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1. INTRODUCTION

Dental injuries are the most common results of traumas in the orofacial region of
children. They occur mostly in mixed dentitions, in immature permanent teeth and during
development of jaws. Due to information in literature (14, 45, 57, 62, 129, 161), 35% of
children in the age of 9 years have experienced, at least once, tooth injuries and children
suffer accidents most frequently between 8 and 11 years of their age. These accidents often
result in dental injuries which can be either injuries of the hard tissues of the teeth (clinical
crown or root fractures etc.), or injuries of the periodontal tissues (lateral luxation, intrusive
luxation, complete avulsion etc.), or combination of the above injuries. These injuries could
be accompanied by injuries to gingiva, oral mucosa, or generally soft tissues and injuries to
the supporting bone. The most serious type of injury is the complete avulsion which very
often might lead to the loss of the affected tooth.

Accidents occur during usual activities of children, like running, skateboarding, cycling
etc. The most frequent causes of dental injuries in children are various sport activities,
especially contact sports, and the most frequent places that the accidents occur are homes,
sport fields and primary schools.

This dissertation thesis was mainly concentrated on treatment of immature permanent
teeth after trauma and especially periodontal tissue injuries and clinical crown fractures. We
were concerned mainly on the factors which could influence the outcome of treatment of
injured teeth (eg. time interval between injury and treatment, providence of first aid at the
place of the injury etc.) and on the treatment outcome itself. In immature permanent teeth
that had suffered posttraumatic complications, such as pulp necrosis and chronic
periodontitis, contemporary methods of treatment were investigated using calcium
hydroxide, a material which is widely used in endodontics and in dental traumatology.

The experimental part of this thesis describes the influence of calcium hydroxide in
periradicular environment and on root dentin when it is used as intra-canal dressing, for
longer period. The antibacterial effect of calcium hydroxide was examined by measuring the
differences in pH values which are caused in periradicular environment by long-term use of
this material (e.g. in cases of treatment of immature permanent teeth with necrotic pulp). On
the other hand, hypercalcification and changes in root dentin hardness were verified by the

use of Scanning Electron Microscope (SEM).



2. THEORETICAL PART OF THE DISSERTATION THESIS -
Contemporary state of the problem: a survey

2.1 Dental injuries — categories, description

There are quite a few studies in literature describing and categorizing traumatic dental
injuries (17, 64, 88, 92, 103, 183). According to the latest categorization attempts, tooth

injuries could be divided into:

A. injuries to hard dental tissues and pulp
The injuries to the hard dental tissues and the pulp could be divided into:

Al.  Uncomplicated fractures of the clinical crown of the tooth:

Ala. Enamel infraction: It is not a fracture but a crack on the enamel surface of the
tooth, without any loss of tooth substance.

Alb. Enamel fracture: The fracture line is confined only to the enamel. There is loss of
enamel tooth substance, without dentin exposure.

Alc. Enamel-dentin fracture: The fracture line is confined only to enamel and dentin,
without involving the pulp. There is loss of enamel-dentin tooth substance.

A2. Complicated fractures of the clinical crown of the tooth: The fracture line is
confined to enamel and dentin, but there is pulp exposure.

A3.  Root fractures: The fracture line is confined to cementum, dentin and pulp. The
root fractures are further classified according to the location of the fracture line (cervical,
middle or apical third) and according to the displacement direction of the coronal fragment.

A4. Uncomplicated crown-root fracture: This type of fracture involves cementum,
enamel and dentin, without pulp exposure.

AS. Complicated crown fracture: This type of fracture involves cementum, enamel

and dentin but there is pulp exposure.

B. Injuries to the periodontal tissues
The injuries to the periodontal tissues could be divided into:

BI. Concussion: It is an injury to the tooth supporting tissues (mostly periodontal
ligaments), which is not characterised by displacement or loosening of the injured tooth.

Percussion pain and mild periodontal space widening are present.



B2. Subluxation: It is an injury to the tooth supporting tissues (mainly periodontal
ligaments), characterised by loosening of the injured tooth, pain to percussion, widening
of the periodontal space, but no displacement is present.

B3. Extrusive luxation: It is an injury to the tooth supporting tissues (mainly alveolar
bone and periodontal ligaments), characterised by loosening of the injured tooth and its
partial displacement (extrusion) out of its alveolar socket.

B4. Lateral luxation: It is an injury of the tooth supporting tissues (mainly alveolar
bone and periodontal ligaments), characterised by loosening of the injured tooth and its
displacement in any direction, other than axially. It could be accompanied by fracture of
the alveolar process.

BS. Intrusive luxation: It is an injury of the tooth supporting tissues (mainly alveolar
bone and periodontal ligaments), chracterised by displacement of the tooth axially, into
the alveolar bone.

Bo6. Avulsion: It is the complete displacement (total exarticulation) of the injured

tooth, out of the alveolar socket.

The above injuries could be accompanied by gingival or other soft tissues' injuries,
alveolar bone injuries or there could be even combination of the above injuries (eg.
uncomplicated crown fracture with concussion). The most serious among the above injuries
is the tooth avulsion, since it often leads to loss of the affected tooth (14, 15, 33, 105, 170).

This study will be concentrated mostly on occurrence and treatment of post-traumatic
complications in immature permanent teeth and the role of calcium hydroxide use in

prevention and treatment of these complications.

2.2 Epidemiology of dental traumas in children

Traumatic dental injuries (TDIs) are the most common results of traumas in the
orofacial region of children. They occur mostly in mixed dentitions, and in immature
permanent teeth (14, 17).

Findings in the literature (14, 29) show that, in some populations 35 % of boys and 23 %
of girls, might be assumed to have sustained damage to their teeth by the age of 14 years.
Furthermore, it is stated in a study in Danish population that 30 % of children have sustained
dental trauma to their primary dentition and 22 % of children to their permanent dentition, so

approximately until the age of 14 years, 50 % of children have experienced, at least once, a



dental injury (14). Generally, children suffer accidents most frequently between 8 and 11 years
of age (14, 62, 129, 161).

In many studies in literature (13, 133, 134) is stated that boys experience dental injuries to
their permanent dentitions more frequently than girls. The reason for the above is that boys in
school age are more active than girls in participation in team sports and contact games.

Accidents that result in dental injuries often occur during typical childhood activities,
such as running, skateboarding or cycling. In our own previous studies as well as in other
studies found in the literature (98, 120, 181, 184), it has been shown that the most common
causes of dental injuries in children are sport activities, especially contact sports, and the
most common places that the accidents occur are home, primary schools, sport fields and

other public places (47, 62, 165).

2.3 Etiology of dental injuries in different age groups in children

There are various activities that children have which may lead to dental injuries. Studies
in literature have proved that children suffer in higher frequency from dental injuries than the
adults (14, 29, 62). The main reason is that children, especially in preschool ages, have not
yet developed the coordination of body movements and have not perfected their balance, so
they are more susceptible to falls which are the most frequent cause for TDIs (40, 43, 62,
165). Another reason is that they are not aware of danger (lack of experience), so they risk
with activities that the adults would not risk. Falls could occur on stairs, floor or even on
furnitures at home.

In school-aged children and adolescents, very frequent cause of dental injuries is sport
activities, especially the contact sports, such as football, hockey, basketball etc. (86, 99).
These sports are very popular in developed countries, as well as in the Czech Republic,
resulting in increased frequency of traumas, especially in orofacial region. In some countries,
as Czech Republic, the use of mouth-guards is not yet quite common and this fact increases
the risk of a dental injury to occur.

Other sports that have been recorded to cause dental traumas are cycling, running, horse
riding etc.

Frequent causes of dental traumas are various types of playing at playgrounds.

Traffic accidents include bicycling, car and pedestrian accidents and they occur mostly
in adolescents or late teenegers. The main reasons are the non-use of helmets for bikers and

safety belts for car passengers (78, 126).



Finally, increasing incidence of violence and child abuse seems to be rather frequent and
tragic cause of TDIs in children. In develloped countries, such as USA, this problem seems to
have reached dramatic levels, since in the mid-ninenties, allmost 3.000.000 children were

reported to child protection agencies as victims of physical abuse from their parents (125).

2.4 Factors which can affect the outcome of dental injuries® treatment

The most important factor affecting the treatment outcome is time. All trauma cases
should be treated on emergency basis (19, 21); only in that way occurrence of healing
complications, such as pulpal and periodontal complications, could be reduced. According to
time interval between dental injury incident and treatment and to various treatment stages,
dental treatment of TDIs can be categorised into (19, 21, 54, 154):

1) Primary care of dental trauma: this provides the urgent treatment which is required
immediately after trauma and could be divided into:

- acute or emergent treatment (within few hours after trauma)

- subacute or urgent treatment (within 24 hours after trauma)

- delayed treatment (after the first 24 hours after trauma)

i1) Secondary phase of treatment: It starts usually two weeks after the primary phase and
includes the monitoring of pulpal and periodontal status, healing of soft and hard dental
tissues, endodontic treatment, orthodontic therapy etc. And

1i1) Tertiary phase of treatment: Commences a few months to few years after the injury

and includes the final restoration of a missing tooth, orthodontic treatment etc.

For all dental injuries, the following approaches are recommended (19, 154):
a) Crown and crown-root fractures: Subacute or delayed treatment

b) Root fractures: Acute or subacute treatment

c¢) Concussion and subluxation: Subacute treatment

d) Extrusive and lateral luxations: Acute treatment

e) Intrsusive luxation: Subacute approach

f) Avulsion: Acute approach

In cases of avulsion, critical factor for future prognosis of the replanted tooth is the
extra-oral time EOTi). The shorter the EOTi, the better the prognosis (6, 11, 14, 28, 71, 107,
169, 170). Ideally, the avulsed tooth should be replanted immediately at the place of injury
(6, 11, 28).

10



Another factor which plays important role on the treatment outcome is the storage
medium (SM) in cases of tooth avulsion and crown fractures. In cases ot avulsion, if the tooth
is not replanted immediately at the place of injury, it is recommended to be stored in milk or
saliva which has almost the same effect as storage in saline solution (16). In cases of clinical
crown fractures, the fragment should be stored in moist environment, until its reattachment;
if it is stored in dry conditions, it could get dehydrated and reattachment to the tooth is not
indicated (1, 143, 144).

There are SMs which are recommended by some authors, which seem to effect
positevely the outcome of the treatment. Such solutions could be Hank‘s Balanced Salt
Solution, Gatorade, fluoride solutions and Tooth Rescue Box (containing various salts,
amino-acids, vitamins and glucosis) (44, 59, 115, 138, 169, 172).

Finally, factors such as, stage of root development, type and period of splinting after
periodontal tissue injuries and root fractures, timing of endodontic intervention whenever is
required, use of antibiotics whenever is recommended, patients’ behaviour, post-traumatic
care and frequent clinical and radiographic controls play important role in treatment

outcome.

2.5 Occurrence of post-traumatic complications in teeth with closed and in teeth with
open root apices

TDIs require long-term clinical and radiographic controls, since occurrence of post-
traumatic complications (PTCs) is frequent and often not predictable. The most frequent,
among PTCs, is pulp necrosis (PN) (15, 30, 97). PN occurs after periodontal tissue injuries
(lateral, extrusive, intrusive luxations, avulsion injuries) and in cases of untreated
uncomplicated crown fractures (UCCf) or complicated crown fractures (CCf) and root
fractures. Untreated PN could lead to apical chronic periodontitis, a complication which will
require long-term endodontic treatment using calcium hydroxide. PN could also be
associated with occurrence of root resorption which is very serious PTC and could lead even
to loss of the affected tooth. Obliteration of root canal is also, relatively, frequent PTC; it
seems to be related with pulp revascularization after luxation injuries and occurs more
frequently in permanent teeth with incomplete root development (15, 30, 97).

All the above complications should be treated on time, soon after they are diagnosed.
Endodontics and use of calcium hydroxide as intracanal medicament play important role in

treatment of these complications.
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In cases of periodontal tissue injuries (especially when there is presence of tooth
displacement), there is disruption of the nerve-vessel bundle in the apical area, a fact which
leads to high probability of PN occurrence; if tooth is repositioned after luxation injuries or
replanted in cases of avulsion soon after the injury, especially in immature teeth with wide
open root apices, there is good chance for occurrence of pulp revascularisation (28, 107). In
mature teeth, the chance for pulp revascularisation occurrence is significantly weaker (130).
So, in mature teeth (MT) there is higher probability for occurrence of PN, but in immature

teeth (IT) there is higher chance for pulp revasularisation and eventual root canal obliteration

(8).

2.6 Treatment of periodontal tissue injuries in teeth with open root apices and in teeth
with closed root apices

Concussion and subluxation are minor periodontal tissue injuries. In concussion injury,
no mobility and no displacement of the injured tooth is present, only tenderness to occlusal
forces and to percussion tests. In subluxation injuries, the injured tooth is mobile in
horizontal direction but no displacement is present and is sensitive to occlusal forces and
percussion tests. For the above injuries, in IT and MT, no active treatment is required.
Patients are adviseded to maintain good oral hygiene and consume soft diet, at least for one
week period. Occurrence of PTCs as pulp necrosis, especially in IT is rare. Arrested surface
root resorption is noticed, though, some time after the injury (8, 34, 144).

Extrusive and lateral luxations are more serious periodontal tissue injuries. In cases of
extrusion, the tooth is mobile in all directions and seems elongated and displaced (partially
exarticulated) outwards from its alveolar socket (in axial direction). In lateral luxation cases,
the tooth is dislocated and mobile. In x-ray pictures there is significant widening of the
periodontal space. In both cases, careful repositioning and splinting is required for 2-3 weeks
(8, 20, 109, 128).

In IT, in both extrusive and lateral luxation injuries, PN occurs significantly less
frequently than in MT; this is because IT have better healing capability than MT (8, 109,
128). In cases of revascularization of the pulp, root canal obliteration occurs very frequently
in IT, when in MT revasculariztion of the pulp is rather uncommon (8, 109, 128). In IT, in
lateral luxation injuriees, surface root resorption is a frequent finding, but replacement root
resorption and infection related root resorption are rather rare (8, 20), when in MT root

resorption, in general is significantly more frequent finding.
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In general, it is recommended to postpone any endodontic intervention in IT that have
suffered extrusive and lateral luxation injuries, since if they are treated properly and on time,
there is high chance that pulp vitality of the injured teeth could be saved (8, 10). Even in
cases of pulpal damage, there is good chance of pulp revascularization, especially in IT with
wide open root apex. Endodontic intervention is recommended only in situations that there is
irreversible damage to the pulp, as in PN. In these cases, trepanation and removal of the
necrotic tissue from the root canal, effective irrigation and repeatedly filling of the root canal
with calcium hydroxide materials are indicated, until apexification is achieved (50, 69, 124,
149).

Intrusive luxation is relatively infrequent dental injury of permanent teeth (22, 156). The
intruded tooth is displaced into the alveolar bone along its axis. It is very serious injury of
periodontal tissues, accompanied by damage to gingiva, periodontal ligaments and alveolar
bone. The intruded teeth are firm (no mobility present), but very sensitive to percussion,
which produces metallic sound. If the tooth is fully intruded, it is possible that there is
bleeding from the nasal cavity, since the root apex of the intruded tooth could be pushed into
the nasal cavity.

