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anatomical variations of the paranasal sinuses.

Introduction

Paranasal sinuses (PNS) are the air-filled cavities
around the nasal cavity within the facial bone and
within the skull. These are maxillary sinus (largest),
ethmoid sinus, frontal sinus and sphenoid sinus.
There are few imaging modalities for the assessment
of these sinuses. Previously, conventional radiog-
raphy of the skull with various projections was
used before the advent of Computed Tomography
(CT). Due to limited evaluation of the ethmoid
sinus, sphenoid sinus and osteomeatal complex
(OMC) by conventional radiography, CT scan widely
gained acceptance. !l Multiplanar high resolution CT
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Background: To determine the frequency of anatomic variations of paranasal sinuses and nasal cavity
and to correlate the anatomic variations with sinonasal mucosal disease. Methods: It was a retrospective
& descriptive study. One hundred and twenty five cases of age more than 15 years were included who
underwent CT PNS study for clinical history of rhinosinusitis. Analysis toolpak software was used for
calculation of p- value. Association of frequency of anatomic variations and radiological evident mucosal
diseases were calculated by using regression analysis. Results: No or minimal mucosal disease were found
in 30 patients (24 %) and moderate to significant mucosal diseases were found in 95 patients (76 %)
irrespective of presence or absence of anatomical variants. The most common anatomic variations were
agger nasi (59.2%), nasal septal spur (48.8%) & ethmoid bullosa (48%). Statistically significant correlation
was found between the sinusitis & nasal septal spur and between sinusitis & deviated nasal septum.
Conclusions: Certain types of paranasal sinus variations (nasal septal spur & deviated nasal septum)
may predispose to development of sinusitis. MDCT is the modality of choice for the evaluation of the
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(HRCT) has the excellent ability to delineate both
bony anatomic details as well as pathology involving
the PNS. Precise knowledge of anatomy of the PNS
is essential for the radiologist and for the sinus
surgeon. ! It provides a preoperative roadmap for
the endoscopic sinus surgeon. However, there is
always an increased radiation dose to the lens and
thyroid gland, so care should be taken to minimize
the radiation dose to these organs. Radiation dose by
‘low dose sinus CT protocol’ was found to be 5.53+/-
0.82 mGy for lens and 0.63+/-0.43 mGy for thyroid
as compared to the ‘standard sinus CT protocol’. [*!

There are multiple anatomic variants of paranasal
sinuses and commonly visualized in the CT scan
of PNS.[*% Common variations are deviated nasal
septum, agger nasi cells, haller cells, onodi cells
and concha bullosa.®! Uncommon variations include
pneumatization of the uncinate process, large eth-
moid bulla, supra-orbital cells, crista galli and even
in the hard palate and nasal septum. ("%
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Some of the variations have been reported to
be associated with chronic rhinosinusitis due to
stenosis of the drainage pathway. However, several
studies show no significant correlation with rhinos-
inusitis. [

Failure to recognize certain variations like onodi
cells, haller cells, deep olfactory groove, pneumatised
anterior clinoid process etc. will lead to postoperative
complications. [6:10:11]

The purpose of this study is to determine the
frequency of anatomic variations of paranasal sinuses
and nasal cavity and also to correlate their associa-
tion with radiological significant sinonasal mucosal
disease in our population (Eastern India).

Methods

It was a retrospective & descriptive study. The
study has been approved by the Institutional Ethical
Committee (IEC). Data was collected from the past
one year (January 2019 — December 2019) stored
in the PACS (picture archiving and communicating
system) in the Radiodiagnosis department and from
the medical record section for the clinical history.

The images were reviewed by two experienced radi-
ologists (6-8 years of experience) using multiplanar
reconstructions (in axial, sagittal and coronal section)
in bone and soft tissue windows. Images were
analysed for the following details — deviated nasal
septum, agger nasi, pneumatised uncinate process,
bulla ethmoidalis, concha bullosa, paradoxical mid-
dle turbinate, haller cell, onodi cell, supraorbital cell,
pneumatization of the crista galli, clinoid process,
pterygoid plate and hard palate etc.

One hundred and twenty five cases of age more
than 15 years were included in this study who
underwent CT PNS study for clinical history of
rhinosinusitis of varying severity from the ENT and
General Medicine department. Sinus infections and
neoplasm not destructing the bone or/and not altering
the PNS anatomy were included in this study.

