 Hand 5 None 

16 Hand 6 None 

17 Hand 7 None 

18 Hand 8 None 

19 Hand 9 None 

20 Hand 10 None 

21 Hand 11 None 
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22 Hand 12 None 

23 Hand 13 None 

24 Hand 14 None 

25 Hand 15 None 

26 Hand 16 None 

27 Hand 17 None 

28 Hand 18 None 

29 Hand 19 None 

30 Hand 20 Present 

31 Hand 21 None 

32 Hand 22 Present 

33 Hand 23 None 

34 Hand 24 Present 

35 Hand 25 None 

36 Hand 26 None 

37 Hand 27 None 

38 Hand 28 None 

39 Hand 29 Present 

40 Hand 30 None 

41 Hand 31 None 

42 Hand 32 None 

43 Hand 33 None 

44 Hand 34 None 

45 Hand 35 None 

46 Hand 36 None 

47 Hand 37 None 

48 Hand 38 None 
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49 Hand 39 None 

50 Hand 40 None 

51 Rotary 1 None 

52 Rotary 2 None 

53 Rotary 3 None 

54 Rotary 4 None 

55 Rotary 5 None 

56 Rotary 6 None 

57 Rotary 7 None 

58 Rotary 8 None 

59 Rotary 9 None 

60 Rotary 10 None 

61 Rotary 11 None 

62 Rotary 12 None 

63 Rotary 13 None 

64 Rotary 14 None 

65 Rotary 15 None 

66 Rotary 16 None 

67 Rotary 17 None 

68 Rotary 18 None 

69 Rotary 19 None 

70 Rotary 20 None 

71 Rotary 21 None 

72 Rotary 22 None 

73 Rotary 23 None 

74 Rotary 24 None 

75 Rotary 25 None 
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76 Rotary 26 None 

77 Rotary 27 None 

78 Rotary 28 None 

79 Rotary 29 None 

80 Rotary 30 None 

81 Rotary 31 None 

82 Rotary 32 None 

83 Rotary 33 None 

84 Rotary 34 None 

85 Rotary 35 None 

86 Rotary 36 None 

87 Rotary 37 None 

88 Rotary 38 None 

89 Rotary 39 None 

90 Rotary 40 None 
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APPENDIX IV 

FLOW CHART OF RESEARCH METHODOLOGY 
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APPENDIX V  
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APPENDIX VI   
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APPENDIX VII       
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APPENDIX VIII   
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APPENDIX IX 
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