For IT, spontaneous re-erruption has always been the choice of primary treatment (2, 8,
22-24). It is a process which could last even up to 6 months. Alternative to this approach is
orthodontic extrusion, which is decided if 1-2 months after the injury, there is no sign of
tooth re-erruption. For MT, orthodontic extrusion, or surgical reposition is usually the
treatment choice.

Frequency of occurrence of PN and inflammatory root resorption is significantly high
even in IT; therefore, frequent clinical and radiographic controls are necessary. In cases of
PN and inflammatory root resorption, immediate endodontic tratment is indicated comprising
the removal of necrotic pulp tissue and repeatedly filling of root canal with calcium
hydroxide pastes, until the root resorption is arrested and apexification is achieved.

Finally, avulsion injuries are considered as the most serious dental injuries. In these
injuries, tooth is fully exarticulated out of the alveolar socket. Usually, avulsions are
accompanied with injuries to the soft tissues (gingiva, lips etc.), alveolar bone fractures and
periodontal tissue damages. Replantation of the luxated tooth is the ideal choice of treatment.
Critical factor affecting the future prognosis of the replanted tooth is the extra-oral time
interval (EOT1) which should be up to 20 min. The avulsed tooth, ideally should be replanted

immediately, at the place of the traumatic incidence, after it is rinsed with cold water (6, 11,
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28, 45, 52, 71). If the tooth is not replanted immediatelly, factors such as storage medium and
stage of root development will influence the treatment outcome.
In IT which are replanted even until 2-3 hours after the injury, pulp revascularization

could be expected (25-27, 71, 100, 107).

2.7 The role and importance of calcium hydroxide in endodontic treatment of teeth with
open root apices in periodontal tissue injuries

Calcium Hydroxide (Ca(OH);) was firstly induced in dentistry in 1920 by Hermann,
who used it as desinfection of the root canal, presenting with good results.

Ca(OH), is widely used in endodontics as root canal medicament because of its
beneficial properties, such as: 1. antibacterial effect, 2. induction of hard tissue formation, 3.
bleeding and exudation control, 4. antiresorptive effect, 5. biocompatibility and 6. easy
application into the root canal (5, 49, 53, 80, 174).

In endodontics Ca(OH), is used as direct and indirect pulp capping [In 1929, Hess
introduced Ca(OH), as material indicated for covering the pulp after pulpotomy treatment
(91)] and as root canal sealer. It is also used as root canal dressing for short term (eg. in cases
of bleeding or exudation from the root canal, as dressing between appointments) or for long
term (for apexogenesis and apexification, in cases of acute and chronic periodontitis and of
large periapical lesions, for prevention and treatment of root resorption, in root fractures etc).

In treatment of PTCs in permanent teeth of children, Ca(OH), is the root canal dressing
of our choice, especially in root fractures, in complicated clinical crown fractures and in
periodontal tissue injuries, like avulsion, lateral and extrusive luxation. In the root canal,
Ca(OH), dissociates into calcium and hydroxyl ions, the environment becomes highly
alkaline, thus antibacterial, since the hydroxyl ions enhance the formation of an alkaline
medium, which is responsible for the destruction of bacterial cell-membrane lipoproteins (67,
72, 80, 153).

Endodontic treatment in IT with wide open apices is difficult, especially in drying and
obturating adequtely the root canal and in removing the infected root dentin from the root
walls. For many years, Ca(OH), is suggested as the material for treating non-vital IT.
Nowadays Ca(OH); is the most commonly used material, indicated as root canal dressing in
treatment of IT, having favorable results (89, 113, 149). Ca(OH), is indicated for treatment of
infected root canals and periradicular tissues, for arresting of infection related root resorption
and for formation of an apical hard tissue barrier (apexification), which will enhance future

root canal obturation (46, 112, 157).
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3. AIM OF THIS THESIS

This dissertation thesis consists of three major parts: 1) pre-clinical, 2) clinical and 3)
experimental part.

1) The aim of the pre-clinical study of the thesis was to evaluate the efficiency of
primary school teachers” knowledge on how to provide adequately first aid in case of tooth
avulsion injury, the most serious among all dental injuries. Determining factors for
prevention of PTCs occurrence are the immediate providence of effective first aid and fast
transfer of child to dental office for treatment. If dental injuries are not treated on time, the
the PTCs that might occur, could lead even to loss of the injured tooth.

2) The aims of the clinical part of the dissertation thesis were:
a) to find out the most frequent causes and mechanisms leading to avulsion of permanent teeth,
b) to determine the frequency of tooth replantation in cases of avulsion,
¢) to specify the most frequently used storage mediums and the extraoral time,
d) to analyse any healing events which will require endodontic treatment with the use of
calcium hydroxide, focusing mostly on the type of root resorption of the replanted teeth,
e) to analyze possible post-traumatic complications’ occurrence in immature permanent
teeth,
f) to compare post-traumatic complications occuring in immature teeth and mature teeth and
g) to state the differences in endodontic treatment approach in immature teeth and mature
teeth

3) The aims of the experimental part of the thesis were:

a) Experiment 1: To measure and compare in vitro the pH of various Ca(OH), materials
which are used as intracanal medicaments in Dentistry department of Faculty of Medicine
and Faculty hospital in Pilsen, so to estimate the alkaline properties of each material.

b) Experiment 2: To analyze the ability of various Ca(OH), materials to release calcium and
hydroxyl ions and to find out if the vehicles used in Ca(OH), preparations play a role in the
diffusion of the above ions, in vitro. The results were statistically analysed.

¢) Experiment 3: i) To compare in vitro the calcium ion diffusion (through the exposed
dentin tubules) of various Ca(OH), materials, ii) to measure the extra-radicular pH changes,
caused by the use of these Ca(OH), materials as intracanal dressings in human teeth. The

results were statistically analysed.
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d) Experiment 4: To measure the root dentin micro-hardness in vitro, after long-term use
of Ca(OH); as intra-canal medicament and evaluate the differences of dentin hardness (Dh)
after the use of various Ca(OH), preparations. The measurements of Dh were statistically
analysed and compared.

e) Experiment 5: Based on limitted findings in literature (32, 75, 158), we performed a
microscopic study of root dentin. The aim of this study was to observe (in vitro) in Scanning
Electron Microscope (SEM) the root dentin after long-term use of Ca(OH),, as intracanal
dressing and subsequently to compare teeth, filled with Ca(OH), and teeth without any root
canal filling.

Furthermore, with the help of SEM, to compare the calcium weight percentage of root dentin,

in teeth that had been previously filled with Ca(OH), and teeth without any root filling.
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4. PRE-CLINICAL PART OF THE DISSERTATION THESIS

4.1 Prevention of tooth injuries (questionnaires, posters in primary schools)

Dental injuries in children are rather common during sport activities and at schools,
where they spend most of their time every day (3, 17, 108). It has been stated in many studies
in literature that tooth injuries occur mostly in young ages, especially in school children,
when children develop various physical activities (12, 14, 29, 42, 62, 129, 140, 161). It has
been also noted that 1/3 of children population between 8 and 11 years old has allready
experienced a dental injury (33, 81, 121, 178). These injuries occur mostly in schools, sport

and playing fields and at home.

4.1.1 Materials and methods

A simple questionnaire was prepared, containing 9 questions about tooth avulsion. The
definition of avulsion was included at the top of the questionnaire (Fig. 1).

For each question, there were two to seven possible responses, from which the teachers
could choose one or more. 350 questionnaires were distributed in 9 randomly-chosen primary
schools, in Pilsen, Czech Republic, to 300 teachers who were asked to complete and return
them within one week. A short letter on the reverse side of the questionnaires contained
instructions and provided our contact information, in case that respondents would have any
questions.

Subsequently, we prepared posters which were distributed in most of the primary
schools in the Czech Republic; the posters contained information about how teachers should

react and behave in cases of permanent tooth avulsion (Fig. 2).
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»Avulsion is defined as the traumatic knock-out of the tooth from the alveolar socket, as a result of an injury*

Have you ever received any information about providing
first aid in cases of dental injuries?

Questionnaire

2. If yes, mention the source of the information

d. Other sources

a. Courses of first aid
b. Education in pedagogic faculty
c. Dentist

Have you ever heard the term ,,avulsion of tooth*?

Have you ever met with avulsion in your school?
If ,,yes“,please mention how many times Q ...

5. Describe the situation that resulted in avulsion

a.

During sport activities (running, football, etc.)

b. Falls during walking or playing
c. Asaresult of an impact of an object in the oral area
d. Due to a conflict between students
e. Other
6. What was your immediate reaction after the incident?
a. I immediately informed the child’s family
b. [Iarranged at once the transfer of the child to a dentist
c. Ileft the child at school, since it was not a serious injury
d. I arranged at once the transfer of the child to his/her home
7. If you have never experienced such a situation, what would you do in a case of an injury

a.

b.

€.

which would result in avulsion of a tooth? ,
I would inform the family and immediately arrange the transfer of the child to a

dentist

I would inform the family and immediately arrange the transfer of the child to

his/her home

If the only injury would be avulsion of a tooth and no other more serious
trauma would be present, I would leave the child at school

I would inform the director of the school and let him/her decide about any
possible steps which should be taken or not

I would contact by phone a dentist, inform him about the incidence and listen
to his/her advice

8. What would you do with the avulsed tooth, if it would be found?

a. I would throw it out since it would be dirty and infected
b. 1 would rub it, so that to clean the dirt out of it

c. I would wash it with tab water

d. Iwould place it in a clean handkerchief or gauze

e. [ would place it into milk

f. I would place it in physiologic solution

g. I would place it in desinfectant solution

9. If you would find the tooth, how would you hold it?

a. From the clinical crown
b. From the root
c. Anyhow — it does not make any difference

v ...for positive answers, please use tick or circle the letter before each answer
Thank you very much for filling this questionnaire.

FIG. 1 QUESTIONNAIRE FORM
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CHILDREN

PREVENT THE TOOTH INJURIES IN

With the use of sport mouth-guards
During contact sports (basketball, handball, football etc.) and other sports (cycling, skateboarding etc.), it is possible to pre-
vent dental injuries or -at least- decrease the traumatic incidences, by the use of sport mouth-guards.

By providing first aid
By correct providence of first aid, it is possible even to save the tooth which was knocked out from its socket.
In the case that a permanent tooth of a child is knocked out, please remain calm and pursue the following, simple procedure:

# Find the knocked out # First the tooth should ¢ The tooth should be ¢ Immediately after,
tooth Do not touch the be rinsed with milk or cold immobilized in a way that transfer the child to the
root of the tooth. Hold the water and then carefully the child is biting gently to closest dental clinician.
tooth from its crown. Do should be placed to its a handkerchief.

not rub the dirt out of the  socket.

tooth and do not place it

into disinfection solution.

If for some reason it is not possible to replace the expulsed tooth to its socket: #Use physiologic solution
or even milk for placement of the expulsed tooth Do not let the tooth to dryeDo not use as a storage medium dis-
infection solution ¢ Immediately transfer the child and the knocked tooth to a dentist

On time visit to dentist

The visit to the dentist on the right time (as soon as possible after the injury) is extremely important in all cases of dental
injuries. With the immediate transfer of the child we can prevent future unpleasant complications which require long-term
treatment and which could lead even to the loss of the affected tooth

ZDR'VEZUB

FIG. 2 POSTER DISTRIBUTED TO PRIMARY SCHOOLS

19



4.1.2 Results

74 % of teachers filled out the questionnaire.

69 % of respondents who replied had never received any information about providing
first aid in cases of dental injuries.

34 % had not heard the term “avulsion” of tooth, 20 % had had experience with dental
avulsion in the school and some of them more than once.

The most common cause of dental avulsion, according to respondents, was some kind of
sport activity, such as running, football or hockey (63 % of the cases). The second most
common cause was an impact to the oral cavity with an object (18 %), and the third cause
was injury during playing or walking (9 %).

83 % of respondents answered that they would immediately arrange for the transfer of
the child to the dentist and inform the parents.

81 % of respondents would keep the avulsed tooth in a dry handkerchief or in any
available clean, dry medium, until the child was transferred to the dental office. 2 % would
choose to put the tooth in saline solution and 4 % would place the tooth into milk.

The results are presented in (Table 1).
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Numbe.sr of Questions and possible answers No. of Percentage (%)
question answers
Have you ever received any information about providing first
Sy c e 220 100
| aid in cases of dental injuries?
Yes 68 30,9
No 152 69,1
If yes, mention the source of information 64 100
Courses of first aid 19 29,7
2 Education in pedagogic faculty 21 32,8
Dentist 17 26,6
Other sources 22 34,4
Have you ever heard the term “avulsion of tooth”? 220 100
3 Yes 146 66,4
No 74 33,6
Have you ever met with avulsion in your school? 219 100
4 Yes 44 20,1
No 175 79,9
Describe the situation that resulted in avulsion 56 100
During sport activities (running, football, etc.) 35 62,5
5 Falls during walking or playing 5 8,9
As a result of an impact of an object in the oral area 10 17,9
Due to a conflict between students 4 7,1
Other 2 3,6
What was your immediate reaction after the incident? 58 100
I immediately informed the child’s family 25 43,1
6 I arranged at once the transfer of the child to the dentist 27 46,6
I left the child at school since it was not a serious injury 0 0
I arranged at once the transfer of the child to his/her home 6 10,3
If you have never experienced such a situation, what would
you do in a case of an injury which would result in avulsion of 217 100
the tooth?
I would inform the family and immediately arrange the transfer of
. : 179 82,5
the child to a dentist
I would inform the family and immediately arrange the transfer of 19 2.7
7 the child to his/her home ’
If the only injury was avulsion of a tooth and no other more 0 0
serious trauma would be present, I would leave the child at school
I would inform the director and let him/her decide about any 3 1.4
possible steps which should be taken or not ’
I would contact by phone a dentist, inform him/her about the
L . ) ; 16 7,4
incidence and listen to his/her advice
What would you do with the avulsed tooth, if it would be
233 100
found?
I would throw it out since it would be dirty and infected 5 2,1
I would rub it, so that to clean the dirt out of it 4 1,7
8 I would wash it with tap water 15 6,4
I would place it in a clean handkerchief or gauze 188 80,7
I would place it into milk 10 4,3
I would place it into physiologic solution 5 2,1
I would place it into disinfectant solution 6 2,6
If you would find the tooth, how would you hold it? 217 100
9 From the clinical crown 202 93,1
From the root 4 1,8
Anyhow - it does not make any difference 11 5,1

TABLE 1 QUESTIONNAIRE RESULTS
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4.1.3 Discussion

Especially in avulsion injuries of permanent teeth, immediate replantation or fast
transfer of child and avulsed tooth (which should be stored in proper medium) to a dentist,
are determining factors for the future prognosis of the affected tooth, since prolonged extra-
oral storage of tooth will worsen the treatment outcome (16, 44, 56, 58, 59, 87, 170). Due to
our experience (170), immediate replantation of the avulsed tooth is extremely rare, and this
is the reason that this answer was not used among options in this questionnaire. In similar
studies in other countries, at least 75 % of the people who were asked would not even think
that such a choice could be possible (33).

