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1. Introduction

Periodontal disease is represented by inflammatory processes that affect the tooth’s support /
anchoring system and lead to tooth loss and negative effects on the oral health. Tooth loss and
decreasing number of contacts between antagonist teeth was placed in relation to the educa‐
tional level, marital status and incomes. Changes in periodontal status have been associated
with oral factors and different systemic diseases.

2. Oral factors and periodontal changes

2.1. Caries, edentation and occlusal trauma

Maxillary represents a morphofunctional very complex entity, consisting of various compo‐
nents whose smooth work ensures performance of specific key like mastication, phonation,
physiognomy and self-preservation, contributing in the same time, cooperation with other
organs and tissues, to swallowing and respiration.

All physiological interrelationships of the components of the ensemble: the jaws including
teeth with periodontal tissues, buccal mucosa, tongue, salivary glands, temporomandibular
joint, neuromuscular complex and the veins that irrigate the functional territory providing
nutrition, are directed by the central nervous system [1,2]. This dependence is due to the
permanently received information by cortex from the entire reception network of maxillary.
It satisfies the balance and health of each organ this way, in which the occlusion coordinates
integrates.

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and eproduction in any medium, provided the original work is properly cited.



It is acknowledged that any pain occurred in the maxillary area generated by a traumatogenic
occlusion occurs not only locally, but also away from the mouth. Any alteration occurred in
one of the components of the maxillary (under the action of certain triggers cumulated with
the favoring ones), happens on a common ground: occlusion. On the other hand, disorgani‐
sation at the dental arches level, with a disruption of movement, can affect one of the elements
of the same assembly, occurring dysfunctional disorders.

As teeth are dependent on their supporting tissues which keep them in the pockets of the
maxillary bones, the periodontal complex depends on the activity of dental arches, normal
occlusal function leading to a morphofunctional mechanical stimulation that manages the
responsible biological mechanisms for the proper integrity of the periodontium [3].

The analysis of functional occlusion should be used as the basis for all conservative dental
treatment, periodontal, prosthetic and orthodontic surgery.

Due to the functional differentiation structure of periodontal tissues and topographical
situation of the two components (shell and supportive) defenses and resistance against
aggressive risk factors direct or indirect is special, being conditioned by their character. On
periodontal coating will act primarily micro-irritation local agents and at the periodontal
support component factors of functional order, resulting dysfunction appearance. Risk factors
that contribute to the disturbance or alteration action of periodontal can be classified into three
big categories:

i. General favorable factors with dysmetabolic character that alters nutrition of the
body, including the marginal periodontium.

ii. Local disturbing or precipitating factors that can be very divers, responsible for local
trophicity change of periodontium.

iii. Aggravating regional factors that alter regional trophicity due to the presence of
mandibular dysfunction caused by premature occlusal contacts and interference.

Studies performed on occlusal function and dysfunction shows that traumatic dental pain can
be caused by traumatic injury to periodontal, cracks or fractures of teeth vital and a change of
direction forces acting on periodontal dental units [1].

The occlusion was defined as the ratio of static contact between the two arches, regardless of
the position occupied by the jaw to the cranium, unlike the interdental articulation, which
requires dynamic contact of the dental arch.

Dynamic occlusal reports are made by the two arches during the performance of the stoma‐
tognathic system and during parafunctions. Occlusion is considered one of the three determi‐
nants of mandibular dynamics. In the same time, occlusion shows a anterior determinant (the
front arches) and a posterior determinant (the arch side), between which there is a balance and
interaction summarized in the context of mutual protection. Under this concept between the
two determinants of occlusion there is a mutual protection, acting on static and dynamic phases
of occlusion [4].
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Dental occlusion is meant to stabilize the mandible position to the skull, participating in the
development of systemic functions. Occlusal disorders occur as a result of dental anomalies
of number, volume, position, dental crown injuries, dental migrations, edentulous, change of
occlusion parameters, and secondary musculoskeletal joint dysfunction. Clinically it manifests
as premature contacts (characterized by occlusion static phases), occlusal interference (in
mandibular dynamic with dental contact), localized abrasion (at a tooth or dental group that
takes over occlusal) or generalized to the whole arch.

Occlusal contacts can occur in the static and dynamic positions the jaw. Any occlusal contact
that prevents uniform coaptation of support areas and occlusal contact points is called
premature occlusal contact. Occlusal contact occurs early in the static occlusion (at the end of
the terminal occlusion trajectory), or in the dynamic occlusion when the path of the jaw
movement interferes with the dental contact.

Premature contact is always traumatizing for stomatognathic system elements. Traumatogenic
capacity of a contact point depends on several factors such as the point of contact location, the
size of the contact point, the state of the contact surfaces [5].

This way, if the point of contact is on a bigger surface, the friction force increases with it, and
its pathogen potential. A reduced in size contact point, but between two rough surfaces can
be as traumatic or even more than one big point on a polished surface, due to the high friction
coefficient. Contacts may be multiple and symmetrical, while maintaining the mandible in a
position close to or almost identical to the centric relation or intercuspation position without
deviations above it, the rear or side. This rarely happens because the presence of small occlusal
contacts creates what is called an occlusal instability. Clinical evaluation of static and dynamic
occlusion cannot be made without registration cranio-mandibular relations. Within the
tendency to establish maximum intercuspation contact (in patients with long-centric) and
centric occlusion (in patients with point-centric), jaw moves from rest position, rising to the
jaw with the action of high muscles [4].

Dynamic occlusion analysis is performed through a test movement printed to the jaw, and also
during mastication, phonation and deglutition movements. The analysis of the test movements
(retrusion, protrusion, left and right laterality) often reveals the presence of occlusion block‐
ages or of some traumatic sliding slopes. The retrusion movement performed between
maximum intercuspation and centric relation can be blocked by some premature contacts, thus
preventing the mandible excursion to centric relation during deglutition. The protrusion can
register early contacts in the lateral area which would prevent the previous guidance of the
occlusion on the retro incisive slope. The deeper is the occlusion, the larger is the trajectory of
the protrusion. The premature contact points of the previous area in the protrusion movement
prevent balanced contact of the whole frontal group in the guide movement, creating an
overload of the teeth which keep the contact [6].

The test movements with left and right side orientation can reveal an inequality of the
trajectories due to movement blocking through occlusal obstacles or due to their different
orientation depending on the inclined planes which produce them. In the laterality movement
there is recorded the most intense traumatogenic activity at the level of the interferences that
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may occur on the inactive or swing area, by turning the mandibular into lower grade leverage,
therefore, more traumatic. In many cases, laterality or protrusion movement also causes a
slight mobilization of the teeth which are in premature contact [4].

Occlusal force action on periodontal unit depends on the intensity, duration, direction of force,
and the effects are also influenced by the state of tissue over which the force acts. The perio‐
dontal occlusal trauma is the degenerative injury that occurs when the occlusal forces exceed
the adaptive capacity of the supporting tissue. Given that the dento-dental gearing is a cusp –
fossa kind, the efforts leading is made in the long axis of the teeth. In normal circumstances,
this condition is achieved by the way in which the teeth are implanted in the dental alveoli
since their arcade eruption and through the manner in which are realized the dento-dental
contacts in centric relation and maximum intercuspation, moments in which the masticatory
pressures are maximum. In the teeth and periodontal tissue normal function, a particular
importance has the correct position of dental organs, this being possible due to the presence
of the balance between the multiple factors that are interrelated (presence of dental arcade
integrity, the nature of the existing relations between adjacent teeth through contact areas and
their character, dental morphology and cusps inclination, physiological mesial migration of
teeth, physiological abrasion of teeth and their axial tilt, biological resistance of the healthy
periodontium, lips, cheeks and tongue tone.

