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Assesment of radiotherapy effects on 
the blood flow in gingiva and dental 
pulp - a laser Doppler flowmetry 
study

Objective: This study aims to determine and compare the dental pulp and 
gingival blood flow in patients referred for oropharyngeal radiotherapy (RT) at 
three different time points: before the start, immediately after, and six months 
following the completion of RT. The aim is also to evaluate the dependence 
of the pulp and gingival blood flow on the radiation dose. Methodology: A 
prospective study included 10 patients referred for intensity-modulated RT 
(IMRT) in the oropharyngeal region, with at least one intact tooth surrounded 
by a healthy gingiva. The dose received by each selected tooth and adjacent 
gingiva was determined according to the map of treatment planning and 
computer systems. The blood flow measurements were performed using 
the laser Doppler flowmetry (LDF) method. Results: Comparing vascular 
flows at three different time points, the median blood flow in the dental pulp 
showed no statistically significant difference (p=0.325), contrary to gingiva 
(p=0.011). Immediately after RT completion, the gingival flow significantly 
increased compared to its starting point (p=0.012). The pulp flow correlated 
negatively with the radiation dose, whereas a strong correlation was noted 
6 months following the RT completion. Conclusions: RT caused a significant 
acute gingival blood flow increase, followed by a long-term (over six months) 
tendency to return to the starting levels. The dental pulp blood flow is 
differently affected by higher radiation doses (over 50Gy) in comparison to 
lower doses (below 50Gy). During RT planning, considering the possibility 
of protecting the teeth localized near the Gross Tumor Volume as a sensitive 
organ is recommended. 

Keywords: Blood flow. Dental pulp. Gingiva. Radiotherapy. Laser Doppler 
flowmetry.
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Introduction

Currently, radiotherapy (RT) is an integral part 

of the treatment of various neoplastic processes. 

Applied in the treatment of oral and oropharyngeal 

malignancies, RT can be responsible for many 

transient or permanent side effects in the oral 

cavity, such as oral mucositis, radiation caries, 

osteoradionecrosis, or alteration of salivary gland 

function.1,2 By introducing 3D conformal planning and 

intensity-modulated radiotherapy (IMRT), surrounding 

healthy organs became more protected from its 

harmful effects.2 Studies confirm greater sparing of 

the salivary glands and a lower rate of xerostomia 

when using modern RT modalities.2-4 However, teeth 

with supporting tissues, located within the irradiated 

volume, are exposed to harmful effects to a greater or 

lesser extent, depending on the individual dose they 

received, which can differ from the tumor dose. RT 

also causes inflammatory changes in the oral mucosa 

and gingiva, which can result in necrosis, atrophy, 

or unusual gingival enlargement.5 Atrophy of the 

gingiva leads to recession and painful sensitivity in 

the exposed tooth root, whereas gingival enlargement 

causes food impaction and periodontitis. Based on 

the fact that ionizing radiation causes physical and 

chemical tissue damages, some authors suggested 

that applied RT causes dose-dependent alterations 

of the vascular flow in dental pulps, with possible but 

not necessarily permanent consequences: fibrosis 

and atrophy.6-8 Shenoy, et al.8 (2007) have reported 

that the resulting changes in pulp tissue can give a 

false negative response to standard pulp sensitivity 

and vitality tests and indicate inadequate treatment: 

endodontic therapy or even tooth extraction, which 

can trigger a serious complication: osteoradionecrosis 

of the jaw.8,9

So far, no correlation between the intensity of the 

acute effects and the severity of late RT sequelae 

has been proven, which hinders radiation damage 

protection. The laser Doppler flowmetry (LDF) 

technique enables non-invasive monitoring of blood 

flow in different microvascular beds. Analyses of 

microcirculatory blood flow changes caused by RT at 

the subclinical level could help in assessing the course 

and severity of RT side effects. Previous studies have 

not examined the dependence of microcirculatory 

parameters on the individual radiation dose received 

by the corresponding tooth with the adjacent gingiva, 

which can vary within the total irradiated tissue 

volume. Therefore, this study aims to determine 

and compare the dental pulp and gingival blood flow 

in patients referred for RT of the oral cavity and 

oropharynx, at three different time points: before 

the start of RT, immediately after, and six months 

following the completion of RT, while considering the 

individual dose received by each tooth and adjacent 

gingiva. The aim is also to evaluate the dependence 

of the pulp and gingival blood flow on the received 

radiation dose.