The results of this study concerning knowledge of primary school teachers on how to
behave in dental trauma situations, confirm the data in the literature (33, 37). More
specifically it was confirmed that most of primary school teachers would put the avulsed
tooth in a dry handkerchief until the transfer to the dentist. 1/3 of teachers had never heard
the medical term “avulsion” before we gave them the questionnaires. It was concluded that
teachers of primary schools are inadequately informed on how to provide first aid in cases of
dental avulsion and apparently other dental injuries, a conclusion which was common in most
of similar studies that took place in other countries (37, 101, 136).

Especially for avulsion injuries, the knocked-out tooth should be ideally replanted
immediately at the injury place; if replantation though, is realized within 20 minutes from the
time of injury and if the luxated tooth is not stored in dry environment (but instead in saline
solution or in milk) until it is replanted, then prognosis could be quite promising (104, 170,
171) and the risk of occurrence of future PTCs, such as PN, obliteration of root canal,
infection related root resorption, ankylosis, or even premature loss of the affected tooth with
consequent inclination of the neighbouring teeth, could be significantly decreased. Therefore,
persistent effort of dental practitioners to communicate and inform primary school teachers

and sport trainers is important and necessary (137).
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4.1.4 Conclusion

In the Czech Republic, primary school teachers have inadequate knowledge concerning
dental injuries and their consequences. This fact demands a better communication between
dental practitioners, primary school teachers and and in general all proffessionals who are in
regular contact with children. Correct behaviour, not only might support the prevention of
dental traumas, but in advance may minimize the risk of occurrence of future post-traumatic
complications. It is in dental practitioners’ hands to persuade the elementary school teachers
and other professionals for the importance to try to minimize the incidences of tooth injuries
which may lead to irreversible situations, such as a loss of a permanent tooth. In addition, it
is required an effort from all professionals to improve their knowledge, in order to be more

effective when they will have to deal with childrens’ dental traumas.

» The results of the above study was published in Journal Dental Traumatology (175).
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S. CLINICAL PART OF THE DISSERTATION THESIS

5.1 Retrospective clinical study of 90 avulsed permanent teeth in 57 children

During tooth avulsion, apart from the cement of the root, the neighbouring tissues are
affected also, and more specifically the periodontal ligaments, the nerves and vessels in the
apical area of the root, the gingiva and the alveolar bone (13, 14, 16). IT are the most affected
teeth. Avulsion is the most serious dental trauma which often results in loss of the injured
tooth. The treatment outcome, as well as the occurrence of PTCs depend mostly on the time
interval between the traumatic incident and the type of dental treatment. The tooth should be
replanted immediately or maximum up to 20-30 minutes after the injury (11, 19, 21, 28, 38,
170). Treatment outcome also depends on the transport medium that the avulsed tooth was

stored until the visit to the dentist (16, 44, 59, 115, 138, 169, 172).

5.1.1 Materials and methods

We analysed 57 young patients’ records in their documentations. These patients were
treated in Dentistry department of Medical faculty in Pilsen, for avulsion of their permanent
teeth, in the years between 1995 and 2005. From these records, the age of children at injury
time, the type and number of the avulsed teeth and the type of treatment were established.
Moreover occurrence of PTCs, especially various types of resorption of the root were

analysed.
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5.1.2 Results

e Age and sex of patients at the time of injury
57 patients had 90 avulsed teeth. Out of 57 patrients, 38 (67 %) were boys and 19 (33 %)
were girls (Graph 1).

19
(33.3%)

GRAPH 1 SEX PREVALENCE IN CHILDREN WITH AVULSION INJURIES

The group of patients of this study included children between 7 and 17 years old. The
most frequent ages were between 7 and 12 years (41 children or 72 %). A total of 27 (47.4
%) children belonged to the age category between 8 and 11 (Graph 2).

GRAPH 2 AGE OF PATIENTS AT THE TIME OF THE AVULSION INJURY
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e Type and number of avulsed teeth

57 children had a total of 90 avulsed teeth. 42 (74 %) had only one tooth avulsed, 10 (17
%) had two teeth avulsed and the remaining 5 (9 %) patients had more than two teeth
avulsed. In one of these cases a young boy 9 years old avulsed all his upper and lower
incisors and a lower right canine after fall against a metal object (Fig. 3). 51 out of 90 (57 %)

avulsed teeth were upper central incisors. Totally 74 (82 %) out of 90 were upper teeth and

only 16 (18 %) were lower.

FIG. 3 PANORAMIC X-RAY OF A 9 YEAR OLD BOY, WITH AVULSION OF 9
PERMANENT TEETH AFTER FALLING ON HIS FACE TO A METAL PIPE
e Type of treatment

26 (46 %) of these patients were treated with replantation of the avulsed teeth. In one of
these cases, a young boy immediately replanted the avulsed tooth at the place of the accident.
Only in one case we replanted 2 teeth. One tooth was treated with definite endodontic filling
extraorally before its replantation, 12 hours after the injury.

31 (54 %) of our patients were treated without replantation, either because the avulsed
teeth were not found, or because they visited the Dentistry department long after the
traumatic incident, or finally because they were hospitalized for more serious injuries. So, out

of 90 avulsed teeth of this study, only 27 (30 %) were replanted (Graph 3).
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Replantation

0O 27 teeth
replanted
(30%)

@ 63 teeth not
replanted
(70%)

GRAPH 3 TYPE OF TREATMENT

e Transport medium for the avulsed teeth

In 11 out of 27 (41 %) replanted teeth, we could not determine from the records the
transport medium that the avulsed tooth was stored until the patient visited the Dentistry
department for treatment. 9 (33 %) were stored in dry media, like dry handkerchief, 2 (7 %)
in saline, 2 (7 %) in a wet towel and 1 (4 %) in solution with local antibiotics. One patient
kept the avulsed tooth in his oral cavity until the visit to the Dentistry department and another
one replanted the tooth himself immediately after the accident. Finally one tooth (4 %) was

stored in milk (Table 2).

27 teeth replanted

Transport medium type Number of teeth In %
Unknown 11 40,7
Saline solution 2 7,4
Dry media 9 33,3
Wet towel or handkerchief 2 7,4
Solution of Framykoin 1 3,7
In oral cavity 1 3,7
Replanted immediately 1 3,7
Total 27 100

TABLE 2 TRANSPORT MEDIA OF THE AVULSED TEETH

e Extraoral period
One patient replanted the avulsed tooth at the place of the accident and in one case the
tooth was replanted in Dentistry department 1/2 hour after the injury. 7 of the children were

transferred to the dental office in one hour, 11 of them between one and three hours, and 4 of
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them in more than three hours after the traumatic incident. In two cases, the extraoral period

of the avulsed teeth could not be traced (Graph 4).

Extraoral period

B2 unknown @ 1 immediately

[6:in 3 hours O 4:in:1/2 hour

O unknown

B immediately

Oin 1/2 hour

B 5in 2 hours [ 7:in 1 hour

Oin 1 hour

B in 2 hours

Oin 3 hours

GRAPH 4 EXTRAORAL PERIOD OF THE AVULSED TOOTH

e Splinting and endodontic treatment

After replantation a splint (for immobilization of the injured teeth) was always used.
The avulsed teeth were splinted for a period up to two weeks. Endodontic treatment of
replanted teeth comprised extirpation of the necrotic pulp and the filling of the root canal
with Ca(OH), in 23 cases. One tooth was filled endodontically before replantation and for
one of the replanted teeth we have no further information, since the patient did not continue
his treatment in our department. We noticed pulp revascularization after replantation of IT in
two cases. These two teeth were then presented with partial root canal obliteration and were

treated endodontically.

e Treatment and healing of immature teeth

10 out of 12 IT were endodontically treated repeatedly and for long-term with Ca(OH),
(apexification) (Graph 5).
-In 8 of them apical barrier was formed.
-In two cases, pulp revascularisation occurred and subsequent partial pulp canal obliteration
was diagnosed some time after the injury.
-Two replanted immature teeth had to be extracted because of late diagnosis of infection

related root resorption.
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Prolonged extra-oral period and storage of the avulsed tooth in improper storage medium
until tooth replantation influence the outcome of treatment and increase the risk for

occurrence of PTCs.

Number of teeth by type of healing process after
replantation

3 10

g g {

Q.

s 6

58 4

!l oo . ﬁJ

E o

< pulp apexification inflammatoy root
revascularisation resorption

Type of healing process

GRAPH 5 TYPE OF HEALING IN REPLANTED IMMATURE TEETH
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5.2 Endodontic intervention in treatment of various types of dental injuries and their
complications in immature permanent teeth

This clinical study describes the occurrence of post-traumatic complications in
immature teeth and mature teeth after lateral luxation injuries, complicated and
uncomplicated clinical crown fractures. The choice of treatment of dental injuries depends on
factors such as level of root development, degree of destruction of dental tissues and possible
bacterial contamination of the pulp from the oral cavity. The above factors influence the
occurrence of complications which may appear weeks, months or even years after the injury.
This is the reason that dental injuries require long-term clinical and radiographic controls.
The most frequent PTC is pulp necrosis which might lead to further complications, such as
gangrene and later chronic periodontitis (15, 30, 97). Other possible complications are
external and internal root resorptions and root canal obliteration. Endodontics play important
role in prevention and treatment of the above PTCs. Especially in IT, treatment of pulp
necrosis and infection related root resorption includes endodontic intervention with Ca(OH);
(as intracanal dressing), since definite obturation of the root canal with sealer and guttapercha
could be impossible, without formation of mineralized apical barrier (apexification).
Ca(OH), has been used for many years for apexification in IT, since it has been presenting

with very good results (16, 50, 74, 89, 102, 122, 139, 166, 169).
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5.2.1 Materials and methods

A retrospective clinical study was conducted, containing 178 patients with 383 injured
permanent teeth. This study was focused on 300 out of 383 teeth which had suffered lateral
luxation (L) injuries and complicated and uncomplicated crown fractures.

These patients were treated in period 1995-2005 in Dentistry department of Faculty
hospital and Faculty of Medicine in Pilsen. The records in the documentations of patients
were analyzed mostly from the point of identification of post-traumatic complications’
occurrence. The type of PTCs occurring after each tooth injury was issued and compared in
immature and mature teeth, always for a specific type of injury. Subsequently, from the
records in patients‘ documentations the use of endodontic treatment after post-traumatic

complications occurrence in each injury was analysed.

5.2.2 Results

- Post-traumatic complications occurrence in teeth with unfinished root development
e Out of 383 injured permanent teeth, 300 had LI injury and CCf and UCCH{.
Out of 300 injured permanent teeth, 135 were IT and 165 were MT (Graph 6).

300 injured permanent teeth

B |[mmature teeth

® Mature teeth

1

GRAPH 6 RELATION BETWEEN IMMATURE AND MATURE TEETH IN A TOTAL
OF 300 INJURED TEETH
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e In 70 IT teeth with LI diagnosis, the most frequent PTC was root canal obliteration (in 19

cases, 27,1 %) and PN (in 6 cases, 8,6 %). PN occurred relatively infrequently, since, most

probably, subluxations were included in LI injuries (Graph 7).

@ obliteration
m pulp necrosis
O periodontitis

W root resorption

GRAPH 7 POST-TRAUMATIC COMPLICATIONS
TEETH, AFTER LATERAL LUXATION INJURIES

OCCURRENCE IN IMMATURE

e In 50 UCCf in IT, the most frequent post-traumatic complication was PN (7 cases, 14 %)

which was always treated endodontically (Graph 8).

14,

12

104

o N A O ©
| | 1 | |

O pulp necrosis
W periodontitis
O root resorption
O obliteration

GRAPH 8 POST-TRAUMATIC COMPLICATIONS' OCCURRENCE IN IMMATURE
TEETH, AFTER UNCOMPLICATED CROWN FRACTURE INJURIES
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e Out of 15 cases of CCf in IT, 6 were treated with pulpotomy (in 3 of them periodontitis
occurred) (Graph 9).

O periodontitis
W pulp necrosis

GRAPH 9 POST-TRAUMATIC COMPLICATIONS® OCCURRENCE IN IMMATURE
TEETH, AFTER COMPLICATED CROWN FRACTURE INJURIES

e No complications occurred in 15 out of 18 similar cases in MT which were treated with

standard endodontic therapy.
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- Comparison of post-traumatic complications occurrence between MT and IT after the same
injuries
The comparison of post-traumatic complications occurrence between MT and IT revealed

differences in each type of dental injury:

e In LI injuries, in IT, root canal obliteration occurred in 27.10 % of cases; in MT, occurred

in 15.60 % of cases (Graph 10).

Post-traumatic complications after lateral luxation injuries in IT
30% and in MT
27,1%
250 {39
O
20% Immature teeth
15,6%
15% +— =
Mature teeth
10% +— R T e
6) 5,7%
5% 1 1.3 2}
°°
0% ; ; ;
obliteration pulp necrosis periodontitis  root resorption

GRAPH 10 COMPARISON OF POST-TRAUMATIC COMPLICATIONS AFTER
LATERAL LUXATION INJURIES, BETWEEN IMMATURE AND MATURE TEETH

e In UCCT injuries, in IT pulp necrosis and chronic periodontitis occurred in a total of 20 %
of cases but in MT, pulp necrosis and chronic periodontitis occured in a total of 25.5 % of

cases (Graph 11).

Post-traumatic complications after uncomplicated crown fractures
inIT and in MT
0,
180/0 15,70%
16% 74,00%
14% T
12% 1 9,80% O Immature teeth
10% 1
8% T 6,00 B Mature teeth
0fy +—1
2;’ N g 4,00%
9 ) 2,00%
2% T
(1)
0% T ‘
pulp necrosis periodontitis root obliteration
resorption

GRAPH 11 COMPARISON OF POST-TRAUMATIC COMPLICATIONS, AFTER
UNCOMPLICATED CROWN FRACTURES, IN IMMATURE AND MATURE TEETH
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5.3 Discussion

We chose to perform retrospective study on avulsion injury, since it is considered as
the most serious periodontal tissue injury, leading often to loss of the injured tooth.
Treatment of avulsion injury in immature teeth could be quite complicated. According to
»Quidelines for the management of traumatic dental injuries. II. Avulsion of permanent
teeth and ,,Recommended guidelines of the American Association of Endodontists* (4,
71), treatment of IT is primarily dependant on the time interval between the traumatic
incident and tooth replantation (11, 16, 28, 38, 170). If the tooth is replanted until one hour
after the injury and is stored into a proper medium, it should be immobilised and being
followed-up regularly and for long-term. No endodontic intervention is indicated, until
signs of infection of root canal are obvious (e.g. periapical radioluscency seen
radiographically) and in these cases, root canal treatment with Ca(OH), will be required. In
cases that the avulsed IT are replanted more than one hour after the injury and are stored in
innapropriate medium, endodontic treatment is indicated prior to replantation through the
open root apex, then replantation and immobilization for 4 weeks (16, 71). In cases of
replantation of MT, endodontic treatment is initiated, even before the splinting removal.

