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ABSTRACT

Aim: To evaluate the prevalence of pulp stones in patients
undergoing head and neck radiotherapy in comparison to healthy
subjects.

Material and Methods: Patient records retrieved from the
Gaziantep University Dentistry Faculty between the years
2014 and 2022 were selected. Panoramic images of oncologic
patients exposed to head and neck radiation, as well as healthy
subjects, were included in the study. Radiographies of patients
with complicated systemic conditions, edentulous patients, and
patients with full-mouth fixed bridges were excluded. The groups
were arranged as equivalent to each other in terms of age and
gender. The presence of pulp stones in the first and second molar
teeth of 124 (Group Radiotherapy (n=62) and Group Control
(n=62)) patients was radiographically assessed by two observers.
The Chi-square test was employed for statistical analysis of the
data.

Results: The ratio of pulp stones was found to be significantly
higher in the radiotherapy group (50%) (31) as compared to the
control group (19.3%) (12) (p<0.05).

Conclusion: Pulp stones are more common in patients exposed
to head and neck radiotherapy. lonized radiation therapy may
have induced calcification in the pulp space.
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OZET

Amag: Bas-boyun radyoterapisi uygulanan hastalarda pulpa
tagl prevalansini saglikli bireylerle kargilastirmali olarak
degerlendirmek.

Gere¢ ve Yontem: Gaziantep Universitesi Dig Hekimligi
Fakultesi'nden 2014-2022 yillari arasinda alinan hasta kayitlar
secildi. Calismaya bas ve boyun radyasyonuna maruz kalan
onkolojik hastalarin yani sira saglklh bireylerin panoramik
gOruntuleri de dahil edildi. Sistemik rahatsizliklari olan hastalarin,
dissiz hastalarin ve tam agdiz sabit kdprili hastalarin radyografileri
calisma disi birakildi. Gruplar yas ve cinsiyet agisindan birbirine
denk olacak sekilde diizenlendi. 124 (Grup Radyoterapi (n=62)
ve Grup Kontrol (n=62)) hastanin birinci ve ikinci biyik azi
dislerindeki pulpa taslarinin varligi iki godzlemci tarafindan
radyografik olarak degerlendirildi. Verilerin istatistiksel analizinde
ki-kare testi kullanildi.

Bulgular: Pulpa tagi orani radyoterapi grubunda (%50) (31)
kontrol grubuna (%19,5) (12) gére anlamli olarak yiksek bulundu
(p<0.05).

Sonug: Pulpa taslar bas boyun radyoterapisine maruz kalan
hastalarda daha sik gériilmektedir. Iyonize radyasyon tedavisi
pulpa boslugunda kalsifikasyona neden olmus olabilir.

Anahtar Kelimeler: Bas ve boyun radyoterapisi; Panoramik
radyografi; Pulpa kalsifikasyonu
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INTRODUCTION

Pulp stones, defined as calcified formations, can oc-
cur in both healthy and diseased teeth." It can be
observed as free deposits as well as attached to or
embedded in the dentin, coronal pulp or root pulp.
Pulp stones can occur in many different sizes; how-
ever, stones below 200 microns cannot be seen in a
radiographic examination.?

The exact cause of pulp calcifications still remains
unknown.® However, few studies have argued that
some factors like aging, caries, dental procedures,
periodontal diseases, and epithelial residues in the
pulp tissue are associated with pulp stone forma-
tion.4®

Large-sized pulp stones in the pulp chamber may
pose challenges in root canal treatment by causing
an inability to enter the canal orifices with the instru-
ment and may also change the pulp anatomy. Spe-
cifically, adherent stones may deflect the tips of the
canal files in the wrong direction or block passage
through the canal.®

The meta-analytical study of Jannati ef al.” revealed
that pulp stones are seen in more than one-third of
the world’s population, mostly in women.

Calcium salts are continuously deposited in human
tissues, sometimes in an orderly manner and some-
times not. Usually, soft tissues like arteries, brain,
kidneys, lungs, and tooth pulp experience irregular
accumulation of calcium.?

