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Examination of pulp blood circulation of teeth
with abrasion
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Summary

When the dentin is exposed, for example as a result of tooth abrasion, the pulp-dentin complex will be exposed
to the long-term effects of various irritants resulting from the entry of bacterial substances through the dentinal
tubules into the pulp. This can lead to a pulp reaction associated with inflammatory or degenerative changes.
The aim of the present study is to investigate pulp vitality in teeth with abrasion in patients with bruxism before
and after treatment with occlusal splints for 6 months. Pulp examination was performed by pulse oximetry and
the results showed a statistically significant difference before and after treatment, with pulp saturation being 89%
and 82%, respectively. An increase in pulp saturation values is observed, close to the levels observed in cases of
hyperemia/initial pulpitis. After 6 months of application of occlusal splints for the prevention of complications of
parafunction, normalization of pulp blood circulation is observed.

Pezrome

Koeamo oenmunvm e oconen, nanpumep 6 pe3yimam Ha 360H0 Usmpueane, nyano-0eHmuHOSUsm KOMIIEKC
we 6voe noonodcer HA ObA2OCPOUHOMO Bb30eliCcmaue HA PA3IUYHU OPA3ZHUMENU, pe3yImanm Om HAGIU3AHe
Ha OaxmepuanHu cyocmanyuu npez OoeHmuuosume myoyau ¢ nyinama. Toea mooice 0a 0oeede 00 MYINHA
peaxkyus, cebP3aHa ¢ Gb3NATUMETHU UTU 0ecenepamuenu npomenu. Llenma na nacmosujomo uzciedsane e 0a
ce npoyuu NYINHUAM SUMAIUmMem Hd 360U ¢ USMPUBAHe NPU NAYUEHMU ¢ OPYKCU3bM Npedu U clied NPUL0dCeHUe
HA OKAY3AIHU WUHU 3 Nepuod om 6 meceya. 3a usciedeane na NyInama e usnoi38and nyico8a OKCUMEmpus.
Pezynmamume nokazeam cmamucmuyecku 3HAYUMA pA3IuKa npeou u cied Npuiazane Ha OKIAY3AIHU WUHU C
nyanua camypayus cbomseemuo 89% u 82%. Habniooasa ce nosuwiasane Ha cmounocmume Ha camypayus, OnusKu
00 HUea, HabnVOasanu 6 ciyyau na xunepemus/nadanren nyinum. Cieo 6 MeceyHo NpuIodiCeHue Ha OKIY3aIHU
WUHY 30 BPOPUAAKMUKA HA NOCTEOCMBUSIMA OM NAPADYHKYUSAMA ce Hab00a8a HOPMATUZUPAHE HA NYTRHOMO
KpwveooOpauyenue.
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Introduction

Although dentin and pulp are structurally dif-
ferent, they react together in response to stimuli,
so the pulp-dentin complex is a single functional
unit. Changes in one of the structures is associ-
ated with changes in the other. When the dentin
is exposed, for example as a result of tooth abra-
sion, the pulp-dentin complex will be exposed to
the long-term effects of various irritants resulting
from the entry of bacterial substances through the
dentinal tubules into the pulp. This can lead to the
transition of the acute dentinal reaction (associated
with pain from thermal, mechanical and osmotic
stimuli) when there exposed dentin to a chronic
pulp reaction (associated with dystrophic, atrophic
and necrotic changes) [1, 2].

One of the most common causes of dentin expo-
sure is tooth abrasion. It is observed on the occlusal or
incisal tooth surfaces. As a result of this process, the
peritubular dentin is affected first. As tooth wear pro-
gresses, the dentinal tubules enlarge and changes in
the intertubular areas are observed. With rapid prog-
ress of abrasion, sensitivity appears in the teeth, espe-
cially to thermal, mechanical and osmotic irritants. In
cases of slow progression of the abrasion, there may
be no clinical symptoms, which is the cause of severe
damage to the entire dentition [3, 4, 5, 6].

When they enter the dental pulp through the
exposed dentin, microorganisms and their products
can cause changes of varying severity. It has been
debated for decades whether bacterial or chemical
irritants cause more severe pulp inflammation. In
all cases, however, exposed dentin leads to “stress”
in the pulp [1].

