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A B S T R A C T

Aim: The aim of this study was to evaluate and compare the anatomical landmarks of maxillary and
mandibular molar pulp chambers and evaluate bilateral symmetry between contralateral molars using
CBCT.
Materials and Methods: CBCT scans of 200 molars from 157 patients were selected for the study. A total
of nine measurements - A (Distance from the cusp tip to the roof of the pulp chamber) B (Distance from
the cusp tip to the floor of the pulp chamber) C (Distance from the cusp tip to the furcation) D (Distance
from the floor of the pulp chamber to the furcation) E (Distance from the roof of the pulp chamber to the
furcation) F (Height of pulp chamber) A1(Distance from the central fossa to the roof of the pulp chamber)
B1 (Distance from central fossa till the floor of pulp chamber) C1 (Distance from central fossa to furcation)
were done.
Results: Statistical analysis was done using the ANOVA and Post hoc tests and statistical significance was
set at p<0.05. Significant differences in maxillary and mandibular molars were noted in the measurements
of- D, E, B and C1. Bilateral symmetry was also observed between the pairs of maxillary and mandibular
molars.
Conclusion: Maxillary first and second molars do not differ much from each other. However, mandibular
first and second molars differed in various anatomic parameters from each other. Contralateral molars
(maxillary and mandibular) pulp cavities, in general, exhibit matching symmetry in terms of their
morphological and anatomical landmarks.

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon
the work non-commercially, as long as appropriate credit is given and the new creations are licensed under
the identical terms.

For reprints contact: reprint@ipinnovative.com

1. Introduction

The preliminary step in performing endodontic therapy
is establishing an ideal access to the root canals. This
permits not just the localization of the orifices, but
also the adequate cleaning, shaping, disinfection, and
three-dimensional obturation of the root canal system.
Iatrogenic errors commonly occurring during access cavity
preparations are either, due to failure in following the

* Corresponding author.
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guidelines, or due to the lack of understanding of the
external and internal morphology of the tooth. Perforation
being one such error can reduce the success rate of a root
canal treatment by 30%.1

Pulp space in the teeth often show considerable
variations in their anatomy due to age changes, disease
processes like caries, and trauma. These could result in
receding of the pulp horns, smaller pulp chambers in height
than in width, and calcifications in the pulp chamber space.
In such cases, gaining an access to the root canal orifices
could be challenging for the clinicians, and relying on crude
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techniques like the “drop effect” or the “dip effect” may
not assure success.2 Thus, the need for more scientific
landmarks and their correlation to studying the internal
morphology of the pulp chamber is desired to minimize the
occurrence of iatrogenic perforation during access cavity
preparation.

Khojastepour3 suggested that undesirable accidents like
dentinal gouging, incomplete de-roofing, perforation, and
missed canals could be minimized with detailed knowledge
of anatomy and skilful therapeutic intervention. Hence, a
more comprehensive understanding of the location of the
anatomical landmarks in the teeth serves as a prerequisite
for an ideal access cavity with maximum tooth structure
conservation.

Several researchers in the past have studied the
dimensions of molar pulp chambers and have found
consistent results like smaller pulp chambers in mandibular
teeth as compared to maxillary teeth, the average distance
between the cusp tip to pulp chamber ceiling being 6 to
7 mm, and absence of sex predilection.4–9 However, what
is common in the above-mentioned studies is that they
evaluated the landmarks by IOPA and bitewings which
provide information only in two dimensions.

With the advent of advanced digital three-dimensional
radiographic techniques like Spiral Computed Tomography
(SCT) and Cone Beam Computed Tomography (CBCT), the
limitations of 2D imaging have been overcome. CBCT has
proven to be a valuable tool in the field of endodontics and
it may provide us with precise anatomic information across
three different planes before root canal treatment.10Thus,
the aim of this study was to evaluate and compare the
anatomical landmarks of maxillary and mandibular molar
pulp chambers and evaluate bilateral symmetry between
contralateral molars using CBCT.