A review of past studies examining the relationship
between pulp stone formation and systemic diseas-
es exposes some interesting findings. For example,
a relationship has been found between pulp stones
and kidney stones.® Furthermore, increased pulp
stone formation has been observed in patients with
carotid artery calcification and in patients diagnosed
with diabetes mellitus'®'" as compared to healthy in-
dividuals.

Head and neck cancer ranks high among malignan-
cies worldwide." It has been shown that radiother-
apy, which is a dominant cancer treatment, affects
pulpal sensitivity.'® As it is known, pulp tissue man-
ages the repair process against a certain irritation,
and long-term pulpal damage can lead to the forma-
tion of structures such as pulp stones.™ After exam-

ining the literature, it has been observed that there is
not enough information about the frequency of stone
formation in the pulp tissue of patients exposed to
head and neck radiotherapy. The aim of this study is
to determine the prevalence of pulp stones in cancer
patients treated with head-and-neck radiotherapy in
comparison to healthy individuals. The null hypoth-
esis of the study implies that the incidence of pulp
stones would be similar between the two groups.

MATERIAL AND METHODS

Conducting this research was deemed appropriate
by the Gaziantep University Clinic Research
Ethics Committee dated August 31, 2022 (no.
2022/301). Patient records retrieved from Gaziantep
University Dentistry Faculty between 2014 and
2022 for checking and dental treatment reasons
were selected in this retrospective study. Initially,
452 cancer patients’ images were extracted from
hospital records. Images of patients who received
radiotherapy for areas other than the head and neck,
patients with chronic morbidity such as diabetes
and cardiovascular and autoimmune diseases,
patients using medications such as antidepressants
and aspirin for a long time, patients with all their
teeth extracted, and patients with full-mouth fixed
bridges were excluded from the study. Squamous
cell carcinoma, olfactory neuroblastoma, malignant
melanoma, thyroid, larynx, pharynx, and lip
malignancies were among the cancer diagnoses in
the experimental group. Furthermore, by eliminating
patient images of poor quality, panoramic images of
a total of 62 patients, including 31 women and 31
men, were determined as the radiotherapy group.
Subsequently, a control group was constituted from
the radiographs of 62 healthy individuals, with gender
and age pair-matched. Radiopaque mass images
detected in the coronal pulp chamber of molar teeth
(excluding third molars) were described as pulp
stones and marked as present or absent (Figure 1).
All radiographic examinations were performed by
two endodontists, and each finding was recorded
after achieving interobserver consensus.

Statistical analysis

Fornumerical variables, mean and standard deviation
are provided, while frequency and percentage
analysis are provided for categorical variables in
the descriptive statistics of the study data. The Chi-
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Fig. 1. Panoramic radiograph of the pulp stone seen in the molar teeth of a patient in the radiotherapy group

squared test with Yates’ correction was performed to
examine significance of the proportions observed in
case and control groups. Analyses were performed
using the SPSS 22.0 software. A P value < 0.05 was
considered indicative of statistical significance.

RESULTS

The average age of the individuals in the experimen-
tal and control groups in the current study was 42.53
1 14.1 (Table 1). The proportion of pulp stones in the
radiotherapy group (50%) (31) was found to be sig-
nificantly higher than the control group (19.5%) (12)
(p<0.05) (Table 2).

Table 1. Mean age values and gender distribution in
the groups

Control Radiotherapy
Age (Mean * Sd) 4253 +14.1 4253141
Gender Male 31 (50) 31 (50)
n (%) Female 31 (50) 31 (50)

DISCUSSION

Pulp stones and pulpal sclerosis are calcifications
resembling the dentin structure within the pulp tis-
sue; however, the cause of their development has
not yet been clearly revealed. Pulp stones are of-
ten seen as an incidental finding on radiographs.
Although pulp stones smaller than 200 ym cannot
be detected radiologically, radiological methods are
often preferred in studies because they are less in-
vasive compared to histological methods.™ For this
reason, our study was carried out on images of pa-
tients whose panoramic radiographs were taken for
various dental reasons.