In the moment of integrity loss of dental arches, there occur multiple changes not only in the
expense of odonto-periodontal units, but also for other components of the stomatognathic
system, which demonstrates once again the present physiological interrelations between
constituents of the complex.

Closely related to biomechanical homeostasis specific of the periodontium, the whole struc‐
tural complex of the dento-maxillary system is conditioned by a series of morphological and
functional elements that fit in the principle of inclined planes, among which the most important
ones would be:

• Maximum and proximal vestibule-oral convexities of teeth ensure self-defense and self-
stimulation of marginal periodontium through its protection against micro traumas that
occur during mastication.

• The specific morphology of the frontal inferior teeth, vestibule-oral flattened in the third
incisal and mesial-distal cervical narrowed to align them in a circle, defends the periodon‐
tium from pressures coming from the vestibule to the oral.

• Teeth roots’ number and conical shape avoid the uneven application of the cementum-
alveolar walls.

• Oral tilt of lower molars and vestibular tilt of the upper ones direct the masticatory pressures
in the axial direction of these teeth while concentrating inwards massive facial.

When masticatory pressures are routed and transmitted in the long axis of the teeth, the
ligaments that form the periodontal membrane are not crushed, but they act almost entirely,
and are subject to forces with functional direction that determine their uniform extent, in
functional limits with trophic effect on alveolar bone. After force’s cessation, ligaments return
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to their spiral resting shape [7]. Taking into account that masticatory pressures are not
permanent, periodontal ligaments are submitted to a real functional gymnastics, functional
tasks interspersed with periods of rest, which stimulates periodontium, periodontal mem‐
brane and alveolar bone, and keeps it in normal parameters.

Local causes of traumatic occlusion with its negative consequences on the dento-maxillary are
varied:

• Untreated caries, besides pulpal and periapical complications, they may also lead to occlusal
disharmony and dysfunction by horizontal migration of proximal caries teeth or of their
neighbors disturbing occlusal curves, vertical migration of antagonist teeth, of one tooth
with occlusal caries or which considerably reduced the height of its crown, tipping of
neighboring or antagonist caries teeth.

Through the loss of interdental contact point due to proximal caries, the fibrous foods can
directly damage the marginal periodontium, which leads to periodontal damage and possible
installation of a secondary occlusal trauma.

• The edentation without prosthesis acts by cancelling the dental arches continuity, due to
loss of contact points, interrupting the continuity of the over alveoli ligaments system that
normally form a connecting strap between teeth.

Also, the horizontal migration of teeth which border the edentulous breaches makes possible
the spaces appearance between teeth and traumatic food impact of interdental gums papillae.

• Dental iatrogenic is often represented by inadequate fillings, inappropriate prosthetic
marginal axial or transversal or which does not restore correctly proximal contact surfaces
or natural convexities vestibule-oral and /or determine at the level of soft tissue rejection
reactions, caused by prosthetic material.

The erroneous occlusal articular balancing compromised by grinding the occlusal stops and
slopes guide altering vertical occlusal dimension and interdental space also produce occlusal
dysfunction.

• Alteration of the morphology of dental crowns by pathological abrasion produces a
broadening of the occlusal plane, constituting a cause of overload of odonto-periodontal
units by masticatory forces.

• Primary malposition of some permanent teeth which erupt vicious in the three spatial
planes. In this category, there are included anomalies of position: infra, over, predental,
retrodental, vestibular or oral of some teeth, different combinations of malposition: mesio‐
vestibular position and distovestibular position.

• Isolated dental anomalies of form and volume can be generating occlusal interference by
inconsistencies that appear in reports to other normally developed teeth. It produces a
change in the position of teeth, bone implant base change, changing cuspid plans finally
affecting occlusion reports.
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• Occlusal vicious habits and tics are multiple and a source of risk factors for a dysfunctional
maxillary. The most common harmful habits are: onychophagy (nail biting), biting objects
(pipe, rubber, glasses frames), the practice of keeping and tighten between teeth, needle,
nails, pencil, while working.

• Dentoalveolar fractures or maxillary bones may lead to dysfunctional occlusal interference.
When the traumatic accident caused significant displacement of bone fragments of jaw, they
rarely can be reduced in such a manner that there will be no significant occlusal changes
after consolidation.

• Multiple parafunctions are the most common sources of occlusal dysfunction, bruxism
holding priority. It is conditioned by the existence of occlusal disharmonies caused by
premature dental contacts and occlusal interferences with an important role for multi-causal
dysfunctional factors of the maxillary.

With a change of direction of force, normal pressure of normal muscle contractions become
traumatic for periodontal membrane crushed between the tooth and alveolar wall it has no
irrigation and normal metabolism anymore, and on the other hand, not all ligaments take
functional tasks. Besides periodontal membrane suffering appears a harmful effect on alveolus:
pressure causes bone lysis. Bone lysis always occurs in the way the force that causes pressure
on the bone acts, which results in a stronger inclination of the tooth, like this appears traumatic
periodontal conditions. By tilting the teeth it can escape the occlusal pressures making even
dental contact to disappear; periodontal pain does not disappear with the disappearance of
dental tooth contact as lack of stimuli periodontium undergoes hyaline degeneration of
hypofunction [8]. Following these considerations to set the concept of primary occlusal trauma
which means the harmful effect of occlusal forces on initial healthy periodontal when the
direction, intensity or duration of occlusal force are beyond functional parameters: direction
outside the long axis of the tooth, too long time, too much intensity. In this context, it should
be emphasized that most studies are in agreement that the primary occlusal trauma (in the
absence of superimposed etiologic factors, inflammatory, degenerative-dystrophic) does not
causes periodontal disease but isolated periodontal lesions. Experience has shown that when
the periodontium is weakened, initial periodontal suffering having other causes than occlusal,
occlusal requests, even with optimal direction, the long axis of the teeth, even if they are
intermittent, or even if the intensity normal, all lead to a periodontal trauma [9,10,11]. In this
case, it is a secondary occlusal trauma in which the occlusal forces act on a previously weakened
tooth periodontium. Obviously for already weaken teeth periodontium faulty forces within
that direction, intensity or duration, have bad effects. Great difficulty occurs when, after
periodontal is affected by an occlusal trauma, inflammatory component is superimposed,
because at the moment it is hard to tell whether it is a primary or secondary occlusal trauma.

We can describe the three stages of occlusal trauma: stage of aggression, stage of repair and
periodontal adaptation stage. During the stage of aggression collagen and osteogenic activity
is inhibited, so that when the injury is not too strong to stimulate repair possibilities. If the
trauma is not excessive, overcoming repair potential has serious periodontal consequences. If
trauma is not excessive, it can reach the third stage, the periodontal adaptation. [12].
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Disorders at the level of occlusive parameters characterized by shortening and cutting of
occlusal areas, their artificial or mixed incorrectly realization, discontinuities, incorrect
reconstructions of retroincisal slope, changes in the integrity and shape of support and
guidance cusps, altered occlusion curves, uneven occlusal plane, are important factors of
occlusal dysfunction, resulting in changes in jaw dynamic patterns, with muscle and joint
response, taking into account the role of the dental determinant in achieving mandibular
dynamics.

It is worth noting that the teeth in occlusal trauma, especially those with pathological abrasion,
fractures may occur in low varnish areas, which can go up to an aspect of,, shelling " of dental
crown [4].