Patients underwent sinus surgery, facial trauma and
malignancy or infection leading to bony destruction
of PNS were excluded from the study. Patients
of paediatric age groups were also excluded from
the study because of ongoing development of the
sinuses.

The machine used was a 128-slice helical MDCT
(Toshiba Aquallion) scanner. Plain (without contrast)
CT as well as plain and contrast-enhanced CT scans
both were evaluated.

All the data was entered into the Microsoft excel
sheet and the data were analyzed. Analysis toolpak
software was used for calculation of p- value, when-
ever necessary. Association of frequency of anatomic
variations and radiological evident mucosal diseases
were calculated by using regression analysis.

Frequency of occurrence of all the sinonasal vari-
ations was compared between patients who were
having minimal or no apparent radiological evidence
of rhinosinusitis and those having radiological
evidence of moderate to significant rhinosinusitis.

Results
CT images of 125 patients were evaluated in which
78 (62.4%) were male and 47 (37.6%) were female.

Table 1: Distribution of Age-range

Age range Number of Percentages (%)
cases

15-24 52 41.6

25-34 28 22.4

35-44 16 12.8

45-54 15 12

55-64 7 5.6

65-74 4 3.2

75-84 3 2.4

Age range was 15-80 years. Mean age was 32.14+-
15.99 years. Maximum numbers of cases fall in the
age range of 15 — 24 yrs.

Table 2: Distribution of mucosal diseases

Param- No or minimal Moderate to signif-

eters mucosal disease icant mucosal dis-
eases

Number 5o Male-16 o5 Male - 62

of pati- Female - 14 Female - 33

ents

Age 15-64 years 20-84 years

range

Mean 31.91+£15.99 years 31.94+15.95 years

age
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No or minimal mucosal disease were found in 24%
of patients with age-range 15-64 years and moderate
to significant mucosal diseases were found in 76%
patients with age-range 20-84 years irrespective
of presence or absence of anatomical variants of
paranasal sinuses.

Frequency of occurrences of paranasal sinuses
variations were more in patients with moderate
to significant mucosal disease. P value for DNS
(deviated nasal septum) and nasal septal spur were
<0.05, indicating statistically significant correlation.

Concha bullosa and pneumatisation of pterygoid
process were commonly unilateral. Whereas bilateral
variation was found to be greater in agger nasi
followed by ethmoid bullosa.

The most common anatomic variations were agger
nasi, nasal septal spur (Figure 1a), ethmoid bullosa
(Figure 1b), supra-orbital cells, deviated nasal sep-
tum (Figure 2a & b) and pneumatization of anterior
clinod process (35.2%), pterygoid process (32.8%)
(Figure 3a) and hard palate (22.4 %) (Figure 3b)
in their decreasing frequency. The least common
variations were concha bullosa (25.6%) (Figure 4a),
paradoxical middle turbinate (22.4 %) (Figure 4b),
Intersphenoid septal deviation (22.4 %), optic nerve
(9.6%) (Figure 4c) and vidian nerve (16%) deviation,
onodi cells (15.2%) (Figure 4d), haller cells (7.2%)
(Figure 4 e), pneumatization of dorsa sella (8%) and
crista galli (4.8%) & dehiscence of lamina papyracea
(22.4 %). In some cases, we also found the presence of
hypoplasia of maxillary sinus (2 cases), frontal sinus
(4 cases) and sphenoid sinus (1 case), absent frontal
sinuses in 6 cases & sinus septation (maxillary,
frontal and ethmoid) in 28 cases. Sphenoid sinus
septation was seen in 12 patients.

Discussion

The most common anatomic variation was agger
nasi cells in our study which constituted 59.2% (74
out of 125) of the study population. Among them
78.38% were bilateral and 21.62% were unilateral
(56.25% on the left side among these). Minimal or
no sinusitis was seen in 16 (21.62%) and moderate
to significant sinusitis was present in 58 (78.38%)
patients with insignificant p value (0.16). Hence
no significant correlation was found between the
sinusitis and agger nasi cells in our study. Yadav
R R et al. reported that agger nasi cells was the
commonest (75.8 %) variation.['? It was found
to be the 2™ common variation with prevalence

Figure 1: a) Axial image of 45 year old female with
complain of left nasal obstruction shows left sided nasal
septal spur impinging upon left inferior turbinate. b)
Coronal view of PNS of 19 year old female show b/l
ethmoid bullosa which are mildly compressing bilateral
maxillary ostium (pink arrows)