2. Materials and Methods

This observational study was conducted in Meerut,
representing India’s northern population. Upon receiving
the ethical clearance from Institutional Review Board,
patients (both male and female between the age group
of 19-64 years) requiring CBCT scan due to diagnostic
requirements were included in the study. Before the
commencement of data collection, verbal and written
consent were obtained from all the participants. Patients
with missing, restored, carious, attrided molars and molars
with varied anatomy (C-shaped canals and Taurodontism)
were excluded. Two hundred molars (50 each of maxillary
1st and 2nd , mandibular 1st and 2nd molars) from 157
patients were selected for the study.

CBCT imaging was done using the Orthophor SL 3D
(Sirona Dental System, GmbH Fabrikstra Be31, 64625
Benshein, Germany) with an effective radiation dose of 15-
273µm, isotropic voxel edge size of 0.16mm and exposure
time of 2-5 sec with 11x10 imaging volume of maxillary

and mandibular arches.
All scans were performed by experienced oral

radiologists following the manufacturer’s instructions.
The morphological and anatomical landmarks were
measured in the coronal plane. Two reference points: the
cusp tip and the central fossa were used in this study.

Total of 9 measurements were taken (Figures 1 and 2).
A- Distance from the cusp tip to the roof of the pulp

chamber in mm
B- Distance from the cusp tip to the floor of the pulp

chamber in mm
C- Distance from the cusp tip to the furcation in mm
D- Distance from the floor to the furcation in mm
E- Total distance (pulp chamber + furcation) in mm
F- Height of pulp chamber in mm
A1- Distance from the central fossa to the roof of the pulp

chamber in mm
B1- Distance from central fossa till the floor of pulp

chamber in mm
C1- Distance from central fossa to furcation in mm
These 9 different landmarks were calibrated and

measured with the help of the measuring tool in the
software, Sidexis 4 Digital dental imaging software [Sirona
Dental System, Benshein, Germany]. To eliminate the
operator bias, these measurements were made by two oral
radiologists, excluding those who scanned the data. In case
of disagreement, the measurements were redone to reach a
common consensus.

Statistical analysis of the data obtained was done using
Windows PC-based “SPSS Statistics software” (version
12.0, SPSS Inc; IBM Corporation, United States). For
multiple comparisons against groups, ANOVA and post hoc
tests were used. A p-value <0.05 was considered statistically
significant for each measurement.

3. Results

The mean, standard deviation, and p value for each
measurement are presented in Tables 1 and 2. The mean
measurements of different anatomic landmarks in maxillary
and mandibular molars were compared using the Analysis
of Variance (ANOVA) test. Significant differences (p<0.05)
were noted in the measurements of- distance from the floor
of the pulp chamber to the furcation (D), the total distance
from the pulp chamber to the furcation (E), distance from
the central fossa to the floor of the pulp chamber (B1) and
distance from the central fossa to the furcation (C1).

On multiple comparisons between the maxillary (first
and second) and mandibular (first and second) molars by
post hoc tests (Tables 3 and 4), a significant statistical
difference was found between maxillary first and second
molars in the measurement of D landmark (p value 0.000)
and in the measurements of A (p value- 0.000), B (p value-
0.000), C (p value- 0.000), F (p value- 0.006), B1 (p value-
0.002) and C1 (p value 0.041) between mandibular first and
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Table 1: Mean measurements of different anatomic landmarks in maxillary and mandibular first and second molars.

Mean ± Standard Deviation
Landmarks Maxillary first

molars
Maxillary second

molars
Mandibular first

molars
Mandibular second

molars
P value

A 5.71±0.88 5.49±0.91 5.29±0.92 6.11±0.71 0.00
B 7.82±0.91 7.97±1.2 7.21±0.96 8.48±0.89 0.00
C 10.68±1.07 10.27±1.44 9.63±1.03 10.88±0.99 0.00
D 2.82±0.55 2.31±0.50 2.45±0.63 2.30±0.72 0.00
E 4.95±0.90 4.86±1.21 4.34±0.70 4.63±0.89 0.006
F 2.09±0.67 2.42±0.82 1.88±0.59 2.34±0.65 0.00
A1 3.90±0.83 3.95±0.66 3.63±0.70 4.00±0.85 0.084
B1 6.14±0.86 6.44±1.16 5.53±0.85 6.25±1.08 0.00
C1 8.93±0.89 8.77±1.44 8.00±1.00 8.62±1.24 0.001

Table 2: Mean measurements of different anatomic landmarks in maxillary and mandibular molars.

