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ABSTRACT
Nutrient canals (NCs) are passages containing neurovascular bundles (blood vessels, lymph vessels, and nerves). Best 
visualized on mandibular anterior intraoral periapical radiographs (IOPAR), their presence is usually associated 
with underlying pathological such as diabetes mellitus (DM), hypertension (HTN), advanced periodontitis, calcium 
deficiency, tuberculosis, and disuse atrophy. This study aimed to (a) evaluate NC prevalence in patients with DM, 
HTN, and chronic periodontitis and (b) correlate the detection of  NCs as an important preliminary screening tool 
for inherent systemic diseases like DM, HTN, and chronic periodontitis and as an investigative clue in age and 
gender determination. This cross-sectional study was conducted on 200 subjects. Patients with complaints of  pain 
in the mandibular anterior teeth, deep dentinal caries, abrasion, and attrition were subjected to IOPAR of  the 
mandibular anterior teeth region to assess NCs. An increased frequency of  NCs in DM (84%), HTN (66%), and 
periodontitis (52%) with a significant p-value was observed. Most NCs were seen beyond the root apex (72.4%).  
A notable association between the duration of  disease and the presence of  NCs in the diabetic and hypertensive cohorts  
(p-value 0.047 & 0.012, respectively) was observed. However, we could not establish any association between the 
prevalence of  nutrient canals with age and gender. Our study suggested that a higher frequency of  NCs on man-
dibular anterior IOPAR may be employed as an ancillary screening and investigative support in underlying systemic 
disorders.
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INTRODUCTION

Radiographs serve as an essential investigative tool in den-
tistry and are largely employed to detect dental caries and se-
quelae, periodontal diseases, and moderately overt bony changes 
in the maxilla and mandible. The anatomical structures often 
exhibit an extensive disparity in the radiographic manifestations 
and may be a sign of  underlying systemic diseases. e.g., size and 
thickness of  trabeculae, the pulp chamber and canal size, and the 
presence of  nutrient canals [1]. Nutrient canals are one of  the 
important anatomical landmarks visualized on intraoral periapi-
cal radiographs (IOPAR). The first radiographic description of  
nutrient canals was made by Hirschfield (1923), being regarded as 
passages containing neurovascular bundles (blood vessels, lymph 
vessels, and nerves) [2]. They are now assigned names such as 
interdental canals, circulating canals, and vascular canals [3].

Nutrient canals are mostly visualized on IOPARs of  man-
dibular anterior teeth. Sometimes, they are also visualized in 
the region of  mandibular premolar teeth and maxillary sinus 
wall [4]. Nutrient canals are usually seen as radiolucent lines of  
varying thickness, run a vertical course, and are positioned inter-
proximally and inferiorly to the teeth [5, 6]. Existing literature 
has established a 5% prevalence in the general population, more 
commonly seen in Black people and males [6]. Some researchers 
consider nutrient canals as normal anatomical structures, in con-
trast to others who associate their presence with an underlying 
pathological state such as advanced periodontitis, diabetes mel-
litus, hypertension, calcium deficiency, tuberculosis, and disuse 
atrophy [6, 7].

The presence of  nutrient canals may pose certain problems 
in dental surgical techniques, such as a source of  focal bleeding, 
a potential route of  infection spread, and difficulty in attaining 
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adequate anesthesia [8]. They also have a role in evaluating pro-
spective implant sites, as the radiographic occurrence of  nutrient 
canals may suggest a knife-edged alveolar ridge [9]. Few studies 
suggested a notable association between nutrient canals preva-
lence and age and gender estimation, thus posing promising di-
agnostic support in forensic odontology [5, 10, 11].

Our objectives were to:
•	 Evaluate the prevalence of  nutrient canals in patients 

with chronic systemic disorders (diabetes mellitus (DM), 
hypertension, and chronic periodontitis) and compare 
different patient groups;

•	 Correlate the detection of  nutrient canals as a prelimi-
nary screening tool for inherent systemic disorders and 
as an investigative clue in forensic odontology for age 
and gender determination.

MATERIAL AND METHODS

A prospective, cross-sectional study was conducted for ten 
months (June 2019–April 2020) on 800 subjects reporting to 
the Outpatient Department of  Oral Medicine and Radiology, 
Faculty of  Dentistry, Jamia Millia Islamia.