Avulsion of teeth occurs more frequently in ages between 7 and 11 years old (14, 45,
57, 62, 129, 161, 184). In our study 56% of the patients belonged to that age category. Our
results confirm the data in the literature, since 67% of our patients were boys and only 33%
were girls, so the ratio boys / girls was equal to 2 : 1 (13, 56, 133, 134, 169, 184).

In our study, like in all studies in the literature (38, 56, 152, 156, 181) the most frequent
affected teeth are the upper central incisors and in most of the cases dental avulsion is
accompanied with other injuries, like injuries of the neighbouring soft tissues, alveolar bone
etc.

Important factors for a successful replantation is the transport medium (90) in which the
avulsed tooth is stored until the transport of the child to the dentist and the extraoral time
interval (11, 15, 16, 19, 21, 28, 38, 44, 59, 69, 71, 115, 118, 138, 169, 170, 172). EOTi is the
time duration between the traumatic avulsion of the tooth until its replantation and it should
be up to 20 — 30 minutes (11, 19, 21, 28, 38, 170). In our study, only one tooth was replanted
30 minutes after the injury and in one case the child replanted the tooth itself at the place of
the accident. Various SMs have been suggested in literature, such as Hanks Balanced
Solution, Tooth Rescue Boxes, Fluoride solutions, etc. (44, 59, 115, 138, 169, 172). Saline

solution or milk can be used as SMs with relatively good results (16). In the Czech Republic,
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there are no SMs available in the market, so we suggest that the avulsed tooth, if not
replanted immediately, should be stored into milk, saline solution or into the patients” saliva
until transfer to dentist.

After replantation, semi-rigid splinting of the tooth is suggested for up to 2 weeks (7, 14,
16, 71). In Dentistry department in Pilsen we splinted the teeth for two weeks in most of the
cases. Prolongation of splinting may lead to ankylosis (104). It is always on the benefit of the
patient to provide tetanus prophylaxis, prescribe antibiotics and analgetics, mouth rinses with
0.12% chlorhexidine digluconate solution and finally advise the patient to have good oral
hygiene and use soft diet (16, 51, 84).

For MT, we performed endodontic therapy, two weeks after the injury, in order to
decrease the risk of future appearance of infection related root resorption (4, 71, 116, 146,
169). In cases of avulsed IT, we should wait before proceeding to endodontic treatment,
because if the tooth is replanted until one hour after the injury, we could expect pulp
revascularization, which in the future x-ray controls will be verified by continuation of root
development of the replanted tooth. Endodontic treatment should be performed only when
clinical and x-ray controls of the IT indicate a necrotic pulp (16, 25-27, 71, 100, 107, 170). In
this case, the long-term use of Ca(OH), is indicated. The root canal should be repeatedly
filled with Ca(OH), pastes, until a mineralization barrier close to the apex of the root canal
appears (apexification), a fact which will enhance the future definite filling of the root canal
(16, 50, 74, 89, 102, 122, 139, 166, 167).

The type of healing of the replanted tooth depends on the reaction of the periodontium
and the pulp to replantation (25, 104, 114). Superficial resorption is considered to be the most
favourable type of healing and is due to mechanical injury of the periodontal ligaments and
the superficial layer of the cement of the root during avulsion injury. Replacement resorption
or ankylosis appears in teeth that their periodontal ligaments have dried, have been destructed
or removed from the surface of the root (16, 30, 69). Usually this type of resorption can be
seen during radiographic controls, two months, or even later, after replantation. Apart from
that, sometimes it may lead to infraocclusion which can be diagnosed clinically. This
unpleasant situation can be treated by decoronation, a technique that comprises the separation
of the clinical crown from the root with a diamond bur, after the elevation of a
mucoperiosteal flap and the removal of the root filling (68, 117-119). This technique has the
advantage that the root is gradually resorbed and replaced by alveolar bone and in this case
the bone is preserved and can be used in the future for implant. In advance, the separated

clinical crown could be bonded to the adjacent teeth, providing the patient a satisfactory
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aesthetic result. This technique was used in three patients (12 %). Infection related root
resorption is the most serious type of root resorption, having the worst prognosis. It is
characterised by resorption of the cement and dentin of the root together with inflammatory
changes of the periodontium. This type of resorption is associated with necrosis and infection
of the pulp from where bacteria enter the periodontal space through the dentinal tubules.
Infection related root resorption can appear 3 weeks after replantation, and can progress so
fast, that might lead to loss of the affected tooth within 8 to 12 weeks (16). We met with such
a situation in three patients (12 %). If infection related root resorption is diagnosed on time,
root canal treatment with Ca(OH), is indicated, since its intracanal use could lead to

resorption arrest (28, 52).

Data in literature confirm the results in the second retrospective clinical study (5.2); the
most frequent post-traumatic complication in lateral luxation injuries (LI) in IT is root canal
obliteration (10, 20, 63, 70, 95, 131, 145). This is a complication which is diagnosed during
radiographic controls (10, 103, 131). Second most frequent complication was pulp necrosis
which occurred in this study in 8.6 % of IT lateral luxation injuries, similarly as in other
studies (10, 15, 16, 30, 97, 103, 131).

In 96 cases of lateral luxation in MT, pulp necrosis and chronic periodontitis were the
most frequent PTCs occurring in 17.70 % of cases. Studies in literature confirmed that in LI
injuries of MT, the most frequent complication is pulp necrosis (8, 9, 14, 95, 164).

In uncomplicated clinical crown fractures (UCCY), both in MT and IT, pulp necrosis
was the most frequent PTC, a fact which agrees with other studies in literature (14, 16, 95,
141, 143, 144). The main reason for the above, is the delay of dental treatment after the
injury, which increases the risk of pulp bacterial contamination through the open dentinal
tubules.

Concerning complicated crown fractures (CCf), factors such as time interval between
dental injury and treatment, size of pulp exposure and level of root development play
important role on type of treatment and treatment outcome (1, 96, 144). MT were treated
endodontically, soon after the traumatic incident; the endodontic treatment comprised pulp
extirpation, temporary root canal filling with Ca(OH), and later obturation with sealer and
guttapercha. In IT, pulp exstirpation is the last possible treatment choice, since the main goal
of our treatment should be to save the pulp vitality. If pulp exposure is not large, there is not

excessive bleeding from pulp and the time interval between injury and the treatment is short,
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the treatment of our choice could be direct pulp capping, eventhough all three cases, in this
study, that were treated in this direction resulted in PN.

In many cases of CCf in IT, pulpotomy is indicated (48, 160). With this method, the
infected coronal part of the pulp or part of the coronal part (2 mm) is removed, and the
remaining pulp is covered with Ca(OH),, trying to save the pulp vitality in the root canal, so
that to preserve undisterbed the continuation of root development (48, 96).

In any case, up to nowadays, Ca(OH), plays a quite important role in treatment of PTCs.
In cases of IT, when the choice of treatment is either direct pulp capping or indirect pulp
capping or pulp amputation, the pulp should be covered with Ca(OH); paste.

Even in cases that pulp vitality of these teeth can not be saved, it is recommended to fill
repeatedly and for long-term the root canal with Ca(OH);,, trying to achieve the formation of

mineralised apical barrier, which will allow future definite endodontic treatment (46, 72, 89,

112, 113, 149, 157).
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5.4 Conclusions

From 90 avulsed teeth found in our patients’ documentations, only 27 were replanted.
Most of the replanted teeth either were transported to Dentistry department of Faculty of
Medicine in Pilsen, quite long time after the injury or they were stored in inappropriate
transport medium. These facts prove that there is significant insufficiency on the knowledge
of adult people who are in daily contact with children at providing first aid in cases of dental
injuries; this endangers the treatment outcome and future prognosis of such injuries and
increases the risk for occurrence of post-traumatic complications, as pulp necrosis, chronic
periodontitis and infection related root resorption which will require long-term and high cost
treatment. Dental trauma requires frequent and long-term clinical and radiographic controls,
since post-traumatic complications could occur even long time after the injury. These
complications could be serious and could lead even to loss of the affected tooth. Most of
them, if are diagnosed on time, could be treated succesfully. Endodontic treatment, especially
in teeth with unfinished root development, can be complicated and requires the use of

calcium hydroxide, which for many years has been presenting with quite satisfactory results.

» The results of the study 5.1 were published in Journal Dental Traumatology (137).
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6. EXPERIMENTAL PART OF THE STUDY

6.1 Experiment 1. ,,Comparison of pH of various calcium hydroxide materials in vitro*
6.1.1 Materials and Methods

We measured and compared in vitro the pH of different Ca(OH), materials which we
use in Dentistry department of Faculty of Medicine in Pilsen, Czech Republic, as intracanal
medicaments. The procedure took place in the laboratory of Clinical Biochemistry
department using WTW Microprocessor pH Meter pH 537 and in room temperature. After
diluting equal quantities (same weight - 10mg) of these materials in equal volume of distilled
water (5 ml), we measured with the pH meter 3 times the alkalinity of each material. We
considered the mean value as the material’s pH. The same procedure was repeated, 10
minutes and 1 week after the placement of the materials into the saline solution. The
alkalinity of the Ca(OH), points was estimated in the same way after placing one point (ISO
40) in Sml of distilled water.

The Ca(OH), materials that we use in our department as root canal dressings and we
chose to compare are the following ones:

e “Calxyd” {Spofa Dental, Czech Republic}. Paste - composed of calcium hydroxide,
glycerine and water.

e “Calxyl” red and blue {OCO Praparate, Germany}. Both red and blue are in paste form.
The red variant is composed of calcium hydroxide and water.

The blue variant is composed of calcium hydroxide, water and Barium Sulphate, which is the
element providing the property of x-ray contrast.

e “Dentbalzam” {Spofa Dental, Czech Republic}. Paste - composed of calcium hydroxide
suspension in distilled water.

e “Calcium Hydroxide PLUS points” {Roeko, Germany}. They are in the form of points
which should be inserted in the root canal. Composed of 52 % calcium hydroxide, 42 %

gutta-percha, sodium chloride, surfactant and colouring agents.
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6.1.2 Results

Our measurements revealed that the pH of the first 4 materials which were in paste form
was ranging between 11.65 and 11.80, while Dentbalzam proved to be slightly less alkaline
than the rest. The ,,PLUS* points proved to have significantly less pH, which was ranging at
the levels of 6.30 to 7.

More specifically, one week after the initiation of the experiment, Calxyd, Calxyl red and
blue were proved to be the most alkaline materials, since their pH was measured to be
approximately 11.80.

Dentbalzam’s measurements were also quite satisfactory, because its pH was measured at
levels of 11.65.

The Ca(OH); points though, were measured to have almost neutral pH, since 30 minutes
after their dilution in distilled water their pH was measured to be 6.40, and one week after it

was measured at levels of 6.75 (Table 3).

Material Mean value of pH Mean value of pH Mean value of pH
after 10 minutes after 30 minutes after 1 week

Calxyd 11.75 11.80 11.80
Calxyl red 11.80 11.82 11.82
Calxyl blue 11.80 11.81 11.82
Dentbalzam 11.65 11.64 11.65
Plus Calcium

Hydroxide points 6.30 6.40 6.75

TABLE 3 PH VALUES OF EACH TESTED MATERIAL
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6.2. Experiment 2: “Diffusion of calcium ions from various materials with calcium
hydroxide in vitro”

6.2.1 Materials and Methods

For this experimental study we used the same Ca(OH), materials that were used in
experiment 6.1.

The tested materials were applied into shortened, yellow, conical pipettes with 200ul
volume capacity, with the help of lentulo spiral instrument in micromotor. The lower part of

these pipettes which were simulating root canals of teeth, obtained an opening of 0.5mm,

resembling the apex of the tooth root (Fig. 4).

FIG. 4 EXPERIMENTAL PIPETTES

Each pipette was filled with standard way and every Ca(OH), material was applied into 5
pipettes. The lower part of the pipettes was dipped into 0.5 ml of saline solution, in small
closed laboratory tubes with a total volume capacity of 1.5 ml. The top part was above the
level of the solution (Fig. 5).

FIG. 5 LABORATORY TUBE CONTAINING PHYSIOLOGIC SOLUTION



Ca(OH), diffuses through the lower opening of the pipettes into the saline solution
with various rates (this depends on the various vehicles that each Ca(OH), material contains
and on the consistency of each material). Ca(OH), dissociates in the saline solution into
calcium and hydroxyl ions. The pH was calculated by measuring the concentration of
calcium ions into the saline solution.

All samples were incubated and stored in laboratory temperature and in the same conditions.
In specific time intervals the pipettes were removed from the closed tubes and placed in other
tubes containing physiologic solution, until the concentration of calcium ions was measured
into the original tubes. After the measurements, the pipettes were placed back to their
original tubes. This procedure was repeated, first in short and then in longer time intervals.
The measurement of calcium ions was realised with the help of analysator “AU 400

Olympus” from the company Olympus System reagent Calcium OSR 6276 (Fig. 6).

FIG. 6 AU 400 OLYMPUS

The results of measurements of calcium ion concentration were statistically analysed

using the method: “ANOVA repeated design” (Graf 12, Table 5, 6).
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6.2.2 Results

The highest alkalinity was resulted from Dentbalzam and Calxyd. The pH of these two

materials reached values of approximately 11.9 and 12.1 respectively, 3 weeks after the first

measurements.

Calxyl red and blue seemed to have reached their maximum pH values (11.860 and

11.649 respectively) 1 week after first measurements and then some slight, gradual reduction

was noticed.

Finally, Roeko Plus points, showed some gradual release of calcium and hydroxyl ions,

and although at the first measurements the pH was low — in comparison with the rest

materials — , 3 weeks after first measurements the pH was measured to be at values of 11.394

(Table 4).
MATERIALS lsp“ﬁi“'
Dentbalzam 10.401
Calxyd 10.960
Calxyl Red 10.769
Calxyl Blue 10.542
Roeko Plus points 9.903

24 hours
pH

11.390
11.584
10.867
10.775

10.742

TABLE 4 PH VALUES OF EACH MATERIAL
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1 week
pH

11.639
11.631
11.860
11.659

10.817

3 weeks
pH

11.909
12.088
11.731
11.532

11.394



Statistic analysis of the results of all measurements of calcium ions’concentration was

performed (Graph 12).

