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 Abstract  

 This study was designed to investigate the characteristics of oral 

conditions of the workers in radiation field. The study was carried out on  

male subjects with age ranging from 25- 45 years working in National 

Center for Radiation Research and Technology (NCRRT)  under 

protective measures  and subjected to low dose long term of ionizing 

radiation. The subjects were divided to 4 groups the first three groups 

represent the study groups and includes subjects working in radiation field 

and a fourth group which is the control group and includes subjects 

working away from radiation field).   Study groups  were  divided 

according to duration of working time into: First  group including 20 

subjects working for at least 10 years, Second group including 20 subjects 

working from 5-10 years and Third group including subjects working for  

at least 5 years. The investigation in both  Study and Control groups was 

made via, immunological assessment by determination of the level of 

secretory immunoglobulin A (SIgA), microbiological assessment via 

detection of aerobic, anaerobic bacteria and Candida albicans and by 

dental assessment through determination of dental indices(Decayed  

Missed –Filled (DMF) index, periodontal index and Plague index). The 

results of this study reported lower level of SIgA in study groups 

compared to controls . Significant presence of Aggrebacter-

actinomycetemcomitans, Fusobacterium and Bacteriod Forythus in study 

groups. Significant difference between study   groups  and  controls 

regarding  DMF index, Periodontal index and Plaque index in addition to, 

negative correlation between SIgA and the dental indices 
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 INTRODUCTION 
e live in radioactive world. Radiation is permanently 
present through out the environment whether from natural 

and / or artificial sources. 

Natural sources contribute about four to five times as much 
as artificial ones; they could be in the form of cosmic radiation, 
rocks, natural radium, uranium and thorium. Artificial source 
could be from medical radiation sources, industrial uses and 
nuclear technologies. Ionizing radiation negative biological 
effect on living organisms depends on dose of radiation and 
duration of exposure. 

Prolonged exposure to radiation particularly ionizing 
radiation has adverse effects on human health and immunity 
leading to systemic diseases. 

Different tissues of the body respond differently to 
radiation, due to varying degrees of radio sensitivity. When an 
adult subject is irradiated over the entire body, various 
syndromes are manifested depending on the dose applied. The 
effects of radiation are characterized by the survival time the 
species and various stages of acute syndromes following the 
total body irradiation. These effects are deterministic types and 
have a threshold dose. 

W
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The long term or late effects of radiation cause various 
syndromes long after the radiation exposure. These may appear 
after acute radiation syndrome subside following exposure to a 
single large dose or after exposure to many smaller doses over a 
period. The late effects may be somatic or genetic, depending 
on the respective cells involved. Somatic effects are seen in the 
form of carcinogenesis, life shortening, cataract genesis, and 
embryologic damage. On the other hand, genetic effects result 
in abnormalities in the offspring. 

 Dental diseases don’t differ from any other diseases as the 
environmental factors may moderate dental diseases from day 
to day (Van Haute and Green, 1974). 

Occupational disease of hard and soft oral structures is due 
to direct action of the occupational causative agent on the 
workers oral tissue, which is affected as part of systemic 
disturbance (Blatt, 1976). 

Throughout the years, most of the studies focused on the 
damaging effects of high levels of radiation on dental, oral 
structures and salivary glands and its oral complications which 
is manifested clinically. 

Oral complications of radiotherapy in the head and neck 
region are the result of the deleterious effects of radiation on,   
salivary glands, oral mucosa, bone, dentition, masticatory 
musculature, and temperomandibular joints. The clinical 
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consequences of radiotherapy include mucositis, hyposalivation, 
taste loss, osteoradionecrosis, radiation caries, and trismus. 
Mucositis and taste loss are reversible consequences that usually 
subside early post irradiation, while hyposalivation is normally 
irreversible. Furthermore, the risk of developing radiation caries 
and osteo-radionecrosis is a life long threat.   

Exposure to low doses of ionizing radiation is a fact of life 
in certain occupational settings, long-term effects of low-dose 
exposures may be real and should be given serious 
consideration however, the effects of low levels of radiation are 
more difficult to determine because the deterministic   effects 
do not occur at these levels. Consequently, the risk values at 
occupational levels are estimates based on risk factors measured 
at high doses and the risks of low dose radiation effects are not 
directly measurable in populations of exposed workers 
(Bethesda,1993, Godekmerdan et al., 2004). 

Accordingly, further studies should be conducted to 
determine the risk factors of the exposure of  low doses of 
radiation  for long durations. 
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AIM OF THE STUDY 
ssessment of orodental changes due to exposure to 
ionizing radiation in individuals working in the field of 

radiation by determination of: 

1- Secretary IgA levels.  

2- Changes in the oral microflora. 

3- Dental changes which may be induced on the oral structures.   

A
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REVIEW OF LITERATURE 
Basic Background of Radiation 

adiation refers to complete process in which energy is 
emitted by one body or source, transmitted through an 

intervening medium or space and absorbed by another body. 

The energy transfer occurs in the form of subatomic 
particles or electromagnetic waves (Walter and Miller, 1969). 

I) Particulate or corpuscular radiation 

It is the form of rapidly moving charged or neutral 
subatomic particles as Alpha, Beta and Neutrons particles  

Alpha particle (α): is a positively charged helium nucleus 
emitted by a larger unstable nucleus and composed of 2 protons 
and 2 neutrons.It is a relatively massive particle, but it only has 
a short range in air of 1-2 cm and can be absorbed completely 
by paper or skin. Alpha radiation can however, be hazardous if 
it enters the body by inhalation or ingestion of α emitting 
materials, because large radiation exposures can result in 
nearby tissues, such as the lining cells of the lung or stomach. 

Beta particle (β): is fundamentally an electron with the 
same mass and charge. It is different from electron only in the 
fact that it originates from the nucleus. There are two 
forms:beta -ve (β-) (negatron) and beta +ve (β+) (positron). Both 
negatron and positron have the same mass and also the same 

R
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charge but of opposite sign. Beta radiation (β) is emitted by an 
unstable nucleus. Beta particles are much smaller than alpha 
particles and can penetrate further into material or tissue. Beta 
radiation can be absorbed completely by sheets of plastic, glass, 
or metal. It does not normally penetrate beyond the top layer of 
skin. However, large exposures to high-energy beta emitters can 
cause skin burns. Such Beta emitters can also be hazardous 
when emitting materials a re, inhaled or ingested. 

Neutron radiation (n): neutron particles are emitted by an 
unstable nucleus, in particular during atomic fission and nuclear 
fusion. Apart from being a component it cosmic rays, neutrons 
are usually produced artificially Because they are electrically 
neutral particles, neutrons can be very penetrating and when 
they interact with matter or tissue, they cause the emission of 
beta and gamma radiation . Neutron radiation therefore requires 
special shielding with low atomic number materials to reduce 
exposures (Al Naggar, 2009). 

II) Electromagnetic energy  

These radiations are the form of energy in motion that does 
not have mass and charge and can propagate as either waves or 
discrete packets of energy, called photons or quanta these 
radiations travel with velocity of light. Various Examples of 
electromagnetic radiations include radio waves, visible light, 
heat waves and so forth. 
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The energy of electromagnetic radiation is given by  

E = hv =  

h is Planck constant given as 6.625 x 10-27erg.s/cycle 

V is the frequency in hertz, is the wave length in 
centimeters and c is the velocity of light in vaccum which is 
equal to 3 x10 10cm/s (Sopha, 2006). 

This spectrum of radiation extends from gamma rays of 
extremely short wave length followed by x ray, ultraviolet 
(UV), visible light, infra-red, short and long radio waves. 

 
Figure (1): Electromagnetic Spectrum 

Ionizing Radiation 

It is radiation that can knock electron off atoms causing 
them to be electrically charged or ionized. 

Ionizing radiation when absorbed by material can change 
the atomic structure of the material by knocking out of atoms 
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Gamma and x rays are known as ionizing radiation 
(WHO, 1997).  

Non Ionizing radiation  

Non ionizing radiation lacks the energy to facilitate the 
release of electrons from target tissues. It doesn't change atomic 
structure of the human body. Ultraviolet light (UV), visible 
light, infrared light, Micro waves and Radio frequency are non 
ionizing radiation (WHO, 1997). 

Modes of Radiation Exposure 

There are two modes of radiation exposures, namely 
External and Internal Exposure. 