Methodology

This study is conducted in accordance with the 

Declaration of Helsinki. The study protocol was 

approved by the Ethical Committee of the School 

of Dental Medicine, University of Belgrade (decision 

No.36/15, July 8th, 2022). All patients signed an 

informed consent before enrolling the study.

The study was designed as a prospective study. 

Data from the literature10 were used to estimate the 

sample size for the difference between the means of 

the blood flow in gingiva and dental pulp before and 

after radiation therapy. The sample size consisted 

of 10 subjects to test the difference between the 

means for a significance level of 0.05 and a statistical 

strength of 80% in the program G*Power 3.1.9.4 

(Germany).

Inclusion criteria
1) Patients with a diagnosis of oral/oropharyngeal 

cancer referred to RT who gave written “informed 

consent”” to participate in the study 

2) Presence of an intact tooth with a healthy 

adjacent gingiva (without signs of inflammation) and 

with no history of previous painful sensations

General exclusion criteria:

Presence of any systemic disease that could 

potentially alter blood flow, such as: arterial 

hypertension, arryhythmia, peripheral vascular 

disease, diabetes mellitus, renal, hepatic or respiratory 

insufficiency, or neurological diseases.

Local exclusion criteria:

1) Discolored tooth

2) Tooth with a history of previous painful 

sensations

3) Tooth damaged by trauma or caries
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4) Tooth with damaged supporting tissues, 

including gingiva (gingival sulcus depth greater than 

2 mm)

5) Tooth reacting painfully to apical palpation and/

or percussion

The intact tooth closest to the center of the 

radiation field was selected for pulp blood flow 

measurements and the base of interdental papilla 

of the adjacent gingiva for the gingival blood flow 

measurements. 

All patients were prescribed and received a total 

radiation dose of 60-66 Gy. The applied modality of 

therapy in each patient included IMRT. To define the 

geometry of the photon beams and estimate the 

volumetric dose distribution in the patient, aiming 

to precisely irradiate the tumor while sparing the 

surrounding organs at risk (OAR), Treatment Planning 

System (TPS) was used. During the planning, the 

teeth with the adjacent gingiva included in the 

study were marked. The estimation of the doses 

for the marked teeth and gingiva was carried out 

in the TPS, based on the set of data, which allows 

insight into the geometric-dosimetric parameters of 

RT at any point in the irradiated tissue volume with 

defined zones: Gross Tumor Volume (GTV, within the 

boundaries of gross tumor, i.e. what can be seen, 

palpated, or imaged), Clinical Target Volume (CTV, 

shows tumor and surrounding tissues with presumed 

tumor), Planning Target Volume (PTV, includes CTV 

and setup margin for patient movements and setup 

uncertainties), Planning Organ at Risk Volume (PRV, 

outlines the organs that need to be protected), Treated 

Volume (TV, provides additional margins around the 

target volume to allow for limitations of the treatment 

technique), and Irradiated Volume (IV, the volume of 

tissue receiving a significant dose).11 According to the 

estimated doses, all the teeth (each of them belonging 

to one respondent), were divided into two groups: 1) 

up to 50 Gy, 2) over 50 Gy.

