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Abstract
Introduction: The permanent maxillary central incisor is the most visible tooth in the mouth and endodontic 
treatments are frequently performed in maxillary incisors. Over-instrumentation may cause periradicular 
inflammation, postoperative pain, and inhibition of the healing process. Working length (WL) determination and 
maintenance is therefore of major importance. Materials and Methods: This prospective study was conducted in 
Dhaka Dental College & Hospital, Dhaka from May 2013 to November 2013. A total of 39 cases were included in this 
study. For electronic method of WL determination iPex NSK (Japan) was used. The radiographic working length was 
determined by evaluating the position of the end of the file in the canal on the radiograph and it was 0.5 to 1.0 mm 
short of radiological apex. Results: Pain (94.9%) and trauma (56.4%) were the most common history among the study 
population. In clinical findings, caries was the most common (56.4%) than swelling was present in 35.9% cases and 
discoloration was in 30.8% cases. In all cases we found single root of maxillary central incisors. Mean working length 
(WL) of our study population by apex locator was 21.423±1.259 and by radiograph it was 21.397±1.176; there was no 
statistically significant difference in WL between these two methods (p=0.743). Conclusion:  According to 
radiographic method working length of our study population was 21.39 mm. WL of our study population was found to 
be less than the values found by the other studies population like Caucasians, African, Sinhalese, Mongolian and 
Korean.   
Keywords: Maxillary central incisor, working length, Bangladesh.
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Introduction:
The prime concern of endodontic treatment is cleaning, disinfecting, 
shaping & obturation of the root canal system. Root canal prepara-
tion and obturation should be within the tooth canal, it should not 
extend beyond the apical constriction of the root canal1. Over biome-
chanical preparation may cause several types of side effect likes 
periradicular inflammation, postoperative pain and inhibition of 
healing pathway2.   So, accurate working length (WL) determination 
and maintenance is therefore of key importance. The WL is “the 
distance from a coronal reference point to the point at which canal 
preparation and filling should terminate”3. Apical constriction 
coincides with the narrowest diameter of the root canal, anatomical-
ly it indicates the apical boundary for the extinction of endodontic 
treatments4, and as it often helps in WL determination3. In clinical 
setting locating of the AC is critical. In relation to the apical foramen 
the location of the CDJ is varied5. It is commonly accepted as being 
0.50-0.75 mm coronal to the apical foramen6. The maxillary central 
incisor (MCI) is the most visible tooth in the mouth. Principle 
functions of MCI are included incising, speech, articulating provid-
ing lip support, maintaining aesthetics and guiding the mandible 
posteriorly in the final phase of closure and occlusion of posterior 
teeth7. It is so vital in maintained in the dental arch7. This is some-
times hard as because the tooth is one of the frequent traumatized 
tooth8; that's why it is the most endodontically treated tooth9. 

Table III: Measured working length (WL) of the study 
population

Table IV: Working length by Apex locator Vs Radiograph 
in Male & Female 

Table V: Working length of maxillary central incisor in 
different ethnic population

Discussion:
Working length is the distance from a coronal reference 
point to the point at which canal preparation and obturation 
should terminate3. Working length was estimated by the 
electronic method first and then by the radiographic 
method. The apical foramen is the main apical opening of 
the root canal. It is frequently eccentrically located away 
from radiological apex. The apical constrictor is the apical 
portion of the root canal having the narrowest diameter, this 
position may vary but it is usually 0.5 to 1.0 mm short of 
the apical foramen. The determination of the working 
length and its maintenance during cleaning and shaping 
procedures are key factors for successful endodontic 
treatment.

Generally incidents of trauma to this tooth occur between 
the ages of 11-23 years8,10 and more frequently in male11; 
hence MCI is the most endodontically treated tooth in the 
dental arch12,13. The majority of the accessible study 
findings are on Caucasian population of Europe & USA, 
there is no plenty of information supporting for the use of 
tooth length in non-Caucasian; especially Bangladeshi 
people. A review of literature exposed that there is a lack of 
information on average endodontic working length 
reference for permanent maxillary central incisors in 
Bangladeshi. The accessible reference information on 
known tooth length is based on Caucasians14 and Asian15 
studies; which are the solitary references for endodontic 
treatment for Bangladeshi. Open literature shows a differ-
ence in dental anatomy based on sex, race and genetics16-18.
This study is to establish an average working length for the 
permanent maxillary central incisor in the Bangladeshi 
population and explore the similarity and dissimilarity with 
other populations; and to identify any gender variation. 

Materials and Methods:
This study was a Prospective study, conducted in the 
department of Conservative Dentistry & Endodontic of 
Dhaka Dental College & Hospital, Dhaka, Bangladesh. The 
study was conducted from May 2013 to November 2013. A 
total of 39 patients were taken as sample population for this 
study came to the department. The sampling method was 
purposive sampling. The central limit theorem19 suggest 
that at least 30 cases are required for calculating mean with 
an assumption of normal distribution. Reviewing the previ-
ous similar studies, this sample size appeared as a well 
acceptable sample size for this study.
Patients of 15 to 60 years old regardless of sex and race 
were included in this study. Patients, who were aged above 
60 years and below 15 years, tooth with open apices or 
blunderbass canal, apical resorption, calcification in the 
root canal, Fractured or broken tooth, patient with cardiac 
prosthesis were excluded from this study. 
Working length was the distance from a coronal reference 
point to the point at which canal preparation and obturation 
should terminate. Working length was estimated by the 
electronic method first and then by the radiographic 
method. For electronic method of working length estima-
tion apex locator of Fourth generation named iPex from 
NSK(Japan) was used. Working length determination was 
began first with apex locator (iPEX) according to the 
device’s manufacturer instruction. Then the same file in the 
same length that was obtained by electronic method was 
again inserted into the canal and a radiograph was taken. 
Then the radiographic working length was determined by 
evaluating the position of the end of the file in the canal on 
the radiograph and it was 0.5 to 1.0 mm short of radiologi-
cal apex. And this value was then documented as estimated 
working length by radiographic method. Finally, the 
acquired values by these two methods were compared 
statistically.