Treatment procedures for cancer patients include
chemotherapy, radiotherapy, and their combina-
tions. In our study, the prevalence of pulp stones
in patients who received radiotherapy in the head
and neck region was found to be significantly higher
than in healthy individuals who did not receive radio-
therapy, and the null hypothesis was rejected. It is

Table 2. Prevalence of pulp stone in study groups and chi-square test

Control Radiotherapy )
n (%) n (%) oS g
Pulp  Present 12 (19.35) 31(50)
11.535 0.001*
stone Apsent 50 (80.65) 31(50)

*p<0,05; Chi-squared test with Yates’ correction
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known that ionizing radiation causes some changes
in orofacial tissues.” A few such changes include
complications such as mucositis, radiation caries,
bone necrosis, and trismus.® It has also been stated
that radiotherapy may affect the dental pulp. Some
researchers, as a result of their studies using elec-
tric pulp testing and cold sensitivity tests, stated that
the negative pulp response rate was higher in the
early days of exposure to radiotherapy.'”'® Consid-
ering some research outcomes regarding the loss of
pulp sensitivity after radiotherapy, it is thought that
the sensitivity of teeth in the center and near an ir-
radiated area tends to decrease.’ The reason for
this situation may be attributed to vascular changes
because Madani and colleagues emphasized that
teeth affected by radiation may exhibit significant
vascular occlusion.?® Additionally, in a study con-
ducted on rats, after 60 days of ionizing radiation
at different doses, pulp tissue was examined, and
tissue inflammation and occlusion in blood vessels
were detected in the group exposed to high doses.?’

The main matrix component of free pulp stones
has been identified as Type | collagen. Consider-
ing that most stones are fibrodentin, it is thought
that non-odontoblastic pulp cells are responsible for
collagen. Moreover, robust osteopontin immunos-
taining in the pulp stone’s peripheral zone indicated
that collagen originated from less differentiated pulp
cells and is essential to calcification. This is because
mature osteoblasts often express osteocalcin, and
osteopontin expression typically occurs before os-
teocalcin expression.?? These osteopontin immuno-
histochemistry results are parallel to those of urinary
stones and atherosclerotic plaques.?2* Another sig-
nificant factor in the formation of calcified foci inside
the necrotic area of breast tumors is the osteopon-
tin produced by macrophages.?® Considering these
findings, it becomes imperative to investigate the
effect of cancer disease on human metabolism in
the formation of calcifications such as pulp stones,
independent of radiotherapy.

As a result of Havelek et al.’s?® examination of irra-
diated cultures of dental pulp stem cells (DPSCs),
statistically higher volumes of Ca2+ accumulation
were observed as compared to the non-irradiated
control group, which can be considered a reason for
the higher rate of pulp stone formation in the patients
who are exposed to radiotherapy in our study. In the

same study, it was shown that in human dental pulp
stem cells (DPSCs), radiation-induced immature
DPSCs are differentiated into odontoblast and osteo-
blast categories. DPSCs located near blood vessels
respond via differentiation to odontoblast-like cells
that synthesize tubular dentin in vivo during injury.

Past studies have emphasized that irritation of the
pulp tissue as a result of surgical procedures, den-
tal caries, chronic irritants such as long-term wear
and erosion, periodontal problems, and traumatic
responses to orthodontic treatments may have a
harmful effect on the pulp.#?” Microorganisms that
cause tooth decay can cause irritation, damage to
the vascular wall of the pulp tissue, and the accu-
mulation of calcium salts in the tissue. In addition,
radiation caries, characterized by demineralization
in the cervical parts of the teeth and a brown and
black appearance on the incisal edges and tuber-
cle tips, is among the most frequently encountered
dental complications in patients receiving head and
neck radiotherapy, which occurs in the teeth.®? |n
our opinion, this effect can be considered a factor
that may induce pulp calcification in our study. Ran-
jitkar et al. stated that chronic pulp irritation may
cause pulp stone formation.™ In this sense, ionizing
radiation irritates the pulp tissue and promotes the
formation of pulp stones, which needs to be investi-
gated further.