True cuneiform lesions (mylolysis) are missing carious dentin being located strictly in the
varnish. These are considered by many authors as pathognomonic lesions for teeth in occlusal
trauma [13,14]. These lesions with lack of dental hard tissues are located on the vestibular side.
The section looks like an obtuse angle open to the mouth vestibule. The lesion affects hard
coronary tissues but extends to the root cementum, in the same time with marginal periodontal
retraction [5,15,16]. The color of the cuneiform lesions walls is slightly modified and they have
a hard consistency, heat sensitivity or chemical is inconsistent and injury has a slow progress.
If you are creating a five grade cavity lesion evolves rapidly while getting the characteristics
of dental cavity. Occlusal obstacles and / or occlusal parafunctions often cause appearance of
pathological abrasion [13]. It should be clinically noted how the abrasion is dependent on other
factors. It is demonstrates that the patient's age, degree of abrasion of tooth of specific subject,
the presence of eccentric abrasion (which betrays occlusion function) are factors that cause
pathological abrasion [4].

Studies show that reducing the masticatory field by edentation accelerates abrasion. Local
hyperacidity (by diet or acid regurgitation) can lead to erosion (as opposed to abrasion)
[17]. Presence of enamel dystrophy and dysplasia, in one word the quality of dental hard
tissues is an important factor that causes tooth wear [18].Another extremely important factor
that can cause tooth wear is the abrasive capacity of prosthetic restoration materials.Isolat‐
ed clinical examination makes it virtually impossible to determine the rate of pathological
abrasion. Therefore it is prudent that in such cases to make exploratory therapeutic methods
(selective grinding, temporary dentures) before major restaurateurs interventions.  In this
way, the dentist is able to identify more precisely the primary determinant of pathologi‐
cal  abrasion  and abrasion  evolution  speed.General  pathological  abrasion-is  the  abrasion
inconsistent with biological age. The generalized pathological abrasion is a major sign of
dysfunctional occlusal [18,19].

Periodontal pockets do not occur in primary occlusal trauma, but usually in secondary, on a
periodontium already affected in the presence of infectious and local irritative factors. As long
as the inflammation is limited to the gum, it is not aggravated by traumatic occlusal forces, but
when the inflammatory process spreads to desmodontium own tissue, the occlusal trauma
becomes a co-destruction factor of support structures, protecting the periodontal pockets of
bones. A periodontal pockets is pathological deepening of the gingivodental fosse which is
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formed gradually, resulting the destruction of tooth support tissue and its mobility, finally
leading to its expulsion of [19].

Destructive alveolar processes represent another consequence of the occlusal trauma phe‐
nomenon. Alveolar bone, despite of its appearance rigidity, is less stable than periodontal
tissue, as is continuous-changing structure by obvious resorption phenomenon in the pressure
area and by apposition ones manifested within traction territory. In the case of occlusal trauma,
the destructive effect on alveolar bone is directly proportional to the overload degree, their
frequency and duration being inversely proportional to the resistance of the tissue. On such a
field, under the action of repeated occlusion constraints, the negative effects of occlusal trauma
occur more easily, periodontal disease having a fast and serious evolution. In conjunction of
any occlusal trauma caused by bruxism amid a normal gum, first the bone destruction presents
the characteristic of an aseptic process, lytic, of some areas that cannot be radiologically
detected yet. In later stages, due to parafunction persistence, destructive phenomena compli‐
cate, the blood nutrition being even more deficient, due to prolonged action of pressure forces,
amid local irritations (tartar and plaque) will contribute to the failure of the epithelial barrier
to invasion of microorganisms and toxins. The existing bone bags, along with the gum ones
installed will progress simultaneously, adding also the gingival retraction [20]. Another result
of the occlusion dysfunction is represented by the opening of the interproximal contacts. The
consequence of periodontal changes caused by occlusal trauma is represented by dental
mobility, dental migrations, and gingivorragia. Mobility is due to an occlusal trauma exerted
on that tooth, the tooth receiving abnormal forces which pressure it during protrusion and
laterotrusion movements.

The more frequently there are affected the monoradiculars that are subjected to occlusal
trauma producing bone lysis in the support periodontium level. Because of dental mobility is
difficult to detect when occlusal trauma occurs, requiring consideration of occlusion, both in
centric relation and maximum intercuspation and also in protrusion and laterotrusion
movements. Pathological tooth migration is a phenomenon that occurs due to poor periodontal
structure, exacerbating existing traumatic occlusion with more pronounced effect of paraxial
transmission of masticatory forces so harmful to the entire dento-maxillary system. Changing
the position of one or more teeth causes ‘contact rupture’ between them, creating spaces (trema,
diastema) favoring mechanical injury of epithelial insertion with papilla inflammation often
accompanied by bleeding. Implantation of the pluriradiculars is more favorable for the
capacity of trauma resistance when the roots are divergent. In fact, all aspects mentioned above
influence the capacity of occlusal trauma resistance, making a normal request to appear as
supraliminal, emphasizing the traumatogenic character of occlusal forces [3, 21].

Coating or superficial periodontium injuries take various clinical forms depending on the
intensity, duration and direction on which occlusal trauma manifests. Occlusal trauma can
cause a progressive denudation of teeth roots, characterized by moving the gum to the tooth
apex. There are two sets of gum retractions: one which is detected on physical examination,
another one hidden, and a part of the root being covered by the inflamed wall of a periodontal
pocket. It should be noted that gingival retraction may involve all insertion area from the level
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of dental package, or only partially. The most common areas are the vestibular and oral of one
tooth, of a group of teeth or even of a complete dental arch.

Traumatic dental hygiene habits can worsen the gingival recessions at the level of vestibular
teeth face, this being associated with the occurrence and emphasis of cuneiform injuries, which
is a pathognomonic sign that the tooth / teeth in question are in occlusal trauma [22].

Occlusal trauma causes and aggravates the gingival retraction, thus accelerating the initial
epithelial proliferation by a local irritation, clinical form known as Mc Call’s garlands or
festoons. It also can reveal injuries as cracks (Stillman’s fissures). These identities are patho‐
logical bag bottoms in which the ulcerative process developed, they could spontaneously
cicatrize or persist in the form of deep fissures with rolled edges [23, 24, 25]. Papilla and
gingivitis occurring as a result of opening the cervical interproximal space arise as a conse‐
quence of the loss of dental contact points in the presence of partial edentation which are
accompanied by migrations, tipping or translations of the limiting dental units to edentulous
breaches. The opening of interproximal space allows food particles penetration, thus injuring
the gingival papillae.

Local examination reveals the presence of gingival inflammation that may be associated with
bleeding. In advanced stages there is a junction of the vestibular and oral gums, accompanied
by a slight extrusion of the affected tooth. Interradicular space dissection is characterized by
roots denudation, gingival epithelium covering the limbus bone top retreating. Reaching
bifurcation or trifurcation root is generally due to deepening of vestibular gingivodental or
oral channel [26, 27].

Any indiscriminate therapeutic act in terms of ignorance or underestimation the capacity
features and adaptive limit capacity, respectively of teeth defense, periodontium, temporo‐
mandibular joint, jaw bones, neuromuscular and vascular complexes, is likely to confuse the
morphofunctional balance of dento-maxillary system, thus prejudicing the treated subject
through iatrogenesis.