Mean ± Standard deviation
Landmarks Maxillary molars Mandibular molars P value
A 5.60±0.98 5.70±0.91 0.449
B 7.90±1.06 7.85±1.12 0.751
C 10.47±1.28 10.26±1.19 0.217
D 2.56±0.58 2.37±0.67 0.035
E 4.97±1.02 4.48±0.81 0.002
F 2.26±0.75 2.11±0.66 0.149
A1 3.92±0.75 3.81±0.80 0.317
B1 6.29±1.03 5.89±1.04 0.006
C1 8.85±1.19 8.31±1.16 0.001

Table 3: Comparison of mean measurements of different anatomic landmarks in maxillary first and second molars.

Mean ± Standard deviation
Landmarks Maxillary 1st and 2nd molars P value
A 0.225 ± 0.173 .562
B 0.146 ± 0.200 .885
C 0.414 ± 0.230 .278
D 0.511 ± 0.121 .000
E 0.086 ± 0.189 .969
F 0.329 ± 0.139 .087
A1 0.044 ± 0.154 .991
B1 0.304 ± 0.200 .430
C1 0.165 ± 0.232 .893

Table 4: Comparison of mean measurements of different anatomic landmarks mandibular first and second molars.

Mean ± Standard deviation
Landmarks Mandibular 1st and 2nd molars P value
A 0.814 ± 0.173 .000
B 1.277 ± 0 .200 .000
C 1.254 ± 0 .230 .000
D 0.153 ± 0 .121 .590
E 0.296 ± 0 .189 .402
F 0.459 ± 0 .139 .006
A1 0.366 ± 0 .154 .085
B1 0.725 ± 0 .200 .002
C1 0.622 ± 0 .232 .041
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Fig. 1: CBCT image of the maxillary molar showing the nine
measurements (A, B, C, D, E, F, A1, B1, C1) taken in this study.

Fig. 2: CBCT image of the mandibular molar showing the nine
measurements (A, B, C, D, E, F, A1, B1, C1) taken in this study.

second molars.
Comparison of both maxillary and mandibular molars

with their contralateral partners revealed no statistical
difference except for mandibular second molars for
landmark B and D (Tables 5 and 6).

4. Discussion

Thorough knowledge of the morphological landmarks of
the pulp chambers of teeth is essential to avoid iatrogenic
errors that could commonly occur during the initial steps of
root canal treatment. Gaining access to the pulp chamber,
locating the root canal orifices, and thus conserving the
remaining dentin without gauging, or perforating into the
furcation could be possible only for the knowledge and
understanding of these landmarks. Therefore, it is essential
to prudently analyse the size, and shape of the pulp chamber
before performing root canal treatment.

Laws of access opening have been well established
by Krasner and Rankow.11 Although these guidelines are
universal, there exist variations in the root canal anatomy

and pulp chamber morphology amongst different ethnic
groups. This makes it essential to conduct studies in
different populations and to do an in-depth analysis of
the pulp chamber morphology with as many landmarks
as possible to supplement the knowledge with scientific
evidence.

Studies done in the past have evaluated morphological
landmarks of pulp chambers in both molars and premolars
using two-dimensional radiographs.3,4,6,12–14 Research on
the Indian population by Vijaykumar et al15 and Selvakumar
et al 12 although utilized spiral CT however their studies
were conducted on primary, not permanent teeth. Bovino
et al evaluated the pulp chamber thickness in the primary
teeth of the Brazilian population by CBCT.16The use of
CBCT provides better accuracy and yields more information
than intra-oral periapical radiographs, bitewings.17 To the
best of our knowledge, this is the first 3D CBCT search to
analyse the morphological landmarks in the North Indian
population.

