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ABSTRACT

Introduction: Nutrient canals are anatomic structures of the alveolar bone through which neurovascular elements 
transit to supply teeth and supporting structures. Dental identification using the nutrient canal of the mandibular 
alveolar process as the most compelling anatomic feature placement of implant.

Materials and methods: The data were collected form Department of Oral medicine and Radiology patients visiting 
Saveetha Dental College and Hospital. The retrospective study was carried out among 100 patients in Chennai 
population. Radiographic Software Galileo's viewer has been used to identify the nutrient canal.

Results: The results from the Cone beam computed Tomography system (CBCT). In which Table 1 shows the mean 
and standard deviation of nutrient canal measurement. Figure 2 shows the nutrient canal distribution among 100 
patients. In which 6-10mm (54.55%) shows highest measurement in nutrient canal, 11-12mm(27.27%) of nutrient 
canal and 12-16mm(18.18%)shows lowest measurement among 100 patients. In which Figure 3 shows the gender 
distribution among 100 patients. In which 58%where male patients are higher and 42% where female patients 
(Figure 3), shows the age distribution among patient in which 41-60 (51%)years groups shows higher presence of 
nutrient canal, 20-40 (41%) years age groups shows and 61-75 (8%) years of age shows lowest presence of nutrient 
canal. In Figure 1 shows the association between age and nutrient canal in which chi-square test showing P=0.23 is 
not statistically significant and Figure 4 represents association between age and nutrient canal and chi square test 
showing 0.721 which is not statistically significant.

Conclusion: The results of present study shows that 6-10 mm shows highest measurement of nutrient canal in 
mandibular anterior, 6-10 mm shows higher measurement at age group of 41-60 years of age compared with other 
age groups of people.
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INTRODUCTION

Nortjé in 1977, where the anatomy of the inferior 
alveolar nerve path was described based on panoramic 
radiographs, have led most clinicians for a long time 
[1,2]. Nutrient canals are derived from the incisive 
branch of the inferior neurovascular bundle [3], which 
supplies teeth and gingival tissue in the anterior region 
of the mandible and are visible in about 5% to 40% of all 

patients on periapical radiographs [4]. Nutrient canals 
as the name suggests carry vessels and nerves required 
for tissue growth and repair [5]. Nutrient canals are 
frequently observable in dental periapical radiographs, 
and they are considered to serve as conduits for blood 
vessels and nerves. Anatomic observations of human 
skeletons have demonstrated the presence of nutrient 
canals on the lingual surface of the mandible 80 
percent of the time [6]. Nutrient canals have also been 
called interdental canals, circulatory canals, vascular 
channels or interdental nutrient canals5.They are more 
commonly seen in the mandibular anterior segment but 
are also present elsewhere in the jaws. Nutrient canals 
carry neurovascular bundles and appear as radiolucent 
lines of fairly uniform width on periapical radiographs. 
They are most often seen on mandibular periapical 
radiographs running vertically from inferior dental canal 
directly to the apex of a tooth or into the interdental 
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space between mandibular incisors. Nutrient canals 
are the vertical anatomic structures of the alveolar 
bone through which neurovascular elements transit to 
supply teeth and supporting structures. Nutrient canals 
reportedly are most frequently observed on periapical 
radiographs of the mandibular central incisor region, 
where they appear as radiolucent lines. According 
to literature presence of nutrient canals has been 
correlated with the presence of pathologic conditions 
such as periodontal disease, hypertension, diabetes 
mellitus, tuberculosis, rickets, calcium deficiency, disuse 
atropy, and coarctation of aorta [7].Various factors 
govern the appearance of nutrient canals such as above 
average bone density with small diminutive trabecular 
spaces, thickness of the alveolar bone, quality of both 
cortical and cancellous bone, and loss of mandibular 
teeth. Hence, nutrient canals are commonly seen in 
patients with periodontal disease, older age people, 
and edentulous patients [8].The nutrient canal (NC) is 
a continuation of the mandibular canal and is located 
within the bone. These canals are derived from the 
incisive branch of the inferior alveolar neurovascular 
bundle, which supplies the anterior mandible, and 
are most frequently found in the anterior region of 
the mandible, where they appear as linear radiolucent 
structures between the incisors in dental radiographs. 
NCs are seen on each side of the midline, branching 
out from the incisive canal and passing down vertically 
between the mandibular incisor [9].The anterior region 
of the mandible is usually considered as a safe region for 
conducting surgical procedures, such as the placement 
of endosseous implants in the interforaminal region, and 
bone harvesting from the chin without the risk of damage 
to vital anatomical structures, some patients have 
experienced postoperative neurosensory disturbances 
[10]. NCs can hold a nerve and blood vessel which 
can explain the complications. Sensory disturbances 
of the nutrient canal region or life-threatening severe 
hemorrhage from nutrient canals may arise [11,12].
Traditional, two-dimensional imaging using panoramic 
radiographs can offer only little information about the 
presence of NCs in the anterior region of the mandible 
due to the superimposition of the cervical vertebrae and 
orientation of the X-ray beam in relation to the trajectory 
of the canals. NCs often have a vertical rather than a 
horizontal course [13]. Panoramic images do not allow 
for buccal or lingual accessory canals to be diagnosed, 
while accessory foramina and their content in the body 
of the mandible are held responsible for problems in 
achieving efficient mandibular nerve block anesthesia, 
for intra-operative and post-operative complications 
when oral surgery, such as implant placement and third 
molar extractions are performed [14]. However, dental 
cone beam computed tomography (CBCT) delivers 
superior image quality than panoramic imaging. In 
particular, CBCT has been shown to improve the visibility 
of bony canals that cannot be clearly observed on 
regular panoramic or other intraoral radiographs [15].
Cone beam computed tomography (CBCT), multislice 
computed tomography and magnetic resonance 

