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Abstract 
Aim: In the general economy of the stomatognathic system functionality, the occlusal function has an important role, meaning both the 
dental–dental reports and the dynamic reports interarch–interarch. Because of the interrelationships and inter-dependency that govern the 
functioning of the biological systems, a pathological change affecting a component of the stomatognathic system produces impaired 
functioning of the others. The aim of the present study is to assess the morphological changes occurred in the dental pulp components of 
teeth affected by occlusal trauma. Materials and Methods: Fragments of dental pulp coming from 45 patients with occlusal trauma were 
processed using classical histological techniques (formalin fixation and paraffin embedment) and stained with Hematoxylin–Eosin (HE), 
Masson’s trichrome and anti-CD34 antibody immunostaining, in order to highlight the peripheral zone and central connective tissue of dental 
pulp morphological changes. A set of parameters namely thickness of peripheral zone components, calcifications, fibrosis and vascular 
density in the dental pulp were assessed individually and based on three topographical criteria namely the affected tooth, the position on 
the dental arches and the position according to sagittal plane. Results: There was no correlation between morphological changes of dental pulp 
and the topography of teeth with occlusal trauma. The size of the peripheral area of the dental pulp and that of its components evolved in 
the same sense, whether it was growth or decrease. Decrease of the peripheral area was associated with the increase of collagen fibers 
density, calcium deposits and density of the capillary network. The direct correlation between the amount of collagen fibers and vascular 
density seems somewhat paradoxical but it can be explained by the reemergence of chronic inflammatory events located in the dental 
pulp. Conclusions: It seems that dental pulp morphological changes are not influenced by the teeth with occlusal trauma topography. With 
one exception (the components of peripheral zone), most of the correlations between the dental pulp morphological changes were only 
suggested but not validated statistically, which requires further studies on larger groups together with the introduction of inflammatory cell 
population studies. 
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 Introduction 

Dysfunctional occlusion can be described as the result 
of multiple factors acting on the dental system. Starting 
with modifications determined by vicious eruptions until 
the installment of edentation, the dento-maxillary apparatus 
undergoes adaptive modifications that resound on the 
dental units. 

The presence of premature contact and occlusal 
interferences lead to the emergence of traumatic forces 
that act on the dental organ, determining the so-called 
traumatogenic occlusion. 

With respect to the state of the periodontium, occlusal 
trauma can embody two different aspects: primary occlusal 
trauma, which is caused by excessive force that acts on 
the healthy periodontium and secondary occlusal trauma 
where these forces act on a tooth/teeth that already 
has/have periodontal alterations [1–5]. 

Occlusal trauma induced alterations manifest in the 
entire dental pulp. Research has proven that occlusal 
trauma cause a narrowing of the pulp cavity on an apical 
occlusal direction [6]. 

Concurrently with pulp senescence, pulp volume 
decreases. Studies have shown diffuse calcifications or 
hypercementosis, which through the accumulation of 
mineral salts lead to the emergence of denticles or 
pulpolytes [7–10]. 

It has been observed that fibrosis and calcifications 
determine a regression of the pulp tissue, while the 
collagen fibers increase in both number and thickness 
forming fascicles around the vascular axes [11]. 

Specialty literature mentions that conservative odontal 
treatments, which come together with especially occlusal 
modifications, can also lead to the regression of pulp 
tissue [12]. 

Vascular density of the capillary network, which tends 
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to decrease with age, can determine a narrowing of the 
vascular lumen, causing irreversible alterations of the 
pulp tissue [5, 13, 14]. 

The aim of this study is to continue and extend 
previous researches [15] concerning the influence of 
occlusal trauma on dental pulp morphology. 

 Materials and Methods 

The basis of this study is represented by a group of 
45 patients with occlusal trauma, from which dental pulp 
was recovered and investigated. 

The studied material was represented by two categories 
of data sources: the medical documents of the patients 
from the dentistry and the biological material consisting 
of dental pulp obtained from patients that were treated 
for occlusal trauma. 

The study was a prospective one and consisted of 
histological examination of dental pulp fragments on 
slides stained with Hematoxylin–Eosin (HE), Masson’s 
trichrome and anti-CD34 antibody immunostaining. 