External Radiation Exposure 

Occurs when the radiation source is outside the body, and the 
emitted radiation energy reaches the body and is absorbed by the 
body tissues according to the mechanisms of absorption of that 
particular radiation energy. The factor in this type of exposure is 
physical factors including type and energy of incident radiation, 
magnitude of exposure; and biological factors, essentially the 
density of the body tissues. External exposure depends greatly on 
source, body geometry; and may be localized, partial or whole 
body. The dosimetric considerations of external exposure are 
straight forward and are somewhat complicated in situation of 
complicate source -body geometry. 
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Internal Radiation Exposure 

Occurs when the radiation source in solid, liquid, or 
gaseous gains entry into the body by Inhalation, Ingestion, or 
Transcutaneous (through the skin). In this situation the radiation 
energy emitted from the source is absorbed to various distances 
according to the differential penetration of the energy and type 
of radiation released from the source, the factor controlling 
internal exposure are numerous, including amount and type of 
radioactive material, its chemical and physical properties, and 
degree of its incorporation in body tissues. The dosimetric 
considerations of internal exposure are certainly complicated 
including several chemical, physical and biological aspects of 
the radioactive material that gained entry into the body.  

Direct and Indirect Action of Radiation: 

Direct Action                                           

Direct action of radiation entails simply the localized 
deposition of ionizing radiation energy by high-energy 
charged particle (electrons, protons, and Alpha particles...etc) 
within a specific molecular structure. This direct action of 
radiation involves the simple direct interaction between the 
radiation energy and a critical biological molecule, and this 
molecule becomes directly changed (ionized) into free 
radicals, which are highly reactive.  
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Indirect Action: 

Indirect action of radiation entails the formation of reactive 
species, by water radiolysis, and the diffusion of these species 
to the biological target molecule, acting as intermediates in the 
transfer of energy to the biological target molecule. 

From the point of view of biological damage, it does not 
matter whether the critical molecule is damaged by direct action 
or indirect action. However, it seems most likely that much 
radio biologic damage is a consequence of indirect action, since 
the water content of cells and tissues approximates 70 - 75 
percent water.  

Excitation and Ionization Processes: 

'The energy of ionizing radiation has the unique property 
of being absorbed in the physical bonds of atoms, and in the 
physicochemical bonds of molecules. These physical and 
physicochemical bonds have varying degrees of bond strength. 
The initial event of radiation energy absorption in a biological 
system is excitation of the physicochemical bond. With more 
radiation energy absorption in the bond, Ionization of the bond 
takes place. This ionization occurs when the radiation energy 
absorbed in the bond reaches the Ionization Potential of that 
particular bond (i.e. overcomes the binding energy of that 
bond). 
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The excitation energy is eventually dissipated in the 
molecular environment, with very minimal or transient 
molecular alteration. It is essentially the process of ionization 
induces molecular alterations (Al Naggar, 2006). 

The sequential stages of Radiation action:  

In all biological systems, water is the most abundant 
molecule and radiation-induces splitting of the water molecule, 
the radiolysis of water is a primary event in the initiation of 
biological damage (Potten, 1985). 

Induction of radiation injury has four phases: 

The first phase (physical phase) is the shortest lasting 
about 10 second. During this phase, energy is deposited in the 
cell causing ionization and excitation of ions and molecules. 
The absorption of energy by a water molecule results in the 
ejection of an electron (e-) leaving a positively charged species. 
H2O+ 

H2O H2O+ +e- 

The second phase (physicochemical phase) which lasts 
about 106 second the positive ion dissociates to yield a 
hydrogen ion, H and hydroxyl free radical OH 

H2O  e-   H2O- 
H2O Ho+ OH- 
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The principal products of these two phases are hydrogen 
and hydroxyl ions and free radicals. Hydrogen and hydroxyl 
ions are normally present, the free radicals are very reactive 
species and may undergo many reactions, for example two (H) 
or (OH) radicals may combine to form hydrogen molecule and 
hydrogen peroxide (H2O2) which is a powerful oxidizing agent 
(Prasad, 1974). 

H° + H°  H2 
OH° + OH° H2O2 

The third phase (chemical phase) lasting few seconds, the 
free radicals react with organic molecules within the cell. 
Reactions with proteins and (DNA) of the cell nucleus may 
produce change in the secondary or tertiary structure of 
proteins, as a result of disruption of hydrogen bonds, or inter or 
intra-molecular cross-linking in the double stranded (DNA) 
molecules which may have particularly serious effects (Prasad, 
1974). 

The fourth phase (biological phase) during which the 
chemical changes are transformed into cellular changes. Three 
types of cellular changes may be recognized. These are early 
cell death, prevention or delay of cell division (mitosis) and the 
production of permanent inheritable changes which may be 
passed on daughter cells at mitosis. These changes may lead to 
other changes which affect the whole organism. 
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This phase of development of radiation injury shows the 
longest and most variable time scale. Some effects may develop 
within a few hours while others for example cancer induction 
may take many years to be apparent.   

Radiolysis of water: 

The unique role of water in chemical and biological 
systems, the irradiation of pure water is of special interest. 
Early experiments have proved that the radiation-water 
molecules interaction results in the formation of hydrogen, 
oxygen and hydrogen peroxide. This reaction has been 
explained in terms of free radical reaction (Blackely, 1968). 

Ionization and free radical formation: 

Ionizing radiation is considered as particular form of 
radiation which produces ionization target molecules (Adams, 
1968). The sequence of events induced by irradiating the 
biological system can be either direct or indirect. The direct 
effect of radiation on the cell is mainly concentrated on water 
molecules which represent 70-80% of the biological system, 
with the results of formation of charged ions. 

These charged ions are unstable and decompose 
immediately, leading to free radicals (O H-) and H-. 

The free radicals OH- and H- are highly reactive, unstable 
species. On the other hand, the direct effect on the biological 
organic molecules can be summarized as follows: 
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  Radiation 
RH            RH+ + e- 

 

 
Radiation 

RH                  R- + H+ 
Where R- is an organic free radical, and RH is the 

biological target molecule  

The indirect effect of the ionizing radiation involves the 
production of aqueous free radical OH-and H+ and thus an 
interaction with the biological organic molecule. 

RH + OH-→R- + H2O 

RH + H+→ R- + H2 
The organic free radicals R may give rise to permanent 

damage. 

Oxygen effect: 
The chemical products of the radiation ionization of water 

are the hydroxide radical (OH-) and me hydrated electron (e-) 
which has one reducing equivalent When biological molecules 
are present in water (oxidized or reduced') the)' may be attacked 
by the corresponding radicals 

If oxygen is present in the irradiation medium, then an 
increased amount of damage might be expected to be produced 
through the following reaction ; 

R- +O2 → RO2- 



Review of Literature 

 27

Where RO2-is an organic peroxyradical not easily repaired, 
thus, radiation damage is permanent. In certain parts of cells, a 
chain reaction may proceed which would generate more of the 
free radicals and so on.... 

Another damage process may involve the formation of 
hydrogen peroxide (H2O2) in the irradiated tissues. This 
reaction step starts when the oxygen originally present in the 
medium reacts with the aqueous free radical H+ . 

H++O2→ H2O- 
2HO2-→ H2O2 +O2 

Hydrogen peroxide (H2O2) may also be formed in a similar 
manner from hydrogen electrons. H2O2is very toxic to 
biological structures and is a relatively stable product. 
(Blackely, 1968). 

Effect of ionizing radiation on living organisms: 

Blackely (1968) described the action of radiation, by its 
capacity of ionization and excitation, breaks up into fragments. 
Some of these fragments are charged and some uncharged, but 
all are highly reactive. These fragments may later react 
chemically with neighboring molecules and between 
themselves; this stage may last from fraction of a second to 
hours. These early reactions then give rise to further reactions 
in which very large molecules such as these of proteins, and 
metabolic pathways essential to the cell distributed. As a result, 
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processes leading to synthesis of essential cell constituents may 
be retarded or inhibited, finally the cell may die. 

If radiation, effect is more localized to the nucleus, which 
is the most radiosensitive structure, damage to the 
chromosomes can occur which may be sufficiently severe to 
lead to death of the cell at its next division. Alternatively, lesser 
damage to the chromosomes or genes, which carry inherited 
characteristics of cells and organisms, may result in changes 
known as chromosome or gene mutations. 

 If the affected cells are germ cells in the gonads, these 
mutations can be passed on to the offspring. Cells undergoing 
mitosis are most sensitive to ionizing radiation and 
chromosome damage may induce malignant changes and 
genetic abnormalities (Evans, 1974). 

Factors influencing cellular response to radiation: 

Radiation produces both direct and indirect injurious 
effects on biologic systems- The relative contribution of each 
mechanism depends on the system involved and a variety of 
other factors such as the character of the radiation and die 
presence or absence of agents known to protect against the 
effects of radiation. The important factors that influence the 
radiosensitvity of mammalian cells can be divided into three 
groups physical, chemical and biological (Anderson, 1985). 
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A- Physical factors: 

The most important physical factors that affect the 
magnitude of biologic response to radiation are the character of 
the radiation quantity the total amount administrated and the 
time within which this dose was given. 

