
Romanian Journal of Medical and Dental Education 

Vol. 8, No. 12, December 2019 

 
 

30 
 

DENTAL PULP TISSUE BETWEEN NORMAL AND PATHOLOGIC - 

HEMODYNAMIC PARTICULARITIES 

Hurjui Ion
1
, Șerban Ionela Lăcrămioara

1
, Hurjui Loredana Liliana

1
*, Jipu Raluca

1
, 

Mitrea Mihaela
1*

, Balcos Carina
2
, Grădinaru Irina

2
 

Corresponding author: *Hurjui Loredana Liliana email: loredana.hurjui@umfiasi.ro   

                            *Mitrea Mihaela email: mihaela.mitrea77@gmail.com  

1
 „Grigore T.Popa” University of Medicine and Pharmacy, Iași, România, Faculty of Medicine, 

Department of Morpho Functional Sciences II 
2 
„Grigore T.Popa” University of Medicine and Pharmacy, Iași, România, Faculty of Dentistry, 

Department of Implantology, Removable Dentures, Technology 

 

ABSTRACT  

Recent research on the histophysiology of the dental pulp has managed to explain a number of aspects regarding the 

microcirculation of the pulp territory. The main functions of the pulpal microcirculation are to supply the pulpal 

tissue with oxygen and nutrients in the necessary concentration and pressure (through the arterial circulation), and to 

ensure the removal of metabolic products (through the return venous circulation). The circulation must be in 

accordance with the physiological needs of the pulpal tissue and the vascular intraluminal pressure must be in 

equilibrium with the tissue pressure. 

In conclusion, a thorough knowledge of vascularization, innervation and pulpal hemodynamics, as well as its 

regulation in physiological and pathological conditions, are essential for the management of prophylaxis and 

therapeutics of dental pulp pathology. 
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INTRODUCTION 

Dental pulp is a tissue difficult to study 

due to its particular situation, enclosed in 

hard tissues and hidden from the eyes of the 

observer. In recent years, research into the 

physiology of the dental pulp has clarified a 

number of unknown aspects regarding 

microcirculation and innervation, especially 

the presence and roles of local neuropeptides 

in pulpal homeostasis. Knowledge of 

vascularization, innervation and pulpal 

hemodynamics, as well as its regulation in 

physiological and pathological conditions, 

are essential for the management of pulpal 

pathology prophylaxis and therapy. 

Vascularisation of the dental pulp is 

supplied with arterial blood from the 

maxillary artery (branch of the external 

carotid artery) from which the dental arteries 

detach (the inferior dental artery is the main 
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arterial source of the lower maxillo-dental 

stage) and after that will enter in tooth 

through individual arterioles. The pulpal 

vascular network is very rich, having at the 

same time a specific architecture [1].  

From the morphophysiological point 

of view, pulpal microcirculation is 

comparable to the vascularization of 

anatomical regions between the brain and 

tongue, indicating that pulpal tissue is one of 

the highly vascularized tissues in the body 

[2]. In addition the vessels are immune to 

atherosclerosis, demonstrated by the 

experiments performed on monkeys [3]. 

Pulp capillaries are noticeable under the 

microscope due to their frequent presence 

among odontoblasts. The walls of the 

capillaries are fenestrated. This is considered 

an important character because it favors the 

diffusion of numerous precursor molecules 

and signaling factors involved in dental 

development, as well as of the nutrient 

molecules that will enter in the odontoblasts 

through the latero-basal wall of their cell 

membrane. 