Permanent mandibular molars are the most commonly
endodontically treated teeth and also the one with the most
frequent procedural errors. The least endodontically treated
teeth are the permanent third molars.18Therefore, only the
first and second molars were analysed in this study. Two
points, the cusp tips, and central fossa were utilized as
reference points because the cusp tips of molars are the most
stable, reproducible, and commonly referred landmarks and
the central fossa is often the area from which access is
initiated. This is in accordance with the study by Azim et
al.10The coronal plane was used for the visualization of
the morphological landmarks in this study. This allowed
the complete visualization of the teeth longitudinally from
cusp tips to the furcation and even to the periapical areas.
The best coronal section was selected by adjusting the axial
and sagittal views. Moving the axial view corona-apically
and apico-coronally, the desired landmarks were selected
accurately.

Maxillary and mandibular molars showed a statistical
difference in the mean measurements of D, E, B1, and
C1. The clinical significance of difference in D and E
between maxillary and mandibular molars is that the
safety margin (Pulp chamber roof to furcation) to prevent
furcation perforation after pulp chamber penetration is less
in mandibular molars (4.48 mm) than maxillary molars
(4.97 mm). Thus, the operators should be more careful while
preparing access in mandibular molars.

According to the study by Deutsch et al, the mean
distance between the pulp chamber floor to the furcation
(D) in maxillary molars was 3.05 mm and 2.96 mm in
mandibular molars.4This is in contrast to the values of 2.56
mm and 2.37 mm respectively found in this study. The
reasons for these variations between the studies could be
racial diversity. The difference in results of the present study
and Deutsch et al reinforces the fact that for each ethnic
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group evaluation of different landmark measurements is
necessary. Another reason of this difference may be due
to the fact that Deutsch et al evaluated the landmarks by
two-dimensional radiographs contrary to three-dimensional
imaging used in the present study.

Reuben et al in their spiral CT study on extracted
human mandibular first molars found the distance from the
pulp chamber floor to the furcation (D) was 2.53mm and
the height of the pulp chamber was 1.84 mm which are
almost similar to the finding of the present study (2.45 mm
and 1.88 mm respectively). However, the distance between
the central fissure and the pulp chamber ceiling (A1) to
be 4.19 mm while from the central fissure to the pulp
chamber floor(B1) was 6.03 mm in Indian population.19

These differences may be due to the differences in the racial
population in South India (Dravidians) and North India
(Aryans).

The distance from the cusp tip to the furcation (C) in
maxillary first molars is approximately 1mm more than the
mandibular first molar. This complies with the study done by
Khojastepour et al, although they evaluated the landmarks
on bitewing radiographs.3

Shreshtha et al measured the pulp chamber landmarks by
radio-visio graphs and CBCT of maxillary premolars and
found them to be comparable to each other.13 However,
differences in the measurements could be invariable due
to the shortcomings of two-dimensional radiographs. We
found similar results in comparing the present study to
a previously conducted study in the same western UP
region by Agarwal and Nikhil et al.2 Although comparable,
differences of approximately 0.5mm were observed in
certain landmarks like “C” (cusp tip to the furcation) and
“E” (pulp chamber floor to furcation).

Multiple comparisons between the maxillary molars
(both first and second) and mandibular molars (both first and
second) showed a significant statistical difference between
them. Thus, establishing access in a maxillary tooth would
be entirely different from a mandibular tooth as the pulp
chamber anatomy differs completely. However, maxillary
first and second molars do not differ much from each other,
but the distance between the pulpal floor to the furcation (D)
was different between the two. Which invariably suggests
that one would encounter the furcation at different depths
in both teeth. Thus, one needs to be meticulous in their
technique of gaining access to the teeth.

There was also an attempt to check the bilateral
symmetry between contralateral molars with an aim that in
case there is any symmetry found, the availability of even
contralateral CBCT can be helpful for guiding endodontic
access of any molar. It was observed in the present study
that there was the occurrence of bilateral symmetry amongst
the maxillary first and mandibular first molars. This is
a novel finding with respect to the investigations of the
pulp chamber anatomy. Thirty-six pairs of teeth (15 pairs-
of maxillary first molars, 12 pairs- of maxillary second

molars, 8 pairs- of mandibular second molars, and 4
pairs- of mandibular first molars) showed non-significant
differences among each other. This suggests that bilateral
symmetry exists between them except for two parameters
in mandibular second molars- “B” and “D”. However, this
finding cannot be extrapolated since the number of pairs of
mandibular molars was less. Not much research has been
done with regard to the bilateral symmetry of pulp chamber
morphology of molars or any other tooth.