El-Shakankery (1989) showed that the linear energy 
transfer (LET) is the term that describes the rate at which 
energy is lost from different types of radiation while traveling 
through matter. LET depends on the mass, the charge, and the 
velocity of the particle. A particle with a relatively large mass 
and charge but low velocity will in general exhibits a higher 
LET than a small non-charged particle with high velocity. X-
ray and γ-rays were termed as low LET radiation, while a 
particles and neutrons as high LET radiation. Equal doses of 
radiation of different LETs do not produce the same biologic 
response. 

Moreover, Anderson (1985) pointed out that dose rate also 
influences cell survival especially for low LET radiation. In 
case of low LET radiation, a greater total dose is required to 
produce the same effect when the radiation is either delivered in 
fractions of given continuously over a prolonged period of time. 

B-Chemical factors: 

Chemical factors are either radiation sensitizers which 
potentiate the effect of the ionizing radiation or radiation 
protectors which exert a protective effect. 
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1-Radiation sensitizers: 
A true radio-sensitizer is one that increases the cell killing 

effect of a given dose of radiation. Oxygen has the most 
dramatic effects and is found to  

Potentiate many of the effects of ionizing radiation. The 
oxygen effect is most pronounced with low LET radiation such 
as X and γ rays. Oxygen increases the production of free 
radicals by radiation. The oxygen effect is of special importance 
for the treatment of malignant tumors with ionizing radiation 
(Anderson, 1985). 

2- Radiation protectors: 

Radiation protectors serve against radiation induced cell 
injury. The best known examples are the sulfhydryl amines 
such as cysteine and - cystamine- When one of these is given 
prior to radiation; a larger dose is if necessary to produce the 
same response as when the compound was not administered 
(El-Shakankery, 1989). 

3- Biologic factors: 

The phase of the cell in the cell cycle at the time of 
irradiation has a great influence on the cellular response. In 
most tissue culture lines, the cells were more sensitive to 
radiation during G2 stage and mitosis, less sensitive during G1 
stage and least sensitive towards the end of the S stage (El-
Shakankery, 1989). 
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HAZARDOUS EFFECTS OF RADIATION 

Cell damage 

ell death is a measure of extreme radiation damage. 
Therefore, based on the degree of lethality induced by 

radiation, radiation damage can be classified into three 
categories;  

(1) Lethal damage, which. cause, irreversible death. 

(2) Sublethal damage (SLD), which normally repairs in hours 
and thus avoids cellular death. Unless followed by another 
sublethal damage. 

(3) Potentially lethal dose (PLD), which can potentially kill the 
cell but can be modified to repair under specific 
physicochemical conditions. All these damages are relevant 
in clinical radiation therapy as to the effectiveness of 
treatment. Lethal damage is a definite end point in 
treatment. Whereas, SLD and PLD have variable effects in 
radiation therapy. 

Stochastic and deterministic (non-stochastic) effects 

The harmful effects of radiation may be classified into two 
general categories: stochastic and deterministic (previously 
called non-stochastic). The National Council on Radiation 
Protection and Measurements (NCRP) defines these effects as 
follows: 

C
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A) Stochastic effect: 

Is one in which the probability of occurrence increases 
with increasing dose but the severity in affected individuals 
does not depend on the dose (induction of cancer, radiation 
carcinogenesis and genetic effects). There is no threshold close 
for effects that are truly stochastic, because these effects arise in 
single cells and it is assumed that there is always some small 
probability of the event occurring even at very small doses. 

The populations at risk are atomic energy workers, staff of 
medical radiation (diagnostic and therapeutic), mining workers 
and embryos of the above groups. These include hereditary, 
congenital and teratogenic genetic, cancer transformation, 
premature aging, cataract and infertility. 

a) Congenital malformations and teratogenic effects: 
effects that may be produced in the developing embryo-fetus 
during intrauterine life, induced by exposure of the abdomino-
pelvic region of the pregnant mother to radiation. The type and 
degree of malformation depends upon the magnitude of the 
radiation dose and more specifically on the stage of gestation at 
which radiation exposure took place. Teratogenesis is those 
effects expressed and  

Permanently present in the organism. The origin of it must 
be genetic, congenital or induced. 
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b) Genetic effects are produced by radiation induced injury 
to genetic material (DNA) in the cell. They are termed 
mutations which are defined as any permanent change in the 
chemical physical, functional or structural properties of the 
DNA molecule. Mutations are divided into gene mutation and 
chromosome aberrations. 

c) Hereditary effects are effects that are transmitted to the 
progeny of parents who have developed radiation injury to the 
gonads. These effects may be expressed in the first generation 
or later. 

d) Cancer transformation: may occur due to permanent 
change to the DNA molecule which is called initiation process. 
If clones of mutant cells are presented (due to inactivation of 
tumor suppressor genes) this stage is called promotion process. 
When the cell becomes committed to the malignant process, it 
is called the conversion stage. 

e) Others: Premature Aging, Cataract and Infertility 
(Carton et al., 1974). 

Deterministic effect: 

A deterministic effect (tissue reaction) is one that increases 
in severity with increasing dose, usually above a threshold dose 
in affected individuals (organ dysfunction, fibrosis. lens 
opacification. blood changes and decrease in sperm count). 
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These are events caused by damage lo populations of cells. 
Hence the presence of a threshold dose 

Acute versus late tissue or organ effects: 

An organ or tissue expresses response to radiation damage 
either as an acute effect or as a late (chronic) effect. 

Acute effects manifest themselves soon after exposure to 
radiation and are characterized by inflammation, oedema, 
denudation of epithelia and haemopoietlic tissue, and 
haemorrhage are late effects are delayed. for example, fibrosis. 
atrophy, ulceration. stenosis or obstruction of the intestine, Late 
effects may be generic and caused by absorption of radiation 
directly in the target tissue, or consequential to acute damage in 
overlying tissues such as mucosa or the epidermis (Sopha,  
2006). 

Acute effects of total body irradiation          

Different tissues of the body respond differently to 
radiation, due lo varying degrees of radio sensitivity. When an 
adult subject is irradiated over the entire body, various 
syndromes are manifested depending on the dose applied. The 
effects of radiation are characterized by the survival time the 
species and various stages of acute syndromes following the 
total body irradiation. These effects are deterministic types and 
have a threshold dose. 
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Acute radiation syndromes appear in four stages: 
prodromal, latent. manifest illness, and recovery or death. Each 
stage is dose dependent and can last for a few minutes to weeks, 
A minimum of 200 to 300rad  is required for all four stages lo 
be seen and cause death.  

In the prodromal stage, major symptoms are nausea, 
vomiting, and diarrhea and they occur in the early phase, lasting 
for only a short period of time depending on the dose. A dose of 
50 rad can induce nausea and vomiting. In the latent stage, 
biological damage slowly builds up without manifestation on of 
any syndromes, again lasting for hours to week, depending on 
the dose. During the manifest illness stage, radiation syndromes 
appear as a result of the damage to the organs involved after the 
latent period, and the subject becomes ill. In the last stage, the 
subject either recovers or dies. 

There are three categories of syndromes in the manifest 
illness stage depending on the dose: hemopoietic or bone 
marrow, gastrointestinal Cardiovascular and central nervous 
system syndrome. 

Haemopoitic "Bone Marrow syndrome, the threshold dose 
is about 2 Gy, manifested by pancytopenia, increase bone 
marrow proliferation and differentiation of stem cells. Gastro-
intestinal syndrome, threshold dose is 4.5 Gy, manifested by 
gastro-enteritis, which leads to dehydration. Cardiovascular 
syndrome, the threshold dose is 6.5 Gy, manifested by 
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disturbance in micro flow, capillary fragility, petecial 
hemorrhages, myocardial ischemia, hypotension and cardiac 
shock. Central nervous system syndrome, the threshold dose is 
about 10 Gy, manifested by disturbance of the physiology and 
function of the cerebral cells leads to loss of reflexes, 
convulsions, coma, it has very bad prognosis. Associated 
syndromes include skin bums, depression of immune response 
and psychosomatic disturbance (Carton et al., 1994). 

Long term effects of radiation  

 The long-term or late effects of radiation cause various 
syndromes long after the radiation exposure. These may appear 
after acute radiation syndromes subside following exposure to a 
single large dose or after exposure to many smaller doses over a 
period. The late effects may be somatic or genetic, depending 
on the respective cells involved. Somatic effects are seen in the 
form of carcinogenesis, life-shortening, cataract genesis, and 
embryo-logic damage. On the other hand, genetic effects result 
in abnormalities in the offspring. 

Somatic effects 

Somatic effects are harm that exposed individuals suffer 
during their lifetime, such as radiation induced cancers 
(carcinogenesis), sterility, opacification of the eye lens and life 
shortening. Carcinogenesis expresses itself as a late somatic 
effect in the form of acute or chronic myeloid leukaemia or 
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some solid tumours, for example in the skin, bone, lung. thyroid 
or breast.  