This study has shown that electronic measurements, in 
general, tend to be same with radiographic measurements. 
The mean working lengths by electronic method and by 
radiographic method were 21.42 mm and 21.39 mm with 
standard deviation of 1.26 and 1.17 respectively. In Paired 
sample test, mean difference between electronic and radio-
graphic working length at 5% level of significance was 
0.0256 mm. Correlation was 0.923. Here, t = 0.33, this 
calculated t value is less than the critical t value. And here 
p = 0.74 at 95% confidence interval, that is p > 0.05. So, 
statistical analysis and comparison revealed that the differ-
ences between two measured values are not significant and 
statistically there is no significant difference between 
electronic measurement and radiographic measurement in 
working length determination. So the average tooth length 
of upper central incisor was founded to be approximately 
22 mm. The mean WL of female (20.82±1.06) was signifi-
cantly less than male (21.95±1.02) (p= 0.0016). 
To access the tooth & working length of maxillary central 
incisor, several studies have been done on different ethnic 
groups in different countries around the world by using 
different methods14,20-25. Sede MA et al. conducted his study 
in Nigeria on African population with both apex locator & 
radiograph20. His study revealed a value of 25.0 mm as the 
average working length of permanent maxillary central 
incisor in Nigerian adult. By using same type of methods 
Kim E et al. founded 23.5 mm as the average working 
length of maxillary central incisor of Caucasian22. He 
conducted his study in Philadelphia in USA. In another 
study by Carrotte P et al. reported 22.5mm was the average 
length of Caucasian maxillary central incisor. With cone 
beam computed tomography (CBCT) Harries EF et al. 
conducted his study among white American people; in his 
study he found average tooth length of maxillary central 
incisor was 25.8mm25. 
According to Jayawardena CK et al. the mean tooth length 
of maxillary central incisors of Sri Lankan Sinhalese 
populations was 23.12; the method was direct measure-
ment with digital calipers on extracted teeth23. In 2005 Kim 
E et al. conducting a comparative study of root canal length 
between Asian (Korean) and Caucasians (USA), in that 
study it was found that root canal length of maxillary 
central incisor of Korean people was 20.0mm22. In his 
study Kim uses both apex locator and radiograph methods. 
But in another research among Korean by Chi SH it was 
seen that the mean length of maxillary central incisors was 
22.8mm24. Chi SH used cone beam computed tomography 
(CBCT) in his research. In Indonesia, Kartika Dewi 
conducted research on Mongoloid race by using periapical 
radiography. From her study it has been known that the 
length of maxillary central incisors of Indonesian Mongol-
oid race was 22.03mm21. The overall variation of the WL of 
different populations from our study population were 
ranged from +0.61 to +4.41 mm. So WL of our study 
population was found to be less than the values found by 

the other researches14, 20-25.
In our study there was no significant difference in male 
(51.3%) and female (48.7%) proportion, where male 
(63.6%) were predominant in African population20 and 
female (79.0%) were predominant in Korean opulation24.  
Majority (53.9%) of our study patients were within 21-30 
years of age, that was similar with the study of Sede MA. In 
our study 100% cases we found single root of maxillary 
central incisors. Similar finding was reported by Kartika 
Dewi21. Pain was the most common (94.9%) history among 
the study population; history of trauma was in 56.4% cases 
and in clinical findings, caries was the most common 
(56.4%). In African population trauma (61.4%) was the 
common indication for root canal treatment of maxillary 
central incisor20.
As our study design and the sample size did not represent 
the whole community of Bangladesh, a study with larger 
scale which will represent our whole community, should be 
carried out to verify the real picture of the average tooth 
length of upper central incisor in our community. 
Conclusion:
According to radiographic method of working length of our 
study population was 21.39 mm. so the average tooth 
length of upper central incisor was founded approximately 
22 mm.   WL of our study population was found to be less 
than the values found by the other studies population like 
Caucasians, African, Sinhalese, Mongolian and Korean.  
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Discussion:
Working length is the distance from a coronal reference 
point to the point at which canal preparation and obturation 
should terminate3. Working length was estimated by the 
electronic method first and then by the radiographic 
method. The apical foramen is the main apical opening of 
the root canal. It is frequently eccentrically located away 
from radiological apex. The apical constrictor is the apical 
portion of the root canal having the narrowest diameter, this 
position may vary but it is usually 0.5 to 1.0 mm short of 
the apical foramen. The determination of the working 
length and its maintenance during cleaning and shaping 
procedures are key factors for successful endodontic 
treatment.
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Generally incidents of trauma to this tooth occur between 
the ages of 11-23 years8,10 and more frequently in male11; 
hence MCI is the most endodontically treated tooth in the 
dental arch12,13. The majority of the accessible study 
findings are on Caucasian population of Europe & USA, 
there is no plenty of information supporting for the use of 
tooth length in non-Caucasian; especially Bangladeshi 
people. A review of literature exposed that there is a lack of 
information on average endodontic working length 
reference for permanent maxillary central incisors in 
Bangladeshi. The accessible reference information on 
known tooth length is based on Caucasians14 and Asian15 
studies; which are the solitary references for endodontic 
treatment for Bangladeshi. Open literature shows a differ-
ence in dental anatomy based on sex, race and genetics16-18.
This study is to establish an average working length for the 
permanent maxillary central incisor in the Bangladeshi 
population and explore the similarity and dissimilarity with 
other populations; and to identify any gender variation. 