Ciftcioglu et al.*® emphasized the relationship be-
tween nanobacteria and pulp stone formation in their
research.In future studies, one of the possible rea-
sons for the high rate of stones in our study group
may be determined by meticulously examining the
frequency of nanobacteria in cancer patients and
patients receiving head and neck radiotherapy and
their relationship with pulp stones in the same pa-
tients.

One of the limitations of our study is that since the
X-ray records were evaluated retrospectively, it could
not be determined whether these formations existed
before radiotherapy in patients with calcification in
the pulp chamber. For this reason, the current study
should be considered pioneering research, and the
X-ray findings must be compared before and after
radiotherapy in future research endeavors.

Regarding the second limitation, patients with head
and neck cancer may be subjected to chemotherapy
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and radiation therapy at the same time. As far as we
are aware, there is no scientific data demonstrating
the effect of chemotherapy alone on tooth pulp.™
This makes it challenging to assess the degree to
which chemotherapy influenced our results.

CONCLUSION

According to the current study’s findings, patients
undergoing head and neck radiation have a higher
incidence of pulp stones than healthy people. It is
suggested that before beginning root canal treat-
ment, patients undergoing head and neck radiation
therapy should have their teeth thoroughly inspected
for the presence of pulp stones.

ACKNOWLEDGMENT

The authors would like to thank Assoc. Prof. ilkay
Dogan, who provided assistance with biostatistics
experience.

REFERENCES

1. Gulsahi A, Cebeci Al, Ozden S. A radiographic assessment
of the prevalence of pulp stones in a group of Turkish dental
patients. Int Endod J 2009;42:735-9.

2. Colak H, Celebi AA, Hamidi MM, Bayraktar Y, Colak T, Uzgur
R. Assessment of the prevalence of pulp stones in a sample of
Turkish Central Anatolian population. World J 2012;2012:804278.

3. Goga R, Chandler NP, Oginni AO. Pulp stones: a review. Int
Endod J 2008;41:457-68.

4. Baghdady VS, Ghose LJ, Nahoom HY. Prevalence of pulp
stones in a teenage Iraqgi group. J Endod 1988;14:309-11.

5. Siskos GJ, Georgopoulou M. Unusual case of general pulp
calcification (pulp stones) in a young Greek girl. Endod Dent
Traumatol 1990;6:282—4.

6. Pashley DH, Walton RE, Slavkin HC. Histology and physiology
of the dental pulp. In: JI Ingle, LK Bakland, eds. Endodontics, 5th
edn. Hamilton, ON, Canada: BC Decker Inc; 2002. pp. 43-5.

7. Jannati R, Afshari M, Moosazadeh M, Allahgholipour SZ, Eidy
M, Hajihoseini M. Prevalence of pulp stones: A systematic review
and meta-analysis. J Evid Based Med 2019;12:133-9.

8. Yeluri G, Kumar CA, Raghav N. Correlation of dental pulp
stones, carotid artery and renal calcifications using digital
panoramic radiography and ultrasonography. Contemp Clin Dent
2015;6:147-51.

9. Gabardo MCL, Wambier LM, Rocha JS, Kiichler EC, de Lara
RM, Leonardi DP, et al. Association between Pulp Stones and
Kidney Stones: A Systematic Review and Meta-analysis. J Endod
2019;45:1099-105.

10. Ezoddini-Ardakani F, Namayandeh SM, Sadr-Bafghi SM,
Fatehi F, Mohammadi Z, Shahrabi-Farahani S, et al. Association
of pulp stones with coronary artery stenosis. Community Dent
Health 2011;28:305-7.

11. Srivastava KC, Shrivastava D, Nagarajappa AK, Khan ZA,
Alzoubi 1A, Mousa MA, et al. Assessing the prevalence and
association of pulp stones with cardiovascular diseases and
diabetes mellitus in the saudi arabian population—a cbct based
study. Int J Environ Res Public Health 2020;17:9293.

12. Siegel RL, Miller KD, Jemal A. Cancer statistics. CA Cancer
J Clin 2018;68:7-30

13. Weissheimer T, So BB, Pradebon MC, Martins MD, S6 MVR.
Head and neck radiotherapy effects on the dental pulp vitality
and response to sensitivity tests: A systematic review with meta-
analysis. Int Endod J 2022;55:563-78.