Genetic Effects 

Ionizing radiations can cause changes in the DNA 
structure, which ultimately are expressed in gene mutations, 
through the affected germ cells, these mutations propagate to 
future generations. Genetic effects are not expressed in the 
individual, whose germ cells have been affected by radiation, 
but arc expressed in future generations, Genetic effects appear 
as Down syndrome, achondroplasia, retinoblastoma, cystic 
fibrosis, sickle cell anemia, Tay-Sachs disease, and other 
chromosome disorders (Sopha,  2006). 

Oral complications of radiation 

Vissink et al.  (2003) reported that, oral complications of 
radiotherapy in the head and neck region are the result of the 
deleterious effects of radiation on salivary glands, oral mucosa, 
bone, dentition, masticatory musculature, and temporo-
mandibular joints. The clinical consequences of radiotherapy 
include mucositis, hyposalivation, taste loss, osteoradio-
necrosis, radiation caries, and trismus. Mucositis and taste loss 
are reversible consequences that usually subside early post-
irradiation, while hyposalivation is normally irreversible. 
Furthermore, the risk of developing radiation caries and 
osteoradionecrosis is a life-long threat.    
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Kliebassa et al. (2006) concluded that when oral cavity 
and salivary glands are exposed to high doses of 
radiation,clinical consequences including irreversible 
consequence as hyposalivation and reversible consequences as 
mucositis and taste loss in addition to trismus, 
osteoradionecrosis and increased risk of rampiant caries. 

Effect of radiation on salivary glands 

The effects of  radiation upon the salivary gland have been 
known for over ninety years having been first described in the 
human in 1911 (Bergonine, 1911). Ionizing radiation that 
includes the salivary glands results in acinar damage and cell 
death and affects the vascular elements of the glands with 
subsequent fibrosis of the salivary glands (Rankin et al., 2008). 

The serous cells of salivary glands (mainly parotid glands) 
are relatively sensitive to ionizing radiation, whereas the 
mucous cells are relatively resistant. The early effects of 
radiotherapy result from interphase cell death of salivary serous 
cells, whereas late effects are determined by the ability to 
repopulate surviving stem cells (Someya et al., 2003).  

In the human, the parotid gland is more radiosensitive 
when compared to the submandibular gland (Kashiima et al., 
1965 and Baum et al., 1985).  
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Various studies have noted over a 50% reduction in parotid 
gland function within a few days after exposure of the head and 
neck region to low doses of irradiation (Nagler, 2002). 

The high sensitivity of the parotid gland has been 
suggested to be due to the predominance of serous cells in this 
gland as these epithelial cells appear to be the most 
radiosensitive (Kashiima et al., 1965 and Baum et al., 1985). 

When the salivary glands are irradiated, many patients 
observe a decrease in production of saliva and an increase in its 
viscosity within the first week of radiotherapy (Burlage et 
al.,2001). 

A high dose on the salivary glands results in a reduction of 
salivary output and a change in its composition. This in turn 
may lead to xerostomia which is cited by patients as a major 
cause of decreased quality of life (Harrison et al., 1997and 
Eisbruch et al., 2003). 

Cooper et al. (1995) found that irradiated salivary tissues 
degenerates after a relatively small dose leading to markedly 
diminished salivary output which promote dental decay and 
affect the integrity of the mandible. 

Lacatusu et al. (1996) stated that the irradiant 
cervicofacial therapy produces numerous complications which 
the repose and the buffering capacity of saliva and increase of 
salivary viscosity and the total quantity of proteins. 
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Dawes and Oduim (2004) deduced that the mean salivary 
flow rate was lower in irradiated group compared to controls 
however the mean residual volumes were not significantly 
different and suggested that people who reported dry mouth 
have only localized areas of dryness notably the hard palate 
where the salivary fluid is thin and subjected to absorption or 
evaporation because of mouth breathing 

Zheng et al. (2004) concluded that salivary gland is a 
highly radiosensitive organ and that gamma radiation is a risk 
factor for  malignant and begnin salivary glands tumours. 
Ionizing radiation that includes the salivary glands results in 
acinar damage and cell death and affects the vascular elements 
of the glands with subsequent fibrosis of the salivary glands.  
Decreased salivary flow has been reported at doses of 10 Gy, 
while permanent hyposalivation may occur at doses greater than 
25 Gy. When salivary production is compromised most 
individuals experience the sensation of a dry mouth, which is 
termed xerostomia.  

Rankin et al. (2008) stated that, Loss of salivary function 
leads to a plethora of adverse sequelae, including: 
Alteration/reduction in taste function, difficulty with chewing, 
bolus preparation and swallowing, oesophageal dysfunction, 
including chronic oesophagitis, nutritional compromises, higher 
frequency of intolerance to oral medications and oral care 
products (lack of buffering), increased incidence of 
local/regional infection (glossitis,  candidiasis, dental caries, 
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halitosis, bacterial sialadenitis), loss of oral buffering capacity, 
reduction in remineralizing capacity leading to dental 
sensitivity and markedly increased susceptibility to dental 
caries results in rampant caries involving teeth both within and 
outside of the fields of radiation., rampant caries can result in 
an increased risk of osteoradionecrosis, decreased resistance to 
loss of tooth structure due to attrition, abrasion and erosion 
(corrosion). Increased susceptibility to mucosal injury and 
Inability to wear dental prosthesis. It can also become an 
emotional challenge with the possible result of withdrawal and 
clinical depression. 

Furthermore, such patients suffer from increased oral 
infections, difficulty in speaking, difficulty in swallowing food, 
and problems with digestion (Kashiima et al., 1965 and Baum 
et al., 1985). 

Grundmann et al. (2010) reported that, a reduction of 
saliva flow rates by 50-60% with accompanying changes in 
saliva composition ensues during the first week of continued 
radiation therapy which has been associated with a loss of 
acinar cells and glandular shrinkage Serous acinar cells of the 
parotid gland are the main contributor of protein and water to 
the composition of saliva and that The  treatment  of  head  and  
neck  cancer  commonly involves fractionated radiation therapy 
which results insignificant side effects including xerostomia,  
dysphagia, and   increased infection rate in most of the patients. 
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Tolentino et al. (2011) stated that, the extent of radiation 
induced salivary dysfunction depends on the dose of radiation, 
the volume of irradiated gland the nature of salivary glands 
irradiated, the increased susceptibility to oral infections and 
dental caries and added that radiation therapy also changes the 
composition of saliva increasing its viscosity, reducing its 
buffering capacity altering its concentration of electrolytes and 
changing its non immune and immune antibacterial systems. 

Effect of radiation dose on Salivary gland  

Andrews and Griffiths (2001) found that Fractionated 
course of 1 Gy single dose is accompanied by clinical 
enlargement, pain and tenderness of the affected gland and that 
salivary gland damage frequently results in permanent hypo 
salivation after a radiation dose exceeding 40 Gy. 

Someya et al. (2003) observed that when salivary glands 
are irradiated with doses less than 50Gy, gradual recovery 
occurs, whereas there was no significant recovery with doses 
more than 58Gy. 

Jallema et al. (2005) reported that xerstomia is reversible 
depending on mean parotid and mean submandibular dose and 
no association was found with oral cavity dose however, 
considering sticky saliva there was an association after 6-12 
months with mean submandibular dose. 
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Effect of radiation on mucous membrane 

Mucositis 

Oral mucositis is defined as an injury of the oral mucosa in 
cancer patients, either induced by irradiation of patients who 
have head and neck cancer, or due to chemotherapy. This has 
debilitating and painful side effects and adversely affects the 
nutritional status of the patient. Mucositis is associated with an 
increase in the number of systemic diseases (Stokman et al., 
2006). 

According to WHO (1997), the two most commonly used 
scales include those developed by the National Cancer Institute 
and the World Health Organization.  

National Cancer Institute (NCI) Scale: 

Grade 0  None 

Grade 1  Painless ulcers, erythema, or mild soreness in the 
absence of ulcers 

Grade 2  Painful erythema, edema, or ulcers but eating or 
swallowing possible 

Grade 3  Painful erythema, edema, or ulcers requiring IV 
hydration 

Grade 4  Severe ulceration requiring parenteral or enteral 
nutritional support or prophylactic intubation 

Grade 5  Death related to toxicity  
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WHO Grading Scale: 

Grade 0  None 

Grade 1  Soreness / erythema, no ulceration 

Grade 2  Erythema, ulcers. Patients can swallow solid diet 

Grade 3  Ulcers, extensive erythema. Patients cannot 
swallow solid diet 

Grade 4  Oral mucositis to the extent that alimentation is not 
possible  

Sonis et al. (2004) found that, radiotherapy causes a 
reduction in the rapidly dividing stem cells in the basal 
epithelial layer of the mucosa, preventing regeneration and 
affecting the integrity of the epithelium. At the molecular level, 
mucositis is a multi-stage process, initiated by mucosal injury   

Sonis (2004) observed that, the first sign is inflammation 
and erythema of the mucosa within the treatment field. This is 
followed by production of a white pseudo membrane of fibrin, 
which eventually becomes confluent and covers the entire 
treatment field. Ultimately ulceration and breakdown of the 
mucosal barrier occurs, allowing the possible entry of 
pathogenic organisms. Bacterial colonization causes further 
production of cytokines thereby perpetuating the whole process. 