The patient cohort included patients of  either gender, in the 
age group of  20–70 years, with at least one-year history of  DM 
and hypertension (and on medications), clinical signs of  chron-
ic periodontitis (bleeding on probing, gingival recession, pocket 
depth ≥4 mm, plaque and calculus, and tooth mobility). The 
control cohort included patients with a negative history of  DM, 
hypertension, and other systemic diseases, good oral hygiene, and 
no clinical signs of  periodontitis. Individuals unwilling to partici-
pate, subjects less than 20 years of  age and more than 70 years of  
age, history of  both DM, hypertension, and other coexisting sys-
temic ailments, pregnant and lactating females, and poor-quality 
radiographs were excluded from the study. 

Patients with pain in the anterior mandibular tooth region, 
deep proximal caries with dentinal involvement, and attrition 
were selected for further radiographic evaluation based on the 
above-mentioned inclusion criteria. The radiographs were taken 
as part of  the treatment protocol and were further analyzed and 
interpreted for the study. However, no extra radiographs were 
taken for the study. 

The subjects were divided into 4 groups. The 1st group com-
prised 50 controls with no clinical signs of  periodontitis and a 
negative history of  diabetes mellitus and hypertension or any 
other chronic systemic disease. The 2nd and 3rd groups were a 
cohort of  50 patients, each with a known history of  DM and hy-
pertension for more than a year, respectively. Group 4 consisted 
of  50 patients with clinical signs of  periodontitis (bleeding on 
probing, pocket depth equal to/more than 4 mm, plaque and 
calculus, and tooth mobility). 

All four groups were further subdivided with attributes relat-
ed to missing mandibular anterior teeth and level of  interdental 
bone loss (no bone loss, bone loss up to middle/apical 1/3rd of  
the root).

Patient information (demographics and past medical history) 
was documented in a study proforma designed for this research. 
The clinical examination was conducted following infection con-
trol measures (facemask, gloves, sterilized mouth mirrors, and 
probes), under an adequate light source and the patient sitting 
comfortably on the dental chair in the supine position.

The patients were subjected to an IOPAR of  the anterior 
mandibular teeth region (43–33 region) using a bisecting angle 

technique with 70 kilo voltages (KVP), 10 ma, and an exposure 
time of  0.6 sec. Standard adult size (size 2) E-speed films were 
used and processed manually. The radiographs were taken (fol-
lowing the radiation protection guidelines), dried, and visualized 
on an X-ray viewer. These radiographs were assessed for the 
presence, number, and location of  nutrient canals in the selected 
participant cohort using a magnifying glass. 

The observations were entered on master charts. Data 
entries were organized, and statistical evaluation was done us-
ing SPSS 20.0 statistical software (Microsoft Corporation Inc., 
Chicago, IL, USA). A chi-square test was performed to compare 
different patient groups, and a p-value of  <0.05 was considered 
statistically significant. 

RESULTS

Out of  800 screened subjects, 200 subjects (both males and 
females) fulfilling the inclusion and exclusion criteria were en-
rolled in the study. A total of  97 males and 103 females partic-
ipated in the study. Within the sub-groups, there were 28 males 
and 22 females in group I, 22 males and 28 females in group II, 
21 males and 29 females in group III, and 26 males and 24 in 
group IV. The results are depicted in Table 1. 

Among the controls, most individuals (n=4) showed nutrient 
canals with interdental bone loss up to the middle 1/3rd of  the 
root. The diabetic cohort exhibited nutrient canals with inter-
dental bone loss up to middle and apical 1/3rd (n=22 and n=18, 
respectively). Also, all diabetic individuals showed the presence 
of  nutrient canals missing lower anterior teeth (n=8). Hyperten-
sive patients (n=23) showed the maximum number of  nutrient 
canals with interdental bone loss up to 1/3rd. Patients showing 
clinical signs of  periodontitis exhibited the maximum number 
of  nutrient canals with interdental bone loss up to apical 1/3rd 
(n=15). The results are shown in Figure 1 and Table 1.

When the presence of  nutrient canals was compared among 
males and females across different groups, there was no predi-
lection for any gender. In the patient cohort with periodontitis, 
nutrient canals were present among 50% of  males and 54.1% 
of  females (p-value=0.768). Among diabetic patients, 90.9% of  
males and 78.5% of  females showed nutrient canals with a p-val-
ue of  0.237. The group of  patients with hypertension showed 
that 76.1% of  males and 58. 6% of  females had nutrient canals 
(p-value=0.195). Among the healthy controls, a very small per-
centage of  21.4% and 18.1% of  males and females, respective-
ly, had nutrient canals (p-value=0.775). Overall, all the groups 
showed a non-significant p-value suggesting no association be-
tween gender and the presence of  nutrient canals across all the 
groups, as shown in Table 1. 