Plot diagram
Vertical bars denote 0.95 confidence intervals
8
7’ L
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calcium concentration (mmall)
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average from days

GRAPH 12 STATISTIC ANALYSIS OF CALCIUM CONCENTRATION VALUES IN
SALINE SOLUTION OF EACH MATERIAL GROUP TO TIME

Repeated ANOVA: all groups against each other

p-value
GROUP 0,000000
Factor (time - development to time) 0,000000
GROUP * Factor 0,000000

TABLE 5 P-VALUES OF REPEATED ANOVA TESTS

Statistic analysis confirmed that:
a) the mean values differ from one group to another
b) it was confirmed that the parameters change by time

c) the development of curves between groups differs / varries
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Repeated ANOVA: only the groups of samples filled with Ca(OH), (without the control

group)

p-value
GROUP 0,000000
Factor (time - development to time) 0,000000
GROUP * Factor 0,000000

TABLE 6 P-VALUES OF REPEATED ANOVA TESTS

Statistic analysis confirmed that:
a) the mean values differ from one group to another
b) it was confirmed that the parameters change by time

¢) the development of curves between groups differs / varries
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6.3 Experiment 3: “Vehicle influence on calcium hydroxide materials® diffusion through
dentin, in human teeth”

6.3.1 Materials and Methods

27 permanent teeth which were extracted for orthodontic reasons were used in this
study. These teeth were intact premolars (single or double root). All teeth were rinsed with
chlorhexidine solution immediately after their extraction and then stored into saline solution
until their use.

These teeth were trepanated and access was gained into their root canals. Mechanical
hand instrumentation was performed for all the root canals with K-files and Flexo-files. The
apical foramen of all roots was enlarged up to a No ISO 30 Flexo-file, and the work length
was determined to 1 mm from the apex. Subsequently the roots were mechanically prepared
with step-back technique (work length — ISO 30) up to No ISO 40 Flexo-files. During the
preparation of the root canals, chlorhexidin 0.12 % was used as rinsing and desinfection
solution.

A small standard cavity, 1.5 to 2 mm deep, was prepared on the surface of the middle
third of each root with tungsten-carbide inverted cone bur in micromotor hand piece, so the
cement of the roots of each tooth was disrupted and the dentin was exposed in that specific

area, resembling an external root resorption (Fig. 7).

“

FIG. 7 CAVITY SIMULATING ROOT RESORPTION AT MIDDLE ROOT THIRD

After the accomplishment of the root canal and the cavity preparations, each root canal
was filled with Ca(OH), materials from different companies which are used in Dentistry
department of Faculty hospital in Pilsen. These Ca(OH), preparations were placed into the
root canals with Lentulo spiral instruments (ISO 25) in micromotor hand-piece in low
rounds. The teeth were then divided in 5 groups (each group contained 5 teeth), according to

the material that they were filled with (same materials were used as in 6.1, 6.2).
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Group 1: “Plus points” (Roeko, Germany), which are composed from Ca(OH),, gutta-percha,
sodium chloride and colouring agents.
Group 2: “Calxyd” (Spofa Dental, Czech Republic), which is composed from Ca(OH),
powder, glycerine and distilled water.
Group 3: “Calxyl” red (OCO Préparate, Germany), which is composed from Ca(OH),
powder and distilled water.
Group 4: “Calxyl” blue (OCO Préparate, Germany), which is composed from Ca(OH),
powder, Barium sulphate and distilled water.
Group 5: “Dentbalzam” (Spofa Dental, Czech Republic), which is composed from Ca(OH),
powder and distilled water.

The 2 remaining teeth were used as control teeth and their root canals were filled with
dry, sterile paper points.

After filling each root, the clinical crown was restored with glass ionomer cement filling

(Kavitan, Spofa Dental, CZ) which was covered with varnish (Fig. 8).

J—
FIG. 8 GLASS IONOMER CEMENT RESTORATION OF CLINICAL CROWNS

Glass ionomer cement (Kavitan) was placed in the apex of the roots, so that there was
no communication between the root canal and the extra-radicular environment. The cement
in the apex was again covered with varnish. Each tooth then was stored into 0.5 ml saline
solution into closed tubes with total capacity 5ml, so that the exposed dentin of the roots was

dipped into the saline solution, but not the restored clinical crowns of the teeth (Fig. 9).
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FIG. 9 SAMPLES DIPPED IN SALINE SOLUTION IN CLOSED GLASS TUBES

The pH of each solution was calculated with the help of “WTW Microprocessor pH
meter pH 537”. In specific time intervals, the teeth were removed from the tubes with a
pinset and placed into other tubes containing 0.5 ml of saline. In the original tubes, the
concentration of calcium ions was measured (2 pl were sufficient for the measurement of
calcium ions). After the measurement, the teeth were placed back into their original storage
tubes. This procedure was repeated in short time intervals at the beginning, and then in
longer time intervals. The measurements of calcium ions were realised with the help of
analysator “AU 400 Olympus” from the company Olympus System reagent Calcium OSR
6276.

The results were recorded for each tooth separately and then for each group and were

statistically analysed using the method: “ANOVA repeated design” (Graf 14, Table 7, 8).
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6.3.2 Results

The pH reached almost its maximum values 2-3 weeks after the filling of the root canals
with Ca(OH), materials, since calcium and hydroxyl ions need at least 14 days to penetrate
the dentin, through dentinal tubules and reach the external surface of the root.

As results we considered the mean values of every 5 teeth of each group.

The highest pH values were presented in cases of “Red Calxyl”, since 2 to 3 weeks after
filling the root canals, pH reached values of 12.2. In the second place were “Calxyl blue” and
“Calxyd” which were measured to cause an alkaline environment with pH around 12.
“Dentbalzam” caused a pH around 11.8 and in the last place were “Roeko Plus points” that

caused pH around 11.2 (Graph 13).
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GRAPH 13 RELATION OF PH TO TIME
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The control teeth which were filled with standard paper points caused a concentration of
calcium ions higher than that of “Plus points (Fig. 22).

Concerning the concentration of calcium ions, again 2 to 3 weeks after filling of the
root canals, “Red Calxyl” was the first (highest diffusion of calcium ions through dentinal
tubules), then “Blue Calxyl” and “Calxyd”, “Dentbalzam” and finally “Roeko Plus points” .
The control teeth which were filled with standard paper points, caused a concentration of

calcium ions similar to that of “Plus points” (Graph 14).
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GRAPH 14 STATISTIC ANALYSIS: RELATION OF CALCIUM ION
CONCENTRATION TO TIME
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Repeated ANOVA: all groups against each other

p-value
GROUP 0,000000
Factor (time — development to time) 0,000000
GROUP * Factor 0,000000

TABLE 7 P-VALUES OF REPEATED ANOVA TESTS

Statistic analysis confirmed that:

a) the mean values differ from one group to another

b) it was confirmed that the parameters change by time

¢) the development of curves between groups differs / varries

Repeated ANOVA: only the groups of teeth filled with Ca(OH), (without the control group)

p-value
GROUP 0,000000
Factor (time - development to time) 0,000000
GROUP * Factor 0,000000

TABLE 8 P-VALUES OF REPEATED ANOVA TESTS

Statistic analysis confirmed that:
a) the mean values differ from one group to another
b) it was confirmed that the parameters develop by time

¢) the development of curves between groups differs / varries

Red Calxyl, blue Calxyl, Calxyd and Dentbalzam are materials that proved to cause
better penetration of calcium and hydroxyl ions through dentin tubules to the external root
surface, thus they cause highly alkaline environment locally, around the external surface of
the root. Roeko Plus points did not present with the same satisfactory results in diffusion of

hydroxyl ions through the exposed dentinal tubules, as the Ca(OH), materials in paste form.
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6.4. Experiment 4: “Measurement of dentin hardness in teeth with long-term root canal

filling with calcium hydroxide”

6.4.1 Materials and methods

The sample teeth (two from each group and the control teeth) of the previous
experimental study (6.3) were used. These teeth were stored in saline solution, in closed glass
tubes, in room temperature for 1 year. The following steps were performed, so that to finally
get access to root dentin and measure the hardness:

- Fixation and embedding of samples

For fixation and embedding of the teeth, standard technique was used (76, 162, 177):

1. The teeth were dried in phases, using increasing concentration solutions of ethanol. All
samples were placed in each solution for 10 minutes (40 %, 50 %, 70 % and 100 % solutions
of ethanol) in low temperature (4°C). By that method, dehydration of root surface was
achieved at the same time as fixation, and the teeth did not have to be repeatedly washed in
water overnight, in case that formalin solution would be used.

2. For embedding of teeth we used EPON set 812 in standard procedure. The above drying
phase was followed by infiltration phase which was completed at 18°C. Infiltration phase
consisted of placement of teeth into propylene-oxide for 15 minutes, then in a mixture
solution of propylene-oxide and Epon (1:1 solution) for 60 minutes and finally into mixture
solution of propylene-oxide and Epon (1:3 solution) for 6 hours.

3. The teeth were then removed from the above mixture solution and were placed into
special, standard, cylindrical, plastic tubes, the mounding cups, with 30 mm diameter (Fig.

10) which were containing the final solution of Epon 812 at 37°C.

FIG. 10 VARIOUS TYPES OF MOUNDING CUPS
(yellow cups were used for the needs of this study)
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Subsequently, the mounding cups were placed into a thermostat in conditions of 37°C
for 5 hours, and then in conditions of 45°C for another 10 hours. Finally, the temperature of
the thermostat was increased once more to 60°C for 12 hours and then the mounding cups
were stored into room temperature conditions. The embedding medium reached the hard
phase and the samples were prepared for grinding.

- Grinding and polishing of samples

1. The hard embedding medium was removed from the mounding cups (Fig. 11a, b).

FIG. 11 a) HARDENNED EMBEDDING MED b) REMOVED SAMPLES FROM CUPS

For grinding of samples the machine HK 350 disc grinder (“H & K laboratory
equipment” company) was used (Fig. 12). The method used for grinding of our specimens is
a standard method introduced by Geels (79) using SiC grinding discs. At the beginning,
rough abrasive grinding, using P 120 grain size SiC grinding discs (120 pm thickness), was
performed. For cooling and lubrication of the sample during grinding, distilled water was
used. The samples were held against the grinding disc, until half of the tooth (longitudinally)
was removed, so that the whole pulp cavity was exposed. This method is so called “grinding

until interested area is visible”.

FIG. 12 HK 350 DISC GRINDER
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After rough grinding, plane grinding was performed, using thicker SiC paper discs (P
320 grain size — 320 um thickness) and then fine grinding, with SiC paper discs P 500 grain
size — 500 pum in thickness. The cooling and lubricant agent which was used in all phases of
grinding was distilled water.

2. Final polishing was achieved by Labopol 5 polishing machine (Struers comp.), using thin
Silica discs with 200 dia and in 200 rounds per minute (rpm), without the use of any lubricant
or cooling agent (Fig. 13). Polishing was performed, in order to produce smooth tooth

surfaces, important for nanoidentation technique (dentin hardness measurement).

FIG. 13 LABOPOL POLISHING MACHINE

Each phase lasted 2 minutes and the applied force to each specimen during grinding was
30 Newton. For polishing, the applied force was 10 Newton, and the polishing period of each

specimen was 5 to 7 minutes.

- Measurements of root dentin hardness

The root-dentin micro-hardness of 2 specimens of each material and 5 control teeth was
measured, using nanoindentation tests with Nano Indenter XP, from MTS Systems Company.

These measurements were realized towards the whole length of dentin of the root, at the
side where the cavity had been prepared (experiment 6.3, page 47).

These nanoindentation tests were conducted with a maximum load of 1 Newton, with
hold period of 30 seconds. A total of 50 indents were made, in distance of 200 pm from each

other (Fig. 14, 15).
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FIG. 14 50 INDENTS, IN DISTANCE 200 pum FROM EACH OTHER, ON DENTIN
SURFACE

FIG. 15 INDENTS ON DENTIN SURFACE

The hardness and elastic modulus for each indentation were determined using the
method described by Oliver and Pharr and in other studies (132, 142), which will not be
described in details in our study.

50 measurements of dentin hardness in each sample, were statistically analyzed and
evaluated and the mean values of dentin hardness of each specimen and control teeth were

produced and compared with each other.
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6.4.2 Results

The measurements revealed that all teeth which had been filled with Ca(OH), materials,
presented with higher values of dentin hardness than control teeth.
- More specifically, the mean values of dentin hardness of the two control teeth, with their
root canals containing paper points, were measured to be 0.370 and 0.384 GPa.
- Three intact, freshly extracted for orthodontic reasons teeth, were measured to have mean
values of root dentin hardness 0.602, 0.635 and 0.651 GPa.
- Two teeth that had their root canals filled with Plus points had mean values of dentin
hardness 0.511 and 0.598 GPa.
- The root dentin hardness of two teeth, filled with Calxyd was measured to be 0.868 and
0.892 GPa.
- Calxyl red had 0.749 and 0.756 GPa and Calxyl blue was measured at levels of 0.642 and
0.898 GPa.
- Finally, two teeth filled with Dentbalzam presented with dentin hardness at levels of 0.875
and 0.917 GPa.
The results are presented in Table 9. Statistic analysis of the results was performed using the
Wilcoxon method. The median values of dentin hardness of teeth filled with Ca(OH),, teeth

filled with “Plus points” and control teeth were compared (Graph 15, Table 10).

DENTIN
HARDNESS
MEASUREMENTS Tooth 1 Tooth 2 Tooth 3
GPascals / Standard
deviation(St)
Control teeth (root
canals filled with 0.384/0.072 0.370/0151 -
paper points)
Control teeth (fresly | ¢, /113 0.635/0.081 0.651 /0.149
extracted teeth)
Roeko
“Plus ponts” 0.511/0.215 0.598 /0.188 ]
Calxyd 0.868 / 0.098 0.892/0.112 ]
Calxylred 0.756 / 0.186 0.749 / 0.078 ]
Calxyl blue 0.898/0.136 0.642 /0.139 ]
LUl 0.875/0.179 0.917/0.105 ]

TABLE 9 RESULTS OF MEASURING DENTIN HARDNESS
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GRAPH 15 STATISTIC ANALYSIS OF DENTIN HARDNESS MEASUREMENTS

Material A = Roeko Plus points

Material B = 8 teeth filled with Calxyl red and blue, Calxyd and Dentbalzam

Material C = 5 control teeth

Statistic analysis confirmed that the median values of dentin hardness between control teeth

and teeth filled with Roeko plus points did not differ significantly. Values of dentin hardness,
though, in teeth filled with Ca(OH), pastes were significantly higher.

P value — Wilcoxon test

material A vs. material B: 0.0367
material A vs. control: 0.0054
material B vs. Control: 0.6985

TABLE 10 P-VALUES OF WILCOXON TEST
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6.5. Experiment 5: “Histological evaluation of dentin hypercalcification after long-term
filling of root canal with Calcium Hydroxide”

6.5.1 Materials and Methods

i) The teeth samples were observed in SEM “JSM.6300 Scanning microscope” from JEOL
company. The samples were broken vertically (Fig. 16), cleaned with ultrasounds and fixed
with ethanol solution, as was described in experiment 6.4, in order to achieve root surface
dehydration. Subsequently, the teeth were dried and mounted to a metal base. For better
observation in SEM, the teeth were covered from a narrow layer of pure gold metal of 15 to 20
nanomilimeters. With the help of computer, several fotographs of root dentin were produced,
in various root places and in various magnifications (magnifications of up to 12000x). We
concentrated mostly on establishing occurrence of calcifications in root dentin of teeth that
were filled with Ca(OH), and compare the findings with control teeth (teeth without root
filing). This experimental study took place in Laboratory of electronic microscopes AVCR in

Ceské Budgjovice, CZ.
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i1) Other teeth samples, that had been used in experiment 6.4, were mapped with the help
of SEM Quanta 200 from FEI company (Fig. 17). A root dentin surface of 0.5 x 1 mm was
analysed with the help of the above SEM, concentrating on the percentage weight of calcium
on that specific dentin surface, which was located always below the cavity preparation at the
middle root third (see experiment 6.3). We compared the results between control teeth and
teeth that had been filled with Ca(OH),. This study was realized in West Bohemian

University, in Pilsen, CZ.