imaging are able to show these canals better [7]. CBCT 
in dentistry, these canals can be detected easily and the 
information can be used to guide the clinician to perform 
pre surgical planning for implantology and extractions 
of impacted teeth. Hence the aim of the present study is 
to evaluate the location of the nutrient canal using Cone 
beam computed tomography system.

MATERIAL AND METHODS

The retrospective study was carried out by the analysis 
of the patients' records who had visited Saveetha dental 
college and Hospitals from June 2020-March 2021. The 
study design was reviewed and approved by the ethical 
committee of Saveetha Institute of Medical and Technical 
Sciences (SIMATS).Data from 100 patients (58 male and 
42 females) were assessed and Cone beam computed 
tomography (CBCT) analysis were done in department 
of Oral medicine and radiology Sirona galeilo software 
were used to analyse the nutrient canals in lower 
mandible and nutrient canal were analysed by 2 operator 
to avoid bias in the study. Measurements were analysed 
and average value taken for the study. Radiographic 
Software Galileo's viewer has been used to identify the 
nutrient canal .CBCT involving mandibular region were 
taken to measure the length from tooth to nutrient canal. 
The resolution used to see the mandibular region FOV-
8x5 for mandibles. Exclusive criteria patient undergoing 
history of radiotherapy, severe periodontal disease, 
systemic disease (eg, blood disorders and diabetes 
mellitus) with presentation in the mandible, tumor, and 
cyst with presentation in the mandible.

Statistical analysis
Data collected regarding age, gender and nutrient canal 
measurement. The data collected were tabulated into 
excel sheets. It was then transferred to SPSS (23.0) and 
analysed by Chi - square test.

RESULTS

Nutrient canal. In Figure 1 shows the association between 
age and nutrient canal in which chi-square test showing 
P=0.23 is not statistically significant and the results from 
the Cone beam computed Tomography system (CBCT). 
In which Table 1 shows the mean and standard deviation 
of nutrient canal measurement. Figure 2 shows the 
nutrient canal distribution among 100 patients. In 
which 6-10mm (54.55%) shows highest measurement 
in nutrient canal, 11-12mm (27.27%) of nutrient canal 
and 12-16mm (18.18%) shows lowest measurement 
among 100 patients. In which Figure 3 shows the gender 
distribution among 100 patients. In which 58%where 
male patients are higher and 42% where female patients 
Figure 4 shows the age distribution among patient in 
which 41-60 (51%) years groups shows higher presence 
of nutrient canal, 20-40(41%) years age groups shows 
and 61-75(8%) years of age shows lowest presence 
of 5 represents association between age and nutrient 
canal and chi square test showing 0.721 which is not 
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statistically significant.