Stokman et al. (2006) reported that, in a conventional 
radiotherapy scheme of fractionation, a first mucosal reaction in 
the form of mucosal hyperkeratinization can be observed, as a 
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white discoloration, after a cumulative radiation dose of 10-20 
Gy but since, this stage is often overlooked or cannot be 
objectively diagnosed therefore, a deepening erythema is 
clinically considered to be the first sign and is usually visible 
after 20 Gy cumulative dosage. Thereafter, ulcerations can 
occur which are often covered with   a  pseudo membranous   
layer  will develop after about 30 Gy, usually after 3 weeks of 
radiotherapy. After completion of the radiotherapy, the 
mucositis will decline after 2 to 6 weeks. 

Rankin et al. (2008) reported that, mucositis is marked by 
inflammation and ulceration of the mucosal lining of the mouth, 
pharynx, esophagus and GI tract due to the direct cytotoxic 
effects on the epithelial cells and  may be exacerbated by 
secondary infection with bacteria, fungi and viruses 

Tahri et al. (2008) found a direct relationship between 
increase in radiation  dose, irritation of oral mucosa, ulcer 
development and mucositis was observed  but there was no 
significant relationship between NUG (necrotising  ulcerative 
gingivitis) and radiation dosage. Periodontal index (PI), 
gingival index (GI) and papillary bleeding index (PBI) were 
increased, but due to limited time of study (6–7 weeks), no 
change in gingival recession was observed. Plaque index (PLI) 
decreased during treatment process because of oral hygiene 
instructions. 
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Tolentino et al. (2010) reported that, mucosal damage 
occurs because of decreased cell renewal in the epithelium, 
which causes mucosal atrophy and ulceration and when the 
irradiation field involves the pharyngeal mucosa, it may 
produce difficulties in swallowing and speech and added that, 
clinically, mucositis is characterized by inflammation, 
erythema, mucosal atrophy, exulceration and ulceration of the 
oral mucosa with or without pseudomembranes.   

Osteoradionecrosis 

Rankin et al. (2008) stated that, Osteoradionecrosis is a 
complex process chiefly related to small blood vessel changes 
that result in an impaired capacity for the bone to heal and that 
it is a late side effect and its risk   increases over time. . 
Although it can occur after lower doses, it is most commonly 
associated with radiation doses of >60 Gy.   

Tolentino et al. (2011) reported that, one of the most 
severe adverse effects of radiotherapy is osteoradionecrosis, an 
inflammatory condition resultant of the bone ionizing radiation. 
This radiation results in irreversible damages to the osteocytes 
and the micro vascular system, with a progressive decrease of 
the micro vascularization. The tissue becomes hypo vascular, 
hypo cellular and hypoxic. All these features avoid the bone 
healing, and it can proceed to a necrosis with or without 
infection. These changes in bone result from injury to the 
remodeling system (osteocytes, osteoblasts and osteoclasts), 
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causing atrophy, osteoradionecrosis and pathological fractures. 
Tooth extraction and dental disease in irradiated regions have 
long been recognized as major risk factors for the development 
of osteoradionecrosis. The mandible is much more susceptible 
to osteoradionecrosis than the maxilla, because its 
vascularization is poor and bone density is high. This adverse 
effect usually occurs within one year of therapy. Radiologic 
features include ill-defined cortical destruction with or without 
sequestration Furthermore, Clinical manifestations of 
osteoradionecrosis may include pain, or facial fistulas, exposed 
necrotic bone, pathologic fracture .   

Radiation caries 

Lacatusu et al. (1996) observed that the irradiant 
cervicofacial  therapy produces rampiant caries were found in 
the cervical zone, inscial edges and cusp zones 

Andrews and Griffith (2001) reported that radiation 
caries has clinically distinctive pattern, smooth surfaces 
normally resistant to decay are the first affected caries 
development and progression are rapid and extensive tooth 
destruction may develop in a weeks.   

Rankin et al. (2008) stated that Radiation-induced atrophy 
of salivary gland tissue leads to a decrease in quality and 
quantity of saliva, reducing the patient’s normal antimicrobial 
and remineralizing capacity which creates a higher risk for 
infection. 
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Tolentino et al. (2011) reported that Radiation caries is 
not caused directly by irradiation, but results from the sequelae 
of xerostomia: decrease of pH, reduced buffering capacity, and 
increased viscosity. Clinically it has a rampant form, and tends 
to spread to all dental surfaces, changing their translucency and 
color. The carious process can cause increased friability and the 
breakdown of teeth. The most common type is widespread 
superficial lesions attacking buccal, occlusal, incisal and palatal 
surfaces. 

Trismus 

An oral opening lower than 20 mm can be considered as 
trismus, normal mouth opening is about 40-45 mm (Okeson, 
1998). 

Andrews and Griffith (2001) stated that when TM joint 
and muscles of mastication are exposed to radiation, the 
frequency and the severity of trismus is unpredictable 
,development and maximum opening can be reduced to the 
point that mastication and oral intake of food are comprised.  

Rankin et al. (2008) found that contraction of the 
masticatory muscles and TMJ capsule, usually occurring 3-6 
months after radiation therapy, occurs with unpredictable 
frequency and severity and is accentuated by some surgical 
resections and higher radiation dosing to the pterygoid regions.   
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Tolentino et al. (2011) reported that the mechanisms by 
which mandibular hypomobility due to the radiotherapy 
develops, and the factors which determine speed of onset, 
severity, and extent, are poorly understood. Its development is 
thought to progress in three phases: an initial nonspecific 
inflammatory phase, a fibrotic cellular phase, and a matrix 
densification and remodeling phase 3. It is generally viewed to 
be the result of fibrosis leading to a loss of flexibility and 
extension. Usually temporomandibular joint hypo-mobility is 
regarded as a late effect of high radiation dose.  

Loss of periodontal attachment 

Increased tooth loss and greater periodontal attachment 
loss over time is seen in teeth included in high-dose radiation 
fields (Andrews and Griffith, 2001). 

Fungal Infections 

Candidal infections of the oral mucosa are common in 
patients undergoing radiation therapy and can cause a burning 
or scalded sensation, distort taste and interfere with swallowing. 
However in many patients no symptoms are reported, so 
thorough oral examination is imperative to detect these 
infections (Andrews and Griffith, 2001).   

Craniofacial disturbances 

The craniofacial disturbances are those that shall occur 
when radiation therapy is performed in children if it is 
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performed in earlier stages, when teeth are still being formed. 
Abnormally small teeth (microdontia), short or blunted roots, 
small crowns, malocclusion, incomplete calcification, enlarged 
pulp chambers (taurodontism), premature closure of apices and 
delayed or arrested development of teeth have been reported  
these changes in the primary teeth can cause significant 
malocclusion and may adversely affect facial development.   

Children undergoing radiation therapy may experience 
abnormalities in the growth and maturation of craniofacial 
skeletal structures .Craniofacial and dental abnormalities can 
cause severe cosmetic or functional sequelae, necessitating 
surgical or orthodontic intervention (Andrews and Griffith, 
2001). 

Nutritional Deficiency 

Nutritional deficiencies occur secondarily as a result of 
mucositis, xerostomia, hypogeusia and loss of appetite that can 
make eating  painful. Symptoms include rapid weight loss, 
dehydration, stomatitis secondary oral infections such as 
candidiasis (Andrews and Griffith, 2001). 

Effect of Radiation on Oral Microflora 

Abu shara et al. (1993) recorded the increase of 
Coagulase positive Streptoococcus mutans, Candida albicans, 
and Peudomonas aeruginosa in oral microflora after radiation 
exposure. 
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Lacatusu et al. (1996) deduced that the microbial flora is 
modified after radiation exposure with increased level of 
Streptococcus mutans and Lactobacillus species. 

Leung et al. (1998) investigated  the sub gingival plaque 
microorganisms of shallow pockets (≤5 mm) in subjects who 
previously received irradiation in the head and neck region for 
treatment of nasopharyngeal carcinoma. The findings appear to 
suggest that the major components of the sub gingival micro 
flora of shallow sites in previously head-and neck-irradiated 
individuals are similar to that of gingivitis sites in the normal 
population although they may contain bacterial or fungal 
species uncommon in normal subjects   Under the microscope, 
the micro flora was found to be a complex mixture comprising 
gram-positive and gram-negative cocci, rods and filaments, 
fusiforms, curved rods and spirochetes. Low level of fungi was 
observed and mycelia were occasionally detected. The 
predominant cultivable microflora comprised several species of 
facultative and obligate anaerobic bacteria:  

Gemella, Peptostreptococcus, Staphylococus, Stomatococcus 
Streptococcus, Actinomyces, Eubacterium, Lactobacillus, 
Propionibacterium,  Neisseria, Veillonella, Bacteroides, 
Campylobacter, Capnocytophaga, Fusobacterium,  Kingella, 
Porphyromonas and Prevotella species.   