Materials and Methods:
This study was a Prospective study, conducted in the 
department of Conservative Dentistry & Endodontic of 
Dhaka Dental College & Hospital, Dhaka, Bangladesh. The 
study was conducted from May 2013 to November 2013. A 
total of 39 patients were taken as sample population for this 
study came to the department. The sampling method was 
purposive sampling. The central limit theorem19 suggest 
that at least 30 cases are required for calculating mean with 
an assumption of normal distribution. Reviewing the previ-
ous similar studies, this sample size appeared as a well 
acceptable sample size for this study.
Patients of 15 to 60 years old regardless of sex and race 
were included in this study. Patients, who were aged above 
60 years and below 15 years, tooth with open apices or 
blunderbass canal, apical resorption, calcification in the 
root canal, Fractured or broken tooth, patient with cardiac 
prosthesis were excluded from this study. 
Working length was the distance from a coronal reference 
point to the point at which canal preparation and obturation 
should terminate. Working length was estimated by the 
electronic method first and then by the radiographic 
method. For electronic method of working length estima-
tion apex locator of Fourth generation named iPex from 
NSK(Japan) was used. Working length determination was 
began first with apex locator (iPEX) according to the 
device’s manufacturer instruction. Then the same file in the 
same length that was obtained by electronic method was 
again inserted into the canal and a radiograph was taken. 
Then the radiographic working length was determined by 
evaluating the position of the end of the file in the canal on 
the radiograph and it was 0.5 to 1.0 mm short of radiologi-
cal apex. And this value was then documented as estimated 
working length by radiographic method. Finally, the 
acquired values by these two methods were compared 
statistically.

Ethical clearance was obtained from the Ethical Committee 
of Dhaka Dental College. Written informed consent was  
taken from the patient’s or legal guardian. Patient confiden-
tiality was strictly maintained. No names, addresses or 
contact details of the patients were divulged. 
Statistical analysis using descriptive statistic was done. All 
quantitative values were presented as mean ± SD for 
continuous data and as percentages for categorical data. 
Qualitative data were presented as frequency and percent-
age. Quantitative data was analyzed by student’s t-test. All 
tests were two-tailed and statistically significant results will 
be considered when p value < 0.05. All statistical opera-
tions were analyzed by SPSS version 20 and Micro-soft 
Excel 10.

Results:
A total of 39 patients, aged 15 to 60 years were included in 
this study. Among them 20(51.3%) were male and 
19(48.7%) were female, with M:F ratio of 1:1.05 (Figure 
1). Majority (53.9%) of the patients were within 21-30 
years of age, mean age of our study population was 
29.51±10.05 (Table I). Pain was the most common (94.9%) 
history among the study population. History of trauma was 
in 22(56.4%) cases. In clinical findings, caries was the most 
common (43.6%) than swelling was present in 35.9% 
cases; discoloration was in 30.8% cases and sinus in 20.5% 
cases (Figure 2). In our study 100% cases we found single 
root of maxillary central incisors (Table II). Mean working 
length (WL) of our study population by apex locator was 
21.423±1.259 and by radiograph it was 21.397±1.176; 
there was no statistically significant difference of WL 
between these two methods (p=0.743) (Table III). Distribu-
tion of mean working length in male and female is shown in 
figure 3. The mean WL of female was significantly less than 
male (p< 0.5) (Table IV). Table V shows working length of 
maxillary central incisor in different ethnic population.  The 
overall variation of the WL of different populations from 
our study population were ranged from +0.61 to +4.41 mm. 
So WL of our study population was found to be less than 
the values found by the other researchers in different 
countries.

Figure 1: Gender distribution of the study population

This study has shown that electronic measurements, in 
general, tend to be same with radiographic measurements. 
The mean working lengths by electronic method and by 
radiographic method were 21.42 mm and 21.39 mm with 
standard deviation of 1.26 and 1.17 respectively. In Paired 
sample test, mean difference between electronic and radio-
graphic working length at 5% level of significance was 
0.0256 mm. Correlation was 0.923. Here, t = 0.33, this 
calculated t value is less than the critical t value. And here 
p = 0.74 at 95% confidence interval, that is p > 0.05. So, 
statistical analysis and comparison revealed that the differ-
ences between two measured values are not significant and 
statistically there is no significant difference between 
electronic measurement and radiographic measurement in 
working length determination. So the average tooth length 
of upper central incisor was founded to be approximately 
22 mm. The mean WL of female (20.82±1.06) was signifi-
cantly less than male (21.95±1.02) (p= 0.0016). 
To access the tooth & working length of maxillary central 
incisor, several studies have been done on different ethnic 
groups in different countries around the world by using 
different methods14,20-25. Sede MA et al. conducted his study 
in Nigeria on African population with both apex locator & 
radiograph20. His study revealed a value of 25.0 mm as the 
average working length of permanent maxillary central 
incisor in Nigerian adult. By using same type of methods 
Kim E et al. founded 23.5 mm as the average working 
length of maxillary central incisor of Caucasian22. He 
conducted his study in Philadelphia in USA. In another 
study by Carrotte P et al. reported 22.5mm was the average 
length of Caucasian maxillary central incisor. With cone 
beam computed tomography (CBCT) Harries EF et al. 
conducted his study among white American people; in his 
study he found average tooth length of maxillary central 
incisor was 25.8mm25. 
According to Jayawardena CK et al. the mean tooth length 
of maxillary central incisors of Sri Lankan Sinhalese 
populations was 23.12; the method was direct measure-
ment with digital calipers on extracted teeth23. In 2005 Kim 
E et al. conducting a comparative study of root canal length 
between Asian (Korean) and Caucasians (USA), in that 
study it was found that root canal length of maxillary 
central incisor of Korean people was 20.0mm22. In his 
study Kim uses both apex locator and radiograph methods. 
But in another research among Korean by Chi SH it was 
seen that the mean length of maxillary central incisors was 
22.8mm24. Chi SH used cone beam computed tomography 
(CBCT) in his research. In Indonesia, Kartika Dewi 
conducted research on Mongoloid race by using periapical 
radiography. From her study it has been known that the 
length of maxillary central incisors of Indonesian Mongol-
oid race was 22.03mm21. The overall variation of the WL of 
different populations from our study population were 
ranged from +0.61 to +4.41 mm. So WL of our study 
population was found to be less than the values found by 