DISCUSSION

Nutrient canals as the name suggests carries nutrients. 
These are the canals that contain nutrient vessels/
blood vessels and nerves which are not detected in all 

the radiographs, but mandibular anterior radiographs 
best visualize the nutrient canals [16]. Nutrient canals 
are the radiolucent spaces in bone which blood vessels 
and nerves that supply the surrounding structures. 
Hirschfeld first described nutrient channels and 
foramina on radiographs which he called “interdental 
channels [17].They are more commonly seen in the 
mandibular anterior region followed by premolar and 
wall of maxillary sinus [18]. Periapical dental radiograph 
is the best projection to identify the nutrient canals in 
the anterior mandible. Few authors and others have 
correlated its presence to be associated with pathologic 
conditions such as periodontal diseases, hypertension, 
diabetes, tuberculosis, rickets, calcium deficiency, disuse 

Figure 1: The graph represents the association between age and 
nutrient canal .X denotes gender and Y axis denotes nutrient canal 
.The graph denotes male has higher measurement of 6-10 mm 
compared with other measurement of nutrient canal. In which Chi-
square test showing P=0.23(p<0.05) value considered statistically 
significant).In which gender and nutrient canal measurement is 
not significant.

Table 1: Shows the mean and standard deviation of nutrient canals 
present in 100 patients.

N Mean Standard Deviation

100 12.485 1.7165

Figure 2: Shows the nutrient canal distribution among 100 patients. 
In which 6-10mm (54.55%)(Blue)shows highest measurement 
in nutrient canal,11-12mm(27.27%)(Aqua green) of nutrient 
canal and 12-16mm(18.18%)(Orange)shows lower measurement 
among 100 patients. In which X axis number of patients and Y axis 
shows nutrient canal.

Figure 3: Shows the gender distribution among 100 patients. In 
which 58% (Brown)where male patients are higher and 42% (Red) 
where female patients where X axis shows the number of patients 
and Y axis shows the gender distribution among 100 patients.

Figure 4: This graph represents association between age and 
nutrient canal. In which X axis shows the age distribution and Y 
axis shows the nutrient canal measurement. In which age group of 
40-60 shows higher measurement range from 6-10mm compared 
with other measurement. In which Chi square test showing 
0.721(p<0.05 value considered statistically significant).In which 
gender and nutrient canal measurement is not significant.
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atrophy, and coarctation of aorta. Incidence of nutrient 
canals were found to be more in individuals more than 
40 years of age and less in people aged less than 30 
years and more than 60 years. In which our study also 
show the same results which age group of 41-60 years 
shows higher incidence of nutrient canal compared 
with age group of 20-40 years and 61-75 years. Nutrient 
canals to be commonly seen in females compared to 
male are. In our study the results shows that male has 
higher nutrient canal compared with females. Males 
had maximum canals in the age group of 21–30-year 
whereas females in the age group of 31–40 years had 
the maximum canals of CT images revealed that nutrient 
canals were running into the lingual cortical bone which 
ends at near the alveolar process on CT axial images. 
Nutrient canals are derived from the incisive branch of 
the inferior neurovascular bundle and supplies teeth 
and gingival tissue in the anterior region of the mandible 
[11,19]. In contrast, CBCT study shows that males had 
a maximum of 6-10 mm and females had maximum 
nutrient canal in 11-12mm length of nutrient canals. 
Clinically, dental implant surgery in the edentulous 
anterior mandible is considered a routine and relatively 
safe surgical procedure, but it is not without potential 
morbidity [13,20]. Complications include hemorrhage 
from incisive canal and sensory disturbance of incisive 
canal region [8]. The cause was considered trauma to 
the incisive canal. These complications are not related to 
injury of the nutrient canal. However, the nutrient canals 
carry neurovascular bundles. Morbidity may occur in 
case the nutrient canals are injured. By preoperative 
knowledge of the position and anatomy of the nutrient 
canals, complications such as injury to the nutrient 
canals can be avoided. Nutrient canals were seen mostly 
in the anterior region of the mandible. The location of 
nutrient canals was particularly seen between the central 
and lateral incisors in the mandible. Patel reported 
that nutrient canals are seen in the anterior region of 
the mandible 42.5% on average, Kishi et al reported a 
prevalence of 1% to 65% in the anterior region [21] and 
Britt reported nutrient canals were observed in 14% 
of studied cadavers. These studies evaluated periapical 
radiographs, but were in the mandible, in the anterior 
region, and in the molar region. However, there was a 
significant difference between and females in the mean 
number of nutrient canals in the premolar region. This 
may be a result of gender difference of divergent points 
at which inferior alveolar canal diverges into the incisive 
canal and the mental nerve near the premolar region8.
In which nutrient canals were seen in 94.3% within 
the mandible. Nutrient canals were most seen in the 
anterior region of the mandible. Nutrient canals were 
most commonly seen between the central and lateral 
incisors. The size of the nutrient foramen varied from 
0.4 to 2.0 mm, and the shape are most commonly seen 
as ovoid .Although anatomic landmarks on reformatted 
mandibular and maxillary dental CT images and their 
relation to neurovascular and muscular structures, 
including NC, have been described by Abrahams this 
is the first study to our knowledge that describes the 