Leung et al. (2000) found that radiation induced 
xerostomia seems to favors intraoral colonization of Candida 
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species particularly Candida albicans which undergo temporal 
modifications phenotypically and genotypically that enhance its 
survival in the oral cavity particularly when saliva defense is 
impaired. 

Leung et al. (2001) found that radiation induced xerostomia 
seems to favors intraoral colonization of aerobic and facultatively 
anaerobic gram –ve rods and cocci which included Acinebacter, 
Neisseria, Citrobacter, Flavimonas, Pseudomonas, Chryseomonas, 
Enterobacter, Esherichia, Klebsiella,  Flvobacterium and 
Weeksella species. 

Andrews and Griffiths (2001) noted   significant increase 
in numbers of Streptococcus mutans and Lactobacillus species 
at the expense of Streptococcus sangius. Furthermore, increase 
of Neisseria, Fusobacterium and Actinomomyces population. 

Tong et al. (2003) observed that Streptococcus mitins and 
Streptococcus salivarius are the predominant non mutans 
streptococci in the high caries risk oral flora.  

Belazi et al. (2004) assessed oral pseudo membranous  
candidasis and mucosititis in patients receiving a total dose of 
39-40 Gy radiotherapy of head and neck. 

Hofer et al. (2004) stated that irradiation induced salivary 
glands hypofunction is associated with a shift in the micro flora 
increasing the risk of rampiant caries and oral infections as 
candidasis 
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Muthu et al. (2004) performed a full bacteriological 
analysis to determine the changes in oral flora after exposure to 
an external beam of radiation and found that there was a 
significant decrease in Hemolytic Streptococci and Neisseria, 
however there was a significant increase in B proteins and 
Candida albicans. 

Llena et al. (2007) and Jham et al. (2007) reported that 
reduction of salivary flow in patients subjected to head and 
neck irradiation induces changes in the microflora and results in 
frequent presence of Candida species together with a shift 
towards non albicans species. 

Almstahl et al. (2008) found Candida albicans in one or 
more sites in 54% of the radiation treated (RT) subjects and in 
15% of the controls. In three RT subjects, Candida albicans was 
found at all four sites analyzed. An unexpected finding was that 
enterococci were found in all RT subjects and in high number 
in 38%. None of the controls harboured enterococci. In 
supragingival plaque, Lactobacillus spp. was detected in 92% 
of the RT subjects and the number and proportion 
of Lactobacillus spp. were extremely high compared with the 
controls. Streptococci mutans were detected in high numbers in 
31% of the RT subjects 

Hommez et al. (2008) evaluated the microflora in root 
canals of necrotic teeth after radiotherapy of the head and neck 
region and  detected  mainly subspecies of Lactobacillus spp., 
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Capnocytophaga spp., and Actinomyces spp.)   and concluded 
that, the diversity of root canal microflora increases 
significantly,   after head-neck radiotherapy 

Meurman (2010) stated that, In a study from 
Sweden, Candida albicans was found in one or more sites in 
54% of the subjects who had received radiotherapy to the head 
and neck in comparison to 15% of the controls. These patients 
also harbored enterococci in 38% versus none of the 
controls. Lactobacillus spp. was detected in 92% of the subjects 
and the proportion of the species was high compared with the 
controls. Mutants streptococci were also detected in high 
numbers; 31% in the patients vs. 23% in controls. On the other 
hand, in a study from China, mutants streptococci were not 
isolated in radiotherapy patients while lactobacilli, S. 
mitis  and S.salivarius was the predominant caries-related oral 
bacteria following radiotherapy   and added that, Bacteria in 
gingival pockets in head- and neck-irradiated patients have also 
been investigated. A comprehensive study from Hong Kong 
showed that the major components of sub-gingival microbiota 
appear similar to that of gingivitis sites in the normal 
population although among the radiotherapy patients bacterial 
or fungal species uncommon in normal subjects were also 
detected. 

These species included microorganisms such as Gemella, 
Peptostreptococcus, Staphylococcus, Stomatococcus, Streptococcus 
Actinomyces, Eubacterium, Lactobacillus, Propionibacterium, 
Neisseria, Veillonella, Bacteroides, Campylobacter, Capnocytophaga, 
Fusobacterium, Kingella, Porphyromonas, and Prevotella. 
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SALIVA 

aliva is the most available and non-invasive biofluid of the 
human body that permanently "bathes" the oral cavity and 

is trying to cope with an ever-changing milieu (Greabu et al., 
2009).  

Total or whole saliva refers to the complex mixture of 
fluids from the salivary glands, the gingival fold, oral mucosa 
transudate, in addition to mucous of the nasal cavity and 
pharynx, non-adherent oral bacteria, food remainders, 
desquamanted epithelial and blood cell, as well as traces of 
medications or chemical products Whole saliva is most frequent 
used in diagnosis of systemic diseases (Greabu et al., 2009). 

The major salivary glands produce approximately one liter 
of saliva per day. The average unstimulated flow rate is 0.4 
ml/min and the average stimulated flow rate is 2.0 ml/min. The 
commonly accepted values for lower limits of normal salivary 
function are 0.1 – 0.2 ml/min unstimulated flow rate and 0.7 
ml/min stimulated flow rate, although the definition of adequate 
salivary volume to prevent oral/dental disease and maintain 
comfort is not clearly defined.  In addition to loss of salivary 
volume, changes in the constituents of saliva and changes in 
viscosity impact salivary function (Rankin et al., 2008). 

S
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Salivary composition 

Saliva is a complex secretion. 93% by volume is secreted 
by the major salivary glands and the remaining 7% by the 
minor glands. 99% of saliva is water and the other 1% is 
composed of organic and inorganic molecules (Llena, 2006).   

Inorganic components 

The most abundant component in saliva is 
water(approximately 99%), followed by ions Na+,Cl–, 
Ca2+,K+,HCO3

–,H2PO4
–, F–, I–,Mg2+, thiocyanate. The ionic 

composition of saliva is different from the plasma although 
derived from it. The hypo tonicity facilitates taste sensitivity 
and hydrates various organic compounds that form a protective 
coating on the oral mucosa. Resultant bicarbonate serves as a 
buffering agent and calcium and phosphate neutralize acids that 
would otherwise compromise tooth mineral integrity (Greabu 
et al., 2009). 

Organic components 

Saliva includes a large number of organic compounds such 
as: urea, ammonia, uric acid, glucose, cholesterol, fatty acids, 
mono–, di–, and triglycerides, phosphor and neutral lipids, 
glycolipids, amino acids, steroid hormones and proteins that aid 
in the protection of oral cavity tissues, including mucins, 
amylases, agglutinins, glycoproteins, lysozymes, peroxidases, 
lactoferrin and secretory IgA. Non-immune factors include 
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lactoferrin, lysozyme, myeloperoxidase, histatins, cystatins, 
mucin G1 and G2, and defensins. In addition, these 
macromolecules form a viscoelastic mucosal coat and tooth 
enamel pellicle and aggregate and cleanse bacteria and debris 
from the oral cavity. Saliva contains a variety of antimicrobial 
constituents and growth factors (Greabu et al., 2009). 

The role of saliva in oral health 

Saliva plays an important role  in maintaining oral and 
dental health. In addition to solubilizing food and physically 
cleansing the oral cavity of detritus, saliva exerts a range of 
protective functions on oral tissues and teeth, including 
facilitating adhesion of microorganisms to teeth and other oral 
surfaces, and buffering dietary acids (Humphery and 
Williamson, 2001). Due to its composition and functions saliva 
could have a significant role in controlling and /or modulating 
oxidative damages in oral cavity (Greabu et al., 2009). In 
addition  to other functions   saliva plays in protecting teeth from 
caries which can be summarized under four aspects: diluting and 
eliminating sugars and other substances, buffer capacity, 
balancing demineralization/remineralization and antimicrobial 
action. Furthermore, Saliva is a promising option for diagnosing 
certain disorders and monitoring the evolution of certain 
pathologies or the dosage of medicines or drugs (Llena, 2006). 
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Salivary imunoglobulins        

The salivary glands have a local immunologic system 
which comprises largely seceretory IgA with small amounts of 
IgG, IgM. Saliva contains about 19 mg/100ml IgA.In contrast, 
only1.4mg of IgG and 0.4mg of IgM are found per100ml of 
saliva (Brandt Zaeg et al., 1970). 

Immunoglobulin G (IgG) 

It is the most abundant class of immunoglobulin in the 
body. These molecules achieve significant concentrations in 
both vascular and extra-vascular spaces, have a relatively long 
half life, cross placenta and are able to activatecomplement. 
This class of immunoglobulin contribute to immunity against 
many infecting agents that have a blood born dissemination 
including bacteria  virus, parasites and some fungi .In addition, 
it provides antibody activity in tissue (Bellanti, 1995). 