2.2. Malocclusions

The interrelation between the periodontal health status, the presence of dento-maxillary
anomalies and the orthodontic treatment remains a controversial issue in the literature [28],
reflected in the great diversity of the findings of studies that address this issue. Some research‐
ers promote the idea that the presence of dento-maxillary anomalies is a risk factor in the
development of periodontal pathology: [29-34];

The dento-maxillary anomalies may represent a risk factor in producing chronic marginal
periodontitis as they maintain the periodontal inflammation, while changing the intensity and
direction of occlusal forces. Other periodontal changes as insufficient attached gingiva width
and low height of the alveolar bone were also observed and associated with the presence of
dento-maxillary anomalies in general, or a single misaligned teeth [35, 36], as well as people
with evident dento-maxillary anomalies were discovered to whom periodontal changes were
minimal or nonexistent [37].
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2.2.1. Dento-alveolar disharmony (DAD) with crowding

They are a risk factor for the presence of septic inflammation, because due to the disparity
between mesial-distal sizes of permanent teeth and corresponding alveolar arches’ perimeter,
various dental malposition occur, localized mainly in incisor-canine region (Figure 1), which
causes retention of food debris and plaque, and difficulty in removing them by self-cleaning or
artificial cleaning [38]. This correlation is weaker in the maxilla compared to the mandible [39].

Figure 1. Gingival inflammation with papillae hypertrophy in lower and upper incisors, thin periodontium at 23
(eruption in buccal position) in a patient with dental crowding

The fact that malocclusion with crowding is a risk factor in the development of periodontal
pathology is supported by studies that have reported the existence of a strong correlation
between the presence of this anomaly and the occurrence of periodontal pockets, [40]; [41]; or
the reduction of alveolar bone[42].

Anatomical conditions specific to this anomaly are unfavorable because interdental septa are
thin, interdental papillae are laminated, with low volume and with poor blood circulation,
unfavorable for a good gingival-periodontal nutrition [43].

2.2.2. Dento-alveolar disharmony (DAD) with spacing

DAD cause periodontal adaptive phenomena such as: hiperkeratinized epithelium, gingival
chorion fibrosis, flattening dental papilla (which become a plateau or even concave aspect)
(Figure 2). The presence of this anomaly may favor direct trauma on interdental papillae by
food fragments.

Figure 2. Gingival retractions with a thin periodontium at 31, 41, aplatized papillae between 11 and 21
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Many specialized studies could not establish any positive correlation between incongruence
with spacing and periodontal parameters in conditions of a rigorous hygiene, so that there are
authors who consider that the indication for closure of interdental spaces is aesthetic rather
than for periodontal dental health maintaining. [39]

2.2.3. Open bite

In the anterior open bite teeth are not functionaly requested during mastication (missing the
food cut), and the self-cleaning phenomenon is absent favoring installation of gingival
inflammation and hyperplastic changes. In contrast, lateral teeth are in occlusal contact and
they are overworked during masticatory effort, they being almost in a state of permanent
occlusal trauma due to the transfer of mandibular movements’ previous guide of the lateral
teeth [44].

We thus witness the periodontal space widening, gingival retraction emergence and horizontal
bone atrophy of these teeth.

According to Macht and Zubery [45], in this syndrome we are witnessing a significant increase
in the gingival inflammation, consequence of the enhancing virulence of the dehydrated
plaque (due to lack of labial competence), and an increase in the length of the clinical crowns
of incisors, which may suggest that open bite predisposes patients to the development of
gingival retractions localized in the incisor segment (Figure 3).

Figure 3. Open bite in a 19 years patient-thin periodontium predisposed at gingival recessions

2.2.4. Deep bite (class II division 2 malocclusion)

In the deep bite syndrome, anterior teeth don't have stable occlusal stops, and their implan‐
tation remains normal just as long as inflammation isn't installed due to the presence of plaque.
When gingival-periodontal injuries of microbial cause occur, the anterior teeth implantation
degrades, it begins a process of accelerated active eruption of the anterior inferior teeth, with
the possibility of their direct trauma to the incisive upper periodontium [43], and the progres‐
sion of periodontal lesions. Deep bite syndrome will lead in these conditions to increased
periodontal pocket depth and marginal gingival retractions appearance [39]
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2.2.5. Overbite (class II division 1 malocclusions)

Due to inocclusion lips and upper lip hypotrophy, bacterial accumulation occurs in the anterior
dental area, the immunological role of saliva is reduced, and on long-term increases the
frequency of periodontal lesions [46]. Similar to open bite, in the anterior dental regions, a
fragile periodontal can be structured (Figure 4), prone to periodontal lesions because of
unstable interdental contacts. The same fragile periodontium can be observed in the side areas,
due to unilateral or bilateral crossbite (consequences of a different degree of compression of
the two jaws).

(a)  (b) 
 

Figure 4. Fragile periodontium with gingival recessions in lower incisors (a-frontal b-lateral view) in a patient with
maxillary compression

There is no concordance of views regarding correlations between sagittal inocclusion (overjet)
and periodontal parameters. Authors such as Davies et al. 1991, [47] or Geiger et al., 1976, [48]
support the existence of a significant correlation between plaque index, periodontal diseases
and severe anterior overjet (> 6 mm), while Buckley, 1981 [49] considers that there is no
significant correlation between the presence of overjet and plaque index, or gingival inflam‐
mation index.

According to Torres et al., 2006, [50] an increase in the plaque index occurs only in subjects
with sagittal inocclusion > 6, and after Bjornaas et al. 1994 [51], to adulthood, in the presence
of a severe sagittal inocclusion (overjet ≥8mm), there is a reduction of alveolar bone level with
≈0,96mm in the upper anterior area, and with ≈0,35 mm in the lower area.

2.2.6. Mandibular prognathism (class III malocclusions)

In mandibular prognathism, the lingual pressure (of the protrude tongue and low positioned)
continuously exercised on the lower incisors' lingual face and the occlusal trauma due to
anterior crossbite can lead to important vestibulo-version of the mandibular incisors with fine
periodontal biotypes inducing and the presence of a very thin vestibular cortical bone, located
away from the cemento-enamel junction.

Transferring anterior guide on the lateral teeth, found in this group of anomalies, leads to the
lateral dental area overloading concurrent to a less loading of the front area (no food incision)
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[44]. Therefore we can expect the emergence of periodontal changes like horizontal bone
atrophy and epithelial insertion's descent [52].

Periodontal changes occur early in reverse gear and consist of the occurrence of significant
gingival retraction of the lower incisors' vestibular face ("disposal trench"), possibly a tooth
mobility, following a permanent occlusal trauma.

These periodontal changes can regress spontaneously if orthodontic treatment is instituted
early [53].

There is no uniformity of opinion or about the association between anterior crossbite with
different periodontal parameters. Ngom et al. researches 2005, [39] have reported the presence
of a significant correlation between anterior crossbite and the percentage of gingival retraction,
but not with the plaque index and the gingival pockets depth, while Hashim and Al-Jasser's
researches, 1996, [54] have found a significant correlation between crossbite, the plaque index
and the periodontal pocket depth. The difference between the two studies may be due to
differences in age and dental hygiene of the subjects investigated. Silness and Roynstrand,
1984, [55] opines that the crossbite teeth show more frequently signs of periodontal disease
compared to those dealing a normal occlusion.

2.2.7. Congenital malformations of the lip, maxilla and palate(clefts)

Next to specific anatomical defects, the delays in the formation and timing of tooth eruption,
the  need for  long orthodontic  treatment  [56,  57]  and the  presence of  prosthetic  restora‐
tions are factors contributing to the reduction of the alveolar bone level in areas adjacent
to dehiscence [58].

Multiple dental malposition, segmental alveolar gaps, soft tissue folds made before palato‐
plasty, the presence of scar tissue or oro-nasal communications persisting after surgical closure
of the defect, make oral hygiene maintenance a difficult task, increasing risk and progression
of periodontal disease [59, 60, 61].