incidence and anatomical location of NCs within the 
anterior mandible using CBCT. In the present study, 
CBCT enabled the visualization of a well-defined NC and 
its foramen within the anterior region of the mandible. 
The presence of NCs within the bone must be taken into 
consideration during implant placement procedures; the 
canals can also produce discomfort from an overlying 
denture if exposed due to resorption of the alveolar 
process. The anterior mandible has several lingual 
perforating canals. In which it has variable in number 
and location and 37 % patients presented with lingual 
foramina located in lateral incisors to the first premolar 
area. However, these foramina may include but are not 
limited to NCs [22]. NCs and their foramina were visible 
on 17 (16.2 %) images and were bilaterally located in all 
of them. The results of this study demonstrate that NCs 
are unusual but not rare. In one radiographic study, NCs 
were more frequently detected in the anterior region of 
the mandible in elderly and edentulous patients and in 
those with advanced periodontal disease9.On the other 
hand, an increased incidence of NC has also been reported 
in patients with high bone density, NCs with large 
diameters could play important roles in osseointegration 
and in the prevention of postoperative neurosensory 
disturbances. The size of the canal may also indicate the 
presence of a well-defined incisive neurovascular bundle 
coursing through it. The location of the foramen is 
important to avoid complications that may arise during 
surgery. For instance, it should be at a distance of three .4 
± 0.7 (1.9–4.7) mm distal to the mandibular midline and 
three .9 ± 1.4 (1.9–6.6) mm inferior to the alveolar bone 
crest. The surgical stripping of the periosteum in the 
mandibles of the aged may noticeably interfere with the 
healing process because the extra-mandibular portion 
of the plexus would be damaged16.In unusual case 
where anastomoses and foramina were detected at the 
end of NC by means of a periapical radiograph. Based on 
anatomical studies, they are reported to terminate in the 
foramina located interdentally on the labial or lingual 
surfaces of the anterior region of the mandible. NCs are 
often overlooked during traditional two-dimensional 
imaging; however, the results of the present study 
demonstrate that NC is an almost permanent finding on 
CBCT scans.

Comprehensive information related to the origin of 
NC from the mandibular canal, bilaterally, is clinically 
significant. Hirschfeld’ first described nutrient channels 
and foramina on radiographs which he called interdental 
channels. Since then there have been a number of reports 
on these structures. Ennis and associates described 
the anatomy of nutrient canals by stating that they are 
derived from the incisive branch of the mandibular 
artery supplying the region anteror to the mental 
foramen and that the terminal points of these canals are 
seen as small nutrient foramina on the superior labial 
surface of the anterior mandibular area. Shirai reported 
that the mylohyoid nerve passes through these canals 
with the sublingual artery [23]. Shimizu observed these 
foramina anatomically and found them between the right 
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and left central and lateral incisors in approximately 79 
percent of the specimens. The diagnostic importance 
of nutrient canals has been a matter of debate. Stafne 
stated that these canals are seen more often in the 
anterior regions of the mandible, particularly in 
patients in whom the alveolar process is very thin, and 
considered the canals an anatomic landmark. Worth 
concluded that there was no evidence to indicate that 
these shadows had pathologic significance. Nutrient 
canals tend to be related to advanced age, chronic illness, 
osteosclerosis, and periodontal disease. Kuroyanagi 
and associates’ found the radiographic incidence of 
nutrient canals in the general population to be 46.4 
percent, with males showing 49.1 percent and females 
44.9 percent incidences. It has been found that nutrient 
canals were frequently observed where there was no 
occlusal function in orthodontic patients and stated that 
variations in anatomic structure were important because 
these canals were frequently observed in persons with 
thin ridges in which the medullary spaces appeared to 
be obliterated [24].