Immunoglobulin M (IgM) 

It is the largest of the immunoglobulin molecules and 
because of its large size; it is restricted almost entirely to the 
intravascular space. These macromolecules are highly efficient 
agglutinators of particulate antigens such as bacteria and red 
blood cells and they fix complements with high degree of 
efficiency. This class is of the greatest importance in the first 
few days of the primary immune response (Bellanti, 1995). 
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Immunoglobulin A (IgA)   
 Salivary secretory immunoglobulin A (SIgA) was first 

demonstrated by Tomasi & Ziegelbaum in 1963 (Sahinger and 
Cohen, 2004). It is the dominant immunoglobulin in external 
secretions that bathe mucosal surfaces and it contributes 60% of 
the total immunoglobulin count in the saliva. Relative numbers 
of IgA-producing plasma cells are higher in the submandibular 
and sublingual glands compared to the parotid glands, and even 
higher in certain minor glands, leading to differing levels of 
SIgA in the secretions from these glands.  It is speculated that 
greater density of plasma cells in certain glands may be due to 
increased antigenic interactions in those parts of the mouth 
(Marcotte and Lavoie 1998). 

Structure of SIgA 
SIgA exists as a polymeric molecule composed of IgA 

monomer, a j chain and secretory components (SC). Each 
nonnumeric IgA is formed of 4 polypeptides   bonds (Marcotte 
and Lavoie 1998). In humans, there are two IgA subclasses, 
IgA1 and IgA2, which occur in similar proportions in saliva and 
other secretions. The differences depend on Fc domain which 
makes IgA1, but not IgA2 susceptible to cleavage and 
inactivation by bacterial proteases (Hagewald et al., 2002). 

Role of secretory IgA  

 Secretary IgA is considered to be the first line of defense 
of the host against pathogens that colonize or invade mucosal 
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surfaces. Salivary IgA antibodies could help maintain the 
integrity of the oral surfaces by preventing microbial adherence 
to epithelial and tooth surfaces, by neutralizing enzymes,toxins 
and viruses, or by acting in synergy with other antibacterial 
factors such as lysozyme, lactoferrin, salivary peroxidase, and 
mucins. Salivary IgA may also prevent the penetration of food 
antigens in the oral mucosa (Jafferadh et al, 2010). 
Furthermore, SIgA exerts its anti-inflammatory protective 
functions and down –regulates inflammation by inhibiting IgG 
and IgM modulated functions (Hagewald et al., 2002). 

Factors affecting Secretory IgA 
The level of salivary IgA may vary according to  age, 

hormonal factors, smoking habits, emotional states, physical 
activity (Marcotte and Lavoie, 1998; Bosch 2002 and 
Jafferadh, 2010)  and is influenced by  mechanisms like 
bacterial load, individual host response or  genetic background  
(Hagewald et al., 2002). Furthermore, the active transport 
mechanism into saliva for SIgA serves as a rate-limiting factor, 
(Bosch, 2002) and salivary levels of SIgA decrease as flow 
rates increase (Kugler et al., 1992; Smith et al., 1992; 
Eliasson 2006 and Sonesson et al., 2011). 

Secretory IgA in systemic diseases  

 Studies have explored the relationship between salivary 
and systemic immunoglobulins in patients with other oral or 
systemic conditions.   
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 Tenovuo et al. (1986) increased concentrations of 
salivary IgG and IgA were found in periodontitis patients with 
non-insulin-and insulin-dependent diabetes, compared to non-
diabetic periodontitis patients and periodontally healthy 
controls. 

 Barr-Agholme et al. (1998) investigated the salivary 
concentration of immunoglobulins sIgA, IgM, and IgG and 
albumin in patients with Down's syndrome, compared to 
healthy controls. They found that results from analysis of sIgA, 
IgM, total IgG, and albumin did not differ signifcantly between 
the two groups. However, the proportion of IgG1 was 
significantly higher in the Down's syndrome groups. The 
authors concluded that an alteration in the distribution of IgG 
subclasses occurred in the saliva of patients with Down's 
syndrome. 

Myint et al. (1997) measured IgA concentration in parotid 
saliva from HIV-positive and HIV-negative individuals with 
healthy gingiva, chronic gingivitis, chronic marginal 
periodontitis, and necrotizing ulcerative periodontitis and found 
that the IgA concentration was elevated in all patients harboring 
HIV. 

Zuabi et al. (1999) evaluated the effect of smoking on 
periodontal status and the composition of whole saliva in 
subjects with established chronic periodontitis before and after 
periodontal therapy. They found that subjects with periodontitis 
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had elevated concentrations of salivary electrolytes and proteins 
compared to controls. Smokers exhibited greater disease 
severity and decreased sodium, calcium, and magnesium 
concentrations. On the other hand, smokers responded 
favorably to treatment, resulting in the elimination of the 
differences in salivary composition 

Secretory IgA and oral diseases 

Secretory IgA and Caries 

Dental caries is a multifactorial disease and one of the 
major contributing factors is saliva. Salivary components, its 
flow, viscosity, buffering capacity, etc. play a major role in the 
prevention, initiation, and progression of the disease It helps in 
the prevention of the caries by its antibacterial effect. Many 
constituents of the saliva, both immunoglobulins and non 
immunoglobulins contribute to this antibacterial effect. Studies 
of dental caries have reported contradictory results. Some 
studies attempted to correlate salivary IgA antibodies with 
presence of active caries. On the other hand, other studies 
correlated dental caries with an increase of salivary SIgA 

De Farias and Bezerra (2003) performed measurements 
of total salivary IgA, and IgM in caries-free children and 
children with early childhood caries Children with early 
childhood caries presented significantly higher levels of total 
salivary IgA and IgG. 
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Thaweborn et al. (2008) determined the level of secretary 
IgA, ph, flow rate  mutans streptococci  (MS)and Candida in 
saliva of children with rampiant caries compared to those  of 
caries free. It was found that children with rampant caries 
presented with significantly higher levels of salivary SIgA, MS 
and Candida. However, the mean values for salivary flow rates 
and pH were similar between the groups. The results revealed 
that children with rampiant caries had significantly higher 
levels of SIgA, MS and Candida in their oral cavities. This 
finding   supported the hypothesis that higher levels of salivary 
SIgA reflected a past exposure of the host to cariogenic 
microorganisms 

Jafarzadeh et al. (2010) reported that SIgA levels 
increased with age up to 60 years and then slightly decreased in 
subjects aged 61 to 70 years. 

Rnadheer et al. (2011) deduced that there was an increase 
in s-IgA levels in caries-active mouth to give protection 
mechanism against dental caries and Streptococcus mutants 
which are active in caries active mouth.  

The SIgA antibodies can play an important role in control 
of dental caries In contrast, to the previous results 

Camling et al. (1987) noted that individuals with active 
caries and/or with high decay missing filling surface (DMFS) 
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indices manifested a tendency to present lower IgA levels in 
total saliva than individuals with a low caries experience. 

Gregory et al. (1990) also reported a correlation between 
low rates of caries activity and higher levels of salivary IgA 
antibody levels in adults and those caries-resistant subjects 
synthesize antibodies of different specificities than caries-
susceptible patients.    

Tenovuo et al. (1992) studied association between salivary 
non-immunoglobulin (hypothiocyanite, agglutinins) or 
immunoglobulin (total IgA, anti-Streptococcus mutans IgA) 
antimicrobial factors, and the prevalence of dental caries  in  
young adults. These  antimicrobial factors were also analyzed 
relation to the salivary levels of mutans streptococci (MS). 
They found that, The amount of MS correlated significantly 
with the number of initial caries lesions but not with other 
caries  indices, the group with no caries  had significantly  more 
hypothiocyanite and anti-S. Mutans IgA antibodies in whole 
saliva than those with initial caries lesions  and   none of the 
antimicrobial factors alone showed any significant association 
with salivary MS counts.   

   Parkash et al. (1997) Observed that children with caries 
had higher levels of IgG   and IgA   in the serum but their saliva 
had lower levels of total IgG  and IgA.while,   IgM levels in 
caries children and controls were not significantly different. 
Higher levels of Streptococcus mutans specific IgA were 
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detected in the saliva out of 75% of children with caries 
compared to 22% of controls.   

    Rose et al. (1997) compared IgA antibody levels with 
Streptococcus mutans in whole and parotid saliva from   caries-
susceptible and caries-resistant patients. Whole salivary 
Streptococcus mutans numbers were significantly greater in the 
caries-susceptible group than in the caries-resistant   group. 
Moreover, Whole saliva, but not parotid saliva, from caries-
susceptible children had significantly higher levels of IgA 
antibodies to S. mutans than saliva from caries-resistant children. 