The investigated parameters of the morphological 
status of the dental pulp included:  

▪ Thickness of the basal layer described by Weil, the 
outer layer of peripheral zone (WZ); 

▪ Thickness of the cell-rich layer, the inner layer of 
peripheral zone (C-RZ); 

▪ Thickness of the entire peripheral pulp area (without 
odontoblasts) (PZ); 

▪ Presence and extent of pulpal calcifications (C); 
▪ Percentage of interstitial fibrosis within the dental 

pulp (F); 
▪ Vascular density of the capillary network of the 

dental pulp (VD). 
Each of the morphological parameters was assessed 

in relation with three topographic parameters of the 
lesions determined by occlusal trauma, namely:  

▪ Affected tooth, meaning incisive (I), premolar (PM) 
and molar (M); 

▪ Location of the tooth on the dental arch, meaning 
maxillary (MAX) and mandible (MDB); 

▪ Location of the tooth according to the sagittal plane, 
meaning left side (L) and right side (R). 

Acquisition, processing and morphometric determi-
nations were done using specialized software analySIS 
Pro 5.0, ACDSee 4.0, Aperio ImageScope [v12.3.2.8013] 
and a morphometry module designed in the MATLAB 
(Mathworks) program. 

All the data obtained was introduced and processed 
using Microsoft Excel module of the Microsoft Office 
2010 Professional software along with the XLSTAT 
add-in program for MS Excel. 

The algorithm for statistical analysis contained, for 
numerical parameters, determination of the minimum 
(VMIN), maximum (VMAX) values, and the mean value 
(AV), the standard deviation (STDEV) and variance (Var). 

The numerical values of the evaluated parameters 
were stratified in classes, thus obtaining score scales for 
each parameter (Tables 1–4). 

The statistical tests were Student t/Wilcoxon, Pearson’s 
and “χ2”/Fisher test. 

Diagrams (graphs) illustrating evolution tendencies 
of different assessed parameters, as well as statistical 
comparisons between them have been done with the help 
of the “Graph” instrument from “Word” and “Excel” 
modules of the Microsoft Office 2010 Professional 
software suite and the XLSTAT 2009 add-on for the 
Excel module. 

Table 1 – Peripheral zone score by classes of values 

Peripheral zone score Description 

G1 G < 15 μm 

G2 15 μm < G < 30 μm 

G3 30 μm < G < 45 μm 

G4 45 μm < G < 60 μm 

G5 60 μm < G < 75 μm 

G6 75 μm < G 

Table 2 – Calcification score by classes of values 

Calcification score Description 

C1 C < 10% 

C2 10% < C < 20% 

C3 20% < C 20% 

C4 30% < C 

Table 3 – Fibrosis score by classes of values 

Fibrosis score Description 

F1 F < 15% 

F2 15% < F < 30% 

F3 30% < F < 45% 

F4 45% < F < 60% 

F5 60% < F 

Table 4 – Vascular density score by classes of values 

Vascular density score Description 

VD1 VD < 100/mm2 

VD2 100/mm2 < VD < 200/mm2 

VD3 200/mm2 < VD < 300/mm2 

VD4 300/mm2 < VD < 400/mm2 

VD5 400/mm2 < VD 

 Results 

Topographical assessment 

The first analysis comprised the topographical 
assessment of the teeth affected by occlusal trauma. 

Thus, the most affected tooth of the studied series was 
the canine, with almost half of the cases, followed afar 
by the second molar and the frontal incisive (Figure 1a). 
According to the second topographical criterion, the teeth 
with lesions caused by occlusal trauma were encountered 
more frequently on the superior dental arch (Figure 1b). 
Finally, according to sagittal plane, the affected teeth were 
placed slightly frequently on the left side of the sagittal 
plane (Figure 1c). 

Although canine teeth dominated on both maxillary 
and mandibular arches, there was a significant teeth 
distribution between the arches in the sense that, apart 
from the canine teeth, one third of the maxillary affected 
teeth were incisive teeth whereas one third of the 
mandibular affected teeth were molars (Figure 2a). The 
difference was also statistically validated (“p” value of 
“χ2” test was 0.023). 
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Figure 1 – Distribution of the teeth with lesions caused by occlusal trauma. 

According to the sagittal plane, the affected teeth had 
similar distributions both on the right and on the left 
side, so no statistical difference (Figure 2b). 