14. Ranjitkar S, Taylor JA, Townsend GC. A radiographic
assessment of the prevalence of pulp stones in Australians. Aust
Dent J 2002;47:36—40.

15. Vissink A, Burlage FR, Spijkervet FKL, Jansma J, Coppes RP.
Prevention and treatment of the consequences of head and neck
radiotherapy. Crit Rev Oral Biol Med 2003;14:213-25.

16. Kawashita Y, Soutome S, Umeda M, Saito T. Oral management
strategies for radiotherapy of head and neck cancer. Jpn Dent Sci
Rev 2020;56:62-7.

17-Garg H, Grewal MS, Rawat S, Suhag A, Sood PB, Grewal S,
et al. Dental pulp status of posterior teeth in patients with oral and
oropharyngeal cancer treated with concurrent chemoradiotherapy.
J Endod 2015;41:1830-3.

18. Gupta N, Grewal MS, Gairola M, Grewal S, Ahlawat P.
Dental pulp status of posterior teeth in patients with oral and
oropharyngeal cancer treated with radiotherapy: 1- year follow-
up. J Endod 2018;44:549— 54.

19. Knowles JC, Chalian VA, Shidnia H. Pulp innervation after
radiation therapy. J Prosthet Dent 1986;56:708—11.

20. Madani Z, Azarakhsh S, Shakib P, Karimi M. Histopathological
changes in dental pulp of rats following radiotherapy. Dent Res J
2017;14:19-24.

21. Ribeiro TE, Novais VR, Estrela C, Santana MLL, Rossi-Fedele
G, Decurcio DDA. Does radiotherapy treatment alter the pulp
condition in patients with head and neck cancer? A systematic
review. Braz Oral Res 2023;37: e079.

22. Sodek J, Chen J, Nagata T, Kasugai S, Todescan JrR, Li IW,
et al. Regulation of osteopontin expression in osteoblasts. Ann N
Y Acad Sci 1995;760:223—41.

23. Hirota S, Imakita M, Kohri K, Ito A, Morii E, Adachi S, et al.
Expression of osteopontin messenger RNA by macrophages in
atherosclerotic plaques. A possible association with calcification.
Am J Pathol 1993;143:1003-8.

24. Kohri K, Nomura S, Kitamura Y, Nagata T, Yoshioka K, Iguchi
M, et al. Structure and expression of the mRNA encoding urinary
stone protein (osteopontin). J Biol Chem 1993;268:15180-84.



Tung F., Yilan K.

Cilt: 13, Sayi: 3, 2024 Sayfa: 490-495

25. Hirota S, Ito A, Nagoshi J, Takeda M, Kurata A, Takatsuka Y, et
al. Expression of bone matrix protein messenger ribonucleic acids
in human breast cancers. Possible involvement of osteopontin in
development of calcifying foci. Lab Invest 1995;72:64-9.

26. Havelek R, Soukup T, Cmielova J, Seifrtova M, Suchanek
J, Véavrova J, et al. lonizing radiation induces senescence
and differentiation of human dental pulp stem cells. Folia Biol
2013;59:188-97.

27. James VE, Schour I, Spence JM. Biology of the pulp and its
defence. Journal of the American Dental Association 1959;5:903—
11.

28. Silva ARS, Alves FA, Antunes A, Goes MF, Lopes MA.
Patterns of Demineralization and Dentin Reactions in Radiation-
Related Caries. Caries Res 2009;43:43-9.

29. Hong CH, Nape-as JJ, Hodgson BD, Stokman MA, Mathers-
Stauffer V, Elting LS, et al. A systematic review of dental disease
in patients undergoing cancer therapy. Support Care Cancer
2010;18:1007-21.

30. Ciftcioglu N, Ciftcioglu V, Vali H, Turcott E, Kajander EO.
Sedimentary rocks in our mouth: dental pulp stones made
by nanobacteria. In Instruments, Methods, and Missions for
Astrobiology 1998;3441:130-6.