As this observational study was conducted using CBCT
and not two-dimensional radiographs, the limitation of this
study could be the bounded sample size. Future studies
should also focus on the 3-dimensional analysis of bilateral
pulp chamber symmetry with a greater number of sample
size.

5. Conclusion

The study has three-dimensionally and quantitatively
analysed the pulp chamber anatomy in detail, which is
essential before the commencement of the endodontic
treatment. Clinically, mandibular first and second molars
identify differently and hence must be accessed differently.
The burs should not extend beyond 10mm in maxillary and
mandibular molars to avoid perforation in the furcation.
Contralateral molar pulp cavities, in general, exhibit
matching symmetry in terms of their morphological and
anatomical landmarks.

6. Conflicts of Interests

The authors have no financial interests or conflicts of
interests.

7. Source of Funding

None.

References
1. Ilan R, Ingle JI. Ingle’s Endodontics 7 50Th anniversary ed. Raleigh

North Carolina: PMPH USA; 2019.
2. Agarwal E, Nikhil V. A population-based observational

morphologic measurements of anatomic landmarks in maxillary
and mandibular molar. Endodontology. 2021;33(1):43–8.
doi:10.4103/endo.endo_132_20.

3. Khojastepour L, Rahimizadeh N, Khayat A. Morphologic
measurements of anatomic landmarks in pulp chambers of human
first molars: A study of bitewing radiographs. Iran Endod J.
2008;2(4):147–51.

4. Deutsch AS, Musikant BL. Morphological measurements of anatomic
landmarks in human maxillary and mandibular molar pulp chambers.
J Endod. 2004;30(6):388–90. doi:10.1097/00004770-200406000-
00003.

5. Deutsch AS, Musikant BL, Gu S, Isidro M. Morphological
measurements of anatomic landmarks in pulp chambers of human
maxillary furcated bicuspids. J Endod. 2005;31(8):570–3.
doi:10.1097/01.don.0000152299.78668.7c.

6. Lokade J, Rawlani S, Baheti R, Roy S, Chandak M, Lohe V,
et al. Morphological measurements of anatomic landmarks in human

http://dx.doi.org/10.4103/endo.endo_132_20
http://dx.doi.org/10.1097/00004770-200406000-00003
http://dx.doi.org/10.1097/00004770-200406000-00003
http://dx.doi.org/10.1097/01.don.0000152299.78668.7c


96 Nikhil et al. / IP Indian Journal of Conservative and Endodontics 2023;8(2):90–96

mandibular molar pulp chambers - An in vivo study. J Kor Dent Sci.
2011;4(1):1–5.

7. Velmurugan N, Venkateshbabu N, Abarajithan M, Kandaswamy D.
Evaluation of the pulp chamber size of human maxillary first molars:
An institution based in vitro study. Indian J Dent Res. 2008;19(2):92–
4. doi:10.4103/0970-9290.40459.

8. Moss ML, Moss-Salentijn L. Analysis of developmental processes
possibly related to human dental sexual dimorphism in permanent
and deciduous canines. Am J Phys Anthropol. 1977;46(3):407–13.
doi:10.1002/ajpa.1330460305.

9. Shaw L, Jones AD. Morphological considerations of the dental pulp
chamber from radiographs of molar and premolar teeth. J Dent.
1984;12(2):139–45. doi:10.1016/0300-5712(84)90048-4.

10. Azim AA, Azim KA, Deutsch AS, Huang GT. Acquisition of
anatomic parameters concerning molar pulp chamber landmarks using
cone-beam computed tomography. J Endod. 2014;40(9):1298–302.
doi:10.1016/j.joen.2014.04.002.

11. Krasner P, Rankow HJ. Anatomy of the Pulp-Chamber Floor. J Endod.
2004;30(1):5–16. doi:10.1097/00004770-200401000-00002.

12. Selvakumar H, Kavitha S, Vijayakumar R, Eapen T, Bharathan
R. Study of pulp chamber morphology of primary mandibular
molars using spiral computed tomography. J Contemp Dent Pract.
2014;15(6):726–9. doi:10.5005/jp-journals-10024-1606.