CONCLUSION

From the present study, it can be concluded that 
6-10 mm shows highest measurement of nutrient 
canal in mandibular anterior, 6-10 mm shows higher 
measurement at age group of 41-60 years of age 
compared with other age group of people. Further studies 
have to be done in larger population to determine the 
measurements of nutrient canal in different age group 
and gender of people.

ACKNOWLEDGEMENT

The authors are thankful to the Director of academics, 
Chancellor and Dean of Saveetha Dental College and 
Hospitals for providing us a platform to do research 
activities.

REFERENCES

1. Nortjé CJ, Farman AG, Grotepass FW. Variations in the 
normal anatomy of the inferior dental (mandibular) 
canal: A retrospective study of panoramic radiographs 
from 3612 routine dental patients. Br J Oral Sur 1977; 
15: 55–63.

2. Nortjé CJ, Farman AG, Joubert JD. The radiographic 
appearance of the inferior dental canal: an additional 
variation. Br J Oral Sur 1977; 15:171-2.

3. Frost D. An anatomical study of mental neurovascular 
bundle—implants relationships. Br J Oral Maxillofac 
Surg 1995; 33: 62.

4. White SC, Pharoah MJ. Oral radiology-E-Book: Principles 
and interpretation. Elsevier Health Sciences; 2014.

5. Rozylo-Kalinowska I. Imaging techniques in dental 
radiology: acquisition, anatomic analysis and 
interpretation of radiographic images. Springer Nature; 
2020.

6. Omata Y, Sato I, Sato T. An anatomical study of the adult 
human face: Distribution of elastic fibers and collagen 
fibers in the skin and subcutaneus tissue. Shigaku 
Odontol 1997; 85: 356–375.

7. Abdar-Esfahani M, Mehdizade M. Mandibular anterior 
nutrient canals in periapical radiography in relation to 
hypertension. Nephro-Urol Monthly. 2014. 

8. Kishi K, Nagaoka T, Gotoh T, et al. Radiographic study 
of mandibular nutrient canals. Oral Surg Oral Med Oral 
Pathol 1982; 54: 118–122.

9. Wang PD, Serman NJ, Kaufman E. Continuous 
radiographic visualization of the mandibular nutrient 
canals. Dentomaxillofac Radiol 2001; 30: 131–132.

10. Abarca M, van Steenberghe D, Malevez C, et al. 
Neurosensory disturbances after immediate loading 
of implants in the anterior mandible: an initial 
questionnaire approach followed by a psychophysical 
assessment. Clin Oral Investig 2006; 10: 269–277.

11. Wismeijer D, van Waas MA, Vermeeren JI, et al. Patients’ 
perception of sensory disturbances of the mental nerve 
before and after implant surgery: a prospective study of 
110 patients. Br J Oral Maxillofac Surg 1997; 35: 254–259.

12. Lee CYS, Craig Yanagihara L, Suzuki JB. Brisk, pulsatile 
bleeding from the anterior mandibular incisive canal 
during implant surgery. Implant Dent 2012; 21: 368–373.

13. Patel JR, Wuehrmann AH. A radiographic study of 
nutrient canals. Oral Surg Oral Med Oral Pathol 1976; 
42: 693–701.

14. Mraiwa N, Jacobs R, Steenberghe D, et al. Clinical 
assessment and surgical implications of anatomic 
challenges in the anterior mandible. Clin Implant Dent 
Relat Res 2003; 5: 219–225.

15. Juodzbalys G, Wang H-L, Sabalys G. Anatomy of 
mandibular vital structures. part ii: mandibular incisive 
canal, mental foramen and associated neurovascular 
bundles in relation with dental implantology. J Oral 
Maxillofac Res 2010; 1: e3.

16. Hirschfeld I. A study of skulls in the american museum 
of natural history in relation to periodontal disease. J 
Dental Res 1923; 5: 241–265.