Finally, there were minor differences between the 
distribution of the affected teeth on both sides of the 

sagittal plane at the level of the two dental arches. Thus, 
while something more than half of the maxillary affected 
teeth were placed on the left side, something more than 
half of the mandibular affected teeth were placed on the 
right side of the sagittal plane (Figure 2c). 

 
Figure 2 – Topographical distribution of the teeth with lesions caused by occlusal trauma: (a) According to the dental 
arch; (b) According to sagittal plane; (c) According to both dental arch and sagittal plane. 

Peripheral zone of dental pulp 

The mean thickness of the peripheral zone of the 
dental pulp has varied within a wide range of values 
(24–100 μm) but the large majority of determinations 
grouped in a narrower range defined by a STDEV of 20.7 
around an average value of almost 62 μm, who placed 
the range almost at the middle of the large range of all 
values (Figure 3). 

Most determinations had values between 45 μm and 
60 μm but almost half of the determinations were higher 
than 60 μm and even than 75 μm (Figure 4). 

Assessment based on tooth type 

The assessment of peripheral zone dimensions in 
relation to the tooth type revealed some particularities. 

Thus, in the case of lateral groups, whereas more than 
40% of the premolars had thickness of the dental pulp 
peripheral zone between 30 μm and 45 μm (i.e., G3 class), 

more than half of the molars had thickness of the dental 
pulp peripheral zone over 60 μm and one third of the cases 
higher than 75 μm (i.e., G5 class and G6 class respectively) 
(Figure 5). 

In the case of both frontal groups (incisive teeth and 
canines), more than 40% of the cases had thickness of 
the dental pulp peripheral zone over 60 μm and one third 
of the cases higher than 75 μm (i.e., G5 class and G6 
class, respectively) (Figure 5). 

 
Figure 3 – Statistical assessment of peripheral zone. 
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Figure 4 – Assessment of the thicknesses of different compartments of the peripheral zone with focus on peripheral 
zone using Aperio ImageScope [v12.3.2.8013]. 

 
Figure 5 – Weight of the thickness classes in peripheral 
zone based on tooth type. 

The difference between frontal groups was that one 
third of the incisive teeth had thickness of the dental 
pulp peripheral zone between 30 μm and 45 μm (i.e., G3 
class), whereas 40% of the canines had thickness of the 
dental pulp peripheral zone between 35 μm and 60 μm 
(i.e., G4 class) (Figure 5). 

Overall, these differences were not statistically validated 
(“p” value of “χ2” test was >0.05). 

Assessment based on dental arch 

Differences between mean values of the dental pulp 
peripheral zone thickness were observed when compared 
the two dental arches too. 

Thus, whereas in more than half of the mandibular 
cases the thickness of the dental pulp peripheral zone had 
mean values between 30 μm and 45 μm (i.e., G3 class) 
more than half of the maxillary cases had a dental pulp 
peripheral zone thicker than 60 μm and even than 75 μm 
(i.e., G5 class and G6 class, respectively) (Figure 6a). 
These differences were not statistically validated either. 

Assessment based on sagittal plane 

Differences were observed also when compared the 
two sides of the sagittal plane. Thus, whereas two thirds 
of left side cases had thickness of the dental pulp 
peripheral zone thinner than 60 μm, almost 60% of the 
right side cases had thickness of the dental pulp peripheral 
zone greater than 60 μm (Figure 6b). These differences 
also were not statistically validated. 

 
Figure 6 – Weight of the thickness classes in peripheral zone: (a) Based on the dental arch; (b) Based on mediosagittal 
plane. 

Weil zone 

The outer layer of dental pulp peripheral zone had a 
mean thickness that ranged within very broad limits – 
4 μm and 40 μm (Figures 7 and 8). However, the majority 
of cases were concentrated within a narrower range  
(8 μm and 24 μm) determined by the STDEV of “8” and 
“pushed” to the lower limit of the variation range by the 
mean value of 16.2 μm (Figure 7). 

 
Figure 7 – Statistical assessment of Weil zone. 
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Figure 8 – Assessment of the thicknesses of different compartments of the peripheral zone with focus on Weil zone 
using Aperio ImageScope [v12.3.2.8013]. 

Assessment based on tooth type 

In general, the distribution of Weil zone thickness was 
almost similar for all groups of teeth. However, there 
were some slight differences. Thus, the most lateral group 
of teeth, the molars, presented more frequently thinner 
Weil zones, i.e., less than 15 μm. In turn, the frontal 
groups of teeth (incisive teeth and canines) presented in 
around 10% of the cases Weil zones thicker than 30 μm 
(Figure 9) but these differences were not statistically 
validated. 