Laser Doppler flowmetry (LDF)
Blood flow measurements were performed by the 

laser Doppler flowmeter (PeriFlux PF 5001; Perimed, 

Jarfalla, Sweden) with red laser light (623.8 nm) 

using an accompanying software (Perisoft Version 

2.50; Perimed, Stockholm, Sweden). Before each 

blood flow measurement session, the flowmeter was 

calibrated using a latex particle colloidal suspension 

(PerimedMotility Standard, Jarfalla, Sweden).

Prior to pulpal blood flow recordings, the probe 

(407-2, Perimed) was supported on the vestibular 

tooth surface by a custom-made clear plastic splint 

(Bioplast; Schen-Dental, Iserlohn, Germany) covering 

the buccal and lingual surface of the examined tooth 

and adjacent gingiva. The probe holder (Ph 07-6 

Perimed, Jarfalla, Sweden) was incorporated in a 

plastic splint. The probe was positioned perpendicular 

to the enamel surface, on the cervical third of the tooth 

crown, over its central long axis. A rubber dam was 

applied to isolate the pulp flow from the contribution 

of the blood flow by the tissues surrounding the tooth.

For gingival blood flow measurements, the probe 

holder was incorporated in the same plastic splint 

at the base of the interdental papilla to stabilize the 

probe perpendicular to the tissue surface and always 

in the same position.

The blood flow recordings were obtained for at 

least three minutes and expressed in perfusion units 

(PU). Measurements were recorded in a quiet room 

with a constant ambient temperature and by the same 

dentist after the patient had spent 10 minutes resting 

in a supine position and after the blood pressure and 

heart rate had been obtained. The vascular flow was 

measured on each tooth and adjacent gingiva at three 

different time points: before the start of RT (FT0), 

immediately after RT (FT1), and six months following 

the completion of RT (FT2).

Statistical analysis
Statistical analyses were conducted in SPSS 22.0 

(SPSS Statistics for Windows, SPSS, Inc., Chicago, 

IL, USA). The values of pulp and gingival flow were 

expressed as the median. To compare the median flow 

values measured at the level of the dental pulp and 

gingiva at three different times, the Friedman test was 

used. The Wilcoxon test was applied to compare the 

values obtained within individual-paired time points 

(FT0 and FT1, FT1 and FT2, FT0 and FT2). Changes 

in pulpal and gingival flow after the completion of 

RT (FT1 and FT2) relative to the starting point (FT0) 

were compared between the groups that received up 

to 50 Gy and those that received more than 50 Gy, 

using the Mann-Whitney test. Spearman’s coefficient 

was used to show the correlation of the radiation dose 

do the dental pulp and gingival flow. P values < 0.05 

were set as significant.
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Results

Due to the two dropouts during the study, eight 

respondents were included in the analysis (three men 

and five women), aged 32-68 years, with the average 

age of 50.75 years (post-hoc achieved power analyzed 

in G*power program version 3.1.9.2. was 96.29%). All 

respondents had tumors of the oral cavity, including 

several different but relatively close localizations: 

mucosa of the alveolar part of the mandible-1, mucosa 

of the alveolar part of the maxilla-1, buccal mucosa-1, 

base of the oral cavity-1, tongue-3, and tongue with 

the base of the oral cavity-1.

Of a total of eight tested teeth, three were central 

maxillary incisors, four were lower canines, and one 

was a lower premolar. Although the total radiation 

doses in all patients were 60-66 Gy, the individual 

doses received by the teeth and adjacent gingiva 

included in the study differed significantly and 

varied from 20 to 60 Gy. The dose for the tooth and 

associated gingiva corresponded to the total received 

dose (60Gy) in only two of eight patients. Four of a 

total of eight teeth received a dose greater than 50 

Gy, whereas the remaining four received a dose of 

less than 50 Gy.

A descriptive analysis of gingival blood flows 

showed a significant increase in the median value 

at FT1 compared to FT0, followed by a decrease at 

the FT2, although no complete return to the starting 

point was found (Figure 1). Comparing the gingival 

flow values obtained at different measurement points, 

a significant difference (p=0.011) was observed. 