the other researches14, 20-25.
In our study there was no significant difference in male 
(51.3%) and female (48.7%) proportion, where male 
(63.6%) were predominant in African population20 and 
female (79.0%) were predominant in Korean opulation24.  
Majority (53.9%) of our study patients were within 21-30 
years of age, that was similar with the study of Sede MA. In 
our study 100% cases we found single root of maxillary 
central incisors. Similar finding was reported by Kartika 
Dewi21. Pain was the most common (94.9%) history among 
the study population; history of trauma was in 56.4% cases 
and in clinical findings, caries was the most common 
(56.4%). In African population trauma (61.4%) was the 
common indication for root canal treatment of maxillary 
central incisor20.
As our study design and the sample size did not represent 
the whole community of Bangladesh, a study with larger 
scale which will represent our whole community, should be 
carried out to verify the real picture of the average tooth 
length of upper central incisor in our community. 
Conclusion:
According to radiographic method of working length of our 
study population was 21.39 mm. so the average tooth 
length of upper central incisor was founded approximately 
22 mm.   WL of our study population was found to be less 
than the values found by the other studies population like 
Caucasians, African, Sinhalese, Mongolian and Korean.  
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Table I: Age with sex distribution of the study population

Figure 2: Clinical history & findings of study population

Figure 3: Distribution of mean working length in male and 
female

Key: A=19mm, B= 19.5mm, C=20mm, D=20.5mm, 
E=21mm, F=21.5mm, G=22mm, H=22.5mm, I=23mm 

Table II: The percentage of the number of maxillary incisor root

Table III: Measured working length (WL) of the study 
population

Table IV: Working length by Apex locator Vs Radiograph 
in Male & Female 

Table V: Working length of maxillary central incisor in 
different ethnic population

Discussion:
Working length is the distance from a coronal reference 
point to the point at which canal preparation and obturation 
should terminate3. Working length was estimated by the 
electronic method first and then by the radiographic 
method. The apical foramen is the main apical opening of 
the root canal. It is frequently eccentrically located away 
from radiological apex. The apical constrictor is the apical 
portion of the root canal having the narrowest diameter, this 
position may vary but it is usually 0.5 to 1.0 mm short of 
the apical foramen. The determination of the working 
length and its maintenance during cleaning and shaping 
procedures are key factors for successful endodontic 
treatment.
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This study has shown that electronic measurements, in 
general, tend to be same with radiographic measurements. 
The mean working lengths by electronic method and by 
radiographic method were 21.42 mm and 21.39 mm with 
standard deviation of 1.26 and 1.17 respectively. In Paired 
sample test, mean difference between electronic and radio-
graphic working length at 5% level of significance was 
0.0256 mm. Correlation was 0.923. Here, t = 0.33, this 
calculated t value is less than the critical t value. And here 
p = 0.74 at 95% confidence interval, that is p > 0.05. So, 
statistical analysis and comparison revealed that the differ-
ences between two measured values are not significant and 
statistically there is no significant difference between 
electronic measurement and radiographic measurement in 
working length determination. So the average tooth length 
of upper central incisor was founded to be approximately 
22 mm. The mean WL of female (20.82±1.06) was signifi-
cantly less than male (21.95±1.02) (p= 0.0016). 
To access the tooth & working length of maxillary central 
incisor, several studies have been done on different ethnic 
groups in different countries around the world by using 
different methods14,20-25. Sede MA et al. conducted his study 
in Nigeria on African population with both apex locator & 
radiograph20. His study revealed a value of 25.0 mm as the 
average working length of permanent maxillary central 
incisor in Nigerian adult. By using same type of methods 
Kim E et al. founded 23.5 mm as the average working 
length of maxillary central incisor of Caucasian22. He 
conducted his study in Philadelphia in USA. In another 
study by Carrotte P et al. reported 22.5mm was the average 
length of Caucasian maxillary central incisor. With cone 
beam computed tomography (CBCT) Harries EF et al. 
conducted his study among white American people; in his 
study he found average tooth length of maxillary central 
incisor was 25.8mm25. 
According to Jayawardena CK et al. the mean tooth length 
of maxillary central incisors of Sri Lankan Sinhalese 
populations was 23.12; the method was direct measure-
ment with digital calipers on extracted teeth23. In 2005 Kim 
E et al. conducting a comparative study of root canal length 
between Asian (Korean) and Caucasians (USA), in that 
study it was found that root canal length of maxillary 
central incisor of Korean people was 20.0mm22. In his 
study Kim uses both apex locator and radiograph methods. 
But in another research among Korean by Chi SH it was 
seen that the mean length of maxillary central incisors was 
22.8mm24. Chi SH used cone beam computed tomography 
(CBCT) in his research. In Indonesia, Kartika Dewi 
conducted research on Mongoloid race by using periapical 
radiography. From her study it has been known that the 
length of maxillary central incisors of Indonesian Mongol-
oid race was 22.03mm21. The overall variation of the WL of 
different populations from our study population were 
ranged from +0.61 to +4.41 mm. So WL of our study 
population was found to be less than the values found by 