Comparing the periodontium from patients with cleft lip and cleft palate, to the one from
patients with cleft palate only, Gaggl et al., 1999, [62 found that the first have a predisposition
to deep periodontal destructions in the teeth adjacent to the splicing area, while in patients
that only have cleft palate, clinical peridental appearance may be similar to that of subjects
without malformations. However, Dewinter and Quirynen state that the periodontium of the
teeth from the splicing zone or near it, in patients with unilateral cleft, can cope relatively well
to a long orthodontic treatment or to a combined periodontal-orthodontic treatment [63].

2.3. Orthodontic treatment

The three main reasons justifying the need for orthodontic treatment are: to improve facial and
dental aesthetics, oro-dental health and the normal oral functions [36].

In the absence of periodontal diseases and in the presence of a proper oral hygiene, a well led
orthodontic treatment should not have, on long-term, significant effects on periodontal
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supportive structures. According to Graber et al., 2005, [64] it is possible to occur a decrease
in the alveolar bone's volume and height, as an adaptive process to the trauma.

The main clinical periodontal effects that can be seen in the oral cavity after insertion of
orthodontic appliances are: gingival hyperplasia, marginal gingival retraction, irreversible loss
of bone support and excessive fibrous tissue that prevents complete closure of the post
extraction spaces [65].

2.3.1. Gingival overgrowth (hypertrophy and hyperplasia)

A periodontal change frequently observed during orthodontic treatment, especially with fixed
appliances, is the emergence of gingival overgrowth [66].

Scope, they can be localized or generalized, but seem to be more common in mandibular
incisors region (67, 68) (Figure 5).

Figure 5. Gingival overgrowth with inflammation and plaque accumulation in the lower incisors

Other authors (69) believe that overgrowths may be marginal, diffuse, papillary, or discrete
and have four degrees of severity:

• 0-no gingival overgrowth;

• I – gingival overgrowth extended only to the dental papilla;

• II-gingival overgrowth covering the papilla and marginal gingiva;

• III-gingival overgrowth covers three quarters or more of the dental crown.

Since gingival overgrowth is a factor limiting or preventing orthodontic tooth movement, it
often requires its removal by gingivectomy, which removes all fibrous tissues around the tooth
and at the same time allows gum's reshaping or remodeling [69]. After gingivectomy, perio‐
dontal condition is improving, so the orthodontic mechanic’s normal course is possible. If it
does not prevent the effectiveness of orthodontic treatment and causes no discomfort to the
patient, gum volume enlargement can be removed after the completion of orthodontic
treatment, if it does not regress spontaneously.
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2.3.2. Marginal gingival retractions and losses of bone support

Sometimes, the incidence of gingival recessions in patients with a fixed orthodontic appliance
can be up to 10% [70]. In addition, repeated trauma on marginal gingiva by teeth movements
and plaque accumulation, inherent with the application of orthodontic appliances, can lead to
the formation of marginal gingival retractions. Moreover, mucogingival problems prior to the
initiation of orthodontic treatment could be exacerbated by the application of orthodontic force
[70]. It seems that the lower incisors are the teeth most likely to develop marginal gingival
retractions, the mechanism of their occurrence being the excessive force applying, which does
not allow bone's repairing or remodeling during teeth movement with the existence of a thin
or non-existent vestibular cortical and an inadequate or absent keratinized gum [40].

2.3.3. Assesment of periodontal changes using immunological analysis in Gingival Crevicular Fluid
(GCF)

During the initial phase of orthodontic treatment, orthodontic forces induce a response to the
mechanical stress from periodontium and a net of events it is produced: angiogenesis, aseptic
inflammation and periodontal remodeling [71].

Gingival crevicular fluid (GCF) is used to determine the presence and levels of biomarkers
expressed during the first phase of orthodontic treatment, this cascade of substances compris‐
ing cytokines, metalloproteinases and other mediators of complex transformations in the
periodontium [72, 73].

In studies funded by the grant ID573/2008 of the Ministry of Education and Research of
Romania, we measured the levels of Pentraxin-3 (PTX3), Thrombospondin1 (TSP1), Lipoca‐
lin2/Matrix metalloproteinase 9 (MMP9/NGAL) complex and Matrix metalloproteinase 9
(MMP9) in GCF at different time points of the first 2 weeks of orthodontic treatment, to
determine the relationship between these values and theirs implication in inflammation and
angiogenesis balance, in the situation of a good control of the bacterial plaque [74, 75].

GCF samples were collected from orthodontic patients requiring upper canine distalization
with first premolar extraction. For the orthodontic appliance, there are placed brackets Roth
0.018 inch (GAC Intl, Bohemia, USA) with 0.012 inch NiTi archwire (GAC Intl, Bohemia, USA)
and a laceback made from 0.010 inch stainless wire, placed and activated 21 days after the
premolar extraction.

Using the statistical analysis, our results show a change in time of PTX3, TSP1, MMP9/NGAL
and MMP9 levels in GCF of patients with this method of orthodontic treatment and suggest
their stronger involvement in inflammation and angiogenesis processes in PDL during
orthodontic periodontal remodeling, in the situation of a healthy periodontium and a good
control of the bacterial plaque.

2.3.4. Assessment of periodontal changes using immunohistochemical analysis of gingival tissue

The gingival overgrowth as a reaction of the orthodontic treatment was longtime considered
by the clinicians as an inflammatory result of the retention of the bacterial plaque by the
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orthodontic devices. Clinical observations showed that the gingival overgrowth appear also
in patients with good oral hygiene, without any clinical signs of gingival inflammation.

Our studies [76,77] in the grant ID573/2008 funded by the Ministry of Education and Research
in Romania showed that the gingival overgrowth during the fixed orthodontic treatment
appears at the beginning, without any inflammatory signs, as a result of the mechanical stress
and periodontal remodeling during the orthodontic movement, the MMP8 and MMP9 acting
as indicators of this situation.The inflammation of gingiva occurs as a consequence of the
accumulation of the bacterial plaque favorized by the orthodontic devices.

Gingivectomy was performed in patient with gingival overgrowth in the first eight weeks of
the orthodontic treatment and the material obtained was used for histologic and immunohis‐
tochemical study.

3. Systemic factors and periodontal changes

3.1. Diabetes and obesity

Diabetes mellitus (DM) and periodontitis are both chronic inflammatory disorders and which
enhances their severity, worsen each other prognosis and share a number of pathogenic
mechanisms with common inflammatory mediators which have been investigated as possible
biomarkers of disease status.These improved diagnostic efforts resulting from utilization of
biomarkers should enable optimal treatment planning, also assist in monitoring clinical
response to treatment and more focused prevention of common human conditions. The most
important inflammatory mediators linked to initiation and progression of periodontal disease
is a complex network of pro-inflammatory cytokines, matrix metalloproteinases (MMPs) and
prostaglandins [78]. The vast majority of studies of cytokines, adipokines and other mediators
in periodontitis and diabetes have been small-scale clinical studies using GCF(gingival
crevicular fluid), saliva or gingival tissues samples which have focused on limited number of
mediators and many inconclusive because of limitation in study design. Nevertheless there
are promising data on certain mediators such IL-1β, IL-6, TNF-α and emerging data on RANKL
and OPG; these are likely to have a central role in the pathogenesis of periodontitis in diabetic
patients [79, 80]. Complex interactions between individual mediators and emergent pathways,
for example, synergy in cytokine signaling, will not be apparent from simple disease associa‐
tion studies of a limited number of molecules [79, 80].

There are studies suggesting that pro-inflammatory cytokines which induce chronic inflam‐
matory diseases including periodontitis, could increase insulin resistance [81, 82]. Both TNF-
α and IL-6 are produced in adipose tissue, and a large quantity of circulating IL-6 is derived
[83]. There are also studies which correlate periodontitis to obesity [84, 85]. These directions
of research suggest that obesity, diabetes and periodontitis may be related to each other.