Additionally, the Wilcoxon test was applied, which 

showed that the obtained significance comes from 

the difference in flow values FT0 and FT1 (p=0.012).

The dental pulp blood flow showed a slight increase 

of the median value starting from the initial FT0, over 

Figure 1- Median value of gingival blood flow measured at three different time points
FT0- before the start of RT; FT1- immediately after the completion of RT; FT2- 6 months after the completion of RT.

Figure 2- Median value of dental pulp blood flow measured at three different time points
FT0- before the start of RT; FT1- immediately after the completion of RT; FT2- 6 months after the completion of RT. 
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the FT1 to FT2 recordings (Figure 2). The median pulp 

flow values, obtained at experimental times FT1 and 

FT2, showed no significant difference relative to the 

median obtained at the initial time FT0 (p=0.325). 

The gingival flow values showed an increase after 

the completion of RT (FT1, FT2) relative to the start 

point (FT0), regardless of the dose. Still, the increase 

was higher with the doses >50 Gy, compared with the 

doses of up to 50 Gy, although without reaching the 

level of significance (Figure 3). When it comes to the 

doses > 50 Gy, a decrease in the dental pulp flow rates 

at FT2 compared to the initial values was observed 

(FT0) (Figure 4). As opposed to this, regarding the 

doses of up to 50 Gy, a slight increase in these values 

prevailed, although without a statistical significance.

The radiation dose and gingival flow showed 

no statistically significant associations or a strong 

correlation. In contrast, a negative correlation between 

the pulp flow and the radiation dose at times FT1 and 

FT2 was observed, indicating that when the dose is 

increased, the dental pulp flow decreases (Table 1). 

Although no statistically significant association was 

found, a strong correlation was observed six months 

after the completion of RT (FT2).

Figure 3- Median value of gingival blood flow at three different time points in relation to the radiation dose
FT0- before the start of RT; FT1- immediately after the completion of RT; FT2- 6 months after the completion of RT.

Figure 4- Median value of dental pulp blood flow at three different time points in relation to the radiation dose
FT0- before the start of RT; FT1- immediately after the completion of RT; FT2- 6 months after the completion of RT.
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Discussion

The result of applied radiotherapy is a dose-

dependent obliterant endarteritis that leads to 

ischemia of soft tissues and fibrosis, whereas 

the irradiated bone becomes hypovascular and 

hypoxic.9,12,13 The most frequent early side effect of 

RT applied in the oropharyngeal region is mucositis, 

which develops in about 80% of patients, and 

manifests by the atrophy of epithelial cells combined 

with an inflammatory infiltrate. Its pathogenesis is 

complex and based on the interactions of various 

cellular and tissue factors, including the effects of the 

oral cavity microflora and the development of vascular 

reactions.13 With doses of 50-65 Gy, several months 

after the end of RT, late effects in the form of soft 

tissue atrophy and fibrosis can be expected12. Based 

on this, the patients included in our study were divided 

into two groups according to the received dose at the 

level of the selected tooth with adjacent gingiva (up 

to 50 Gy and >50 Gy). These late effects are mainly 

caused by microvascular damage and manifested as 

changes in the blood flow or blood vessel diameter 

and architecture.12 Microvascular parameters in the 

irradiated oral mucosa were analyzed in vivo for 

the first time by Davoudi, et al.14 (2013), using the 

Doppler Optical Coherence Tomography (DOCT) 