When the four groups were analyzed according to age 
groups, all four showed non-significant p-values of  0.509, 0.536, 
0.482, and 0.090 for healthy controls, diabetes mellitus, hyper-
tension, and periodontitis. Our study did not suggest a possible 
relationship between age and the prevalence of  nutrient canals, 
as shown in Table 2.

The presence of  nutrient canals and their association with 
the duration of  the disease, especially among individuals with 
chronic diseases, was significant, with p-values of  0.047 for dia-
betes mellitus and 0.012 for hypertension, respectively. This find-
ing suggests that the duration of  diseases was correlated with the 
presence of  nutrient canals, as shown in Table 3. 

Further analysis of  all the groups with the control cohort 
revealed a significant result with extremely significant p-values of  
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Groups Subgroups Total no. NC +ve NC -ve Gender Total no. NC +ve NC -ve p-value

Controls

Missing lower anterior teeth 5 1 4 Male 28 6 22

0.7757
No interdental bone loss 15 3 12 %  21.4 78.5

Interdental bone loss up to middle 1/3rd 29 4 25 Female 22 4 18

Interdental bone loss up to apical 1/3rd 6 2 4 %  18.1 81.8

Diabetes 
Mellitus

Missing lower anterior teeth 8 8 0 Male 22 20 2

0.2375
No interdental bone loss 2 2 0 %  90.9 9.1

Interdental bone loss up to middle 1/3rd 27 22 5 Female 28 22 6

Interdental bone loss up to apical 1/3rd 21 18 3 %  78.5 21.4

Hypertension

Missing lower anterior teeth 5 3 2 Male 21 16 5

0.1955
No interdental bone loss 5 3 2 %  76.1 23.8

Interdental bone loss up to middle 1/3rd 34 23 11 Female 29 17 12

Interdental bone loss up to apical 1/3rd 11 7 4 %  58.6 41.3

Chronic 
Periodontitis

Missing lower anterior teeth 12 7 5 Male 26 13 13

0.7682
No interdental bone loss 2 0 2 %  50 50

Interdental bone loss up to middle 1/3rd 27 10 17 Female 24 13 11

Interdental bone loss up to apical 1/3rd 21 15 6 %  54.1 45.8

Table 1. The distribution of nutrient canals among the various groups, sub-groups and gender. 
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Figure 1. The comparison of different groups regarding the presence/absence and location of nutrient canals.

0.000004, 0.000003, and 0.00085, respectively, among the dia-
betes, hypertension, and periodontitis group. Our study revealed 
an increased frequency of  nutrient canals in the disease groups, 
which is not commonly seen among healthy individuals. The re-
sults are shown in Table 4.

Our intergroup analysis revealed that the highest number of  
nutrient canals were seen among diabetes patients, followed by 
hypertension and chronic periodontitis with a significant p-value 
of  0.0028, as depicted in Table 5.

Figure 2 (A and B) represents the pictorial representation of  
the intraoral periapical radiographs (IOPARs) among the various 
cohort groups. 

DISCUSSION

Indistinguishable anatomical landmarks undergo an exten-
sive disparity in radiographic evaluation [5]. Amongst the radio-
graphic anatomical structures, nutrient canals continue to be one 
of  the most mysterious in their presence/absence. Many studies 
have been conducted to establish a possible association between 
the presence of  nutrient canals in both the diseased and healthy 
states [3, 6, 12–14].

Nutrient canals are duct-like channels in the alveolar bone 
encompassing neurovascular bundles that supply the teeth and 
adjacent supporting landmarks [15]. 
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Regardless of  the small film size and two-dimensional na-
ture, intraoral periapical radiographs (IOPARs) provide excellent 
delineation of  the nutrient canals, where they are visualized as 
linear radiolucencies, varying in number, size, and location with 
respect to the tooth roots [16]. Nutrient canals are characteris-
tically visualized in the mandibular anterior teeth radiographs. 
The most likely reason for this site predilection may be thin al-
veolar bone with fine and sparse trabecular pattern and lesser 
superimposition of  the anatomical landmarks [2, 12, 17]. 