Assessment based on dental arch 

There were some differences between mean values 
of the dental pulp Weil zone thickness too. 

Thus, whereas in more than half of the mandibular 
cases the thickness of the dental pulp Weil zone had mean 
less than 15 μm ( i.e., G1 class) almost two thirds of the 
maxillary cases had a dental pulp Weil zone thicker than 
15 μm and even than 30 μm (i.e., G2 class and G3 class, 
respectively) (Figure 10a). However, these differences 
were not statistically validated. 

Assessment based on sagittal plane 

The differences appeared to be more pronounced when 
compared the left side and the right side of the sagittal 

plane. Thus, whereas almost 60% of the left side cases 
had a Weil zone thinner than 15 μm (i.e., G1 class), 
more than two thirds of the right-side cases had a Weil 
zone thicker than 15 μm and, in some cases, even thicker 
than 30 μm (Figure 10b) but these differences were not 
statistically validated either. 

 
Figure 9 – Weight of the thickness classes in Weil 
zone based on tooth type. 

 
Figure 10 – Weight of the thickness classes in Weil zone: (a) Based on the dental arch; (b) Based on mediosagittal 
plane. 

Hypercellular zone 

The mean value of the peripheral zone inner hyper-
cellular layer thickness varied within very wide limits 
(20.25–79.43 μm). However, the range where most of 
values grouped was narrower (29–62 μm), around an 
average value of 45.64 μm (Figures 11 and 12). Many 
of the determinations had between 30 μm and 45 μm but 
almost half of the determinations were greater than 45 μm 
and even than 60 μm. 

Assessment based on tooth type 

Thickness of hypercellular zone revealed a somewhat 
dissociated distribution of values at both lateral and 
frontal groups of teeth. Thus, whereas more than 80% of 
the premolar group cases had a hypercellular zone thinner 
than 45 μm, more than two thirds of molar group had a 
hypercellular zone thicker than 45 μm. In the same way, 
whereas two thirds of the incisive teeth group had a 
hypercellular zone thinner than 45 μm, more than half 
of canines group had a hypercellular zone thicker than 
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45 μm (Figure 13). However, these differences were not 
statistically validated. 

Assessment based on dental arch 

The reference to the dental arches revealed that, while 
at the mandibular level the hypercellular zone was thinner 
than 45 μm in almost two thirds of cases, at the maxillary 
level more than half of cases had a hypercellular zone 
thicker than 45 μm, but these differences too were not 
statistically validated (Figure 14a). 

Assessment based on sagittal plane 

In the same way, when compared the left side and 
the right side of the sagittal plane, almost 60% of the cases 
on the left side had thickness of the hypercellular zone 
thinner than 45 μm, whereas more than half of the cases 
on the right side had thickness of the hypercellular zone 
thicker than 45 μm (Figure 14b) but these differences 
were not statistically validated either. 
 

 
Figure 11 – Assessment of the thicknesses of different compartments of the peripheral zone with focus on hypercellular 
zone using Aperio ImageScope [v12.3.2.8013]. 

 
Figure 12 – Statistical assessment of hypercellular zone. 

 
Figure 13 – Weight of the thickness classes in hyper-
cellular zone based on tooth type. 

Hypercellular zone/Weil zone ratio 

The ratio between the thicknesses of the two compo-
nents of the dental pulp peripheral zone was in all cases 
greater than “1”. The minimum value was “1.2” and 
there was an isolated maximum value of “11”. 

The majority of cases were grouped around the 
average value of “2” in a narrower range whose limits 
(1.4–5.4) were determined by a STDEV of “2” and who 
was “pushed” to the lower limit of the variation range by 
the average value of the ratio (Figure 15). 

Calcifications 

The assessment of the amount of calcium deposits 
from the dental pulp tissue area revealed a very wide range 
of values, starting from 2.19% and going to almost half 
of the tissue area. 

However, in most of the cases, calcification amount 
varied within a narrower range with limits (2.21–33.37%) 
established by a STDEV of “15” around an average value 
of “18.3” who “pushed this range to the lower limit of 
variation range (Figures 16 and 17). 
 