Effective periodontal treatment in patients with DM significantly reduced GCF [86, 87] and
serum levels of several mediators, such as IL6, TNF, adiponectin [88, 89, 90], MMP2, MMP9
[91], thus leading to reduced systemic inflammation.
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In the effort to establish a pathway for the periodontitis-DM-obesity co-morbidity, some
studies have determined genetic polymorphisms for IL6 and IL1 [92, 93]. These cytokines have
been previously measured in blood and GFC from patients with these diseases.

Because fatty tissue serves as a reservoir for inflammatory cytokines, an increase in body fat
may determine an increase of the inflammatory response of the host in periodontal disease [94].

In 2014, a study concerning the low fibers rich and fat poor diet for 8 weeks, demonstrated an
improvement of the periodontal disease’s markers, their levels returning to the initial value
after follow-up period [95]. A study proposed the hyperinflammatory state observed in
obesity, determined by the increase in cytokine levels, as mechanism to explain this relation
[96].
Aknowledgment

Immunological and immunohistochemical studies of MMP9/NGAL, TSP1, PTX3, MMP8 and
MMP9 in GCF and gingival tissue of orthodontic patients were funded by the grant ID573/2008
of the Ministry of Education and Research of Romania, IDEAS competition of CNCSIS.

Author details

Petra Surlin1, Anne Marie Rauten2, Mihai Raul Popescu3, Constantin Daguci4 and
Maria Bogdan5

1 University of Medicine and Pharmacy of Craiova, Faculty of Dental Medicine, Department
of Periodontology, Romania

2 University of Medicine and Pharmacy of Craiova, Faculty of Dental Medicine, Department
of Orthodontics, Romania

3 University of Medicine and Pharmacy of Craiova, Faculty of Dental Medicine, Department
of Occlusal Sciences, Romania

4 University of Medicine and Pharmacy of Craiova, Faculty of Dental Medicine, Department
of Oral Health, Romania

5 University of Medicine and Pharmacy of Craiova, Faculty of Pharmacy, Department of
Pharmacology, Romania

References

[1] ASH. Dental Anatomy Phisiology and Occlusion. W. B. Saunders Co.1993;
45-68,89-146.

Periodontal Changes and Oral Health
http://dx.doi.org/10.5772/59248

833



[2] Gray HS. Occlusion and restorative dentistry: Part1.NZDent J1993; 89(395):61-5.

[3] Calandriello M, Carnevale G, Ricci G. Parodontologia, Ed. Martina Bologna 1996;
20-45,156-193,549-587.

[4] Dawson PE. Position paper regarding diagnosis, management, and treatment of tem‐
poromandibular disorders. The American Equilibration Society. J Prosth Dent 1999;
81(2):174-8.

[5] Lund JP Occlusion: the “science-based” approach. J Can Dent Assoc 2001; 67(2):84.

[6] Millstein P, Maya A. An evaluation of occlusal contact marking indicators. A descrip‐
tive quantitative method. J Am Dent Ass 2001; 132(9):1280-6; quiz 1319.

[7] Gremillion HA. The relationship beetwen occlusion and TMJ: an evidence-based dis‐
cussion. J Evid Based Dent Pract 2006; 6:43-47.

[8] Genco RJ. Current view of risk factors for periodontal diseases. J Periodontol 1996
Oct; 67(10 Suppl):1041-9.

[9] Armitage GC. Periodontal diagnoses and classification of periodontal diseases. Perio‐
dontology 2004; 34:9-21.

[10] Harrel SK, Nunn ME, Hallmon WW. Is there an association betwen occlusion and pe‐
riodontal destruction? Yes-occlusal forces can contribute to periodontal destruction. J
Am Dent Assoc 2006; 137:1380-1384.

[11] Greenstein G, Greenstein B, Cavallaro J. Prerequisite for treatment planning implant
dentistry: periodontal prognostication of compromised teeth. Compend Contin Educ
Dent 2007; 28:436-437.

[12] MC Neill C. Occlusion: what it is and what it is not. J Calif Dent Assoc 2000; 28(10):
748-58.

[13] Dale R. Occlusion: the standard of care. J Can Dent Assoc 2003; 67(2):83-92.

[14] Telles D, Pegoraro LF, Pereira JC, et al. Incidence of noncarios cervical lesions and
their relation to the presence of wear facets. J Esthet Restor Dent 2006; 18: 178-183.

[15] Grippo JO, Simring M, Schreiner S. Attrition, abrasion, corrosion and abfraction re‐
visited: a new perspective on tooth surface lesions. J AM Dent Assoc 2004;
135:1109-1118

[16] Abrahamsen TC, The worn dentition-pathognomonic patterns of abrasion and ero‐
sion. Int Dent J 2005; 55:268-276.

[17] Coleman TA, Grippo JO, Kinderknecht KE. Cervical dentin hypersensitivity, Part III:
resolution following occlusal equilibration. Quintessence Int 2003; 34:427-434.

[18] Dawson PE. Functional occlusion: from TMJ to Smile Design. St. Louis 2007:27-32.

Emerging Trends in Oral Health Sciences and Dentistry834



[19] Ruiz Jl. Achieving Longevity in esthetic dentistry by proper diagnosis and manage‐
ment of occlusal disease. Contemporary Esthetics 2007;11:24-27.

[20] Williams Dm, Hughes FJ, Osell Ew, Farthing PM. Pathology of Periodontal Disease.
Oxford University Press, 1992.

[21] Williams RC. Periodontal disease. N Engl J Med 1990; 8:322: 373-82

[22] Papapanou PN. Periodontal Disease: epidemiology. Ann Periodontol 1996; 1(1):1-36.

[23] Okesson J.P. Management of Temporomandibular Disorders and Occlusion, St.
Louis, Mosby1993; 111, 125, 569;

[24] Armitage GC. Development of a classification system for periodontal diseases and
conditions. Ann Perio 1999; 4:1-6.

[25] Avery JC. Oral development and hystology. Third edition, Ed. Thieme, Stuttgart,
2002.

[26] Wilson TG, Kornman KS. Fundamentals of Periodontics. Quintessence Publishing
Co. Chicago, 1996

[27] Zaslansky P, Friesam AA, Weiner S. Structure and mechsnical properties of the soft
zone separating bulk dentin and enamel in crown of human teeth. J Struct Biol 2006;
153:188-99.

[28] Johal A, Katsaros C, Kiliaridis S, Leitao P, Rosa M, Sculean A, Weiland F, Zachrisson
B. State of the science on controversial topics: orthodontic therapy and gingival reces‐
sion (a report of the Angle Society of Europe 2013 meeting). In: Johal et al. Progress
in Orthodontics 2013;14-16.

[29] Helm S, Petersen PE. Causal relation between malocclusion and periodontal health.
Acta Odontol Scand 1989 ;47(4):223-228.

[30] Abu Alhaija ES, Al-Wahadni AM. Relationship between tooth irregularity and perio‐
dontal disease in children with regular dental visits. J Clin Pediatr Dent 2006; 30(4):
296-8.

[31] Pugaca Jolanta, Urtane Ilga, Liepa Andra, Laurina Z. The relationship between the
severity of malposition of the frontal teeth and periodontal health in age 15-21 and
35-44. Stomat Baltic Dent Maxillofac J 2007;9:86-90.

[32] Mtaya M, Brudvik P, Åstrøm AN. Prevalence of malocclusion and its relationship
with socio-demographic factors, dental caries, and oral hygiene in 12-to 14-year-old
Tanzanian schoolchildren. European Journal of Orthodontics 2009;31(5):467–476.