17. Guruprasad Y, Kumar V, Naik R, et al. Incidence of 
nutrient canals in hypertensive patients: A radiographic 
study. J Nat Sci Bio Med 2014; 5: 164.

18. Jaju PP, Suvarna PV, Parikh NJ. Incidence of mandibular 
nutrient canals in hypertensive patients: a radiographic 
study. Indian J Dent Res 2007; 18: 181–185.

19. Laboda G. Life-threatening hemorrhage after placement 
of an endosseous implant: report of case. J Am Dental 
Ass 1990; 121: 599–600.

20. Hirsch J-M, Brånemark P-I. Fixture stability and nerve 
function after transposition and lateralization of the 
inferior alveolar nerve and fixture installation. Br J Oral 
Maxillofac Surg 1995; 33: 276–281.

21. Yildirim YD, Güncü GN, Galindo-Moreno P, et al. 
Evaluation of mandibular lingual foramina related 
to dental implant treatment with computerized 

https://www.sciencedirect.com/science/article/abs/pii/0007117X77900087
https://www.sciencedirect.com/science/article/abs/pii/0007117X77900087
https://www.sciencedirect.com/science/article/abs/pii/0007117X77900087
https://www.sciencedirect.com/science/article/abs/pii/0007117X77900087
https://www.sciencedirect.com/science/article/abs/pii/0007117X77900506?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/0007117X77900506?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/0007117X77900506?via%3Dihub
https://www.infona.pl/resource/bwmeta1.element.elsevier-4df8bc45-8a22-3816-a06b-5c6d1900b37e
https://www.infona.pl/resource/bwmeta1.element.elsevier-4df8bc45-8a22-3816-a06b-5c6d1900b37e
https://books.google.co.in/books?hl=en&lr=&id=V7PwAwAAQBAJ&oi=fnd&pg=PP1&dq=4.%09White+SC,+Pharoah+MJ.+White+and+Pharoah%E2%80%99s+Oral+Radiology+E-Book:+Principles+and+Interpretation.+Elsevier+Health+Sciences,+2018.&ots=EotyUVex0M&sig=71nLgfZsT14WWNIlIsQ68cRrIsE&redir_esc=y#v=onepage&q&f=false
https://books.google.co.in/books?hl=en&lr=&id=V7PwAwAAQBAJ&oi=fnd&pg=PP1&dq=4.%09White+SC,+Pharoah+MJ.+White+and+Pharoah%E2%80%99s+Oral+Radiology+E-Book:+Principles+and+Interpretation.+Elsevier+Health+Sciences,+2018.&ots=EotyUVex0M&sig=71nLgfZsT14WWNIlIsQ68cRrIsE&redir_esc=y#v=onepage&q&f=false
https://books.google.com/books?hl=en&lr=&id=z6H0DwAAQBAJ&oi=fnd&pg=PR8&dq=5.%09Rozylo-Kalinowska+I.+Imaging+Techniques+in+Dental+Radiology:+Acquisition,+Anatomic+Analysis+and+Interpretation+of+Radiographic+Images.+Springer+Nature,+2020.&ots=PcKXh_yyEU&sig=u1bDf81JGERGbmtGSQIiSeMGvsM
https://books.google.com/books?hl=en&lr=&id=z6H0DwAAQBAJ&oi=fnd&pg=PR8&dq=5.%09Rozylo-Kalinowska+I.+Imaging+Techniques+in+Dental+Radiology:+Acquisition,+Anatomic+Analysis+and+Interpretation+of+Radiographic+Images.+Springer+Nature,+2020.&ots=PcKXh_yyEU&sig=u1bDf81JGERGbmtGSQIiSeMGvsM
https://books.google.com/books?hl=en&lr=&id=z6H0DwAAQBAJ&oi=fnd&pg=PR8&dq=5.%09Rozylo-Kalinowska+I.+Imaging+Techniques+in+Dental+Radiology:+Acquisition,+Anatomic+Analysis+and+Interpretation+of+Radiographic+Images.+Springer+Nature,+2020.&ots=PcKXh_yyEU&sig=u1bDf81JGERGbmtGSQIiSeMGvsM
https://link.springer.com/article/10.1007/BF03039033
https://link.springer.com/article/10.1007/BF03039033
https://link.springer.com/article/10.1007/BF03039033
https://brieflands.com/articles/num-17108.html
https://brieflands.com/articles/num-17108.html
https://brieflands.com/articles/num-17108.html
https://www.sciencedirect.com/science/article/abs/pii/0030422082904261
https://www.sciencedirect.com/science/article/abs/pii/0030422082904261