 

Figure 14 – Weight of the thickness classes in hypercellular zone: (a) Based on the dental arch; (b) Based on medio-
sagittal plane. 
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Figure 15 – Statistical assessment of hypercellular 
zone/Weil zone ratio. 

 
Figure 16 – Statistical assessment of calcification 
amount within dental pulp. 

 
Figure 17 – Assessment of the calcification amount using Aperio ImageScope [v12.3.2.8013] and MATLAB (Mathworks) 
program. 

Assessment based on tooth type 

The amount of calcium deposits had an increasing 
trend from the frontal groups of teeth to the lateral ones. 
Namely, whereas in the incisive teeth group the amount 
of calcium deposits was less than 10% in more than 
40% of cases, in the molars group of teeth more than 
half of the cases had calcium deposits covering more 
than 20% and even more than 30% of the dental pulp 
area (Figure 18). However, these differences were not 
statistically validated. 

Assessment based on dental arch 

There were no significant differences between the 
distributions of calcium deposits values on the two dental 
arches excepting a slight incidence of larger deposits on 
the mandibular arch (Figure 19a) but this small difference 
was not statistically validated. 

 
Figure 18 – Weight of the calcification amount within 
dental pulp based on tooth type. 

 
Figure 19 – Weight of the calcification amount within dental pulp: (a) Based on the dental arch; (b) Based on medio-
sagittal plane. 

Assessment based on sagittal plane 

The same thing was observed when compared the 
left and the right sides of the sagittal plane. Here, there 
was a slight incidence of larger deposits on the left side 
as compared to the right side (Figure 19b) but this small 
difference was not statistically validated either. 

Fibrosis in the dental pulp 

The amount of collagen fibers in the dental pulp 
interstitial tissue varied in a very wide range, between 

7% and 89% of the dental pulp area. However, the great 
majority of cases presented an interstitial fibrosis 
amount comprised in a more limited range (21–64%) 
determined by a STDEV of 21.37 around the average 
value of 42.36% (Figures 20 and 21). 

Generally speaking, the fibrosis process was a 
significant presence, in almost two third of the cases  
the amount of interstitial collagen fibers exceeding 30% 
of the dental pulp area and going in some cases over 
60%. 
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Assessment based on tooth type 

The assessment of the fibrosis process in the dental 
pulp of teeth affected by occlusal trauma did not reveal 
any pattern of development of the fibrosis process. 
Thus, the process was less pronounced in the dental pulp 
of the last lateral group of molars.  

Then, it became more pronounced going towards the 
frontal groups, being greater than 45% and even than 60% 
in 40% of cases with canines affected by occlusal trauma. 

 
Figure 20 – Statistical assessment of fibrosis amount 
within dental pulp. 

 
Figure 21 – Assessment of the fibrosis amount using analySIS Pro 5.0 software. 

Finally, it regressed a little at the level of incisive 
teeth (Figure 22). However, these differences were not 
statistically validated. 

 
Figure 22 – Weight of the fibrosis amount within 
dental pulp based on tooth type. 

Assessment based on dental arch 

The assessment of the fibrosis process based on 
dental arch did not emphasize any particular pattern of 
distribution nor significant differences between the 
distributions of fibrosis values on the two dental arches 
(Figure 23a). 

Assessment based on sagittal plane 

The assessment of the fibrosis process based on sagittal 
plane neither highlighted any difference between the two 
sides, left and right; in both of them more than 40% of 
the cases had a dental pulp fibrosis amount greater than 
45%. The only difference appeared in the cases with 
fibrosis lower than 45%. Here, in the right side have 
prevailed the cases with fibrosis between 30% and 45% 
whereas in the left side have prevailed the cases with 
fibrosis between 15% and 30% (Figure 23b). However, 
this difference was not statistically validated. 
 

 
Figure 23 – Weight of the fibrosis amount within dental pulp: (a) Based on the dental arch; (b) Based on mediosagittal 
plane. 
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Pulpar vascular density 

Although the vascular density values were spread too 
in a very wide range, most of them were concentrated  
in a more restricted range imposed by the STDEV of 
153 capillaries/mm2 around an average value of 319 
capillaries/mm2, value who moved the range toward the 
lower part of the variation range (Figures 24 and 25). 

 
Figure 24 – Statistical assessment of vascular density 
within dental pulp. 

 
Figure 25 – Assessment of the vascular density amount 
using analySIS Pro 5.0 software. 