13. Shrestha S, Joshi N, Kranti P, Manandhar A. Determination and
Comparison of Maxillary First Premolar Pulp Chamber Landmarks
Using Radio-Visio Graph and Cone-Beam Computed Tomography.
MJDS. 2020;5:29–33.

14. Joshi N, Prajapati K, Shrestha S, Wagle S. Determination &
comparison of maxillary first premolar pulp chamber landmarks using
intraoral periapical radiograph and cone-beam computed tomography.
J Chitwan Med Coll. 2019;9(4):2–5. doi:10.3126/jcmc.v9i4.26889.

15. Vijayakumar R, Selvakumar H, Swaminathan K, Thomas E, Ganesh
R, Palanimuthu S, et al. Root canal morphology of human
primary maxillary molars in Indian population using spiral computed
tomography scan: An in vitro study. SRM J Res Dent Sci.
2013;4(4):139–42. doi:10.4103/0976-433X.125587.

16. Bovino M, Santos LS, Cavalcante L, Lima CCB, Lima MDM,
Moura MS, et al. Dentin thickness of pulp chamber floor in
primary molars: evaluation by cone-beam computed tomography.
Pesqui Bras Odontopediatria Clín Integr . 2021;21:e0013.
doi:10.1590/pboci.2021.128.

17. Cotton TP, Geisler TM, Holden DT, Schwartz SA, Schindler WG.
Endodontic applications of cone-beam volumetric tomography. J
Endod. 2007;33(9):1121–32. doi:10.1016/j.joen.2007.06.011.

18. Yousuf W, Khan M, Mehdi H. Endodontic Procedural Errors:
Frequency, Type of Error, and the Most Frequently Treated Tooth. Int
J Dent. 2015;p. 673914. doi:10.1155/2015/673914.

19. Reuben J, Velmurugan N, Kandaswamy D. The evaluation of
root canal morphology of the mandibular first molar in an Indian
population using spiral computed tomography scan: An in vitro study.
J Endod. 2008;34(2):212–5. doi:10.1016/j.joen.2007.11.018.

Author biography

Vineeta Nikhil, Professor and Head
 

 

https://orcid.org/0000-0003-3954-
5676

Swati Gupta, Professor
 

 

https://orcid.org/0000-0003-1293-5121

Khushboo Bhalla, Assistant Professor
 

 

https://orcid.org/0000-0002-
1653-7211

Sonal Sahu, Assistant Professor
 

 

https://orcid.org/0000-0003-0757-2290

Cite this article: Nikhil V, Gupta S, Bhalla K, Sahu S.
Three-dimensional morphometric analysis of maxillary and mandibular
molars and bilateral correlation in North Indian population. IP Indian J
Conserv Endod 2023;8(2):90-96.

http://dx.doi.org/10.4103/0970-9290.40459
http://dx.doi.org/10.1002/ajpa.1330460305
http://dx.doi.org/10.1016/0300-5712(84)90048-4
http://dx.doi.org/10.1016/j.joen.2014.04.002
http://dx.doi.org/10.1097/00004770-200401000-00002
http://dx.doi.org/10.5005/jp-journals-10024-1606
http://dx.doi.org/10.3126/jcmc.v9i4.26889
http://dx.doi.org/10.4103/0976-433X.125587
http://dx.doi.org/10.1590/pboci.2021.128
http://dx.doi.org/10.1016/j.joen.2007.06.011
http://dx.doi.org/10.1155/2015/673914
http://dx.doi.org/10.1016/j.joen.2007.11.018
https://orcid.org/0000-0003-3954-5676
https://orcid.org/0000-0003-3954-5676
https://orcid.org/0000-0003-3954-5676
https://orcid.org/0000-0003-1293-5121
https://orcid.org/0000-0003-1293-5121
https://orcid.org/0000-0002-1653-7211
https://orcid.org/0000-0002-1653-7211
https://orcid.org/0000-0002-1653-7211
https://orcid.org/0000-0003-0757-2290
https://orcid.org/0000-0003-0757-2290

	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	Conflicts of Interests
	Source of Funding