Bisecting angle radiographic technique was employed in the 
present study. Comparable results were seen in other studies [4, 
5, 18–20]. Selarka et al. [11], Patel et al. [12], Kaur et al. [16], 
Castelino et al. [21], and Singh et al. [22] employed the paral-
leling radiographic techniques. The radiographic technique was 

not mentioned in the studies by Goodman et al. [23], Reddy et al. 
[24], and Yustiaputri et al. [25].

In the present study, out of  200 screened subjects, 103 were 
females (51.7%), and 97 were males (48.5%). When the presence 
of  nutrient canals was compared among males and females across 
different groups, there was no predilection for any gender. Among 
the healthy controls, a very small percentage of  21.4% and 18.1% 
of  males and females, respectively, had nutrient canals (p-val-
ue=0.775). Among diabetic patients, 90.9% of  males and 78.5% 
of  females had nutrient canals (p-value=0.237). Among the hy-
pertensive group, 76.1% of  males and 58.6% of  females had 
nutrient canals (p-value=0.195). In the patient cohort with peri-
odontitis, nutrient canals were present among 50% of  males and 
54.1% of  females (p-value=0.768). Overall, all the groups showed 
a non-significant p-value suggesting no association between gen-
der and the frequency of  nutrient canals among all groups.

Numerous studies yielded a variable correlation between 
gender and nutrient canals. For example, a few studies reported 

Table 4. Comparison between groups and controls for the pres-
ence of nutrient canals.

* – Significant P-value<0.05.

Groups
No. of 

patients 
showing NC

No. of 
patients not 
showing NC

p-value

Diabetes 
Mellitus 42 8

0.000004*
Control 10 40

Hypertension 33 17
0.000003*

Control 10 40

Chronic 
Periodontitis 26 24

0.00085*
Control 10 40

Table 5. Comparison of inter-groups regarding the presence of 
nutrient canals.

* – Significant P-value<0.05.

Groups
No of  

patients 
showing NC

No of  
patients not 
showing NC

p-value

Diabetes 
Mellitus 42 8

0.0028*Hypertension 33 17

Chronic 
Periodontitis 26 24

Figure 2. Intraoral periapical radiographs (IOPARs) among various groups. (A) and (B) depicts the radiographic visualization of nutrient 
canals in control, diabetes, hypertension and chronic periodontitis groups.

Controls Diabetes Mellitus Hypertension Chronic Periodontitis
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a higher frequency of  nutrient canals in females [14, 23, 26], 
whereas others reported a higher frequency in males [27, 28]. 
However, other studies failed to demonstrate any relationship be-
tween gender and nutrient canals [7, 12]. 

Nutrient canals are regarded as normal anatomical struc-
tures, which are radiographically visualized only in 5% of  healthy 
individuals [21]. An increased frequency of  nutrient canals in 
controls was noted in the studies conducted by Lovette (92%) [3], 
Bali et al. (60%) [7], Selarka et al. (35%) [11], Patel et al. (42.5%) 
[12], Kaur et al. (23%) [16], and Kaul et al. (57.5%) [27]. Pandar-
inath et al. [29] demonstrated a significantly lower prevalence of  
nutrient canals (6%). However, in our study, 20% of  the healthy 
controls demonstrated nutrient canals. 

Our study showed that nutrient canals are most prevalent in 
diabetic patients (84%). Comparable results were documented in 
other reports [1, 11, 12, 16, 24, 28, 30]. On further comparing the 
diabetic group with the control cohort for the occurrence of  nu-
trient canals, statistically significant results with a significant p-val-
ue of  0.000004 were seen. This increased prevalence of  nutrient 
canals is in coherence with other studies [13, 14, 23, 26]. Bali  
et al. [7] demonstrated that nutrient canals were visualized in 76% 
of  diabetic subjects. However, their p-value was non-significant.

Isselbacher et al. postulated the hypothesis explaining the 
higher prevalence of  nutrient canals in diabetic subjects [31]. In-
sulin deficiency in diabetic subjects may have a mitogenic effect 
on the endothelial cells, resulting in the development of  collateral 
vessels. Atherosclerotic alterations may also occur, causing nar-
rowing of  the blood vessel lumen. Thus, the development of  col-
lateral vessels functions as a redemptive mode leading to a higher 
occurrence of  nutrient canals in diabetic individuals [31].