https://www.birpublications.org/doi/pdf/10.1038/sj/dmfr/4600582
https://www.birpublications.org/doi/pdf/10.1038/sj/dmfr/4600582
https://www.birpublications.org/doi/pdf/10.1038/sj/dmfr/4600582
https://link.springer.com/article/10.1007/s00784-006-0065-0
https://link.springer.com/article/10.1007/s00784-006-0065-0
https://link.springer.com/article/10.1007/s00784-006-0065-0
https://link.springer.com/article/10.1007/s00784-006-0065-0
https://www.sciencedirect.com/science/article/pii/S0266435697900437
https://www.sciencedirect.com/science/article/pii/S0266435697900437
https://www.sciencedirect.com/science/article/pii/S0266435697900437
https://www.sciencedirect.com/science/article/pii/S0266435697900437
https://journals.lww.com/implantdent/FullText/2012/10000/Brisk,_Pulsatile_Bleeding_From_the_Anterior.6.aspx
https://journals.lww.com/implantdent/FullText/2012/10000/Brisk,_Pulsatile_Bleeding_From_the_Anterior.6.aspx
https://journals.lww.com/implantdent/FullText/2012/10000/Brisk,_Pulsatile_Bleeding_From_the_Anterior.6.aspx
https://www.sciencedirect.com/science/article/abs/pii/0030422076902206
https://www.sciencedirect.com/science/article/abs/pii/0030422076902206
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1708-8208.2003.tb00204.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1708-8208.2003.tb00204.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1708-8208.2003.tb00204.x
https://www.lsmuni.lt/cris/handle/20.500.12512/86432
https://www.lsmuni.lt/cris/handle/20.500.12512/86432
https://www.lsmuni.lt/cris/handle/20.500.12512/86432
https://www.lsmuni.lt/cris/handle/20.500.12512/86432
https://journals.sagepub.com/doi/abs/10.1177/00220345230050040201?journalCode=jdrb
https://journals.sagepub.com/doi/abs/10.1177/00220345230050040201?journalCode=jdrb
https://www.thoracicmedicine.org/article.asp?issn=0970-9290;year=2007;volume=18;issue=4;spage=181;epage=185;aulast=Jaju
https://www.thoracicmedicine.org/article.asp?issn=0970-9290;year=2007;volume=18;issue=4;spage=181;epage=185;aulast=Jaju
https://www.thoracicmedicine.org/article.asp?issn=0970-9290;year=2007;volume=18;issue=4;spage=181;epage=185;aulast=Jaju
https://europepmc.org/article/med/2229738
https://europepmc.org/article/med/2229738
https://www.sciencedirect.com/science/article/pii/0266435695900373
https://www.sciencedirect.com/science/article/pii/0266435695900373
https://www.sciencedirect.com/science/article/pii/0266435695900373
https://journals.lww.com/implantdent/FullText/2014/02000/Evaluation_of_Mandibular_Lingual_Foramina_Related.12.aspx
https://journals.lww.com/implantdent/FullText/2014/02000/Evaluation_of_Mandibular_Lingual_Foramina_Related.12.aspx


R. Saravanan, et al. J Res Med Dent Sci, 2022, 10 (7):153-158

158Journal of Research in Medical and Dental Science | Vol. 10 | Issue 7 | July 2022

tomography. Implant Dent 2014; 23: 57–63.

22. Bradley JC. Age changes in the vascular supply of the 
mandible. Br Dental J 1972; 132: 142–144.

23. https://ur.booksc.me/book/42272014/ecedcb 

24. Lovett DW.  Nutrient Canals: A roentgenographic study. J 
Am Dental Ass 1948; 37: 671–675.

https://journals.lww.com/implantdent/FullText/2014/02000/Evaluation_of_Mandibular_Lingual_Foramina_Related.12.aspx
https://ci.nii.ac.jp/naid/10011494985/
https://ci.nii.ac.jp/naid/10011494985/
https://www.sciencedirect.com/science/article/abs/pii/S0002817748760068