method, which showed that the average speed of the 

blood flow in all examined regions of the oral mucosa 

was 1.8 times higher and the pulsation index was 2 

times higher in patients after completed RT than in 

healthy volunteers. In addition, higher values of both 

flow rate and pulsatility index were recorded in the 

regions that received a higher RT dose on the side of 

the tumor (56-66 Gy) compared to the contralateral 

side (47-53 Gy), although how much time elapsed 

from the completion of RT to the measurement is 

not mentioned. A similar trend of a dose-dependent 

increase in the blood flow after completed RT was 

recorded for the gingivae in our study, which can 

be attributed to more pronounced inflammatory 

changes. Using the same method, Maslennikova, et 

al.13 (2017) detected a significant increase in the total 

length of blood vessels with a diameter of <15 μm, 

with a dose of approximately 30 Gy (in the middle 

of the treatment), before the appearance of any 

clinical signs of mucositis. This finding indicated the 

usefulness of DOCT in terms of prediction and early 

detection of mucositis.13 Helmers, et al.10 (2017) 

analyzed microvascular changes of the buccal mucosa 

and gingiva in patients undergoing RT using the video 

microscope “Cyto Cam.” The differences observed in 

the irradiated mucosa referred to telangiectasias, 

although neither buccal nor gingival mucosa showed 

significant differences in the microvascular flow index 

determined before and six months after the completion 

of RT. The results of our study showed a significant 

increase of the gingival blood flow at the end of RT 

compared with the initial values (FT1:FT0), which 

can be attributed to the inflammatory response. Six 

months following the RT completion (FT2), the median 

flow showed a tendency to decrease, but without 

reaching the initial values (FT0). The accumulation 

of dental plaque and the burden of microorganisms 

can affect inflammatory changes and thus the density 

of gingival capillaries.10 A comparison of periodontal 

indices before starting and six months after the end 

of RT showed a significant increase in Siller’s oral 

hygiene index (OHIS), epithelial attachment level 

(CAL), and gingival recession (GR).15 The increase 

in the oral hygiene index could be explained by the 

associated hyposalivation, pain, and trismus, but also 

by the lack of psychological and emotional motivation 

of oncology patients.15 Gingival recession was more 

pronounced in the mandible than in the maxilla, which 

can be related to the lesser degree of vascularization. 

In addition, an unusual enlargement of the gingiva 

several months after the end of RT was mentioned 

in the literature, whereas the multiplication of gram-

negative bacilli is cited as a possible mechanism for 

its occurrence.5 A change in the oral microflora and 

an increase in the level of endotoxin released by 

gram-negative bacilli could play an important role 

in the development of inflammatory changes in the 

gingiva and lead to an altered tissue response and 

consequent gingival enlargement. Poor oral hygiene 

undoubtedly supports and accelerates the process 

of periodontium alteration; therefore, dentists must 

educate their patients undergoing RT.

Radiation dose

Parameters Rs p value

Pulp flow FT1 -0.287 0.490

Pulp flow FT2 -0.575 0.137

Gingival flow FT1 -0.228 0.588

Gingival flow FT2 0.156 0.713

Table 1- Correlation of the radiation dose to the dental pulp and 
gingival flow

Rs – Spearman correlation coefficient
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Although a descriptive analysis of pulp flows in our 

study showed a slight increase in the median value 

after completed RT compared to the initial value, 

no statistically significant difference was observed. 

Kataoka, et al.16 (2011) showed different responses 

of dental pulp circulation to RT using the pulse 

oximetry method. The authors observed a significant 

reduction in the pulp oxygenation level from the initial 

93% before treatment to 77% at the end of the RT 

treatment (60-70Gy), including a repeated increase 

in %SpO2 values with a tendency to approach initial 

values (85%) 4-5 months after treatment. These 

differences could be explained by the fact that the 

study by Kataoka, et al.16 (2011) was based on a 

different methodology (pulse oximetry against blood 

flow in our study), differences in the age structure of 

the examined patients, as well as probable differences 

in the received dose at the level of the examined teeth. 

The authors did not evaluate the doses of radiation 

for the tooth per se. Furthermore, the average age of 

the patients was 47.2 years (the oldest patient was 

55 years old), whereas in our study the average age 

was 50.75 years (the oldest patient was 68 years old). 