Our study did not show any association between age and 
the presence of  nutrient canals in the diabetic subjects (p-val-
ue=0.5362). Comparable results were seen in Bali et al. study [7]. 
However, Patel et al. [12] reported a higher occurrence of  nu-
trient canals in the 25–55-year age range, with a considerable 
decrease during the 55–65-year age group.

In the diabetic group, 90.9% of  males and 78.5% of  females 
had nutrient canals. However, the p-value was not significant 
(0.2375). This was in coherence with the studies by Bali et al. [7], 
Patel et al. [12], and Kaur et al. [16], which did not report an as-
sociation between the prevalence of  nutrient canals and gender. 

81.25% of  patients in the diabetic group demonstrated a 
moderate-severe bone loss in our study. A similar presentation 
was noted in the study conducted by Bali et al. [7], where 81% of  
diabetic patients had poor oral hygiene/periodontitis. 

In the present study, all 8 diabetic patients with missing 
mandibular anterior teeth presented with radiographically de-
monstrable nutrient canals. Bali et al. [7] and Kishi et al. [13] 
reported a higher prevalence of  nutrient canals in the edentu-
lous group. This relationship may be linked with alveolar bone 
resorption following tooth loss and thickening of  the remaining 
alveolar bone.

The reported prevalence of  nutrient canals in hyperten-
sive subjects was 66%, in contrast to the 20% prevalence in 
the healthy control group, with a highly significant p-value of  
0.000003. These findings agree with other studies [1, 5, 12, 14, 
16, 19, 26]. However, no significant correlation between nutrient 
canal prevalence and hypertension was reported by Yilmaz et al. 
[15], Jaju et al. [17], and Esfani et al. [18].

Haslett et al. [32] postulated the hypothesis explaining an 
increased frequency of  nutrient canals in hypertensive patients. 
Arteriolar dilatation, vessel wall hypertrophy and hyperplasia, 
and arteriosclerosis are the primary pathophysiological alter-

ations in hypertension. In arteriosclerosis, arterial wall thickening 
along with luminal constriction takes place. These changes are 
responsible for the formation of  new collateral vessels, resulting 
in a higher frequency of  nutrient canals in hypertensive subjects. 

In the hypertensive patients, 76.1% of  males and 58.6% of  
females presented nutrient canals. However, the p-value was not 
significant (0.1955). Comparable results were seen in Patni et al. 
[5], Bali et al. [7], Patel et al. [12], Kaur et al. [16], Esfani et al. 
[18], and Reddy et al. [24] studies. Higher frequency of  nutrient 
canals in hypertensive males and females were reported in the 
studies by Patsakas et al. [28] and Mani et al., respectively [1]. 

The present study did not show any association between 
age and frequency of  nutrient canals in the hypertensive subjects 
(p-value=0.482). Few studies reported that the incidence of  nu-
trient canals increased with increasing age [5, 7, 12–14, 18, 33]. 

In the present study, 67% of  hypertensive patients showed a 
maximum number of  nutrient canals with interdental bone loss 
up to the middle 1/3rd. These findings are in coherence with the 
studies by Bilge et al. [14] and Patsakas et al. [28], which report-
ed a higher frequency of  nutrient canals in hypertensive subjects 
with moderate bone loss (70.0% and 58.3%), respectively. How-
ever, an increased occurrence of  nutrient canals in hypertensive 
subjects with severe bone loss (75.8%) was reported in the study 
by Kumar et al. [20]. 

Our study did not show marked variation in the frequency of  
nutrient canals between hypertensive and non-hypertensive eden-
tulous subjects. Similar findings were reported by Kumar et al. [20].

The reported prevalence of  nutrient canals in periodonti-
tis patients was 52%, in contrast to the 20% prevalence in the 
healthy controls (p-value=0.00085). This agrees with Selarka 
et al. [11], and Pandarinath et al. [29] studies, which showed that 
the frequency of  nutrient canals in the periodontitis group was 
54% and 48.8%, respectively. 

In our study, most periodontitis patients with severe interden-
tal bone loss (71.2%) showed the radiographic presence of  nutri-
ent canals. Similar findings were reported by Selarka et al. [11], 
Patel et al. [12], Kishi et al. [13], and Castelino et al. [21]. The 
hypothesis states that the level of  bone resorption is directly relat-
ed to the occurrence and number of  nutrient canals (higher bone 
resorption is associated with increased prevalence of  nutrient ca-
nals). Advanced periodontitis results in sclerotic alterations in the 
trabecular pattern of  bone. Also, the radiographic ability to re-
cord nutrient canals increases in the thinner bony structures [24].