Figure 2: a) Axial and b) coronal view of 35 year old male
patient shows reverse C-shaped deviated nasal septum

with bilateral maxillary polyopsis (blue arrow) extending
upto the osteo-meatal complex

Figure 3: a) Coronal view of PNS of 35 year old male
patient shows pneumatization of b/l pteygoid process (red
arrow) and clinoid process (blue arrow). b) Coronal view
of PNS of 80 year old male patient shows pneumatization
of b/l hard palate (red arrow)
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Table 3: Distribution of the anatomic variations and it’s relation to sinusitis

PNS Variations Pre sent No or Moderate signi P - value

mucosal ficant mucosal

(n=30) diseases (n=95)
Deviated Nasal Septum 50 8 (16 %) 42 (84 %) 0.049
Nasal Septal spur 61 14 (22.95 %) 47 (77.05 %) 0.027
Concha bullosa 32 7 (21.88 %) 25 (78.12 %) 0.54
Paradoxical middle turbinate 28 9 (32.14 %) 19 (67.86 %) 0.77
Agger nasi 74 16 (21.62 %) 58 (78.38 %) 0.16
Haller cells 9 1(11.11 %) 8 (88.89 %) 0.59
Onodi cells 19 2 (10.53 %) 17 (89.47 %) 0.24
Ethmoid bullosa 60 15 (25 %) 45 (75 %) 0.13
Intersphenoid septal deviation 28 9 (32.14 %) 19 (67.86 %) 0.37
Optic nerve deviation 12 2 (16.67 %) 10 (83.33 %) 0.64
Vidian nerve deviation 20 2 (10 %) 18 (90 %) 0.75
Supra-orbital cells 52 9 (17.31 %) 43 (82.69 %) 0.12
Pneumatiz- ation of
1. Anterior clinoid process 44 10 (22.73 %) 34 (77.27 %) 0.97
2. Pterygoid plate 41 12 (29.27 %) 29 (70.73 %) 0.44
3. Crista galli 6 0 (0 %) 6 (100 %) 0.89
4. Dorsum sella 10 3 (30 %) 7 (70 %) 0.85
5. Hard palate 28 5(17.86 %) 23 (82.14 %) 0.63

Table 4: Laterality of the PNS variations

PNS Variations Total Unilateral (%) Bilateral (%)
Concha bullosa 32 21 (65.63 %) 11 (34.37 %)
Paradoxical middle turbinate 28 14 (50 %) 14 (50 %)
Agger nasi 74 16 (21.62 %) 58 (78.38 %)
Haller cells 9 3 (33.34 %) 6 (66.66 %)
Onodi cells 19 10 (52.63 %) 9 (47.37 %)
Ethmoid bullosa 60 10 (16.67 %) 50 (83.33 %)
Optic nerve deviation 12 11 (91.67 %) 1(8.33 %)
Vidian nerve deviation 20 10 (50 %) 10 (50 %)
Supra-orbital cells 52 12 (23.08 %) 40 (76.92 %)
Pneumatization of

1. Anterior clinoid process 44 14 (31.82 %) 30 (68.18 %)
2. Pterygoid process 41 20 (48.78 %) 21 (51.22 %)
3. Hard palate 28 3 (10.71 %) 25 (89.29 %)
Lamina papyracea dehiscence 28 5 (17.86 %) 23 (82.14 %)
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Figure 4: a) Coronal image of 40 year old female with
complain of recurrent sinusitis shows right sided concha
bullosa causing obstruction of the left maxillary ostium
(pink arrow). Subtle focal mucosal thickening of the
left maxillary sinus. b) Coronal section of PNS of 19
year old female with acute onset sinusitis shows b/l
paradoxical middle turbinate (pink arrows). c) Coronal
view of PNS of 18 year old male patient with complain
of rhinosinusitis shows sphenoid sinus septations with
optic nerve protrusion (left>right) into the sphenoid sinus
(pink arrow). d) Sagittal section of 20 year old female
shows Onodi cell which is extension of posterior ethmoid
air-cells superior to sphenoid sinuses (pink arrow). e)
Coronal section of 25 year old male patient shows haller
cells which is extension of anterior ethmoid air-cells
inferior to the right orbit (pink arrow)

of 70.6% in a study conducted by Shipilberg et
al.[®1 Anitha Christina Mathuram, Senthil Kumar
Aiyappan et al. reported that there was no statistical
correlation which corresponded to our study.!?!
However Espinosa W et al. and Kaya M et al. showed
statistically significant relationship between agger
nasi cells and sinusitis. 14151