Assessment based on tooth type 

The assessment of the vascular density in the dental 
pulp of teeth affected by occlusal trauma revealed an 
increasing tendency from the most lateral groups towards 
the frontal groups. Thus, whereas in the molars group 
more than 40% of the cases had a vascular density less 
than 200 capillaries/mm2, in the canines’ group more 

than 40% of the cases had a vascular density greater than 
400 capillaries/mm2 (Figure 26). However, this trend was 
not statistically validated. 

 
Figure 26 – Weight of the vascular density within 
dental pulp based on tooth type. 

Assessment based on dental arch 

The assessment of vascular density based on dental 
arch showed that, on both dental arches, almost half of 
the cases had either value less than 200 capillaries/mm2 
either value greater than 400 capillaries/mm2. For the 
rest of the cases, on the mandibular arch, most of them 
had values between 200 and 300 capillaries/mm2, whereas 
on the maxillary arch, many cases had values between 
300 and 400 capillaries/mm2 (Figure 27a). 

Assessment based on sagittal plane 

The assessment of the vascular density based on sagittal 
plane did not emphasize any significant differences 
between the distributions of dental pulp vascular network 
on the two sides of the sagittal plane. In both cases, 
however, almost half of the cases had a vascular density 
greater than 300 capillaries/mm2 (Figure 27b). 

 
Figure 27 – Weight of the vascular density within dental pulp: (a) Based on the dental arch; (b) Based on sagittal plane. 

 Discussions 

Classically, the pulp is described as having two defined 
regions, central and peripheral [16]. In turn, the latter 
has its own three layers: the odontoblastic layer, the cell-
free zone of Weil (containing plexuses of capillaries and 
small nerve fibers) and the cell-rich zone (containing 
fibroblasts and undifferentiated cells, and sustaining  
the population of odontoblasts by proliferation and 
differentiation [16–18]. The last two layers vary in their 
prominence from tooth to tooth and from area to area in 

the pulp of the same tooth and are less constant and less 
prominent near the root apex. 

The central region, called central pulp zone, represents 
the main body of the pulp. It occupies the area circum-
scribed by cell-rich zones and contains the principal 
support system for the peripheral pulp, which includes the 
large vessels and nerves from which branches extend to 
supply the critical outer pulp layers. The main components 
are: fibroblasts; extracellular matrix and collagen fibers 
capillary density is highest in the subodontoblastic region 
with loops passing between odontoblasts [19–22]. 
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An important aspect to point out is that the environ-
ment of the pulp (an areolar, fibrous connective tissue) 
is unique in that it is surrounded by an unyielding tissue 
and fed and drained by vessels that pass in and out at a 
distant site [22]. 

Calcifications 

A significant phenomenon when discuss about the 
pulp morphology is the presence of calcifications. They 
are commonly encountered in the dental pulp. They are 
classified as pulp stones or diffuse calcifications. The 
former are further classified as true and false although 
some authors do not recommend this subdivision. They 
could also be classified as: “free” stones, “attached” 
stones and “embedded” stones [22, 23]. Pulp stones seem 
to be found predominantly in the coronal pulp and they 
may attain large size and occupy considerable volume 
of the coronal pulp, whereas the calcifications found in 
radicular pulp seem to be of the diffuse variety [24]. 
Along similar lines, pulp stones have been compared to 
kidney and gall bladder stones [25]. 

The clinical significance of pulpal calcification is 
not completely understood. Some investigators believe 
that pulp calcification is a pathological process related 
to different forms of damage; however, others consider 
this finding as normal, not pathological [22, 26, 27]. 

Both forms of calcification but especially pulp stones 
are mainly a sign of ageing of human pulp. They appear to 
be a part of normal physiological age changes in the body 
with a tendency to increase with age [22, 27]. However, 
there are some studies that are connecting their occurrence 
and increase in size with external irritation [22, 28]. 

Inflammation 

Gradual progression of the chronic periodontitis leads 
to changes in the histopathological aspects of the radicular 
pulp like inflammation, fibrosis, edema, calcification and 
necrosis with progressive involvement [29–31]. Thus, in 
moderate periodontitis, an enhanced process of collagenous 
fibrosis associated with a moderate inflammatory infiltrate, 
dystrophic mineralization, reduced blood vascularization 
and arteriolosclerosis were found in the pulp tissue 
whereas in severe periodontitis an abundant chronic 
inflammatory infiltrate associated with pulpal necrosis, 
vascular congestion, microhemorrhages, dentin demine-
ralization and odontoblast impairment were mainly 
observed [32]. 