In the patient cohort with periodontitis, nutrient canals 
were present among 50% of  males and 54.1% of  females (p-val-
ue=0.768). According to Pandarinath et al. study [29], there were 
no statistically significant differences in the prevalence of  nutri-
ent canals in males and females. However, highly significant dif-
ferences were noted in further comparison with the control group 
(7% and 5.2% for males and females, respectively).

Our study showed a predilection for the periapical location 
of  nutrient canals (74.2% of  nutrient canals were located beyond 
the root apex). The results confirmed the findings of  Reddy et al. 
study [24], which reported a higher prevalence of  nutrient canals 
extending beyond the root apex. This periapex location of  nutri-
ent canals confirms the well-recognized anatomic depiction of  
vascular supply to the mandibular anterior region [4, 13, 34–36]. 
However, Kaur et al. [16] reported that most canals were located 
between the roots (interproximal).

A highly notable association was observed with disease du-
ration, with a p-value of  0.047 and 0.012 for the diabetic and 
hypertensive cohorts. This contrasted with the findings of  Kaur 
et al. [16], who did not demonstrate any correlation between 
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the duration of  the disease and systemic diseases (diabetes and 
hypertension).

Patients with chronic hypertension undergo calcification 
of  blood vessels (terminal stage of  arteriosclerosis), a probable 
explanation for an abrupt decline in the occurrence of  nutrient 
canals in the long-standing disease states. Similar arteriosclerotic 
changes are also seen in the elderly, diabetic, and periodontitis 
patients [24].

Hence, it is imperative to distinguish nutrient canals in in-
tra-oral periapical radiographs as they may be investigative sup-
port for an underlying systemic disorder. However, a meticulous 
clinical evaluation and a detailed history are required to establish 
the underlying systemic disorder [37].

The present study was conducted at a single center. Thus, 
the results may not be representative of  the entire population 
group. Further multicentric studies involving a larger population 
must be conducted for more precise results. 

CONCLUSION

The radiographic presence of  nutrient canals has always 
been controversial, with some investigators considering them 
as normal anatomic structures and others as pathologic enti-
ties associated with DM, hypertension, and periodontitis. Since 
IOPARs aid in identifying minute discrepancies in the presenta-
tion, number, and position of  nutrient canals, the radiographic 
appearance of  nutrient canals may raise a suspicion about the 
underlying undiagnosed systemic ailment such as DM and hy-
pertension. 

The present radiographic study demonstrated an increased 
frequency of  nutrient canals in DM, hypertension, and periodon-
titis, with a significant p-value. Thus, a higher frequency of  nu-
trient canals on mandibular anterior IOPAR may be employed 
as an ancillary screening and investigative aid in these systemic 
disorders. The study also revealed that most nutrient canals were 
seen beyond the root apex and revealed a noteworthy relation-
ship between the duration of  disease and the presence of  nutrient 
canals. However, the study could not establish any relationship 
between the prevalence of  nutrient canals with age and gender.

ACKNOWLEDGMENTS

Conflict of interest
The authors declare no conflict of  interest.

Ethical approval
Ethical approval was obtained from the Institutional Ethics 

Committee (IEC), Jamia Millia Islamia (Proposal no. 8/5/223/
JMI/IEC/2019).

Consent to participate
Written informed consent was taken from the patients. 

Funding 
This study was funded by the Indian Council of  Medical 

Research (ICMR) under the Short-Term Studentship 2019 (STS) 
Programme (Ref. No. 2019-07839) (Appendix-II).

Authorship 
SH contributed to conceptualizing, methodology, writing 

the original draft, data collection, editing, and corresponding the 

manuscript. UJ contributed to conceptualizing, data collection, 
and editing the manuscript. SS contributed to the methodology, 
data analysis, and manuscript editing. MK contributed to data 
collection and methodology. VG contributed to data collection 
and editing the manuscript. AR, contributed to data collection 
and data curation. SM contributed to data collection. 

REFERENCES

1.	 Mani S, Vardhan H, Ravindranath, Manohar J, et al. Prevalence of  nutrient 
canals in diabetes mellitus and hypertension: A radiographic study. J Pharm 
Bioallied Sci. 2013;5(1):S21-24. doi: 10.4103/0975-7406.113286. 