The second common variation was nasal septal spur
which constituted 48.8% (61 out of 125). We found
that the spur was most common on the left side.
Minimal or no sinusitis was seen in 14 (22.95%) and
moderate to significant sinusitis was present in 47
(77.05%) patients with significant p value (0.027).
Hence significant correlation was found between the

sinusitis and nasal septal spur. Kaya M et al. found
that 8.2% of the patients were having septal spur
without any significant association with sinusitis. [*°]

The third common variation was ethmoid bullosa
which constituted 48% (60 out of 125). Among them
83.33% were bilateral and 16.67% were unilateral
(70% of them were present on the right side).
Moderate to significant sinusitis was present in 45
(75%) patients with insignificant p value (0.13).
Hence no significant correlation was found. Kaya
M et al. found that 46.9% of patient with ethmoid
bullosa was having sinusitis without any significant
association. [*%]

The fourth common variation was supra-orbital cells
which constituted 41.6% (52 out of 125). Among
them 76.92 % were bilateral and 23.08 % were
unilateral (75% of them were present on the left
side). Moderate to significant sinusitis was present
in 43 (82.69%) patients with insignificant p value
(0.12). Hence no significant correlation was found
between the sinusitis and supra-orbital cells. Nouraei
SA showed the incidence of supraorbital ethmoid cell
was 6% and it posed significant postoperative com-
plications {immediate post-operative complications
(orbital hematoma, CSF leak, meningitis) as well
as late post post-operative complications (meningo-
coele, lacrimal duct injury)}, if not evaluated pre-
operatively. [10:16]

The fifth common variation was deviated nasal
septum which constituted 40% (50 out of 125).
Commonest type was S-shaped, followed by C-
shaped and then reversed-C shaped. Range of
septal deviation was from 3 mm to 11.2 mm.
Minimal or no sinusitis was seen in 8 (16%) and
moderate to significant sinusitis was present in
42 (84%) patients with significant p value (0.049).
Hence significant correlation was found between
the sinusitis and deviated nasal septum. Studies
conducted by Anitha Christina Mathuram, Senthil
Kumar Aiyappan et al.in 2019, Gupta S et al. in
2016 and Devareddy et al. showed that DNS was
the commonest variation detected by CT scan. [1%17:18]
Espinosa W et al. showed a statistically significant
relationship between deviated septum with sinusitis
which was in favour of our study. %

These discrepancies of associations of sinusitis with
various anatomical variation of paranasal sinuses
between our study and other authors may be due to
difference in the demographic profile of the study
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population along with inflammation of the drainage
pathway leading to stenosis.

Limitations

The association of different anatomic variations of
PNS with one another was not analysed. Patients
were divided into 2 groups, one with no or minimal
mucosal thickening and another with moderate to
severe mucosal thickening. It had been observed that
patients with clinically significant sinusitis had no or
minimal mucosal thickening on CT scan. It could be
due to the patient might have had significant sinusitis
at the time of presentation to hospital and which
could have resolved at the imaging due to time lag.
The study had been done on a small population size.

Conclusions

Statistically significant correlation was found
between the sinusitis & nasal septal spur and between
sinusitis & deviated nasal septum in our study. Rest
of the PNS variations didn't show statistically
significant correlation. So, we conclude that certain
types of paranasal sinus variations may increase the
risk of developing sinusitis due to obstructing the
drainage pathway. Clinical evaluation of the disease
should be of prime importance and if the patient is
not responding significantly to the treatment, then
CT should complement it to rule out surgical causes.
So, for the pre-operative assessment, MDCT is the
modality of choice to identify anatomical variations
of the paranasal sinuses.

Abbreviations
* PNS - Paranasal sinuses
e (T - Computed Tomography
* OMC - Osteomeatal complex
* HRCT - High resolution CT
* [EC - Institutional Ethical Committee
* PACS - Picture archiving and communicating
system
* DNS - Deviated nasal septum

Disclosure
Competing interests: None.

Funding: None.

Author’s Contribution: Manisha Kumari- image
interpretation, statistical analysis & literature search,
Govind Kumar- conceptualization and design, Vinod
Kumar - literature search and manuscript prepara-
tion, Sanjay Kumar Suman —image interpretation and

editing, Sarita Mishra— manuscript review.

Acknowledgement: We are thankful to our staff and
technicians for their valuable effort to make this
study complete. We also want to thank Dr Shishir for
his significant contribution on statistical analysis of
the patient data.

