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Abstract 

During odontogenesis, the interactions between the epithelium and the adjacent mesenchyme involve the 

participation of a complex system consisting of signaling molecules, corresponding receptors and transcriptional 

control systems. In this context, the tooth eruption is  accompanied by numerous periodontal changes including 

bone remodeling and regressive changes in the periodontal ligament causing an increase in local cytokine 

production (MMP, TIMP). Understanding the ongoing process occurring in periodontal tissues during tooth 

development can prevent adverse consequences associated with eruption disturbances. 
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Introduction  

 The development of the tooth, from 

the initiation stage to the completion of 

morphodifferentiation, is closely correlated 

with the specific interactions between the 

epithelium and the adjacent mesenchyme. 

At the molecular level, these interactions 

involve the participation of a complex 

system consisting of signaling molecules, 

corresponding receptors and certain 

transcriptional control systems [1]. 

Cytokines are important promoters of 

development and maturation processes. By 

binding to specific membrane receptors, 

they trigger intracellular signaling 

pathways that ensure signal transduction 

from the nucleus, where a series of latent 

transcriptional factors will be activated and 

can induce changes in gene expression [2]. 

  

 Tooth eruption 

 In the context of dental 

development, the eruption process 

describes a complex biological 

phenomenon, incompletely elucidated, 

being accompanied by numerous tissue 

changes, respectively by the development 

of the roots and periodontal structures, as 

well as by phenomena of resorption and 

bone apposition [3]. During the eruption 

process, the tooth migrates from its place 

of intraosseous development to the 

emergence in the oral cavity and reaching 

the occlusion plane. However, reaching of 
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the occlusal plane does not correlate with 

the interruption of the tooth movement, 

this process being continuous throughout 

the lifespan of the tooth [4, 5].  

 The main direction of eruption is 

axial, but in the life cycle of the tooth it is 

possible to move in other directions, 

allowing the crown to tip or move along 

the dental arch. The moment of the 

eruption is marked by an important genetic 

determinism, presenting both variations for 

each dentition and individual variations 

[6]. During the odontogenesis, the 

movements of the dental bud take place, 

adapting to the dimensions of the 

developing alveolar bone. After the 

mineralization of the dental crown, the 

direction of movement changes, describing 

an ascending movement of the tooth in 

relation to the maxillary bones [7]. 

 The eruption rate is the result of the 

confrontation of two forces: the eruptive 

force, which will move the tooth towards 

the oral cavity and the resistive force, 

which tends to oppose this movement, 

involving the occlusal forces and the 

structures of the dento-maxillary apparatus 

(oral mucosa, alveolar bone, periodontal 

ligaments). Any change in the ratio of the 

two forces will induce changes in the rate 

of movement of the tooth [8]. 

 

 The relationship between bone 

remodeling and tooth eruption  

 Exfoliation of primary teeth and 

eruption of permanent teeth are closely 

interdependent events in which root 

resorption of primary teeth, loss of the 

alveolar bone and increased intensity of 

occlusal forces following the development 

of masticatory muscles are the main events 

involved in these processes [9].  

 The dental follicle surrounding the 

permanent successor in the intraosseous 

position contributes significantly to the 

change in the position of the dental bud 

during the eruption because at this level 

are found cells that will secrete chemicals 

to restore the activity of osteoclasts and 

odontoclasts in the area [10]. 

 In this biochemical cascade of 

molecular signals that regulate tooth 

eruption, Que et al. [11] highlighted the 

contribution of the IL-1 complex, which 

plays a major role in these processes, being 

composed of 3 ligands (IL-1a, IL-1b and 

IL-1RA). IL-1α can bind only to IL-1RI, 

whereas IL-1b and IL-1RA can bind to 

both receptors. IL-1RA is, in fact, a natural 

antagonist of the receptor for IL-1, a 

protein with anti-inflammatory effect, 

which acts by reducing the inflammatory 

effects mediated by IL-1 and limiting the 

process of bone resorption. This cytokine 

is present in high concentrations in 

gingival crevicular fluid (GCF), previous 

studies showing that IL-1RA can be 

accurately quantified in human GCF using 

various immunological methods [12].  

 The process of osteoclastogenesis 

is dependent on RANK ligand (RANKL, 

receptor activator of nuclear factor Kβ - 

expression on osteoclast precursors; 

promotes osteoclastogenesis) and 

macrophage colony stimulating factor (M-

CSF). RANKL, produced by osteoblasts, 

binds to the RANK receptor (stimulating 

differentiation and osteoclastic resorption 

capacity), but also to osteoprotegerin 

(OPG) which is a soluble receptor that 

prevents RANK-RANKL interaction. 

These are essential regulatory factors for 

the development and functioning of the 

osteoclast [13]. Experimental animal 

studies have shown that genes encoding 
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RANK/ RANKL/ OPG are expressed 

differently at certain sites during the 

eruption process [14].  