2.	 Hirschfield I. A study of  skull in the American museum of  natural history in 
relation to periodontal disease. J Dent Res. 1923; 5:241-265. https://doi.org/ 
10.1177/00220345230050040201

3.	 Lovette DW. Nutrient canals: A roentgenographic study. J Am Dent Assoc. 
1948;37:671-675. doi: 10.14219/jada.archive.1948.0150.

4.	 Britt GN. A study of  human mandibular nutrient canals. Oral Surg Oral Med 
Oral Pathol. 1977; 44:635-645. doi: 10.1016/0030-4220(77)90310-3.

5.	 Patni VM, Merchant GJ, Dhooria HS. Incidence of  nutrient canal in 
hypertensive patients: A radiographic study. Oral Surg Oral Med Oral 
Pathol. 1985; 59:206-211. doi: 10.1016/0030-4220(85)90020-9.

6.	 White S, Pharaoh M. Oral radiology: Principles and interpretations 2004;5th 
ed. St Louis MO: Mosby.

7.	 Behl AB, Bali R, Ahmed J, Singh MP, et al. Intra-oral periapical study of  
nutrient canals in relation to diabetes mellitus, hypertension and normal 
subjects. J. Stomat. Occ. Med. 2011;4:127–132. https://doi.org/10.1007/
s12548-011-0027-2

8.	 Carroll M, Hirschmann P. The Involvement of  Nutrient Canals in Periapical 
Pathology. Dentomaxillofacial Radiology. 1980;9(1):18-20. doi: 10.1259/
dmfr.1980.0004.

9.	 Grondahl K, Ekestubbe A, Grondahl HG. In: Grondahl K, Ekestubbe A, 
Grondahl H.G eds. Postoperative radiographic examinations. Radiography 
in Oral Endosseous Prosthetics Goteborg: Nobel Biocare 1996; AB 111–26. 

10.	 Gupta P, Naik SR, Tiwari A, Gupta M. Nutrient Canals of  the Alveolar Process 
as an Anatomical Feature for Age and Gender Determination. J Indian Acad 
Oral Med Radiol. 2017; 29:358-361. doi: 10.4103/jiaomr.jiaomr_85_17.

11.	 Selarka B, Dudhia B, Chaudhary AR, Tarsariya V, et al. Evaluation of  
nutrient canals in periodontal disease, hypertension and diabetes mellitus: 
A case-control radiographic study. International Journal of  Medical and 
Applied Sciences. 2014;3(4):260-268.

12.	 Patel JR, Wuehrmann AH. A radiographic study of  nutrient canals. Oral 
Surg. 1976;42(5):693–701. doi: 10.1016/0030-4220(76)90220-6.

13.	 Kishi K, Nagaoka T, Gotoh T, Imaik FY. Radiographic study of  mandibular 
nutrient canals. Oral Surg Oral Med Oral Pathol. 1982;54:118–22. doi: 
10.1016/0030-4220(82)90426-1.

14.	 Bilge OM, Harorli A, Yilmaz AB. Radiographic study of  mandibular nutrient 
canals. Ann Dent. 1992;51:17–21.

15.	 Yilmaz AB, Akgul N, Akgul HM, Dagistanli S, Cakur B. Relationship 
between nutrient canals and hypertension. J Int Med Res. 2003;31:123–125. 
doi: 10.1177/147323000303100208.

16.	 Kaur S, Verma P, Saigal A. Evaluation of  mandibular anterior nutrient canals in 
hypertensive and diabetes mellitus patients: A comparative radiographic study. 
Tzu Chi Medical Journal. 2019;31(2):118–123. doi: 10.4103/tcmj.tcmj_43_18.

17.	 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. doi: 10.4103/0970-9290.35829.

18.	 Abdar-Esfahani M, Mehdizade M. Mandibular anterior nutrient canals 
in periapical radiography in relation to hypertension. Nephrourol Mon. 
2013;6(1):e15292. doi:10.5812/numonthly.15292.

19.	 Poornima B, Angadi A, Sakri SB. A comparative study of  mandibular 
nutrient canals in healthy and hypertensive subjects. J Sci Soc. 2014; 41:127-
130. doi: 10.4103/0974-5009.132861.

20.	 Kumar VR, Naik RM, Singh RT, Guruprasad Y. Incidence of  nutrient 
canals in hypertensive patients: A radiographic study. J Nat Sci Biol Med. 
2014;5(1):164-169. doi: 10.4103/0976-9668.127318.