References

1. White PS, Cowan IA, Robertson MS. Limited CT scan-
ning techniques of the paranasal sinuses. Journal of
Laryngology & Otology. 1991;105(1):20-23. Available
from: https://doi.org/10.1017/s0022215100114720.

2. Perez-Pinas I, Sabate ], Carmona A, Catalina-Herrera
CJ, Jimenez-Castellanos J. Anatomical variations in the
human paranasal sinus region studied by CT. Journal
of Anatomy. 2000;197 (Pt 2):221-227. Available from:
https://doi.org/10.1046/j.1469-7580.2000.19720221.X.

3. Lam SY, Bux SI, Kumar G, Ng KH, Hussain AF. A
comparison between low-dose and standard-dose non-
contrasted multidetector CT scanning of the paranasal
sinuses. Biomedical Imaging and Intervention Journal.
2009;5(3). Available from: https://doi.org/10.2349/biij.
5.3.e13.

4. Piskunov IS, Emel'ianova AN. Variants of the
anatomical structure of frontal sinuses based on the
results of X-ray computed tomography.  Vestnik
otorinolaringologii. 2011;1:16-21.  Available from:
https://pubmed.ncbi.nlm.nih.gov/21378730/.

5. Baldea V, Indrei A, Ciupilan C, Scutariu MD. Anatom-
ical variations of landmarks in endoscopic surgery
of the paranasal sinuses revealed by MRI imaging.
Revista medico-chirurgicala a Societatii de Medici si
Naturalisti din Iasi. 2010;114(2):490-503. Available
from: https://pubmed.ncbi.nlm.nih.gov/20700992/.

6. Kantarci M, Karasen RM, Alper F, Onbas O, Okur

A, Karaman A. Remarkable anatomic variations in

paranasal sinus region and their clinical importance.

European Journal of Radiology. 2004;50(3):296-302.

Available from: https://doi.org/10.1016/j.ejrad.2003.08.

012.

Sivasli E, Sirikci A, Bayazyt YA, Gumiisburun E,

Erbagci H, Bayram M, et al. Anatomic variations of

the paranasal sinus area in pediatric patients with

chronic sinusitis. Surgical and Radiologic Anatomy.
2003;24(6):400-405. Available from: https://doi.org/10.
1007/s00276-002-0074-x.

8. Azila A, Irfan M, Rohaizan Y, Shamim AK. The
prevalence of anatomical variations in osteomeatal
unit in patients with chronic rhinosinusitis. Medical
Journal of Malaysia. 2011;66(3):191-194. Available
from: https:/pubmed.ncbi.nlm.nih.gov/22111438/.

9. Shipilberg KA, Daniel SC, Doshi AH, Lawson W, Som
PM. CT of anatomic variants of the paranasal sinuses
and nasal cavity: Poor correlation with radiologically
significant rhinosinusitis but Importance in Surgical
planning. American Journal of Roentgenology.

N

Journal of Medical Sciences and Health/May-August 2025/Volume 11/Issue 2 215


https://doi.org/10.1017/s0022215100114720
https://doi.org/10.1046/j.1469-7580.2000.19720221.x
https://doi.org/10.2349/biij.5.3.e13
https://doi.org/10.2349/biij.5.3.e13
https://pubmed.ncbi.nlm.nih.gov/21378730/
https://pubmed.ncbi.nlm.nih.gov/20700992/
https://doi.org/10.1016/j.ejrad.2003.08.012
https://doi.org/10.1016/j.ejrad.2003.08.012
https://doi.org/10.1007/s00276-002-0074-x
https://doi.org/10.1007/s00276-002-0074-x
https://pubmed.ncbi.nlm.nih.gov/22111438/

Kumari, et al: CT evaluation of anatomic variations of Paranasal sinuses and Nasal cavity

10.

11.

12.

13.

14.

2015;204(6):1255-1260.

org/10.2214/ajr.14.13762.
Nouraei SA, Elisay AR, Dimarco A, Abdi R, Majidi
H, Madani SA, et al. Variations in paranasal sinus
anatomy : implications for the pathophysiology of
chronic rhinosinusitis and safety of endoscopic sinus
surgery. Journal of Otolaryngology - Head & Neck
Surgery. 2009;38(1):32-37. Available from: https://
pubmed.ncbi.nlm.nih.gov/19344611/.