The term “stressed pulp” describes a vital den-
tal pulp that has been subjected to repeated dam-
aging effects for a long time. The stressed pulp
condition is a clinical concept, not a histological
finding. Pulp “stress” can lead to the slow devel-
opment of conditions such as atrophy, dystrophy
or necrosis of the dental pulp [7].

It is known that bruxism results in a much
higher functional load on the teeth than the physio-

logical one. In this regard, further research is need-
ed to determine the impact of this parafunction on
the dental pulp and in particular the possibility of
developing “pulp stress” and subsequent atrophy
O NEeCrosis.

Aim
To examine the pulp blood circulation by pulse
oximetry (PO) in teeth with abrasion before and

after the application of occlusal (dental) splints for
the prevention of complications of bruxism.

Material

To accomplish the task 30 teeth of 11 patients
will be examined with abrasion to the degree of
exposed dentin, without affecting the dental pulp.

Criteria for inclusion in the study:

— Teeth with abrasion to the degree of exposed
dentin without affecting the dental pulp attrition
cum abrasionem

— Teeth without data for endodontic treatment

— Teeth without radiographic data for the pres-
ence of periapical inflammatory processes

— Patients diagnosed with bruxism who are
about to be treated with occlusal splints made on
the upper jaw

Methods

A Contec CMS 8000 pulse oximeter with cus-
tom made dental tips (Fig. 1) will be used to exam-
ine the blood circulation of the tooth. The study is
performed before starting treatment and 6 months
after wearing braces for bruxism according to the
following method:

— The tooth to be examined is dried;

— A tip is chosen, the model of which should
correspond to the tooth group of the examined
tooth;

— The tip of the pulse oximeter is positioned so
that the diodes are located on the vestibular tooth
surface and the photodetector — on the oral;

— After the calibration time of the device has
elapsed, the obtained value of the screen is read,
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which corresponds to the percentage of blood sat-
uration in the pulp of the tooth;

— The patient remains immobile while the mea-
surement is performed;

— In the presence of large disturbances or very
homogeneous peaks and dips in the plethysmo-
gram, the study is repeated.

A standard patient questionnaire, an intraoral
clinical examination, and a single-use portable
BiteStrip® electromyograph were used to diag-
nose bruxism (Fig. 2).

An all-digital protocol was used to make the
occlusal splints for the prevention of complica-
tions of bruxism:

— Scanning of the dentition of the upper and
lower jaw, including left and right occlusion with
a dust-free intraoral scanner Medit 1500 (Medit
Corp.) (Fig. 3).

— Digital design of the upper jaw splint, using
a virtual articulator in Exocad v. Plovdiv (exocad
GmbH)

— Production of the splint by three-dimensional
(3D) printing in the following steps:

o Introduction of the project in the software for
3D printing PreForm v.3.18.0 (Formlabs); prepa-

ration for printing by orientation and generation of

prorotype supports;

Figure 1. Examination of teeth by pulse oximeter: a) examination of frontal tooth; b) examination of premolar, c), d) exam-
ination of molar, (e) a patient during the examination; f) device monitor showing plethysmogram and saturation value

Figure 2. BiteStrip® portable electromyograph
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Figure 3. (a) Medit 1500 intraoral scanner, (b) Scanned upper and lower jaw

o Printing the splint with a Form 2 (Formlabs)
three-dimensional printer (Fig. 4 a) based on ste-
reolithographic technology (SLA). The material
used is a transparent liquid photopolymer resin for
SLA - Dental LT Clear (Formlabs).

o Post-polymerization processing of the splint
by means of the devices accompanying the printer

- Form Wash (ultrasonic bath with isopropyl alco-
hol) - fig. 4 (b) and Form Cure (ultraviolet polym-
erization device) — Fig. 4 (c).