21.	 Castelino RL, Babu S, Shetty SR, Laxmana AR, et al. Can intra oral 
periapical radiographs be used as an adjunct diagnostic marker in detecting 
underlying systemic diseases? A randomised case control study. Cukurova 
Med J 2015;40:661-9. https://doi.org/10.17826/cutf.42128

22.	 Singh G, Rawson K, Kumar S, Srivastava A, et al. Evaluation of  mandibular 
anterior nutrient canals in periodontal diseases: A prospective case control 
radiographic study. J Indian Acad Oral Med Oral Radiol 2011;23:5-8. doi: 
10.5005/jp-journals-10011-1079.

23.	 Goodman-Topper ED, Chosack A. Radiographic appearance of  nutrient 
canals in the region of  the erupting permanent maxillary cuspid. Oral 
Surg Oral Med Oral Pathol. 1989;67(5):606-610. doi: 10.1016/0030-
4220(89)90281-8.



© 2022 JOURNAL of  MEDICINE and LIFE. VOL: 15 ISSUE: 5 MAY 2022668

JOURNAL of MEDICINE and LIFE

24.	 Reddy VG, Ali IM, Shashikanth MC. An intraoral periapical radiographic 
study of  nutrient canals as a diagnostic aid in the systemic diseases and 
pathological conditions. J Indian Acad Oral Med Radiol. 2008;20(2):49–53. 
https://www.jiaomr.in/text.asp?2008/20/2/49/44364

25.	 Yustiaputri F, Astuti ER, Noerjanto RP. Raiographic appearance of  nutrient 
canals in diabetes mellitus patients. Dentomaxillofac Radiol Dent. J 2012;3:2.

26.	 Donta CN, Pierrakou ED, Patsakas AJ. Incidence of  nutrient canals in 
hypertensive patients with alveolar bone loss. A radiographic study. Hell 
Period Stomat Gnathopathoprosopike Cheir. 1989;4:149-52.

27.	 Kaul V, Kaul R, Ahmed R, Singh S, Kapoor M. Incidence of  mandibular 
nutrient canals in a hypertensive and diabetic population: A prospective 
cross-sectional radiographic study. IP International Journal of  Maxillofacial 
Imaging 2017;13(4):120-123. doi: 10.18231/2455-6750.2017.0028.

28.	 Patsakas AJ, Donta CN. Incidence of  nutrient canals in hypertensive patients. 
Hell Stomatol Chron 1990; 34:41-46.

29.	 Pandarinath BW. A Radiographic study of  mandibular nutrient canals in 
patients with periodontal diseases. Int Arab J Dent. 2035; 4:24-31. https://
journals.usj.edu.lb/iajd/article/view/239

30.	 Pierrakou ED, Donta CN. The nutrient canals. Radiographic alterations of  
the mandibular anterior region in diabetic patients. Odontostomatol Proodos. 
1990; 44:331-337. 

31.	 Isselbacher KJ. Harrison's principles of  internal medicine.13th ed. 1994, New 
York: McGraw-Hill Inc.

32.	 Haslett C, Chilvers ER, Boon NA, College NR. Davidson's Principles and 
Practice of  Medicine, London, UK: Churchill Livingstone Company; 
2002;388–92. 

33.	 Wang PD, Serman NJ, Kaufman E. Continuous radiographic visualization 
of  the mandibular nutrient canals. Dentomaxillofac Radiol. 2001;30(2):131–
132. doi: 10.1038/sj/dmfr/4600582.

34.	 Ryder WB. The significance of  circulatory canals in roentgenograms of  
alveolar process. Am J Orthod Oral Surg. 1942;28:640–51. https://doi.
org/10.1016/S0096-6347(42)90029-2

35.	 Stafne EC, Gibilisco JA, Turlington EG. In: Gibilisco JA, editor. Stafne's Oral 
radiographic diagnosis 5th ed. W.B. Saunders Company; 1985;3-4. 

36.	 Ennis LM. Roentgenographic variations of  the maxillary sinus and the 
nutrient canals of  the maxilla and the mandible. In: Ivy RH, Thoma KH, 
editors. Dental roentgenology, 2nd ed. Lea and Febiger; 1931;173-193.

37.	 Manja CD, Boel T, Dennis, Reska AG. Prevalence of  nutrient canals Anterior 
mandibular in hypertensive and non-hypertensive patients using periapical 
radiographs. NVEO-Natural Volatiles & Essent. Oils. 2021;8(4):4055-4062.