PULPAL MICROCIRCULATION 

PARTICULARITIES 

The main functions of the pulpal 

microcirculation are those of supplying the 

pulpal tissue with oxygen and nutrients in 

the necessary concentration and pressure 

(through the arterial circulation), and on the 

other hand to ensure the removal of 

metabolic products (through the return 

venous circulation). This must be in 

accordance with the physiological needs of 

the pulpal tissue.Vascular intraluminal 

pressure must be in balance with the tissue 

pressure. The difference between the amount 

of filtered plasma and  the reabsorbed one 

(net filtration rate) must be positive, 

ensuring both venous/lymphatic 

reabsorption (circulatory return) and pulpal 

tissue pressure (known to be relatively 

physiologically high). Because the dental 

pulp is an incompressible tissue, the total 

volume of blood inside the pulp chamber 

cannot too much exceed above the normal 

average value of the tissues in the body; 

instead, blood flow which has 40-50 

ml/min/100 gr. mature pulp tissue 

(determined using tracer-labeled 

microspheres techniques) is estimated to be 

relatively high compared to other oral 

tissues or skeletal muscles [4]. In addition to 

the high density of capillaries, the presence 

of a significant number of anastomoses in 

the dental pulp is also notable.  
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Pulpal blood flow is under the 

influence of local nerve impulses and 

unrelated to systemic hemodynamics [5]. 

Perivascular sympathetic nerve fibers 

release norepinephrine and neuropeptide Y 

(NP-Y) that reduce pulpal blood flow 

through vasoconstriction. On the other hand, 

activation of somatic sensory nerves (within 

the axon reflex mechanism) releases 

mediators of vasodilating neuropeptides like 

P substance (SP) and the isomeric peptide of 

Calcitonin (Calcitonin Gene Related Peptide 

-CGRP) implicated in the increasing of the 

pulpal blood flow [6, 7].  

The pathological conditions of the 

pulpal tissue (eg. inflammatory) amplify the 

hemodynamic phenomena. Capillary 

dilatation and plasma extravasation present 

in the first stages of inflammation increase 

the pulpal tissue volume. This one 

stimulated by the nervous terminations 

compression, induce dental pain. Pulp health 

is strongly influenced in both normal and 

pathological conditions. There are different 

types of inter-relationships between the 

special morphofunctional characteristics of 

the pulp and the pulpal microcirculation [8]: 

-in the vasodilation conditions exist a 

tendency of the intrapulp pressure 

increasing; 

-the role of the pulpal organic matrix is to 

decrease the tendencies of pressure 

transmission and to be a barrier for the 

microbial diffusion; the tooth represent a 

real bridge between the maxillary bone 

(which is sterile environment) and the and 

the oral cavity (which is highly 

contaminated). So there are great chances 

for extending the pulpal pathology through 

the apical foramen in the neighboring bone 

structures and spaces.  

Restricting the blood supply through 

poor collateral circulation may also limit the 

ability of the dental pulp to combat the 

effects of severe aggressive irritation 

compared to other tissues. The inflammation 

of the dental pulp is not necessary to be 

severe to cause pulpal necrosis in the 

absence of treatment [9]. 

Important interrelationships are found 

between the pulpal extracellular matrix and 

the pulpal local hemodynamics. The dental 

pulp is a firm connective tissue, but also 

elastic, having as main compound a gelatin-

like material. The consistency is given by 

proteoglycans and other types of 

glycoproteins interposed between collagen 

fibers. The elastic macromolecular primer 

limits the intra-pulpal pressure at the 

aggression site, not being transmitted 
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through the pulpal space. In contrast, 

significant positive pressure differences (1-2 

mm Hg) were measured in the interstitial 

space of the inflameted pulp area compared 

to a healthy pulp area [10]. The venous 

pressure decreases in the affected pulp area 

(due to the increase in ambient pressure) the 

thin venous wall collaps, and as a results 

appears stasis, ischemia and necrosis. As a 

result of the death of the cells, decreased 

oxygen and accumulation of catabolites 

appear. The gelatinous extracellular matrix 

can also play a barrier role against the 

diffusion of microorganisms and toxic 

products. 