the other researches14, 20-25.
In our study there was no significant difference in male 
(51.3%) and female (48.7%) proportion, where male 
(63.6%) were predominant in African population20 and 
female (79.0%) were predominant in Korean opulation24.  
Majority (53.9%) of our study patients were within 21-30 
years of age, that was similar with the study of Sede MA. In 
our study 100% cases we found single root of maxillary 
central incisors. Similar finding was reported by Kartika 
Dewi21. Pain was the most common (94.9%) history among 
the study population; history of trauma was in 56.4% cases 
and in clinical findings, caries was the most common 
(56.4%). In African population trauma (61.4%) was the 
common indication for root canal treatment of maxillary 
central incisor20.
As our study design and the sample size did not represent 
the whole community of Bangladesh, a study with larger 
scale which will represent our whole community, should be 
carried out to verify the real picture of the average tooth 
length of upper central incisor in our community. 
Conclusion:
According to radiographic method of working length of our 
study population was 21.39 mm. so the average tooth 
length of upper central incisor was founded approximately 
22 mm.   WL of our study population was found to be less 
than the values found by the other studies population like 
Caucasians, African, Sinhalese, Mongolian and Korean.  
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Table III: Measured working length (WL) of the study 
population

Table IV: Working length by Apex locator Vs Radiograph 
in Male & Female 

Table V: Working length of maxillary central incisor in 
different ethnic population

Discussion:
Working length is the distance from a coronal reference 
point to the point at which canal preparation and obturation 
should terminate3. Working length was estimated by the 
electronic method first and then by the radiographic 
method. The apical foramen is the main apical opening of 
the root canal. It is frequently eccentrically located away 
from radiological apex. The apical constrictor is the apical 
portion of the root canal having the narrowest diameter, this 
position may vary but it is usually 0.5 to 1.0 mm short of 
the apical foramen. The determination of the working 
length and its maintenance during cleaning and shaping 
procedures are key factors for successful endodontic 
treatment.
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This study has shown that electronic measurements, in 
general, tend to be same with radiographic measurements. 
The mean working lengths by electronic method and by 
radiographic method were 21.42 mm and 21.39 mm with 
standard deviation of 1.26 and 1.17 respectively. In Paired 
sample test, mean difference between electronic and radio-
graphic working length at 5% level of significance was 
0.0256 mm. Correlation was 0.923. Here, t = 0.33, this 
calculated t value is less than the critical t value. And here 
p = 0.74 at 95% confidence interval, that is p > 0.05. So, 
statistical analysis and comparison revealed that the differ-
ences between two measured values are not significant and 
statistically there is no significant difference between 
electronic measurement and radiographic measurement in 
working length determination. So the average tooth length 
of upper central incisor was founded to be approximately 
22 mm. The mean WL of female (20.82±1.06) was signifi-
cantly less than male (21.95±1.02) (p= 0.0016). 
To access the tooth & working length of maxillary central 
incisor, several studies have been done on different ethnic 
groups in different countries around the world by using 
different methods14,20-25. Sede MA et al. conducted his study 
in Nigeria on African population with both apex locator & 
radiograph20. His study revealed a value of 25.0 mm as the 
average working length of permanent maxillary central 
incisor in Nigerian adult. By using same type of methods 
Kim E et al. founded 23.5 mm as the average working 
length of maxillary central incisor of Caucasian22. He 
conducted his study in Philadelphia in USA. In another 
study by Carrotte P et al. reported 22.5mm was the average 
length of Caucasian maxillary central incisor. With cone 
beam computed tomography (CBCT) Harries EF et al. 
conducted his study among white American people; in his 
study he found average tooth length of maxillary central 
incisor was 25.8mm25. 
According to Jayawardena CK et al. the mean tooth length 
of maxillary central incisors of Sri Lankan Sinhalese 
populations was 23.12; the method was direct measure-
ment with digital calipers on extracted teeth23. In 2005 Kim 
E et al. conducting a comparative study of root canal length 
between Asian (Korean) and Caucasians (USA), in that 
study it was found that root canal length of maxillary 
central incisor of Korean people was 20.0mm22. In his 
study Kim uses both apex locator and radiograph methods. 
But in another research among Korean by Chi SH it was 
seen that the mean length of maxillary central incisors was 
22.8mm24. Chi SH used cone beam computed tomography 
(CBCT) in his research. In Indonesia, Kartika Dewi 
conducted research on Mongoloid race by using periapical 
radiography. From her study it has been known that the 
length of maxillary central incisors of Indonesian Mongol-
oid race was 22.03mm21. The overall variation of the WL of 
different populations from our study population were 
ranged from +0.61 to +4.41 mm. So WL of our study 
population was found to be less than the values found by 

the other researches14, 20-25.
In our study there was no significant difference in male 
(51.3%) and female (48.7%) proportion, where male 
(63.6%) were predominant in African population20 and 
female (79.0%) were predominant in Korean opulation24.  
Majority (53.9%) of our study patients were within 21-30 
years of age, that was similar with the study of Sede MA. In 
our study 100% cases we found single root of maxillary 
central incisors. Similar finding was reported by Kartika 
Dewi21. Pain was the most common (94.9%) history among 
the study population; history of trauma was in 56.4% cases 
and in clinical findings, caries was the most common 
(56.4%). In African population trauma (61.4%) was the 
common indication for root canal treatment of maxillary 
central incisor20.
As our study design and the sample size did not represent 
the whole community of Bangladesh, a study with larger 
scale which will represent our whole community, should be 
carried out to verify the real picture of the average tooth 
length of upper central incisor in our community. 
Conclusion:
According to radiographic method of working length of our 
study population was 21.39 mm. so the average tooth 
length of upper central incisor was founded approximately 
22 mm.   WL of our study population was found to be less 
than the values found by the other studies population like 
Caucasians, African, Sinhalese, Mongolian and Korean.  
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Table III: Measured working length (WL) of the study 
population

Table IV: Working length by Apex locator Vs Radiograph 
in Male & Female 

Table V: Working length of maxillary central incisor in 
different ethnic population

Discussion:
Working length is the distance from a coronal reference 
point to the point at which canal preparation and obturation 
should terminate3. Working length was estimated by the 
electronic method first and then by the radiographic 
method. The apical foramen is the main apical opening of 
the root canal. It is frequently eccentrically located away 
from radiological apex. The apical constrictor is the apical 
portion of the root canal having the narrowest diameter, this 
position may vary but it is usually 0.5 to 1.0 mm short of 
the apical foramen. The determination of the working 
length and its maintenance during cleaning and shaping 
procedures are key factors for successful endodontic 
treatment.