[33] Chandrasekhara Reddy V., Ashok Kumar BR., Ankola Anil. Relationship Between
Gingivitis and Anterior Teeth Irregularities Among 18 to 26 Years Age Group: A
Hospital Based Study in Belgaum, Karnataka. JOHCD 2010;4(3):61-66.

Periodontal Changes and Oral Health
http://dx.doi.org/10.5772/59248

835



[34] Gusmão S Estela, Coutinho de Queiroz RD, de Souza Coelho Renata, Cimões Renata,
Lima dos Santos Rosenês. Association between malpositioned teeth and periodontal
disease. Dental Press J Orthod 2011;16(4):87-94

[35] Bimstein, E., Needleman, H.L., Karimbux, N., Van Dyke, T.E. Malocclusion, ortho‐
dontic intervention, and gingival and periodontal health-Periodontal and Gingival
Health and Diseases – Children, Adolescents, and Yong Adults. Ed Martin Dunity
2001;17-31, 251-273.

[36] Ngom P.I, Benoist, H.M., Thiam, F., Diagne, F., Diallo, P.D. Influence of orthodontic
anomalies on periodontal condition. Odontostomatol Tropic 2007;30(118):9-16.

[37] Onyeaso, C.O., Arowojolu, M.O., Taiwo, J.O. Periodontal status of orthodontic pa‐
tients and the relationship between dental aesthetic index and community periodon‐
tal index of treatment need. Am J Orthod Dentofacial Orthop 2003;124(6):714-20

[38] Ashley FP, Usiskin LA, Wilson RF, Wagaiyu E. The relationship between irregularity
of the incisor teeth, plaque, and gingivitis: a study in a group of schoolchildren aged
11-14 years. Eur J Orthop 1998;20:65-72.

[39] Ngom PI, Benoist, H.M., Thiam, F., Diagne, F., Diallo, P.D. Intraarch and interarch
relationships of the anterior teeth and periodontal conditions. Angle Orthod
2005;76(2):236-242.

[40] EL-Mangoury NH, Gaafar SM, Mostafa YA. Mandibular anterior crowding and pe‐
riodontal disease. Angle Orthod 1987;1:33-38.

[41] Staufer K, Landmesser H. Effects of crowding in the lower anterior segment—a risk
evaluation depending upon the degree of crowding. J Orofac Orthop 2004;65:13-25.

[42] Jensen L, Birgit, Solow B. Alveolar bone loss and crowding in adult periodontal pa‐
tients. Community Dent Oral Epidemiol 1989;17(1):47–51.

[43] Dumitiu HT. Parodontologie. Ed Viaţa Medical Rom 1998;92-94

[44] Dorobăţ Valentina, Stanciu D. Ortodonţie şi ortopedie dento-facială. Ed Med
2009:363-457.

[45] Machtei EE, Zubery Y, Bimstein E, Becker A. Anterior open bite and gingival reces‐
sion in children and adolescents. Int Dent J, 1990;40(6):369-373.

[46] Bassigny F. Manuel d’orthopedie dento-faciale. Paris: Masson: 1991.

[47] Davies TM, Shaw WC, Worthington HV, Addy M, Dummer P, Kingdon A. The effect
of orthodontic treatment on plaque and gingivitis. Am J Orthod Dentofac Orthop
1991;99:155-161.

[48] Geiger AM, Wasserman BH. Relationship of occlusion and periodontal disease: part
IX. Incisor inclination and periodontal status. Angle Orthod 1976;46(2):99-110.

Emerging Trends in Oral Health Sciences and Dentistry836



[49] Buckley LA. The relationships between irregular teeth, plaque, calculus and gingival
disease. A study of 300 subjects. British Dental Journal 1980:148(3):67-69.

[50] Torres H., Corrêa S. Daniela, Zenóbio EG. Avaliação da condição periodontal em pa‐
cientes de 10 a 18 anos com diferentes más oclusões. R Dental Press Ortodon Ortop
Facial 2006;11(6):73-80.

[51] Bjornaas T, Rygh P, Boe OE. Severe overjet and overbite reduced alveolar bone
height in 19-year-old men. Am J Orthod Dentofacial Orthop 1994;106(2):139-45.

[52] Glăvan Florica, Jianu Rodica. Ortodonţie. Ed Miron 1999;229

[53] Boboc G. Anomaliile dento-maxilare. Ed Medicală, Bucureşti, 1971;9-146.

[54] Hashim HA, Al-Jasser NM. Periodontal findings in cases of posterior cross-bite. J
Clin Pediatr Dent 1996;20:317-320.

[55] Silness J, Roynstrand T. Effects on dental health of spacing of teeth in anterior seg‐
ments. J Clin Periodontol 1984;11:387-398.

[56] Lages EM., Marcus B., Pordeus IA. Oral health of individuals with cleft lip, cleft pal‐
ate, or both. Cleft Palate Craniofac J 2004;41:59-63.

[57] Quirynen M., Dewinter G., Avontoodt P., Heidbuchel K., Verdonck A., Carels C. A
split mouth study on periodontal and microbiological parameters in children with
complete unilateral cleft lip and palate. J Clin Periodontol 2003;30:49-56.

[58] Stec Magdalena, Szczepańska Joanna, Pypeć J., Hirschfelder Ursula. Periodontal Sta‐
tus and Oral Hygiene in Two Populations of Cleft Patients. The Cleft Palate-Cranio‐
fac J 2007;44(1):73-78.

[59] Boloor V., Thomas B. Comparison of periodontal status among patients with cleft lip,
cleft palate, and cleft lip along with a cleft in palate and alveolus. J Indian Soc Perio‐
dontol 2010;14(3):168-172.

[60] Costa B., Lima JE., Gomide MR., Rosa OP. Clinical and microbiological evaluation of
the periodontal status of children with unilateral complete cleft lip and palate. Cleft
Palate Craniofac J 2003;40:585–589.

[61] Wong F., King N. The oral health of children with clefts: a review. Cleft Palate-Cra‐
niofac J 1998;35:248-254.

[62] Gaggl A, Schultes G, Kärcher H, Mossböck R. Periodontal disease in patients with
cleft palate and patients with unilateral and bilateral clefts of lip, palate and alveolus.
J Periodontol 1999;70(2):171-8.

[63] Dewinter G, Quirynen M, Heidbüchel K, Verdonck A, Willems G, Carels C. Dental
abnormalities, bone graft quality and periodontal conditions in patients with unilat‐
eral cleft lip and palate at different phases of orthodontic treatment. Cleft Palate Cra‐
noifacial J 2003;40(4):343-50.

Periodontal Changes and Oral Health
http://dx.doi.org/10.5772/59248

837



[64] Graber TM., Vanarsdall RL., Vig KW. Orthodontics-Current Principles and Techni‐
ques-5th ed. St Louis, Elsevier Mosby, 2012; 807-842.

[65] Krishnan V, Ambili R, Davidovitch Z, Murphy NC. Gingiva and Orthodontic Treat‐
ment. Semin Orthod 2007;13:257-271.

[66] Kouraki E., Bissada NF., Palomo JM., Ficara AJ. Gingival enlargement and resolution
during and after orthodontic therapy. N Y State Dent J 2005;71(4):34-37.

[67] Zachrisson BU., Alnaes L. Periodontal condition in orthodontically treated and un‐
treated individuals-I. Loss of attachment, gingival pocket depth and clinical crown
height. Angle Orthod 1973;43:402-411.

[68] Zachrisson S., Zachrisson BU. Gingival condition associated with orthodontic treat‐
ment. Angle Orthod 1972;42:26-34.