FIG. 17 SEM QUANTA 200 - FEI
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6.5.2 Results

1) Dentin observation in SEM of teeth filled with Ca(OH), preparations and comparison
with control samples.

We compared the dentin between control teeth and teeth that had been filled with
Ca(OH),, after extensive observation in SEM.

In control teeth, the internal walls of dentin tubules were smooth, without any finding
(Fig. 18). The internal walls of dentin tubules in teeth with Ca(OH),, seemed to be
"granulated", rough and hypercalcified (Fig. 19). In some cases, large Ca(OH), particles /
crystals were visible in the tubules (Fig. 20).

In control teeth, the dentin tubules seemed to be empty (Fig. 21). Dentin tubules of teeth
with Ca(OH), were filled with particles of this material, and in microscope they seemed quite
obliterated (Fig. 22).

In higher magnification, in teeth with Ca(OH),, hypercalcification of the internal
surfaces of the dentin tubules is visible, as well as local calcification areas in intertubular
dentin (Fig. 24, 25), when in control teeth tubules and intertubular dentin did not present with
hypercalcified areas (23).

Finally, in high magnification (x 10000), in teeth with Ca(OH),, large calcium crystals
and hypercalcified areas were detected in intratubular walls, as well as in intertubular dentin
(Fig. 27, 28), when in control teeth, no hypercalcified areas were detected in inertubular
dentin and physiologic intratubular branching structure was visible, but no Ca(OH), particles

or calcium crystals were detected (Fig. 26).
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FIG. 18 CONTROL TOOTH: SEM OF
LONGITUDINALLY SECTIONED
DENTIN TUBULES CLOSE TO PULP.
TUBULES APPEAR TO BE EMPTY (A),
THERE IS EVIDENCE OF
PERITUBULAR DENTIN (B) AND
CLEAN INTERTUBULAR DENTIN (C).
(x 4000)

FIG. 19 TOOTH FILLED WITH
CALCIUM HYDROXIDE
PREPARATION: SEM OF DENTIN
TUBULES WHICH CONTAIN SMALL
CALCIUM PARTICLES; THE
INTERNAL WALLS OF DENTIN
TUBULES ARE CRYSTALIZED (A)
AND THERE IS
HYPERCALCIFICATION OF
INTERTUBULAR DENTIN LOCALLY
(B). (x 4000)

FIG. 20 TOOTH FILLED WITH CALCIUM HYDROXIDE MATERIAL. SEM: VISIBLE
CALCIUM HYDROXIDE PARTICLES IN DENTIN TUBULES (A) AND CALCIUM
CRYSTALS IN TUBULES (B) AND IN INTERTUBULAR DENTIN (C).

(x 4000)



FIG. 21 CONTROL TOOTH:
SEM OF DENTIN TUBULES IN CROSS
SECTION. DENTIN TUBULES SEEM TO
BE "EMPTY". (x 4000)

FIG. 22 TOOTH FILLED WITH CALCIUM
HYDROXIDE: SEM OF DENTIN TUBULES
WHICH ARE OBLITERATED WITH
CALCIUM HYDROXIDE PARTICLES (A);
INTERTUBULAR DENTIN IS
HYPERCALCIFIED LOCALLY (B).(x 4000)
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FIG. 23 CONTROL TOOTH: SEM OF
DENTIN TUBULES IN HIGHER
MAGNIFIACATION. NO SIGNS OF
CALCIFICATION OF DENTIN TUBULES,
PERITUBULAR AND INTERTUBULAR
DENTIN. (x 8000)

FIG. 24 TOOTH FILLED WITH CALCIUM
HYDROXIDE PREPARATION:

SEM OF DENTIN TUBULES IN HIGHER
MAGNIFICATION: VISIBLE ROUGH,
CRYSTALIZED INTERNAL WALL OF

DENTIN TUBULES (A); HYPERCALCIFIED
AREAS IN INTERTUBULAR DENTIN (B). (x
8000)

FIG. 25 TOOTH FILLED WITH CALCIUM
HYDROXIDE PREPARATION:

SEM OF DENTIN IN HIGHER
MAGNIFICATION: CRYSTALIZED
INTERNAL WALL OF DENTIN TUBULES
(A); HYPERCALCIFIED AREAS IN
INTERTUBULAR DENTIN (B). (x 8000)
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FIG. 26 CONTROL TOOTH: SEM OF
RADICULAR DENTIN IN HIGH
MAGNIFICATION. TYPICAL PICTURE OF
INTRATUBULAR BRANCHING
STRUCTURE, CONTAINING
ODONTOBLASTS PROCESSES AND
NERVE ENDINGS. NO SIGNS OF
A R HYPERCALCFICATION OF DENTIN

. A ; 3 TUBULES AND INTERTUBULAR
i ‘ﬂ ~ DENTIN. (x 10000)

!
N AR A

-

FIG. 27 TOOTH FILLED WITH CALCIUM
HYDROXIDE PREPARATION:

SEM OF DENTIN IN HIGH
MAGNIFICATION: CRYSTALLITES
[CALCIUM HYDROXYAPATITE -
Caio(PO4)s(OH),] IN INTERTUBULAR
DENTIN (A) AND CALCIUM CRYSTALS IN
INTERTUBULAR DENTIN (B).

(x 10000)

FIG. 28 TOOTH FILLED WITH CALCIUM
HYDROXIDE PREPARATION: SEM OF
DENTIN IN HIGH MAGNIFICATION:
FORMATION OF CALCIFIED CRYSTALS
IN BOTH INTERTUBULAR DENTIN (A)
AND INTERNAL WALLS OF DENTIN
TUBULES (B). (x 10000)
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i1) Mapping of root dentin in SEM — Percentage weight of Calcium

We compared the weight percentage of control teeth and teeth that had been previously
filled with Ca(OH), materials (we used samples that had been used in experiment 6.3). After
statistic analysis the highest values of calcium weight percentage, on each tooth, were
detected. For control teeth, calcium weight percentage reached highest values of 36.14 %

(Graf 16, Table 11).

Label A:

CaLaI

0 Ka

AlKa

MgKa

NaKa_

Weight percentage of Calcium in Control tooth

P Ka

CIKh
ClKa

5 Ka

CaKa

Ball
CaKhb

Bala

BalLb
Balb
Balg

FeKa Fekb

0.7

1.40

210

260

3.50 4.20

4.90 5.60 6.30 keV

GRAF 16 WEIGHT PERCENTAGE ANALYSIS OF ROOT DENTIN IN CONTROL

TOOTH
Element Wt % At %
OK 43.6 63.47
NaK 0.59 0.59
MgK 0.96 0.92
AlK 0.05 0.04
P K 18.04 13.56
SK 0.14 0.1
CIK 0.44 0.29
CaK 36.14 21
BalL 0 0
FeK 0.04 0.02
Total 100 100

TABLE 11 WEIGHT PERCENTAGE OF INORGANIC COMPONENTS OF ROOT
DENTIN IN CONTROL TOOTH
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Statistic analysis revealed that in teeth that had been filled with Dentbalzam, the highest

values of calcium weight percentage were at levels of 41.7 % (Graf 17, Table 12).

Label A: Weight percentage of Calcium in Tooth filled with Dentbalzam

CaKa

Balh
Balb

Bala Balg FeKa Fekb

3.50 4.20 490 5.60 6.30 keV

GRAF 17 WEIGHT PERCENTAGE ANALYSIS OF ROOT DENTIN IN TOOTH FILLED
WITH ,,DENTBALZAM*

Element Wt % At %
OK 37.48 57.68

NaK 0.41 0.44
MgK 0.88 0.89
AlK 0.36 0.33
SiK 0.22 0.2
P K 16.94 13.46
SK 0.27 0.2
CIK 1.67 1.16
CakK 41.7 25.62
BalL 0 0
FeK 0.07 0.03
Total 100 100

TABLE 12 WEIGHT PERCENTAGE OF INORGANIC COMPONENTS OF ROOT
DENTIN IN TOOTH WITH ,,DENTBALZAM*
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Teeth that had been filled with ,,Calxyl red had highest values of calcium weight
percentage, at levels of 39.35 % (Graf 18, Table 13).

Label A: Weight percentage of Calcium in Tooth filled with Calxyl red

CaKa

P Ka

Ball
0 Ka CaKb

HKa CIKb Balb
Cala MgKa ClKa Balh
NaKa S Ka Bala Balg FeKa Fekb

0.7 1.40 210 260 3.50 4.20 4.90 5.60 6.30 keV

GRAF 18 WEIGHT PERCENTAGE ANALYSIS OF ROOT DENTIN IN TOOTH FILLED
WITH ,,CALXYL red*

Element Wt % At %
OK 39.05 58.91

NaK 1.33 1.39
MgK 1.3 1.29
AIK 0.05 0.05
P K 18.2 14.18
SK 0.16 0.12
CIK 0.51 0.35
CaK 39.35 23.69
BaL 0 0
FeK 0.05 0.02
Total 100 100

TABLE 13 WEIGHT PERCENTAGE OF INORGANIC COMPONENTS OF ROOT
DENTIN IN TOOTH WITH ,,CALXYL red*
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Teeth that had been filled with ,,Calxyl blue* showed highest values of calcium weight
percentage, at levels of 37.98 % (Graf 19, Table 14).

Label A: Weight percentace of Calcium in Tooth filled with Calxyl blue

CaKa

P Ka

Bala Balg FeKa FeKh

3.50 4.20 490 5.60 6.30 keV¥

GRAF 19 WEIGHT PERCENTAGE ANALYSIS OF ROOT DENTIN IN TOOTH FILLED
WITH ,,CALXYL blue*

Element Wt % At %
O K 39.72 59.5

NaK 1.27 1.32
MgK 1.42 1.4

AlK 0.05 0.05
P K 18.48 14.3
SK 0.14 0.1

CIK 0.84 0.57
CaK 37.98 22.71
BalL 0 0

FeK 0.11 0.05
Total 100 100

TABLE 14 WEIGHT PERCENTAGE OF INORGANIC COMPONENTS OF ROOT
DENTIN IN TOOTH WITH ,,CALXYL blue*

69



Teeth that had been filled with ,,Calxyd* had highest values of calcium weight
percentage, at levels of 38.48 % (Graf 20, Table 15).

Label A: Weight percentage of Calcium in Tooth filled with Calxyd

CaKa

Bala Balg FeKa FeKh

3.50 4.20 4.90 5.60 6.30 keV¥

GRAF 20 WEIGHT PERCENTAGE ANALYSIS OF ROOT DENTIN IN TOOTH FILLED
WITH ,,CALXYD*

Element Wt % At %
OK 39.82 59.71

NaK 0.96 1.01
MgK 1.11 1.1

AlK 0.02 0.02
P K 19.05 14.76
SK 0.13 0.1

CIK 0.38 0.26
CaK 38.48 23.04
BalL 0 0

FeK 0.04 0.02
Total 100 100

TABLE 15 WEIGHT PERCENTAGE OF INORGANIC COMPONENTS OF ROOT
DENTIN IN TOOTH WITH ,,CALXYD*
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Statistic analysis of measurements of calcium weight percentage in tooth that had been
filled with ,,Plus points* revealed that the highest values reached levels of 38.55 % (Graf 21,
Table 16).

Label A: Weight percentage of Calcium in Tooth filled with Plus points

CaKa

P Ka

0Ka Ball

. Alka CIKb Cakb BaLb
aLa MgKa CIKa Balb
NaKa SKa Bala Balg FeKa FeKb

0.7 1.40 210 260 3.50 4.20 4.90 5.60 6.30 keV

GRAF 21 WEIGHT PERCENTAGE ANALYSIS OF ROOT DENTIN IN TOOTH FILLED
WITH ,,PLUS points*

Element Wt % At %
OK 39.65 59.54

NaK 0.99 1.03
MgK 1.11 1.1
AlIK 0.02 0.02
P K 19.1 14.81
SK 0.13 0.1
CIK 0.39 0.27
CakK 38.55 23.11
BalL 0 0
FeK 0.06 0.02

TABLE 16 WEIGHT PERCENTAGE OF INORGANIC COMPONENTS OF ROOT
DENTIN IN TOOTH WITH ,,PLUS points*
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6.6 Discussion

Ca(OH),, for many years, is widely used in endodontics as root canal medicament
because of its significantly beneficial properties. Among them, its high antibacterial and
antiresorptive effects, together with its easy application into the root canal and its low cost (5,
49, 50, 52, 53, 69, 80, 124, 149, 174) are the reasons that we prefer its use, among other
materials, as intracanal medicament in cases of PTCs treatment of immature, permanent
teeth.

In treatment of PTCs, especially in IT, Ca(OH), even nowadays seems to be the material
of choice, allthough other materials, such as MTA (mineral trioxide aggregate) have been
introduced, presenting with quite promising results (31, 150, 151, 163, 180). The wide
spectrum of Ca(OH); use, though, as well as its quite advantageous properties, low cost and
its easy application (61, 106), seem to maintain this material in the first place of our choice.

Elimination of bacterias, which are lodged in the root canal system, is of great importance
for apical and periapical healing, during and after endodontic treatment (36, 95, 164, 168).
There are several studies in literature, reporting the antibacterial properties of Ca(OH), (35,
49, 53, 66, 67, 83, 110, 135, 148, 155). Cvek reports that quite a few bacterias can resist in
alkalic environments with pH 11-11.5, but not in pH more than 12 (18).

Our study confirmed other studies in the literature, concerning the antibacterial properties
of Ca(OH),, by performing a series of experiments in vitro (6.1, 6.2, 6.3). In experiment 6.1,
pH values of various preparations in paste form, after repeated measurements, varried
between 11.65 and 11.80, agreeing in general with many authors’ statements that Ca(OH),
causes alkalic environment with pH ranging between 11 and 12.5 (18, 41, 167). The in vitro
measurements of ,,Plus points®, though, revealed that even after 1 week, pH did not exceed
6.75, allthough studies in literature have resulted in values of 12, for ,,Plus points* pH (111).