Average Working Length of Maxillary Central Incisor                                     Al Mahmud, et al. 

This study has shown that electronic measurements, in 
general, tend to be same with radiographic measurements. 
The mean working lengths by electronic method and by 
radiographic method were 21.42 mm and 21.39 mm with 
standard deviation of 1.26 and 1.17 respectively. In Paired 
sample test, mean difference between electronic and radio-
graphic working length at 5% level of significance was 
0.0256 mm. Correlation was 0.923. Here, t = 0.33, this 
calculated t value is less than the critical t value. And here 
p = 0.74 at 95% confidence interval, that is p > 0.05. So, 
statistical analysis and comparison revealed that the differ-
ences between two measured values are not significant and 
statistically there is no significant difference between 
electronic measurement and radiographic measurement in 
working length determination. So the average tooth length 
of upper central incisor was founded to be approximately 
22 mm. The mean WL of female (20.82±1.06) was signifi-
cantly less than male (21.95±1.02) (p= 0.0016). 
To access the tooth & working length of maxillary central 
incisor, several studies have been done on different ethnic 
groups in different countries around the world by using 
different methods14,20-25. Sede MA et al. conducted his study 
in Nigeria on African population with both apex locator & 
radiograph20. His study revealed a value of 25.0 mm as the 
average working length of permanent maxillary central 
incisor in Nigerian adult. By using same type of methods 
Kim E et al. founded 23.5 mm as the average working 
length of maxillary central incisor of Caucasian22. He 
conducted his study in Philadelphia in USA. In another 
study by Carrotte P et al. reported 22.5mm was the average 
length of Caucasian maxillary central incisor. With cone 
beam computed tomography (CBCT) Harries EF et al. 
conducted his study among white American people; in his 
study he found average tooth length of maxillary central 
incisor was 25.8mm25. 
According to Jayawardena CK et al. the mean tooth length 
of maxillary central incisors of Sri Lankan Sinhalese 
populations was 23.12; the method was direct measure-
ment with digital calipers on extracted teeth23. In 2005 Kim 
E et al. conducting a comparative study of root canal length 
between Asian (Korean) and Caucasians (USA), in that 
study it was found that root canal length of maxillary 
central incisor of Korean people was 20.0mm22. In his 
study Kim uses both apex locator and radiograph methods. 
But in another research among Korean by Chi SH it was 
seen that the mean length of maxillary central incisors was 
22.8mm24. Chi SH used cone beam computed tomography 
(CBCT) in his research. In Indonesia, Kartika Dewi 
conducted research on Mongoloid race by using periapical 
radiography. From her study it has been known that the 
length of maxillary central incisors of Indonesian Mongol-
oid race was 22.03mm21. The overall variation of the WL of 
different populations from our study population were 
ranged from +0.61 to +4.41 mm. So WL of our study 
population was found to be less than the values found by 

the other researches14, 20-25.
In our study there was no significant difference in male 
(51.3%) and female (48.7%) proportion, where male 
(63.6%) were predominant in African population20 and 
female (79.0%) were predominant in Korean opulation24.  
Majority (53.9%) of our study patients were within 21-30 
years of age, that was similar with the study of Sede MA. In 
our study 100% cases we found single root of maxillary 
central incisors. Similar finding was reported by Kartika 
Dewi21. Pain was the most common (94.9%) history among 
the study population; history of trauma was in 56.4% cases 
and in clinical findings, caries was the most common 
(56.4%). In African population trauma (61.4%) was the 
common indication for root canal treatment of maxillary 
central incisor20.
As our study design and the sample size did not represent 
the whole community of Bangladesh, a study with larger 
scale which will represent our whole community, should be 
carried out to verify the real picture of the average tooth 
length of upper central incisor in our community. 
Conclusion:
According to radiographic method of working length of our 
study population was 21.39 mm. so the average tooth 
length of upper central incisor was founded approximately 
22 mm.   WL of our study population was found to be less 
than the values found by the other studies population like 
Caucasians, African, Sinhalese, Mongolian and Korean.  
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implantation profile, better design for the surface of the 
periarticular bone, or compatibility with least-invasive 
processes-MIPO3.
In some cases, specific authors propose arthroscopic reduc-
tion and internal fixation (pure depression fractures). The 
substantial risk of compartmental syndrome development 
due to drainage of irrigation fluids in the tibia compart-
ments and an expansion of the operational time and operat-
ing room logistics restrict the extension of the module 4. 
Circular ring fixators are a feasible alternative therapy for 
high-energy fractures and substantial soft tissue damage 
followed by large intra-articular comminution (AO/OTA 
category C3) 5.
In treating people with a tibial plateau fracture, a compre-
hensive assessment of the degree of the local injury is 
essential. The method and Outcome of the therapy are 
strongly connected to the soft tissue envelope condition. 
Temporary stabilization is frequently required via a knee 
stretching external fixator, allowing for resuscitation of the 
soft tissue, relief of discomfort, further data on fracture 
structure (usually CT scanning), and definitive therapy at 
the optimal time 7. Other key variants include aging, 
competing health problems, smoking history, occupation, 
functional abilities, and personal goals in forecasting imme-
diate and long-term results 6.  This research aims to assess 
the perioperative and functional results after surgical 
treatment of tibial board fractures utilizing locking plates 
and the MIPO technology of a single institute. 
Materials and Methods:
A prospective analysis of all proximal tibial fractures at the 
Islamic Bank Medical College Hospital, Rajshahi Bangla-
desh, from January 2019 to June 2021. Patient data were 
collected by evaluating hospital diagrams, office records, 
preoperative and after operative radiographs. The patholog-
ical, pediatric, and extraarticular tibial (AO/OTA type 41. 
A) proximal fractures have all been eliminated. In each 
instance, demographics, mechanisms, and circumstances at 
the time of the accident, information about the hospitaliza-
tion, surgical description, post-operational rehabilitation, 
complications, clinical and functional outcomes over a 
period of 12 months after the surgery were gathered. 
AO/OTA7 classified the fracture, and Gustilo-Anderson8, 
and the Rasmussen score9, was utilized to quantify 
functioning at the previous visit. Follow-up evaluation was 
carried out at fixed times, including 4, 8, and 12 weeks, 5–7 
months, and 12–13 months post-operation. The range of 
mobility of the knee using a goniometer was measured. In 
extension and 200 (degree) of knee flexion, Varus and 
Valgus instability were evaluated compared to the normal 
side. The grade of joint depression and frontal angulation 
was assessed using radiographs. The decrease was consid-
ered good if the remaining depression was 2 mm or less, 
acceptable if 2 to 5 mm, and bad if more than 5 mm. 
Malalignment was defined as angulation of more than 58 on 
the frontal or sagittal planes. Descriptive statistical 
techniques were utilized to present our findings in detail. 