— Finishing and polishing the finished splint

— Adjustment of the occlusal-articulation contacts
of the splint with the antagonist teeth of the lower jaw
in the patient’s mouth and handover for use (Fig. 5)

Figure 4. (a) Form 2 3D printer, (b) Form Cure Ultrasonic Bath, (c) Form Cure ultraviolet curing device

Figure 5. a) Visualization of evenly distributed contacts within the splint; (b) Intraoral view of a 3D printed splint
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Prophylactic occlusal splints are intended for
use during sleep, and patients are given instruc-
tions for care and storage. Control examinations
are scheduled at the following intervals:

—2 weeks after placement - in order to check
the fit, occlusal-articulation contacts and patient
comfort

— 6 months after placement - in order to check
the condition of the splints and a second measure-
ment by EPT of the teeth included in the study

The results of the study were statistically pro-
cessed using IBM Statistics SPSS v.19 software.

Results

From the conducted researches we received the
following results:

Table 1. Examination of pulp blood circulation with pulse
oximeter before and after treatment (6 months) with occlu-
sal splints for bruxism

Statistical data
n (teeth) x +SD t-test
Examination
Before treatment 30 89,36 £3,21
t=1,29
p=0,22
After treatment 30 82,53 +2,43

The obtained results show that before the treat-
ment the levels of saturation of the dental pulp are
around 90%, which is higher than the established
norm. After 6 months of treatment with occlusal
splints for bruxism, a decrease in saturation values
was observed, as they returned to normal and av-
eraged about 82%.

Discussion:

Pulp circulation has complex compensatory
mechanisms, which is mainly due to the capillary
network. There are several types of capillaries —
fenestrated, non-fenestrated (continuous), inter-
mittent capillaries and connecting capillaries [8,
9]. They form a dense network and anastomoses
in the subodontoblast space, which penetrate be-
tween the odontoblasts and continue as venules. A

system of arteriovenous anastomoses and shunts
is formed. They are activated during pulp damage
or chronic trauma [9, 10]. All afferent blood ves-
sels (except capillaries), arteriovenous anastomo-
ses and shunts have many mechanisms to control
regional blood flow [9]. Inflammation of the pulp
also reveals a large number of active arteriovenous
shunts, vascular loops, increased blood flow and
lymphatic drainage [10, 11, 12, 13]. According to
Bishop, pulp microcirculation can be increased by
up to 40% in the early stages of the inflammatory
process [14].

The high values of pulp saturation before treat-
ment in bruxists are probably due to the involve-
ment of these mechanisms in chronic trauma to the
teeth. Shunts and collaterals are opened to com-
pensate for the traumatic condition. In a study by
Pileggi, it was found that as a result of the trauma,
the number and diameter of blood vessels in the
pulp increased, which also increased blood flow —
hyperemia occurs, which is transient and gradually
disappears in the next 10-14 days [15]. Increased
blood flow in combination with stasis means a
greater number of hemoglobin-containing erythro-
cytes and therefore greater light absorption by the
photodiodes of the pulse oximeter, which is mani-
fested in the higher value shown on the display of
the device [16, 17, 18].

On the other hand, when dentin is exposed,
there are conditions for pathogens to affect the pe-
ripheral areas of the pulp through open dentinal tu-
bules. Upon stimulation, sensory nerve fibers not
only transmit pain but are able to elicit a neurogen-
ic inflammatory response through the secretion of
neuropeptides, in particular substance P (SP), va-
soactive interstitial polypeptide (VIP), calcitonin
(CT), calcitonin gene-linked peptide. (CGRP) and
neuropeptide Y (NPY) [19]. The release of these
compounds leads to vasodilation and increased
vascular permeability, as well as to the activation
of immune cells [20]. The presence of an initial,
asymptomatic infl a mmatory process and injury
to the sensory nerve fibers cause the formation
of terminal branches of neurons in the remaining
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healthy pulp tissue [21]. This may enhance the in-
flammatory response through increased neuropep-
tide secretion, which further increases pulp blood
flow and saturation [22, 23].

Conclusions

Tooth abrasion due to parafunctional activity
of the masticatory apparatus can lead to disruption
of the normal blood circulation of the dental pulp.
An increase in pulp saturation values is observed,
close to the levels characteristic of hyperemia / ini-
tial pulpitis. After 6 months of application of oc-
clusal splints for the prevention of complications
of parafunction, normalization of the pulp circula-
tion is observed.
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