The experiment 6.2 described the ability of Ca(OH), particles to diffuse through the
apical foramen into the surrounding tissues, affecting on the alkalinity of surrounding tooth
environment. The results of the study revealed that in some cases of Ca(OH), materials in
paste form (Calxyl red and blue) the pH reached its maximum values, 1 week after the
initiation of the experiment measurements and in other cases (Calxyd, Dentbalzam, Plus
points), the pH reached its maximum values, 3 weeks after the initial measurement. It is
reported in literature, that pH values, within one to three weeks of Ca(OH), use, should reach
quite high values (67, 72, 80, 159). In our study was also noted, that concerning the speed of

diffusion of Ca(OH), particles into the surrounding tissues, Calxyl red and blue presented
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with better results than the rest of used materials, since they caused a maximum pH value,
just 1 week after the initiation of the experiment; concerning the alkalinity values, Calxyd
and Dentabalzam presented with the best results, since their pH reached at values of 12, 3
weeks after the initiation of the experiment. In general, materials in paste form had better
results than calcium points. Especially in cases of infection related root resorption and
chronic periodontitis, speed of calcium and hydroxyl ions diffusion to the surrounding tissues
and alkalinity should be in high levels, since infection should be treated fast and adequately
(55, 73).

Experiment 6.3 confirmed that calcium and hydroxyl ions diffuse, through exposed
dentin tubules, to the periradicular environment in various rates and with various intensities.
This is important in cases of PTCs, as infection related root resorption, when cement on the
root surface of the tooth is damaged locally and dentin of the root is exposed (39, 73, 82,
123). External root resorption is initiated when the osteoclasts attack the cement of the root
surface. Alkaline environment (thus antibacterial) will inhibit the action of osteoclasts and
arrest the root resorption. Composition and consistency of each Ca(OH), material play
important role for the above (39, 123). The diffusion speed and the pH values were higher in
cases that preparations with Ca(OH), in paste form were used, and more specifically in cases
of ,,Calxyl red”, ,,Calxyl blue* and ,Dentbalzam®, since after three weeks of use, pH
exceeded values of 12. ,,Plus points®, though, 3 weeks after the initiation of the experiment,
caused pH values, lower than 11.4. This experiment was based on some studies found in
literature where it is also stated that Ca(OH), pastes promote high pH intracanally and
periradicularly and that various vehicles in Ca(OH), materials play major role on the
diffusion of calcium and hydroxyl ions through dentin (39, 93, 123).

In cases of occurrence of PTCs in IT, such as PN, chronic periodontitis and infection
related root resorption, initiation of endodontic therapy is inevitable. Definite obturation of
root canals in IT, though, is quite impossible, since the root apex is wide open. Long-term
use of Ca(OH),, as intracanal medicament is indicated, since for many years Ca(OH), has
been presenting with quite satisfactory results in treatment of infected root canals and in
apexification of IT (50, 69, 74, 77, 102, 122, 124, 139, 149, 166). On the other hand, studies
in the literature indicate that long-term intracanal use of Ca(OH), influences on the root
dentin microhardness and on root dentin fracture resistance (60, 85, 94, 147, 173, 179, 183).
In our study (experiment 6.4), it was measured that all teeth which had been filled previously
with some preparation with Ca(OH),, had higher values of root dentin hardness, than the

control teeth (even than the dentin hardness of freshly extracted control teeth). The findings
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in the literature report that control teeth had higher values of dentin hardness than teeth that
had been previously filled with Ca(OH), and that dentin hardness is significantly decreased
in teeth filled with Ca(OH), materials (85, 173, 179, 183). The fact that, in our study, the
teeth had been resting in room temperature conditions and in glass tubes for more than one
year, may be the reason for having different results. On the other hand, we seaked to check
the effect of Ca(OH), on dentin after long-term use — as in cases of apexification, in IT that
had suffered a TDI -, and not after 3 weeks use.

Finally, in the last experimental studies (experiment 6.5 i and ii), we examined in SEM
the dentin appearance of the same teeth that had been filled with Ca(OH), materials
(experiment 6.3); subsequently we compared the microscopic pictures with pictures of teeth
that had not been filled with Ca(OH), (control teeth). We also compared our microscopical
findings with other studies in literature (65, 127). Allthough not so many studies exist
concerning microscopic evaluation of root dentin, after long-term use of Ca(OH), our
findings seemes to be similar with those of the above studies We confirmed the occurrence of
hypercalcified areas in intertubular dentin and the existence of calcium crystals in dentin
tubules. Measurements of weight percentage of calcium in SEM revealed that calcium weight
percentage of dentin in teeth that had been previously filled with Ca(OH), materials was
significantly higher than in control teeth. Measurements also revealed that there were
significant differences in values of calcium weight percentage in each tooth (this is the reason
that after statistical analysis we chose the highest values of calcium weight percentage); in
teeth that had not been filled with Ca(OH),, various measurements in root dentin revealed
that values of calcium weight percentage were identical but significantly lower than in teeth,

filled with Ca(OH),.
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6.7 Conclusions

Immediate and proper first aid in dental trauma cases is important factor for the future
prognosis of the injured teeth. Inadequate knowledge on providing first aid from adults and
professionals that are in daily contact with children could result in delayed treatment. This
fact will increase the risk for occurrence of post-traumatic complications, such as pulp
necrosis, chronic periodontitis, root resrption which might endanger the life of the injured
teeth. In cases of traumatic dental injuries of immature, permanent teeth, the treatment of the
above complications is difficult and long-lasting. For the treatment of these complications in
immature teeth, endodontics with the use of Ca(OH); is indicated, since over the last decades
this material has been proved to have good results in creating an alkalic, antibacterial
environment into the root canal and neighbouring tissues.

In our study, the strong antibacterial effect of Ca(OH), is proved, since most of the
materials that were used, created an environment with high pH. The materials that should be
preferred are the ones that cause high alkaline environment, with pH values arround 12.
These materials are the materials that are suspensions of Ca(OH), in distilled water and in
paste form, such as Dentbalzam, preferably without any other additives. These materials
could diffuse through dentin tubules to surrounding tissues and arrest procedures such as
infection related root resorption which will lead to loss of the tooth. On the other hand,
prolonged intracanal use of Ca(OH),, mainly in traumatised immature teeth, causes structural
changes and hypercalcification of root dentin and increase of dentin hardness. This fact might
lead to future root fractures, since these teeth are more fragile to masticatory forces. The
above indicate that continuous effort on discovering new materials which will have better
properies than Ca(OH), is necessary. Until now, though, for treatment of post-traumatic

complications in immature teeth, Ca(OH), is, without question, the material of our choice.
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7. SUMMARY

This study deals with the evaluation of endodontic treatment using calcium hydroxide
materials in immature permanent teeth that have sustained traumas, especially after severe
periodontal tissue injuries.

- The aim of this work was:

a. to analyze the factors that contribute to occurrence of post-traumatic
complications, especially after avulsion injuries in immature permanent teeth ,

b. to investigate the effectiveness of endodontic therapy of these complications
with the use of calcium hydroxide materials in immature permanent teeth,

c. to evaluate various calcium hydroxide materials,

d. to compare our results with other studies in literature concerning calcium
hydroxide properties in cases that it is used as an intra-canal medicament.

- The pre-clinical and clinical parts of this thesis are divided in 3 parts:

1. Evaluation of primary schools teachers’ knowledge on providing first aid in cases of
tooth avulsion injuries: immediate and proper first aid and fast transfer of children to dental
practitioner are determining factors for prognosis of the injured tooth and for future
occurrence of post-traumatic complications. 300 teachers were asked to fill questionnaires
about avulsion of permanent teeth. 69 % of the respondents had never been informed about
providing first aid in dental trauma situations, 34 % had never heard the term “avulsion” and
81 % would keep the avulsed tooth in a dry handkerchief until the transfer to dental
practitioner. These results proved inadequate knowledge of teachers in providing first aid in
dental trauma situations, although schools are frequent places that these injuries occur. This
fact worsens the outcome of dental treatment and the prognosis of injured teeth.

2. Retrospective analysis of 90 avulsed teeth in 57 children: this study was concentrated
mostly in type of treatment (replantation or not), time interval between injury and dental
treatment, storage medium, occurrence of post-traumatic complications and endodontic
treatment in teeth with open root apices. Only 27 teeth (30 %) were replanted; 12 were with
unfinished root development. 10 out of 12 teeth with open root apices were endodontically
treated with calcium hydroxide (apexification), since revascularisation of the pulp was not
noticed and in 8 of them apical barrier was formed. In two cases, pulp revascularisation
occurred and subsequent pulp canal obliteration was investigated some time after the injury.
Two replanted teeth with unfinished root development had to be extracted because of

advanced infection related root resorption. Prolonged extra-oral period or storage of the
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avulsed tooth in improper storage medium until tooth replantation influence the outcome of
treatment and increase the risk for occurrence of post-traumatic complications.
3. Endodontic intervention in treatment of post-traumatic complications in immature
teeth: the records in documentations of a group of 178 patients with 383 teeth, who were
treated for dental traumas in Dentistry department of Faculty of Medicine and Faculty
hospital in Pilsen, were analyzed, concentrating mostly in occurrence of post-traumatic
complications in lateral luxation injuries and in complicated and uncomplicated crown
fractures in immature, permanent teeth. 156 out of 383 injured teeth were immature teeth.
In 70 lateral luxations and subluxations in immature teeth, root canal obliteration
occurred in 19 cases, pulp necrosis in 9 cases and inflammatory root resorption in 4 cases. In
50 uncomplicated crown fractures in immature teeth, the most frequent post-traumatic
complication occurring was pulp necrosis (7 cases, 14 %) which was always treated
endodontically. All teeth with pulp necrosis and infection related root resorption, were
treated with calcium hydroxide. In 11 out of 12 teeth that had necrotic pulp in the above
injuries, calcium hydroxide showed to have good results since resulted in apexification. One
tooth had to be extracted because even after filling of root canal with calcium hydroxide
paste, infection related root resorption progressed.
- The experimental part of the thesis aimed to bring up new information concerning the
effect of calcium hydroxide, when it is used as an intra-canal medicament for short-term and
when it is used for long-term, especially in cases of apexification of immature teeth. Various
calcium hydroxide materials that are used in Dentistry department of Faculty hospital in
Pilsen were used:
* "Calxyd” (Spofa Dental, CZ), composition: Ca(OH)2, glycerine, distilled water
* "Calxyl” (OCO Priparate, Germany)
a) red, composition: Ca(OH)2, distilled water
b) blue, composition: Ca(OH)2, distilled water, Barium Sulphate

* "Dentbalzam™ (Spofa dental, CZ), composition: Ca(OH)2, distilled water

* "Calcium hydroxide PLUS points” (Roeko, Germany), composition: 52 % Ca(OH)2,
42 % gutapercha, sodium chloride, dyes.

The experimental part of this study was divided in 5 parts:

1. Calcium hydroxide in endodontics — measuring of pH of various materials in vitro:
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The aim of this experiment was to measure the pH and to discover if added substances
influence the pH values of the above materials.

For that reason, equal weight quantities of each material were applied in equal volume of
distilled water in closed plastic tubes and in 10 min., in 30 min. and in 7 days the pH of
distilled water was measured using WTW Microprocessor pH meter pH 537.

It was measured that all materials in paste form had high pH values, ranging between
11.65 and 11.82. The pH of calcium points was almost neutral (6.73), even after 1 week.

2. Diffusion of calcium ions into saline solution of various materials in vitro:

For this experiment, the same materials were used. The aim of this experimental study
was to investigate the ability of penetration of calcium ions of the used materials with
calcium hydroxide through apical foramen in vitro; subsequently to measure the
concentration of calcium ions and calculate and compare the pH of these materials.

For that reason each from the above materials was applied in a small plastic pipette with
an opening of 0,5 mm, simulating a single root tooth. These pipettes were then placed in
small, plastic, closed tubes which were containing saline solution. With the help of WTW
Microprocessor pH meter pH 537 the concentration of calcium ions of saline solution was
measured repeatedly. These measurements revealed that concentration of calcium ions in
saline solution where pipettes containing materials in paste form was higher than in pipettes
with calcium points.

3. Calcium and hydroxyl ion diffusion through dentin - comparison study of various

materials:

For this experiment, the same materials were used. The aim of this study was to find out
the diffusion ability of calcium and hydroxyl ions from root canal to periradicular
environment through dentin tubules in cases of exposed root dentin, after endodontic use of
calcium hydroxide and subsequently to compare the concentration of calcium ions and
changes of pH in the extraradicular environment after the use of various materials with
calcium hydroxide.

25 intact premolars extracted for orthodontic reasons were used and in each tooth at
middle root third, a cavity was prepared simulating roort resorption. The teeth were treated
endodontically, instrumented in the same conditions and the same way and in every 5 teeth
the same, from the above, material was applied. The trepanation cavity was filled with glass
ionomer cement and the apical foramen was covered with the same material.

Two control teeth with their root canals filled with paper points were prepared the same

way. The teeth were then placed into plastic tubes containing saline solution. Only the roots
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of the teeth were inserted into the solution. At specific time intervals the teeth were placed
into reserve plastic tubes and in the original tubes the concentration of calcium ions in the
saline solution was measured. After measurement, the teeth were placed back into the
original tubes. The measurements were repeated every hour for the first 12 hours and later
and later, once every 24 hours for 21 days.

The results revealed that hydroxyl and calcium ions diffuse through dentin tubules into
saline solution. The speed of diffusion depends on the contents and on the consistency of
each calcium hydroxide preparation. Higher calcium concentration and higher pH in saline
solution were measured in cases of materials in paste form.

4. Measurement of dentin hardness in teeth with long-term root canal filling with

calcium hydroxide:

The sample teeth of the previous experimental study were used. These teeth had been
stored in saline solution, in closed glass tubes, in room temperature for 1 year. The teeth were
fixated with ethanol and embedded in EPON using standard procedures. Subsequently, the
teeth were placed into a thermostat and then were stored into room temperature conditions.
For grinding of samples the machine “HK 350 disc grinder” was used. At the beginning,
rough abrasive grinding was performed. The samples were held against the grinding disc,
until half of the tooth (longitudinally) was removed, so that the whole pulp cavity was
exposed. After rough grinding, plane grinding was performed and then fine grinding. The
cooling and lubricant agent which was used in all phases of grinding was distilled water.
Final polishing was achieved by Labopol 5 polishing machine. Polishing was performed, in
order to produce smooth tooth surfaces, important for nanoidentation technique (dentin
hardness measurement).

The root-dentin micro-hardness of 2 specimens of each material and 5 control teeth was
measured, using nanoindentation tests with Nano Indenter XP. These measurements were
realized towards the whole length of dentin of the root, at the side where the cavity had been
prepared. A total of 50 indents were produced, in distance of 200 um from each other.

These 50 measurements of dentin hardness of each sample were statistically analyzed and
evaluated and the mean values of dentin hardness of each specimen and control teeth were
produced and compared with each other.