 As the masticatory muscles 

develop, the forces applied to the 

deciduous teeth increase in intensity and 

the resistive force exerted by the 

periodontal ligament will also increase in 

intensity. As a result of these phenomena, 

regressive changes can occur in the 

periodontal ligament and/ or its necrosis, 

causing an increase in local cytokine 

production [15]. 

 The initiation of the root resorption 

process occurs by the degradation of the 

periodontal ligament. The destruction of 

collagen fibers in the periodontal ligament 

is mediated by matrix metalloproteinases 

(MMPs) and their extracellular inhibitors 

(tissue inhibitor of metalloproteinases - 

TIMPs). Both MMP and TIMP are 

secreted by osteoblasts, periodontal 

ligament cells, odontoclasts and 

osteoclasts, playing important roles in 

bone and connective tissue turnover, as 

well as in the physiological process of root 

resorption of primary teeth [2]. 

 Multiple differences between the 

periodontal ligaments of the primary teeth 

and those of the permanent teeth were 

highlighted, which partly confirms the 

higher susceptibility to root resorption of 

the primary teeth compared to the roots of 

the permanent teeth. Thus, the periodontal 

ligament cells of the deciduous teeth 

appear to produce a higher amount of 

collagenase compared to the periodontal 

ligament cells of the permanent teeth and 

also show a favorable response to the 

action of inflammatory cytokines such as 

IL-1 and TNF-α, causing increased 

production of MMP [16, 17].  

 The immune response in the 

gingival tissues may change as the 

deciduous teeth are replaced with 

permanent teeth [3]. Both the junctional 

epithelium (approximately 4-6 days) and 

the sulcular epithelium (10-14 days) have 

high turnover rates which ensures a high 

degree of protection against bacterial 

colonization at the cell surface and 

promotes the regeneration of epithelial 

barriers [18].  

 In a study led by Moriya et al. it 

was observed that proteins associated with 

neutrophil extracellular traps (NETs) were 

more abundant in the GCF of deciduous 

teeth, but indicators of NET formation 

were detected in both GCF of primary and 

permanent teeth [19]. All GCF samples 

were collected from sites that showed no 

signs of inflammation; therefore, NET 

formation may be a physiological response 

to the presence of commensal bacterial 

species in the gingival sulcus without signs 

of inflammation [20]. Thus, the results of 

the study suggest that NET formation 

occurs in healthy tissue as a physiological 

response, but may be intensified in the 

case of severe infectious pathology.  

 The turnover rate of the crevicular 

epithelium and the junctional epithelium 

has higher values in the primary teeth, 

which can favor the inhibitory effect of 

bacterial infection by continuous 

desquamation of the epithelial layers. It is 

also suggested that the immune response 

in the gingival tissues of primary and 

permanent teeth is substantially different, 

with neutrophils having a major role in the 

innate immunity of the marginal 

periodontium in the deciduous dentition 

[19].  

 Regarding the bone remodeling 

process, the role of IL-1RA as an inhibitor 



Romanian Journal of Medical and Dental Education 

Vol. 10, No. 1, January-February 2021 

45 

 

is well documented in the literature [21] 

and some studies show a positive 

correlation between low levels of IL-1RA 

in GCF and increased bone loss in 

periodontal disease and tooth movement 

induced by orthodontic appliances [22]. 

Reducing IL-1RA levels in periodontal 

tissues during tooth eruption could 

promote the resorption process; also 

reduced levels of IL-1RA in GCF during 

physiological root resorption were noted. 

Studies in recent years suggest that the 

mechanism of root resorption can be 

assessed using determinations from the 

gingival crevicular fluid, particularly 

fragments of non-collagenous dentinal 

proteins released periodically [16].  

 In a study conducted by Rody et 

al., it was found that the only cytokine that 

showed a statistically significant 

distribution (p=0.4) in GCF samples 

collected from the target sites (primary 

teeth in which root resorption was 

initiated) is IL-1RA [17].  

 Also, a lower concentration of IL-

1RA was observed in the primary teeth 

with root resorption compared to the 

control group (3552 pg/ ml and 7827 pg/ 

ml, respectively) [10].  

 Thus, IL1-RA is considered to be a 

cytokine with significant potential that can 

be included in the panel of biomarkers 

used to monitor the process of tooth 

eruption or in the diagnosis of root 

resorption [16]. 

 Arid et al., [23], in a study on the 

involvement of RANK and RANKL 

receptors in the eruption process, analyzed 

the emergence of tooth, respectively the 

moment when the tooth becomes visible in 

the oral cavity. In the situation when the 

emergence in the oral cavity of the tooth is 

delayed, the persistence on the arch of the 

primary tooth is frequently found, a fact 

also confirmed by Aktan et al. [24]. 

 The genetic influence on the 

process of tooth eruption has been the 

subject of numerous studies and so the 

literature is confirming that tooth eruption 

has a strong genetic component through 

the evaluation of subjects from the same 

family [25, 26]. It is also known that 

systemic genetic disorders can cause 

variations in the dental eruption sequence, 

as many genetic syndromes have been 

associated with delayed eruptions [27, 28].  