Our results showed a decrease in the median pulp flow 

FT2 compared to the initial value of FT0 with doses > 

50 Gy; however, an increase in these values prevailed 

with lower doses, although no statistical significance 

was found. Correlation results confirmed a negative 

association between the pulp flow and radiation dose, 

indicating that increasing the dose decreases the pulp 

flow, as a strong correlation noted six months after the 

completion of RT was found. The fine vascular network 

of the dental pulp, enclosed within the surrounding 

dentin and without collateral circulation, creates a 

low compliance circulatory system that is probably 

more sensitive to high doses of radiation compared to 

that in the gingiva. Although the studies of Kataoka, 

et al.7, 16 (2016, 2011) showed the recovery of pulp 

oxygenation few months or years after the completion 

of RT. The authors did not evaluate the doses of 

radiation for the tooth per se. Still, in current RT 

modalities, these doses deviate to a greater or lesser 

extent from the doses within the Gross Tumor Volume 

(GTV). Although only in a limited number of cases 

the dose received by the tooth really corresponds to 

the general dose, permanent consequences can still 

be expected. Therefore, regular clinical examinations 

and tooth vitality testing are certainly recommended 

during and after RT treatment. Any necrosis of the 

pulp not treated in time with an endodontic approach 

may lead to tooth extraction and be complicated by 

osteoradionecrosis.

As limitation of our study we cite the sample 

size. Although a difference in the flow changes was 

observed after the end of therapy between the teeth 

that received <50 Gy and those that received >50 

Gy, statistical significance was not reached. Knowing 

the fact that the pulp flow showed a strong negative 

correlation with the radiation dose six months after 

RT completion, it would be justified to conduct a 

comparative study of the pulp flow changes after 

completed RT between the teeth that received <50 

Gy and those that received >50 Gy, with a larger 

sample. The strict exclusion criteria should not be 

ignored, as well as the fact that this is the first study 

that considered the variability of radiation doses for 

the tooth and adjacent gingiva, which is the reality of 

current RT modalities. The most demanding criterion, 

which a small number of patients aged 30-70 satisfy, 

is the presence of intact teeth and healthy gingiva. 

Consequently, our sample consisted of teeth from 

different morphotypes (central maxillary incisors, 

lower canines, and lower premolar) that, according 

to Norer, et al.17 (1999), could potentially affect 

PBF levels. We believe that this has no significant 

impact on our results considering the fact that we 

observed and compared blood flow levels of the same 

tooth at three-time intervals (before, after, and six 

months following radiation therapy). The studies by 

Kataoka, et al.7,16 (2016, 2011) also considered teeth 

with smaller restorations, but we believe that any 

preparation and production of secondary dentin could 

affect the vascular flow.

Conclusion

Currently, highly conformal dose distributions and 

dose gradients in pathological and normal tissues, 

delivered by IMRT, have made the appearance, 

severity, and possible sequelae specific to each 

patient, requiring a strictly individual approach.

In gingivae, RT causes acute blood flow increase, 

followed by a long-term (over six months) tendency to 

return to the starting levels, whereas the dental pulp 

blood flow is differently affected by higher radiation 

doses (over 50 Gy) in comparison to lower doses 

(below 50 Gy).
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When planning RT, we recommend considering 

the possibility of protecting the teeth localized along 

the GTV as a sensitive organ to avoid permanent 

consequences, especially if the given teeth are 

perceived as potential carriers of future prosthetic 

restorations. Before starting RT, we advise a 

consultation with a dentist and, in indicated cases, 

pre-irradiation dental treatment.

Acknowledgwments
We would like to thank Irena Aleksic-Hajdukovic, 

Assistant Professor in English Language at the 

School of Dental Medicine, University of Belgrade, for 

reviewing the language of the manuscript.

Conflict of interest
The authors declare no conflict of interest.