Results revealed that teeth that had been filled with calcium hydroxide presented with
higher values of dentin hardness than control teeth, proving that long-term use of calcium
hydroxide (eg. in cases of apexification, or treatment of chronic periodontitis) influences root

dentin hardness of the teeth.
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5. Histological evaluation of dentin hypercalcification after long-term root canal
filling with calcium hydroxide:

We performed a microscopic study of root dentin. The aim of this study was to observe in
Scanning Electron Microscope (SEM) the root dentin after long-term use of calcium
hydroxide. We compared teeth, filled with calcium hydroxide and teeth without any root
canal filling. Furthermore, with the help of SEM, we compared the percentage weight of
calcium in areas of root dentin between teeth that had been filled with calcium hydroxide and
teeth without any endodontic filling. It was observed that teeth that had been previously
treated with long-term use of calcium hydroxide had hypercalcified areas at their root dentin,
dentin tubules contained particles of calcium hydroxide paste and in intertubular dentin
calcium crystals were identified. In addition, the percentage weight of calcium in root dentin
was measured higher in teeth that had been filled with calcium hydroxide than the control
teeth that had been used in this experiment. The above lead us to the conclusion that long-
term use of calcium hydroxide may lead to structural changes and hypercalcification of root

dentin.
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8. SOUHRN

Tato studie se zabyva vyhodnocenim endodontického oSetfeni s pouzitim material
s hydroxidem vapenatym u stalych zubt s nedokonCenym vyvojem kofene nasledkem
traumatu, pfedevsim po urazech zavésného aparatu.

- Cilem prace je zejména:

a. analyzovat faktory, které ptispivaji ke vzniku post-traumatickych komplikaci,
piedevsim po avulzi stalych zubii s nedokon¢enym vyvojem kotene,

b. zkoumat uc¢innost endodontické 1écby téchto komplikaci s pouZzitim materialii
s hydroxidem vapenatym u stalych zubii s nedokon¢enym vyvojem kotene,

c. vyhodnotit rizné materialy s hydroxidem vapenatym,

d. porovnat vlastni vysledky s ostatnimi studiemi v literatufe, tykajicimi se
vlastnosti hydroxidu vépenatého v ptipadech, kdy je pouzivan jako doCasnd kotfenova
vypli.

- Preklinicka a klinicka ¢ast této studie jsou rozdélené na 3 Casti:

1. Vyhodnoceni znalosti uciteli zékladnich Skol pii poskytovani prvni pomoci v
ptipadech avulze stalych zubl: bezprostfedni a spravna prvni pomoc a rychly transfer déti
k zubnimu 1€kati jsou urcujicimi faktory prognézy poranénych zubti a budouciho vyskytu
posttraumatickych komplikaci. 300 ucitelti bylo pozadano o vyplnéni dotaznikt tykajicich se
avulze stalych zubi. 69 % respondentil nebylo nikdy informovano o poskytnuti prvni pomoci
v situacich dentalniho traumatu, 34 % nikdy neslySelo pojem ,,avulze* a 81% by uchovalo
vyrazeny zub béhem transferu k zubnimu 1ékaii v suchém kapesniku. Tyto vysledky ukézaly
nedostate¢né znalosti uciteli v poskytovani prvni pomoci pfi trazu zubt, ac¢koliv prave skoly
jsou Castym mistem vyskytu téchto urazl. Tento fakt zhorSuje vysledek zubniho oSetieni a
progndzu.

2. Retrospektivni analyza 90 vyrazenych zubti u 58 déti: tato studie byla zaméiena
predevSim na zpusob oSetfeni (replantace ¢i nikoliv), Casovy interval mezi Urazem a
oSetfenim zubu, zplisob uchovani zubu, vyskyt posttraumatickych komplikaci a endodontické
oSetfeni u zubli s nedokon¢enym vyvojem kotene. Pouze 27 zubi (30 %) bylo replantovano;
12 z nich nemélo dokonceny vyvoj kofene. 10 z 12 zubi s nedokonéenym vyvojem kotene
bylo endodonticky oSetfeno hydroxidem vapenatym (apexifikace), nebot nedoslo
k revaskularizaci pulpy a u 8 z nich se vytvorila apikalni bariéra. Ve dvou ptipadech se
objevila revaskularizace pulpy a nésledné doslo k postupné obliteraci koifenového kanalku.

Dva ze dvou replantované zuby s nedokoncenym vyvojem kofene bylo nutno extrahovat,
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nebot’ se vyskytla zanétliva resorpce kotene. Prodlouzena extra-oralni perioda nebo ulozeni
vyrazeného zubu v nevhodném prostfedi do doby replantace ovliviiuje vysledek oSetfeni a
zvysuje riziko vyskytu posttraumatickych komplikaci.

3. Endodonticky zdsah pii oSetfeni post-traumatickych komplikaci u zubi
s nedokonCenym vyvojem kofene: byly analyzovany ziznamy 178 pacientd s 383
poranénymi zuby, ktefi byly oSetfeni na Stomatologické klinice Fakultni nemocnice v Plzni,
se zaméfenim predevSim na vyskyt posttraumatickych komplikaci u lateralnich luxacich,
komplikovanych a nekomplikovanych frakturdch klinickych korunek, wu zubi
s nedokoncenym vyvojem kotene. 156 z 383 zranénych zubli nemélo dokonceny vyvoj
kotene.

Ze 70 zubli s nedokoncenym vyvojem s laterdlni luxaci nebo subluxaci se objevila
obliterace kofenového kanalku v 19 ptipadech, nekréza pulpy v 9 ptfipadech a zanétliva
resorpce kotfene ve 4 piipadech. U 50 nekomplikovanych fraktur klinickych korunek u zubt s
nedokoncenym vyvojem kotene byla nejéastéjsi post-traumatickou komplikaci nekréza pulpy
(7 ptipadi, 14 %) a byla vzdy oSetfena endodonticky VSechny zuby s nekrozou pulpy a
zanétlivou resorpci kofene byly oSetfeny hydroxidem véapenatym. Jeden zub musel byt
extrahovan, vzhledem k tomu, Ze i po zaplnéni kotfenového kanalku hydroxidem vapenatym
se objevila zanétliva resorpce kotene.

- Experimentalni Cast této prace je zaméfena na poskytnuti novych informaci
zabyvajicich se vysledky oSetfeni zubt, preparaty s hydroxidem vépenatym jako kofenové
vyplné. Posuzovali jsme jeho kratkodobé i dlouhodobé pouziti, pfedev§im v ptipadech
apexifikace zubll s nedokoncenym vyvojem kofene. Na Stomatologické klinice Fakultni
nemocnice v Plzni jsou pouzivany rizné materialy s hydroxidem vapenatym:

* "Calxyd” (Spofa Dental, CZ), slozeni: Ca(OH)2, glycerin, destilovana voda

* “Calxyl” (OCO Priparate, Germany)

a) Cerveny, slozeni: Ca(OH)2, destilovana voda
b) modry, slozeni: Ca(OH)2, destilovana voda, siran barnaty
* "Dentbalzam™ (Spofa Dental, CZ), slozeni: Ca(OH)2, destilovana voda
* “Calcium hydroxide PLUS points™ (Roeko, Germany), sloZeni: 52 %
Ca(OH)2, 42 % gutaperca, chlorid sodny, barviva.
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Experimentalni ¢asti studie je rozdélena na 5 ¢asti:

1. Hydroxid vépenaty v endodncii — méteni pH rtiznych materialt in vitro:

Cilem experimentu bylo zmé&fit pH a zjistit, zda pfidané substance ovliviiuji hodnoty pH
vyse uvedenych materidli. Z tohoto divodu bylo dané¢ vdhové mnozstvi kazdého materialu
rozpousténim v urcitim objemu destilované vody v uzavienych plastovych zkumavkach a po
10 min., 30 min. a po sedmi dnech bylo za pouziti WTW Microprocessor pH meter pH 537
méteno pH destilované vody. Méfenim bylo zjisténo, Ze vSechny materidly ve formé pasty
maji vysoké hodnoty pH, pohybujici mezi 11,65 a 11,82. Primérné pH Cepi s hydroxidem
vapenatym bylo 6,73, dokonce i po 1 tydnu.

2. Difuze kalciovych iontl z riznych materialt ve fyziologickém roztoku s in vitro:

Pro tento experiment byly pouZity vySe uvedené materialy. Cilem studie bylo zjistit in
vitro schopnost penetrace iontl kalcia pouzitych materiali prfes foramen apicale.
Nasledné jsme méftili koncentraci ionti kalcia a vypocitali a porovnavali pH téchto materiald.

Z téchto duvodi byl kazdy z uvedenych materialti aplikovan do malé plastové pipety
s otvorem velikosti 0,5 mm, kterd mé¢la simulovat kotfenovy kanélek a foramen apicale zubu.
Tyto pipety byly nasledné¢ umistény do plastovych, uzavienych zkumavek s fyziologickym
roztokem. S pomoci mikroprocesoru WTW pH meter pH 537 byla opakované meéfena
koncentrace iontl kalcia ve fyziologickém roztoku. Tato méteni odhalila, ze koncentrace
iontl kalcia ve fyziologickém roztoku byla vyssi v pipetach s materidlem ve forme pasty, nez
s ¢epy s hydroxidem vapenatym.

3. Prinik kalciovych a hydroxylovych ionti dentinem — srovnavaci studie rtznych
materiall:

Pro tento experiment byly pouzity rovnéz vyse uvedené materidly. Cilem této studie bylo
popsat schopnost difuze iontil kalcia a hydroxylu z kofenového kandlku do periradikularniho
prostfedi pfes dentinové tubuly. Z tohoto diivodu jsme po endodontickém oSetieni (s
pouzitim vySe uvedenych materidli s hydroxidem vapenatym) obnazili kotfenovy dentin.
Nasledné jsme porovnali koncentraci iontl kalcia a zmény pH v extraradikularnim prostredi.
Bylo pouzito 25 intaktnich premolari, extrahovanych z ortodontickych divodii. Do kazdého
zubu byla ve stfedni tfetin¢ kofene vypreparovana standardni kavita simulujici resorpci
kotene. Zuby byly oSetfovany endodonticky za stejnych podminek a stejnym zptisobem. U
skupiny 5 zubl byl aplikovan vzdy stejny materidl. Trepanac¢ni otvor byl vyplnén
skloionomernim cementem a foramen apicale prekryto stejnym materidlem. Dva kontrolni

zuby, které mély kotenové kanalky vyplnéné papirovymi cepy, byly oSetfeny stejnym
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zpusobem. Zuby byly nasledné ulozeny do plastovych zkumavek s fyziologickym roztokem.
Pouze koteny zubl byly ponofeny v roztoku. V urcitych ¢asovych intervalech byly zuby
umistény do rezervnich plastovych zkumavek a v originalnich tubusech byla méfena
koncentrace iontl kalcia ve fyziologickém roztoku. Po méteni byly zuby uloZeny zpét do
origindlnich plastovych zkumavek. Méfeni byla opakovéna v prvnich 12—-ti hodinach po
hodiné, nasledné jednou za 24 hodin a to po dobu 21 dni. Vysledky odhalily, ze ionty kalcia a
hydroxylu pronikly pfes dentinové tubuly do fyziologického roztoku. Rychlost difuze
zavisela na slozeni a konzistence preparatii s hydroxidem vapenatym. Vys$$i koncentrace
kalcia a vyssi pH fyziologického roztoku bylo naméteno u materialt ve form¢ pasty.

4. Mgfteni tvrdosti dentinu u zubli s dlouhodobou vyplni kotfenového kanalku s
hydroxidem vapenatym:

Byly pouzity zuby z ptedchozi experimentalni studie. Tyto zuby byly uchovény po dobu
1 roku ve fyziologickém roztoku, v uzavienych sklenénych tubusech, pti pokojové teplote.
Zuby byly fixovany ethanolem a uloZzeny v EPON za pouziti standardnich postupti. Postupné
byly zuby umistovany do termostatu se specifickymi podminkami a nasledné¢ byly
uskladnény v mistnosti s pokojovou teplotou. Pro brouseni vzork byla pouzita rucni
rozbruSovacka ,,HK 350“. Na pocatku se provadélo hrubé abrasivni obrusovani. Vzorky byly
pridrzovany u brusného kotouce, dokud nebyla odstranéna polovina zubu (podélng) a byla
odkryta cela dieniova dutina. Po hrubém brouseni se provadélo rovinné brouseni a nasledné
jemné brouseni. Jako chladici a lubrika¢ni prostiedek byla ve vSech fazich pouzita
destilovana voda. Vysledného vylesténi bylo dosaZeno prostiednictvim Labopol 5 lesticiho
stroje. Lesténi bylo provedeno za Gc¢elem ziskani hladkého povrchu zubu, ktery je dilezity
pro techniku nanoidentace (méfeni tvrdosti dentinu).

Byla méfena mikrotvrdost kofenového dentinu u 2 vzorkii kazdého materidlu a 5
kontrolovanych zubli, za pouZziti nanoidentace testll s Nano Indenter XP. Méfeni byla
realizovéana po celé¢ délce dentinu kotene, na strané, kde byla preparovana kavita ve stiedni
tietin€ kotene. Bylo realizovano 50 méfeni tvrdosti vtiskem ve vzdalenosti 200 um od sebe.

50 vystupt méfeni tvrdosti dentinu u kazdého vzorku bylo statisticky analyzovano a
vyhodnoceno a primérné (stiedni) hodnoty tvrdosti dentinu kazdého vzorku a kontrolnich
zubll byly navzijem porovnavany. Vysledky odhalily, ze zuby, které byly zaplnény
hydroxidem vapenatym, representovaly vyssi hodnoty tvrdosti dentinu nez kontrolni zuby.
To potvrzuje, ze dlouhodobé pouziti kalcium hydroxidu (napt. v ptipadech apexifikace nebo

pfi oSetieni chronické periodontitis) ovlivituje tvrdost kofenového dentinu zubt.

84



5. Histologické vyhodnoceni hypercalcifikace dentinu po dlouhodobém zaplnéni kanalku
hydroxidem véapenatym:

Provedli jsme mikroskopickou studii kofenového dentinu. Cilem této studie bylo
zkoumat ve Scanning Electron Microscope (SEM) kotenovy dentin po dlouhodobém pouziti
kalcium hydroxidu. Porovnali jsme zuby zaplnéné hydroxidem vépenatym a zuby bez
jakékoliv vyplné. Kromé toho jsme za pomoci SEM porovnavali procentudlni hmotnost
kalcia v oblastech kofenového dentinu jak u zubi, které byly zaplnény hydroxidem
vapenatym, tak u zubii bez kofenové vyplné. Bylo zjisténo, zZe zuby, které byly diive oSetieny
dlouhodobou aplikaci kalcium hydroxidu mély hyperkalcifikované oblasti na svém
kotenového dentinu, dentinové tubuly obsahovaly castice kalcium hydroxidové pasty a
v intertubularnim dentinu byly identifikovany krystaly kalcia. Kromé¢ toho byla naméfena
vys$§i vahova procenta materidli kalcia v kofenovém dentinu u zubi, které byly
vyplnény kalcium hydroxidem nez u kontrolnich zubi, které byly pouzity pro tento
experiment. VySe uvedené vede k zavéru, ze dlouhodobé pouziti kalcium hydroxidu miize

vést ke strukturdlnim zménam a hypercalcifikaci kofenového dentinu.
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