On the other hand, pulpal 

microcirculation plays an important role in 

the initiation and evolution of pulpal 

inflammations. This inflammation can occur 

as a result of caries or due to mechanical 

maneuvers applied to the teeth during 

various procedures that can cause and 

stimulate the release of pro-inflammatory 

and pro-nociceptive mediators from the cells 

of damaged tissues (cell membranes, blood 

vessels, platelets and even damaged nerve 

terminals). The simple "preparation" of a 

dental cavity significantly increases the level 

of pro-inflammatory molecules in the dental 

pulp, like P substance [11]. The  histamine 

and serotonin released may be responsible 

for inducing the early stages of pulpal 

inflammation [12].  

It was also found a severe depression 

of vascular reactivity, which is a indicator of 

decreased vasomotor functions. For 

example, electrical stimulation of the 

sympathetic nerve immediately after the 

tooth preparation procedure remains 

unvascularized, while the same stimulus 

applied to an unhealthy tooth causes a 

severe reduction in pulpal blood flow by 

vasoconstriction [13].  

Pulp tissue has other possibilities to 

counteract and compensate a possible 

increase in pulpal blood flow. Thus, an 

important role can be played by the pulpal 

lymphatic circulation, which is able to 

quickly remove filtered high molecular 

weight molecules and restore homeostasis. 

Net absorption (the difference between 

filtered and absorbed plasma) is favored by 

the “gap” connections between endothelial 

cells, by absorption into the venules through 

the pinocytosis vesicles and by the pressure 

gradient (the result of the difference between 

intravascular and tissue pressure) [14,15].  

EXPLORATION OF DENTAL PULP 

VASCULAR FUNCTION  
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Exploration of vascular function can 

be performed in the laboratory using 

different methods: thermography, 

photoplethysmography, Doppler laser 

flowmetry, pulsed oximetry. Due to the 

limitations of these techniques, due to the 

difficulties encountered in dental office and 

due to the highest cost, the explorations of 

dental pulp vascular function is limited only 

to two techniques which are used in dental 

clinic: Doppler laser flowmetry and pulsed 

oximetry, mainly for research purposes.  

Doppler laser flowmetry  

The method is based on the Doppler 

principle effect and the transmission of light 

through dental tissues. An incident laser 

beam is emitted to the tooth surface, 

transmitted through the enamel and then by 

the dentinal tubules to the dental pulp. The 

analysis of the frequency shift between the 

incident beam and the reflected beam make 

possible to measure the speed of movement 

and therefore the blood flow. This technique 

is painless, non-invasive, and reproducible 

[16,17]. It has been proved useful in 

assessing the vitality of traumatized dental 

pulps that do not respond to sensibility 

testing [18,19]. In contrast, the thickness of 

hard tissues, their ability to transmit light, 

the presence of caries, and dental pulp 

volume are factors that limit the amplitude 

of the signal (false negatives) and may 

influence the measurements (false positive) 

[20,21]. 

Pulse oximetry 

Pulse Oximetry (PO) has been the 

most commonly used technique for the 

measurement of oxygen saturation in 

medicine and after that adapted for the 

dentistry use [22]. The principle is that the 

absorption of light by a solute depends on its 

concentration at a given wavelength. PO 

uses the properties of hemoglobin in visible 

red and infrared: oxyhemoglobin absorbs 

more light in the infrared than 

deoxyhemoglobin, and vice versa in visible 

red. The pulsatil changes in blood volume 

can cause variations in the absorbed light 

and so it is  possible to determine blood 

oxygen saturation. This technique has 

undergone several modifications since its 

introduction by Schnettler and Wallace in 

1991 [23,24,25]. The optical characteristics 

of the tooth and a weak signal are 

considered to have limitation in its use and 

not allowing reliable measurements [26, 27].  

CONCLUSION 

In this review, are presented some of 

the particularities of the dental pulp 
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hemodynamics between normal and 

pathological situations. In conclusion, 

clinicians must have a thorough 

understanding of the physiological and 

pathological features of the dental pulp as 

well as the biological consequences of 

specific dental treatment. 
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