Tomovic S, Esmaeli A, Choudhary OJ, Shukla PA, Chan
NJ, Liu JK, et al. High resolution computed tomography
analysis of the prevalence of onodi cells. Laryngoscope.
2012;122(7):1470-1473. Available from: https://doi.
0rg/10.1002/lary.23346.

Yadav RR, Ansari MA, Humagian M, Mishra D. As-
sessment of anatomic variations of nose and paranasal
sinuses in multidetector computed tomography. Jour-
nal of Institute of Medicine Nepal. 2017;39(1):49-
54, Available from: https://jiomnepal.edu.np/index.
php/jiomnepal/article/view/722.

Mathuram AC, Aiyappan SK, Agarwal S, Valsala
NHR. Assessment of Sinonasal Anatomical Variants
using 128-Slice MDCT in Patients with Chronic
Rhinosinusitis. International Journal of Contemporary
Medicine Surgery and Radiology. 2019;4(2):120-126.
Available from: http://dx.doi.org/10.21276/ijcmsr.2019.
4.2.27.

Espinosa W, Genito R, Ramos RZ. Anatomic variations
of the nasal cavity and paranasal sinuses and their
correlation with chronic rhinosinusitis using Harvard
staging system. Journal of Otolaryngology-ENT
Research. 2018;10(4):190-193. Available from: https:
//doi.org/10.15406/joentr.2018.10.00343.

Available from: https://doi.

15.

16.

17.

18.

Kaya M, Cankal F, Gumusok M, Apaydin N, Tekdemir
I. Role of Anatomic Variations of Paranasal Sinuses
on the Prevalence of Sinusitis Computed Tomography
Findings of 350 Patients. Nigerian Journal of Clinical
Practice. 2017;20(11):1481-1488. Available from:
https://doi.org/10.4103/njcp.njcp_199 16.

Hoang JK, Eastwood JD, Tebbit CL, Glastonbury
CM. Multiplanar Sinus CT:A Systematic approach to
imaging before Functional Endoscopic Sinus Surgery.
American Journal of Roentgenology. 2010;194(6):527—
536. Available from: https://doi.org/10.2214/AJR.09.
3584.

Gupta S, Gurjar N, Mishra HK. Computed tomographic
evaluation of anatomic variations of paranasal sinuses
region. International Journal of Research in Medical
Sciences. 2016;4(7):2909-2913. Available from: https:
//doi.org/10.18203/2320-6012.ijrms20161975.
Devareddy MM, and SD. Evaluation of Anatomical
Variations in Nose and Paranasal Sinuses by using
Multidetector Computed Tomography. International
Journal of Contemporary Medicine Surgery and Radiol-
ogy. 2019;4(3):146-151. Available from: http://dx.doi.
org/10.21276/ijcmsr.2019.4.3.32.

How to cite this article: Kumari M, Kumar G,

Kumar V, Suman SK, Mishra SK. Anatomic Variations
of Paranasal Sinuses and Nasal Cavity based on CT
Scan and it’s Clinical Correlation. ] Med Sci Health
2025; 11(2):210-216

Date of submission: 03.09.2024
Date of review: 22.09.2024

Date of acceptance: 01.03.2025
Date of publication: 05.09.2025

216

Journal of Medical Sciences and Health/May-August 2025/Volume 11/Issue 2


https://doi.org/10.2214/ajr.14.13762
https://doi.org/10.2214/ajr.14.13762
https://pubmed.ncbi.nlm.nih.gov/19344611/
https://pubmed.ncbi.nlm.nih.gov/19344611/
https://doi.org/10.1002/lary.23346
https://doi.org/10.1002/lary.23346
https://jiomnepal.edu.np/index.php/jiomnepal/article/view/722
https://jiomnepal.edu.np/index.php/jiomnepal/article/view/722
http://dx.doi.org/10.21276/ijcmsr.2019.4.2.27
http://dx.doi.org/10.21276/ijcmsr.2019.4.2.27
https://doi.org/10.15406/joentr.2018.10.00343
https://doi.org/10.15406/joentr.2018.10.00343
https://doi.org/10.4103/njcp.njcp_199_16
https://doi.org/10.2214/AJR.09.3584
https://doi.org/10.2214/AJR.09.3584
https://doi.org/10.18203/2320-6012.ijrms20161975
https://doi.org/10.18203/2320-6012.ijrms20161975
http://dx.doi.org/10.21276/ijcmsr.2019.4.3.32
http://dx.doi.org/10.21276/ijcmsr.2019.4.3.32