[69] Newman MG., Takei HH., Klokkevold PR., Caranzza F. Carranza’s Clinical Perio‐
dontology-9th edition. W.B. Saunders Co, Philadelphia 2002;279-297.

[70] Geiger AM. Mucogingival problems and the movement of mandibular incisors-a
clinical review. Am J Orthod 1980;78:511-527.

[71] V. Krishnan and Z. Davidovitch, “On a path to unfolding the biological mechanism
of orthodontic tooth movement”, Journal of Dental Research, vol.88, no. 7, pp.
597-609, 2009

[72] J. Jr. Capelli, A. Kantarci, A. Haffajee et al., “Matrix metalloproteinases and chemo‐
kines in gingival crevicular fluid during orthodontic tooth movement”, European
Journal of Orthodontics, vol. 33, no. 6, pp. 705-711, 2011

[73] M.M. Bildt , M. Bloemen , A.M. Kuijpers-Jagtman , J.W. Von den Hoff, “Matrix met‐
alloproteinases and tissue inhibitors of metalloproteinases in gingival crevicular fluid
during orthodontic tooth movement“, European Journal of Orthodontics, vol. 31, no.
5, pp. 529-537, 2010.

[74] Surlin P, Rauten AM, Silosi I, Foia L. Pentraxin-3 levels in gingival crevicular fluid
during orthodontic tooth movement in young and adult patients. Angle Orthod.
2012 Sep; 82(5):833-8. doi: 10.2319/072911-478.1. Epub 2012 Jan 3.

[75] Surlin P, Silosi I, Rauten AM, Cojocaru M, Foia L. Involvement of TSP1 and MMP9/
NGAL in angiogenesis during orthodontic periodontal remodeling. ScientificWorld‐
Journal. 2014; 2014:421029. doi: 10.1155/2014/421029. Epub 2014 May 20.

[76] Surlin P, Rauten AM, Mogoantă L, Siloşi I, Oprea B, Pirici D. Correlations between
the gingival crevicular fluid MMP8 levels and gingival overgrowth in patients with
fixed orthodontic devices. Rom J Morphol Embryol. 2010; 51(3):515-9.

[77] Şurlin P, Rauten AM, Pirici D, Oprea B, Mogoantă L, Camen A. Collagen IV and
MMP-9 expression in hypertrophic gingiva during orthodontic treatment. Rom J
Morphol Embryol. 2012; 53(1):161-5.

Emerging Trends in Oral Health Sciences and Dentistry838



[78] Hanes PJ, Krishna R Characteristics of inflammation common to both diabetes and
periodontitis: are predictive diagnosis and targeted preventive measures possible?
EPMA J. 2010 Mar; 1(1):101-16. doi: 10.1007/s13167-010-0016-3

[79] P.M. Preshaw, A.L. Alba, D.Herrera, S. Jepsen, A. Konstantinidis, K. Makrilakis, R.
Taylor Periodontitis and diabetes: a two-way relationship. Diabetologia 2012;
55:21-31

[80] Taylor JJ, Preshaw PM, Lalla E. A review of the evidence for pathogenic mechanisms
that may link periodontitis and diabetes. J Clin Periodontol 2013; 40 (Suppl. 14)

[81] Hotamisligil GS, Peraldi P, Budavari A, Ellis R, White MF, Spiegelman BM. IRS-1-
mediated inhibition of insulin receptor tyrosine kinase activity in TNF-alpha-and
obesity-induced insulin resistance. Science 1996; 271: 665-668.

[82] Uysal KT, Wiesbrock SM, Marino MW, Hotamisligil GS. Protection from obesity-in‐
duced insulin resistance in mice lacking TNFalpha function. Nature 1997; 389:
610-614.

[83] Mohamed-Ali V, Goodrick S, Rawesh A et al. Subcutaneous adipose tissue releases
interleukin-6, but not tumor necrosis factoralpha, in vivo. J Clin Endocrinol Metab
1997; 82: 4196-4200.

[84] Franchini R, Petri A, Migliario M, Rimondini L Poor oral hygiene and gingivitis are
associated with obesity and overweight status in paediatric subjects. J Clin Periodon‐
tol 2011; 38: 1021–1028

[85] Haffajee AD, Socransky SS. Relation of body mass index, periodontitis and Tannerel‐
la forsythia. J Clin Periodontol 2009; 36: 89–99.

[86] Duarte PM, Szeremeske de Miranda T, Lima JA, Dias Gonçalves, Expression of Im‐
mune-Inflammatory Markers in Sites of Chronic Periodontitis in Type 2 Diabetic
Subjects. J Periodontol 2011; DOI:10.1902/jop.2011.110324

[87] Hardy DC, Ross JH, Schuyler CA, Leite RS, Matrix metalloproteinase-8 expression in
periodontal tissues surgically removed from diabetic and non-diabetic patients with
periodontal disease. J Clin Periodontol 2011; DOI: 10.1111/j.1600-051X.2011.01788.x

[88] Chen L, Luo G, Xuan D, Wei B, Liu F, Li J, Zhang J, Effects of Non-surgical Periodon‐
tal Treatment on Clinical Response, Serum Inflammatory Parameters, and Metabolic
Control in Type 2 Diabetic Patients: A Randomized Study J Periodontol 2011; DOI:
10.1902/jop.2011.110327.

[89] Kardeşler L, Buduneli N, Çetinkalp S, Lappin D, Kinane DF, Gingival crevicular flu‐
id IL-6, tPA, PAI-2, albumin levels following initial periodontal treatment in chronic
periodontitis patients with or without type 2 diabetes. Inflamm Res 2011; 60(2):
143-51.

[90] Sun WL, Chen LL, Zhang SZ, Wu YM, Ren YZ, Qin GM, Inflammatory cytokines,
adiponectin, insulin resistance and metabolic control after periodontal intervention

Periodontal Changes and Oral Health
http://dx.doi.org/10.5772/59248

839



in patients with type 2 diabetes and chronic periodontitis. Intern Med 2011; 50(15):
1569-74.

[91] Panagiotis A Koromantzos, Konstantinos Makrilakis, Xanthippi Dereka, Steven Of‐
fenbacher, Nicholas Katsilambros, Effect of Non-Surgical Periodontal Therapy on
CRP, Oxidative Stress, MMP-9 and MMP-2 Levels in Patients With Type 2 Diabetes.
A Randomized Controlled Study J Periodontol DOI:10.1902/jop.2011.110148

[92] Xiao LM, Yan YX, Xie CJ, Fan WH, Xuan DY, Association among interleukin-6 gene
polymorphism, diabetes and periodontitis in a Chinese population Oral Diseases
2009; 15(8):547–553.

[93] López NJ, Valenzuela CY, Jara L, Interleukin-1 gene cluster polymorphisms associat‐
ed with periodontal disease in type 2 diabetes. J Periodontol 2009; 80(10):1590-8.

[94] Ritchie CS. Obesity and periodontal disease. Periodontol 2000 2007; 44: 154-63

[95] Kondo K, Ishikado A, Morino K, Nishio Y, Ugi S, Kajiwara S, Kurihara M,Iwakawa
H, Nakao K, Uesaki S, Shigeta Y, Imanaka H, YoshizakiT, Sekine O, Makino T, Mae‐
gawa H, King GL, Kashiwagi A. A high fiber, low-fat diet improves periodontal dis‐
ease markers in high-risk subjects: a pilot study. Nutr Res 2014 Jun; 34(6):491-8.

[96] Sophia S, Jaideep M. Multifactorial Relationship of Obesity and Periodontal Disease.
J Clin Diagn Res Apr 2014; 8(4): ZE01–ZE03

Emerging Trends in Oral Health Sciences and Dentistry840