 However, the literature does not 

provide accurate data on the association of 

RANK, RANKL or OPG polymorphism 

with delays in the eruption of permanent 

teeth or persistence of deciduous teeth 

beyond the physiological age of 

exfoliation. Variations in the time of 

exfoliation and tooth eruption are often 

found in clinical activity, with delayed 

eruption being more common compared to 

accelerated eruptions [23]. 

 The dental follicle is thought to be 

able to control both the resorption process 

and the formation of alveolar bone, events 

responsible for triggering eruptive 

movements through the expression of 

RANKL receptors [29].  

 It is known that root resorption of 

primary teeth is a physiological 

phenomenon induced mainly by 

odontoclasts and that the RANK/ RANKL/ 

OPG system modulates the differentiation 

of both osteoclasts and odontoclasts during 

alveolar bone remodeling and 

physiological root resorption [30, 31].  

 In the study conducted by Arid et 

al., the ratio between RANKL/ OPG was 

significantly lower for the group of 

persistent primary teeth on the dental arch 

compared to the control group. The data 
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obtained are of clinical significance as it 

has been observed that the relative ratio 

between RANKL/ OPG modulates 

osteoclastogenesis, being associated with 

the persistence of the primary teeth beyond 

the age by which they normally are shed 

and RANKL receptor polymorphism is 

associated with delays in the eruption of 

permanent teeth [23]. 

 

Evaluation of chemical mediators in 

gingival crevicular fluid in childhood 

obesity 

 Tumour Necrosis Factor alpha 

(TNF-α) appears to be an important 

element in the interrelationship between 

obesity and periodontal disease [32, 33]. 

Increased TNF-α levels are a well-known 

risk factor for triggering destructive 

consequences in the marginal 

periodontium. It was concluded that 

obesity is associated with high plasma 

concentrations of TNF-α and its soluble 

receptors, which in turn can induce a 

hyperinflammatory state thus increasing 

the risk for periodontal disease. Previous 

studies have reported an association of 

obesity and metabolic syndrome with 

elevated TNF-α levels in GCF of obese 

children and adolescents [34, 35, 36]. 

 Resistin is an adipokine secreted 

mainly by macrophages in visceral adipose 

tissue and mononuclear cells in peripheral 

blood, thus suggesting the existence of a 

hypothesis about the link between resistin 

levels and inflammatory processes. 

Resistin acts as a molecule with 

proinflammatory effect, stimulating the 

synthesis and secretion of TNF-α, IL-6 and 

IL-12 via NF-kB (nuclear factor - kappa 

B). Elevated serum resistin and GCF levels 

have been reported in patients with chronic 

periodontitis compared to control groups 

[37].  

 Numerous clinical studies have 

suggested that the presence of elevated 

resistin levels is associated with a high risk 

of chronic conditions such as type 2 

diabetes and atherosclerosis. Therefore, 

resistin could be an important potential 

biomarker for establishing the 

interrelationship between obesity and 

periodontal disease. Studies conducted by 

Suresh (2016) and Gonçalves (2015) have 

also shown that obesity can regulate GCF 

resistin secretion in patients with chronic 

periodontitis [38, 39]. 

 Although multiple studies [40, 41, 

42] reported a positive correlation between 

childhood obesity and gingival 

inflammation, some studies [43] 

demonstrated a null association in the 

growing patient, the results being 

inaccurate, due to insufficient data 

analyzed.  

 However, it has been observed that 

the volume of GCF is directly related to 

the severity of gingival inflammation due 

to increased vascular permeability and the 

presence of epithelial ulceration at 

inflamed sites. Griffiths et al. [44] noted 

that variations in the amount of GCF may 

be a much more objective indicator of the 

onset of gingival inflammation compared 

to measurements of periodontal clinical 

parameters. 

 Doğusal et al. found an increase in 

GCF resistin level in children with 

gingivitis and a positive correlation with 

TNF-α that could be attributed to the 

proinflammatory role of resistin in chronic 

gingival inflammation induced by bacterial 

plaque and not in systemic inflammation 

induced by obesity. In other words, 

gingival inflammation can modulate 
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resistin levels, regardless of the presence 

or absence of obesity. Thus, it was 

observed that childhood obesity is not 

associated with increased volume of 

crevicular fluid, salivary resistin and TNF-

α levels. On the other hand, the presence 

of gingivitis, regardless of body mass, 

appears to have a pronounced effect on 

resistin levels in both GCF and children's 

saliva [45]. 

 

 Conclusions 

 Currently, the GCF analysis has 

offered multiple advantages for its simple 

and noninvasive collection and for the 

wide variety of molecules detected in his 

volume, demonstrating high levels of 

sensitivity and specificity. 

 Understanding the ongoing process 

occurring in periodontal tissues during the 

development of the tooth can lead to 

proper diagnosis of eruption disturbances 

and avoiding adverse consequences 

associated with dental anomalies such as 

gingival inflammation or root resorption 

and bone loss induced by orthodontic 

treatment. 
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