Results:
Over three and a half years, 58 tibial proximal (intra-articu-
lar) fractures have been identified. The mean age was 43 
years (range 19–79) at surgery, whereas women and 39 
men were 19. The most frequent injury mechanism was 
linked to traffic accidents (RTA), representing 75% of 
cases, Table I. 
Table-I: Patients' demographicss.
                Frequency       % Age
Male         39        22.62
Female         19        11.02
Age           Mean 43 years        (Range 19–79)
Follow-up       Mean 18 months        (Range 12–18)
Mechanism of injury
Automobile collision       19             33%
Motorcycle collision       16         28%
Fall         12              21%
Pedestrian          8                      14%
Sport-related injury         3           5%

Table I. Nine (18.4%) AO/OTA types A, 31 (53.5%) 
AO/OTA type B and 18, (31.1%) AO/OTA type C fractures 
have been identified (Table II). Only those instances with 
articular extension fractures (49 cases type B–C) were 
further analyzed. Three fractures were open, two grade I 
and one grade II. Three were open. One patient had a 
closed injury caused by concomitant popliteal artery 
disruption.
Table-II: The case distribution according to the AO/OTA 
fracture classification.
AO/OTA  classification   Number, %     Surgical treatment
41    B1  5,        10.2%    2 CRIF with screws
           3 ORIF with a single plate
41    B2  7,        14.3%    3 ARIF with screws
           4 ORIF with a single plate
41    B3  19,      38.8%    ORIF with a single plate
41    C1  6,        12.2%    ORIF with a single plate
41    C2  7,        14.3%    ORIF with a single plate
41    C3  5,        10.2%    2 ORIF with single plate
            3 ORIF with double plate
ORIF: open reduction and internal fixation. 
ARIF: arthroscopic reduction and internal fixation. 
CRIF: close reduction and internal fixation.
All patients' standard radiography controls were conducted 
in the tibia (anteroposterior and lateral) and the knee 
(anteroposterior, side, and oblique views). A CT scan with 
3-dimensional (3D) reconstruction was performed to deter-
mine articular fragments' size, position, and extent for 
additional examination. 40 All patients were operatively 
treated. Routine given is perioperative intravenous antibiot-
ics and prevention against deep-venous thrombosis. A 

temporary external fixation was used in one patient, while 
12 were temporarily immobilized with a splint during the 
monitoring period. The time between the accident and 
operation varied from 4 to 14 days10. 
Most (90 %) cases (44) were treated with open reduction 
and internal fixation, using polyaxially anatomical angular 
stability locking Plates. Nine of these patients additionally 
received grafting (both autologous and synthetic) to 
maintain subchondral bone and articular surface depres-
sion11. The aside hockey stick approach was utilized for 
open reduction and internal fixation in all patients; in 29 
instances, a MIPO method was feasible using a 5 cm proxi-
mal incision (Fig. 1). 

Fig. 1. Clinical picture demonstrating intra-operative place-
ment of a lateral locking plate utilizing minimum invasive 
percutaneous osteosynthesis methods.
In three instances (type C3), a medial approach was used to 
reduce and further fix the medial condyle12. Five fractures 
(10%) were subjected to cannulated screw-mini-osteosyn-
thesis. Three of them were arthroscopic operations (type 
B2 fractures). A standard intro-lateral portal and an antero-
medial for the instruments were used for the arthroscope. 
Indirect reduction of the depressed joint surface via a lower 
Trans osseous tunnel was reached, checked by arthroscopy, 
and cancellous screwed 6.5 mm cancellations were fixed. 
In the initial postoperative phase, passive movement of the 
operated knee began for all patients. For the first 8 weeks, 
toe-touch weight-bearing with two crutches was permitted. 
Following this time, progressive weight-bearing was 
allowed, based on the development of healing on the X-ray 
control. In most of these instances, full weight-bearing was 
permitted after 9–12 weeks. These patients' mean follow-up 
after surgery was 18 months (range 9–36). Two follow-up 
patients have been lost. Those others for a physical and 
radiographic examination, 47 individuals were contacted 
and evaluated using the clinical score of Rasmussen. 44 
patients (94%) were advanced to the bone union during an 
average period of 4.2 months (range 3–7) (Figs. 2a–c, 
2b—c, 3a, and b). The other three patients experienced a 
non-union: in one instance, the non-union was made more 
difficult by breaking down the implants utilized (double 
plating). 