Occlusal trauma 

As compared with gingival mucosa, specialty literature 
is more generous in data concerning the influence of 
occlusal trauma on dental pulp. Thus, there are studies 
that demonstrated that occlusal trauma can cause a dental 
pulp response consisting of increase of a product named 
“substance P”, which plays an important role in triggering 
a neurogenic inflammatory phenomenon consisting of 
new blood vessel formation which are needed to stimulate 
mineralized tissue formation as a defense mechanism 
[14, 33, 34]. 

What is interesting is that experimental studies 
demonstrated that local unilateral occlusal trauma could 
initiate blood flow responses in the total molar dentition 
[35]. 

Some morphological changes in the central zone of 
dental pulp, like the redistribution of collagen fibrils with 
the appearance of fibrous bundles may be due not only 
to ageing but also to occlusal trauma [36]. Also, pulp 
fibrosis was considered to be a response to previous 
irritation [37] however, if it had been only so, it would 
have been more intense in the coronal pulp because it is 
more prone to external stimuli than the radicular pulp. 

However, pulp stone formation and development, the 
so frequent event encountered especially in the coronal 
pulp, could not be related to occlusal trauma [38]. 

Correlations between morphological 
parameters and topographical criteria 

The evaluation of correlations between the studied 
microscopic morphological aspects (peripheral area of the 
pulp, pathological calcifications, intrapulpal fibrosis, and 
intrapulpal vascular density) and topographic classifica-
tion criteria of lesions determined by occlusal trauma did 
not reveal any sort of influence that can be sustained by 
the statistical tests, fact supported by the synopsis of “p” 
values calculated for the “χ2” correlation test with which 
this assessment has been done (Table 5). 

Table 5 – Correlations between morphological 
parameters and topographical criteria 

 

Correlations between morphological 
parameters 

The two components of the peripheral area as well 
as the area taken as a whole tend to grow in the same 
sense, or, in other words, when the size of the 
components or the entire area grows, so does the size of 
the other components or the entire area (Figure 28, a–c; 
Table 6). 

As the percentage of pathological calcium deposits 
within the mass of the pulp grows, the peripheral area 
tends to reduce its size as a whole but also by its 
separate components (Figure 28, d–f; Table 6). 

The amount of calcium deposits is also in an reverse-
type relation with both the mass of mature collagen fibers 
and the density of the vascular network from the pulpal 
core, its growth having the tendency to reduce the 
expansion of the other two (Figure 28, g and h; Table 6). 
As the mass of mature collagen fibers from the pulp core 
grows, the peripheral area as a whole and especially Weil 
zone tends to reduce its size (Figure 28i; Table 6). As the 
density of the intrapulpal capillary network increases, 
the peripheral area as a whole and especially Weil tend 
to decrease in size (Figure 28, j and k; Table 6). So, it can 
be said in summary that the quantitative changes in 
intrapulpal fibrosis, calcification and vascular density 
processes revealed an inverse correlation with changes 
in the dimensions of the pulpal peripheral area and its 
components, in the sense that the decrease of the 
peripheral area was associated with the increase of 
collagen fibers density, calcium deposits and density of 
the capillary network. 
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Finally, when the amount of fibrosis increases an 
expansion of the vascular bed takes place (Figure 28l; 
Table 6). The phenomenon seems rather unusual because 
it is a well-known fact that the development of an 
increasingly dense collagen tissue is accompanied by a 

decrease of both the stromal cell population and the 
vascular network. This phenomenon could be explained 
by the reemergence of some chronic inflammatory 
processes within the pulpal cavity. 
 

 
Figure 28 – Graph representation of Pearson’s correlation test between morphological parameters. 

Table 6 – Correlations between morphological 
parameters 

 

 Conclusions 

It seems that topographical position of teeth affected 
by occlusal trauma did not influence none of the 
morphological changes observed and described in the 
dental pulp of these teeth. 

Excepting the relationship between the components 
of the dental pulp peripheral zone evolution, most of  
the correlations described above, were not, however, 
statistically validated as the diagrams of the tests we 
used suggested. This fact imposes a deeper study on larger 
groups and the introduction of inflammatory cell population 
studies. 
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