Authors’ contributions
Antic, Svetlana: Conceptualization (Lead); 

Data curation (Equal); Formal analysis (Equal); 

Funding acquisition (Equal); Investigation (Equal); 

Methodology (Equal); Project administration (Equal); 

Resources (Equal); Software (Equal); Supervision 

(Equal); Validation (Equal); Visualization (Equal); 

Writing – original draft (Lead); Writing – review & 

editing (Equal). Markovic-Vasiljkovic, Biljana: 
Conceptualization (Supporting); Data curation 

(Supporting); Formal analysis (Equal); Funding 

acquisition (Equal); Investigation (Equal); Resources 

(Equal); Software (Equal). Supervision (Equal); 

Validation (Equal); Visualization (Equal); Writing – 

original draft (Supporting). Writing – review & editing 

(Equal). Dzeletovic, Bojan: Conceptualization 

(Supporting); Data curation (Lead); Formal analysis 

(Equal); Funding acquisition (Equal); Investigation 

(Equal); Methodology (Equal); Project administration 

(Equal); Resources (Equal); Software (Equal); 

Supervision (Equal); Validation (Equal); Visualization 

(Equal); Writing – original draft (Supporting); Writing 

– review & editing (Equal). Jelovac, Drago B: 
Conceptualization (Supporting); Data curation (Equal); 

Formal analysis (Equal); Funding acquisition (Equal); 

Investigation (Equal); Methodology (Supporting); 

Project administration (Equal); Resources (Equal); 

Software (Equal). Supervision (Equal); Validation 

(Equal); Visualization (Equal); Writing – original draft 

(Supporting). Writing – review & editing (Supporting). 

Kuzmanovic-Pficer, Jovana: Conceptualization 

(Supporting); Data curation (Equal); Formal analysis 

(Equal); Funding acquisition (Equal); Investigation 

(Equal); Methodology (Equal); Project administration 

(Equal); Resources (Equal); Software (Equal); 

Supervision (Supporting); Validation (Equal); 

Visualization (Equal); Writing – original draft 

(Supporting); Writing – review & editing (Equal).