Nevertheless, this union was cured with a polyaxially 
sealed plate and autologous bone grafting following re-plat-
ing. The two other instances were replaced by the implant-
ed initially and unincorporated synthetic bone substitute 
with an autologous bone graft and an overhaul of osteosyn-
thesis with a new polyaxially plate. Three months following 
the revision operation, these patients were healed. In a 
high-energy fracture, 5 months later, the first treatment 
using an external fastener was transforming into a plate 
fixation.  
Three patients developed superficial infections which 
retarded wound healing and required a brief course of 
antibiotics. An instance of severe wound drainage infection 
developed four months following surgery. It was created by 
deposition, plate removal, and nailing, and bone healing 
lasted three months. In MIPO-treated individuals, no 
infections occurred. Two months after surgery, one patient 
suffered a pulmonary embolism and had deep vein throm-
bosis.

 
 

Fig. 2. (a) A high-energy bicondylar fracture of the right 
tibial plateau anteroposterior radiograph coronal (b) and 
sagittal (c) CT-scan reconstruction graphics.

Table III shows the median knee bending and extension 
range for each follow-up visit. There have been three 
patients with significant postoperative rigidity. One 
recovered a complete range of motion after 1 year of 
intense physiotherapy; two underwent an anesthetic 
manipulation, which was unsuccessful in one of them who 
had 58 flexure and 958 knees bending 2 years after the 
procedure. 
Table-III: The progress of the range of knee motion (ROM) 
following surgery of tibial plateau fractures.

Follow-up (weeks) Mean loss of extension(0)  Mean range of flexion 
Discharge  6  79
4   3  87
8   1  112
12   0  123
26   0  127
54   0  131 

Fig. 3. (a) After open reductions postoperative x-ray with 
locking plate and internal fixations. (b) Lateral X-ray taken 
2 years after surgery lateral tibial plateau has a residual 
deformity. 
The average Rasmussen score was 25 after 6 months (range 
14-30), whereas 27 in 1 year after the operation (range 
19-30). The maximum score in this scoring system is 30. Of 
the 47 patients surveyed in the final follow-up, 41 patients 
(87 %) at 6 months and 44 patients (94 %) at 1 year were 
successful to outstanding. In three instances, malediction 
was found in five residual joint depression (>5 mm) and 
residual split depression in the other two after immediate 
postoperative radiography. In 68 of varus, one patient 
healed. In the 41 other instances (87 %), the final X-ray 
evaluation achieved an excellent or good reduction without 
any indication of degenerative surface alterations17.

Discussion:
Significant early and late secondary complications result in 
severe damage to the tibial plateau. Prompt diagnosis, 
comprehensive preoperative evaluation of the damage of 
the ossic and soft tissue,13 appropriate soft-tissue monitor-
ing and revival, anatomical reduction, and early sound 
fixation, and rigorous rehabilitation typically over one-year 
post-harm. For excellent clinical outcomes14, are essential 15. 
The inherent limitations of this retrospective study relate 
not only to their design but also to their absence of random-
ization between different treatment methods, their small 
numbers, the short one-year follow-up (Fig: 3). The accura-
cy and replicability of radiographic measures are mainly 
made for articular congruity. 
Nevertheless, it reflects the patients treated with a single 
institution's systematic treatment, rehabilitation, and 
follow-up procedure. The overwhelming majority of 
instances have been fixed using modern placing methods, 
enabling steady angling through MIPO procedures. As a 
cornerstone to determining definitive fixation and as a 
significant predictor for some problems such as infections 
and delayed wound healing, careful soft tissue conditions 
were assessed. In this series and by other writers, both the 
utility of a stage method and a delayed fixation until local 
circumstances are optimized. The external tension provides 
temporary fixation but may become permanent if ligamen-

totaxis and manipulation can reduce satisfactorily16. 

 
 

Fig 4:  Progress of the knee (ROM).

Due to the complicated knee structure joints and the neces-
sity of anatomical degradation as for all intraarticular 
fractures, the open reduction combined with bone grafting 
is considered as a gold standard approach for the last 
decades, in any case with a cancellous bone depression and 
rigid internal fixation with plate and screws17. However, in 
1971, Lucht and Pilgaard 25 reported that 78 % of their 
patients had a favorable result, although joint depression 
was up to 10 mm. Contemporary reduction methods and 
new implant products enable the surgeon to secure fasten-
ing without damaging the soft tissue. As in previous 
comparable studies18, minimally invasive methods with 
bone fixation and soft tissue sparing systems provided an 
excellent combination in our research group (Fig: 3). 
However, problems still arise in many instances, compro-
mising the healing of the fractures and the final functional 
result. This study's accumulative rate of local and systemic 
issues was 19,1% (9/44 cases). Many writers describe 
infection/wound dehiscence/malunion-non-early arthritis, 
which reaches 20–50 % in high-energy instances in particu-
lar19. A number of authors20   found radiological evidence 
for osteoarthritis in the 20-37% of young patients, aged 
42-57 years, 3-7 years, after surgery. In elderly individuals 21 
, comparable alterations in 60% of patients, of whom only 
8% were jointly replaced. 
Conclusions:
The result of the challenging majority of tibial plateau 
fractures mainly depends on threefold criteria. Initially, the 
soft tissues typically need a staggered approach to renewing 
the soft tissue, minimally invasive surgical methods, and 
careful handling when open reduction is carried out, 
secondly, by restoring the congruity of the joint surface 
and, where applicable, by utilizing autografts and bone 
substitutions as structural supports and void fillers. Finally, 
through the stability of the mechanical environment, via 
fixation and reinforcement of tibial bone proximal 
metaphysical, utilizing early joint mobility implants and 
devices. 
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