References
1- Kataoka SH, Setzer FC, Fregnani ER, Pessoa OF, Gondim E Jr, 
Caldeira CL. Effects of 3-dimensional conformal or intensity-modulated 
radiotherapy on dental pulp sensitivity during and after the treatment 
of oral or oropharyngeal malignancies. J Endod. 2012;38:148-52. doi: 
10.1016/j.joen.2011.09.022
2- Li Y, Taylor JM, Ten Haken RK, Eisbruch A. The impact of dose on 
parotid salivary recovery in head and neck cancer patients treated 
with radiation therapy. Int J Radiat Oncol Biol Phys. 2007;67:660-9. 
doi: 10.1016/j.ijrobp.2006.09.021
3- Chao KS, Ozyigit G, Tran BN, Cengiz M, Dempsey JF, Low DA. 
Patterns of failure in patients receiving definitive and postoperative 
IMRT for head-and-neck cancer. Int J Radiat Oncol Biol Phys. 
2003;55:312-21. doi: 10.1016/s0360-3016(02)03940-8
4- Rusthoven KE, Raben D, Ballonoff A, Kane M, Song JI, Chen C. 
Effect of radiation techniques in treatment of oropharynx cancer. 
Laryngoscope. 2008;118:635-9. doi: 10.1097/MLG.0b013e31815fdf0e
5- Singh V, Bhat GS, Bhat KM. A rare case of unusual gingival 
enlargement post radiotherapy. J Indian Soc Periodontol. 2011;15:280-
3. doi: 10.4103/0972-124X.85676
6- Abed H, Mannocci F, Bakhsh A. The impact of radiotherapy on pulp 
vitality in patients with head and neck cancer: a systematic review. 
Saudi Endod J. 2021;11:123-8. doi: 10.4103/sej.sej_136_20
7- Kataoka SH, Setzer FC, Gondim-Junior E, Fregnani ER, Moraes CJ, 
Pessoa OF, et al. Late effects of head and neck radiotherapy on pulp 
vitality assessed by pulse oximetry. J Endod. 2016;42:886-9. doi: 
10.1016/j.joen.2016.02.016
8- Shenoy VK, Shenoy KK, Rodrigues S, Shetty P. Management of 
oral health in patients irradiated for head and neck cancer: a review. 
Kathmandu Univ Med J (KUMJ). 2007;5:117-20.
9- Vissink A, Jansma J, Spijkervet FK, Burlage FR, Coppes RP. Oral 
sequelae of head and neck radiotherapy. Crit Rev Oral Biol Med. 
2013;14:199-212. doi: 10.1177/154411130301400305
10- Helmers R, Straat NF, Navran A, Nai Chung Tong TA, Teguh DN, 
van Hulst RA, et al. Patient-side appraisal of late radiation-induced oral 
microvascular changes. Int J Radiat Oncol Biol Phys. 2018;102:1299-
307. doi: 10.1016/j.ijrobp.2018.01.051
11- Caudell JJ, Meredith RF, Spencer SA, Keene KS, Dobelbower MC, 
Bonner JA. Margin on gross tumor volume and risk of local recurrence 
in head-and-neck cancer. Int J Radiat Oncol Biol Phys. 2010;76:164-8. 
doi: 10.1016/j.ijrobp.2009.01.037
12- Taheri M, Sohrabi K, Salehi MH, Najafi MH. Clinical evaluation of 
the effects of radiotherapy on oral mucosa and gingiva. J Radiother 
Pract. 2008;7:195-204. doi:10.1017/S1460396908006390
13- Maslennikova AV, Sirotkina MA, Moiseev AA, Finagina ES, 
Ksenofontov Y, Gelikonov GV. In-vivo longitudinal imaging of 
microvascular changes in irradiated oral mucosa of radiotherapy cancer 
patients using optical coherence tomography. Sci Rep. 2017;28:16505. 
doi: 10.1038/s41598-017-16823-2

Assesment of radiotherapy effects on the blood flow in gingiva and dental pulp - a laser Doppler flowmetry study



J Appl Oral Sci. 2022;30:e202203299/9

14- Davoudi B, Morrison M, Bizheva K,  X D Yang V,  Dinniwell R,  Levin 
W, et al. Optical coherence tomography platform for microvascular 
imaging and quantification: initial experience in late oral radiation 
toxicity patients. J Biomed Opt. 2013;18:76008. doi: 10.1117/1.
JBO.18.7.076008
15- Ammajan RR, Joseph R, Rajeev R, Choudhary K, Vidhyadharan 
K. Assessment of periodontal changes in patients undergoing 
radiotherapy for head and neck malignancy: a hospital-based study. 
J Cancer Res Ther. 2013;9:630-7. doi: 10.4103/0973-1482.126461

16- Kataoka SH, Setzer FC, Gondim-Junior E, Fregnani ER, Pessoa 
OF, et al. Pulp vitality in patients with intraoral and oropharyngeal 
malignant tumors undergoing radiation therapy assessed by 
pulse oximetry. J Endod. 2011;37:1197-2000. doi: 10.1016/j.
joen.2011.05.038
17- Norer B, Kranewitter R, Emshoff R. Pulpal blood-flow characteristics 
of maxillary tooth morphotypes as assessed with laser Doppler 
flowmetry. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 
1999;87:88-92. doi: 10.1016/s1079-2104(99)70301-x

ANTIC S, MARKOVIC-VASILJKOVIC B, DZELETOVIC B, JELOVAC DB, KUZMANOVIC-PFICER J


	_heading=h.30j0zll
	_heading=h.1fob9te
	_heading=h.3znysh7
	_heading=h.2et92p0
	_heading=h.tyjcwt
	_heading=h.3dy6vkm
	_heading=h.1t3h5sf