Cogulu et al. (2006) compared the caries prevalence and 
salivary  secretary IgA (SIgA), salivary pH, buffering capacity 
and flow rate between  

Downs syndrome and control subjects and found that 
patients with Downs syndrome had a significantly lower 
prevalence of caries and significantly higher levels of salivary 
SIgA.This finding tends to support the hypothesis that higher 
levels of salivary SIgA may protect against dental caries. 

Bagherian et al. (2008) found higher levels of SIgA in the 
saliva of children who were colonized for less than 6 month and 
had a low DMFT score than those who had than harbored S. 
mutans for a longer period of time (24 months) and had a high 
DMFT score. 
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Chawada et al. (2011) investigated the relation between 
SIgA and caries. Subjects of the study were categorized into 
two groups based on decayed, missed filled scores of 
permanent and deciduous teeth   into Group I and II (caries 
active) Group III (caries free) The total salivary concentration 
of SIgA was statistically significantly higher in the caries free 
group   than that of both the caries active groups   Furthermore, 
a significant inverse correlation was found between SIgA and 
the caries activity. 

Doifode and Damle (2011) investigated the role of 
immune response as a natural protection against caries in 
children and reported higher SIgA in caries free group 
compared to caries active group and deduced that naturally 
occurring salivary IgA antibodies can play an important role in 
immunological control of dental caries. 

On the other hand, some studies found there was no 
correlation between SIgA and dental caries 

Smith et al. (1990) reported that the level of whole 
salivary IgA2 antibodies to mutans streptococci were relatively 
equal in caries free children as compared with caries active 
children 

Koga et al. (2004) studied, five groups  of caries-free 
children, children with caries, children with rampant caries, 
young adults with and without caries and reported no 
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correlation between  mutans streptococci counts and anti-
Streptococcus mutans IgA levels was observed in the studied 
groups. A correlation between increase anti-Streptococcus 
mutans IgA levels and caries-free status was observed among 
young adults but not among children. 

Shifa et al. (2008) investigated caries active children in 
comparison to caries free children and the study didn’t show 
any correlation between SIgA.  

levels and caries status and found there was an increase in 
the mean IgA value of the caries resistant concerning the mean 
IgA value of however the results were not statistically 
significant which did not show  any correlation between SIgA 
levels and caries status.   

Rhaskova et al. (2009) studied on children with diabetes, 
asthmatic disease and the children with orthodontic apparatuses. 
The results   showed that  2/3 of   the children with diabetes have 
low values of SIgA, middle values of SIgA are most Frequently  
in children with asthmatic disease. One half of the children with 
orthodontic apparatuses have high values of SIgA. Results also 
showed, there is no dependence between secretary immunity and 
dental caries in children. Moreover, Dental caries index (DMF) is 
approximately equal for children with very low and very high 
values of SIgA however it is lower   in the group of children with 
average values.    
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Secretary IgA and Periodontitis 

Individuals with periodontal diseases typically demonstrate 
salivary antibodies, as well as systemic immune responses, to 
putative periodontal pathogens. A number of studies have 
investigated the relationship of both specifc and total salivary 
immunoglobulin to disease status.   

Harding et al. (1980) reported decreased amounts of 
monomeric IgA and IgG, but elevated SIgA in saliva of patients 
with necrotizing ulcerative gingivitis. 

 Ebersole et al. (1982) studied the association between 
periodontal disease in humans and serum and salivary antibody to 
Actinobacillus actinomycetemcomitans (Aggregatibactera-
ctinomycetemcomitans) strain Y4 (IgM, IgG, IgA and IgE 
isotypes in serum and IgA in parotid saliva) was determined 
.Serum and salivary IgA and serum IgE antibody levels were 
significantly increased in patients with both localized and 
generalized types of juvenile periodontitis when compared to all 
other patient groups.   

Sandholm and Gronbald (1984) reported increased 
amounts of IgA, IgG and IgM in whole saliva from 21 patients 
with localized aggressive periodontitis, compared to 27 
periodontally healthy siblings and 17 controls.  

Schenck et al. (1993) measured salivary IgA specific for a 
number of periodontal pathogens in a model of experimental 
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gingivitis and demonstrated that individuals with low bleeding 
scores had elevated anti-S.mutans, A.actinomycetemcomitans, 
and Eubacteriun saburreum antibodies 

Fukui et al. (2004) investigated the relationship between the 
severity of periodontal disease and the salivary immunoglobulin 
SIgA high level of SIgA directed to GroEL periodontopathic 
bacteria by studying subjects with Periodontitis and controls. 
Higher level of SIgA were found in subjects with periodontitis 
compared to controls. 

In contrast, Basu et al. (1976) evaluated IgG and IgA in 
whole saliva from 12 periodontitis patients and found increased 
amounts of IgG and decreased IgA concentrations before 
therapy, compared to post-treatment levels. 

Reiff et al. (1984) examined serum and salivary 
concentrations of IgG and IgA in periodontitis patients before and 
after initial therapy, and found a reduction in both IgG and IgA 
after treatment. 

Gregory et al. (1992) reported extensive degradation of 
IgG and IgA in crevicular fluid samples on from periodontal 
disease sites of localized juvenile periodontitis patients in 
comparison to little degradation in healthy sites. 

 Bokor (1997) reported that IgA levels in mixed 
unstimulated saliva were lower in subjects with more 
pronounced gingival inflammation. 
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Hagewald et al. (2000) evaluated total and P. gingivalis-
reactive salivary IgA in generalized aggressive periodontitis 
patients, compared to age-and gender-matched periodontally 
healthy controls. They found a significantly lower 
concentration and rate of secretion of total salivary IgA in the 
experimental group.   

Hagewald et al. (2002) investigated the hypothesis that 
aggressive periodontitis patients have impaired oral secretary 
immunity. The test group was made-up of aggressive periodontitis 
patients and age and gender-matched periodontally healthy 
controls. Total IgA, IgA subclass 1, IgA subclass 2 and IgA 
reactive to Actinobacillus actinomycetemcomitans Y4,Treponema 
denticola and Candida albicans were determined by enzyme-
linked immunosorbent assay in whole unstimulated and 
stimulated saliva. Results indicated an inhibition of total secretary 
IgA. In particular an IgA subclass 1-specific decrease in 
aggressive periodontitis was noted, while the bacteria-reactive 
humoral immune system in saliva was activated.   

On the other hand, some studies found no correlation 
between Secretary IgA and Periodontitis 

Mansheim et al. (1980) evaluated salivary IgA 
concentration to P. gingivalis in patients with localized and 
generalized aggressive periodontitis and found no difference 
when compared to controls.  
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Sandholm et al. (1987) have suggested that salivary antibody 
may be useful for differentiating among periodontal diseases. They 
reported an increased concentration of whole salivary IgG in 34% 
of patients with moderate chronic periodontitis, and in 57% of 
patients with severe chronic periodontitis. Salivary IgG antibody to 
A.actinomycetemcomitans was significantly increased in 55% of 
individuals with untreated localized aggressive periodontitis, and in 
28% of treated subjects with that disease. Furthermore, 28% of the 
patients with chronic periodontitis had significantly elevated 
salivary IgG antibody levels to  

A. actinomycetemcomitans subtype Y4.  , however, IgA 
concentrations did not show appreciable difference among 
study groups. 

Hagewald et al. (2003) monitored for total salivary IgA 
and IgA reactive to Porphyromonas gingivalis in resting and 
stimulated whole saliva in patients with generalized aggressive 
periodontitis during non-surgical and antibiotic treatment. It 
was found that, periodontal treatment of aggressive 
periodontitis did not appear to affect salivary IgA, and there 
were no significant correlations of IgA to the clinical 
parameters. 
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ORAL MICROBIOTA 

he oral microbiota of humans is highly complex and 
diverse. It is composed of more than 300 bacterial species, 

to which may be added protozoa, yeasts, and mycoplasmas. 
Their distributions vary qualitatively and quantitatively 
according to the habitat.  

(i) Teeth: 

On teeth, microorganisms colonize in a dense mass 
forming dental plaque. Dental plaque consists of microbial 
communities organized in a complex matrix composed of 
microbial extracellular products and salivary compounds. The 
microbial composition of dental plaque varies according to the 
site and the sampling time. Dental plaque develops 
preferentially on surfaces protected from mechanical friction, 
such as the area between two teeth (proximal surface), the 
subgingival area (gingival crevice), and the pits and fissures of 
the biting surfaces. The predominant organisms isolated from 
supragingival dental plaque are gram-positive, facultatively 
anaerobic bacteria, particularly Actinomyces spp. and 
streptococci). Gram-negative bacteria of the group Veillonella, 
Haemophilus, and Bacteroides are regularly isolated but in 
lower proportions. 

In a healthy subgingival crevice, the total number of 
cultivable bacteria is relatively small the subgingival plaque is 

T 
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also dominated by gram-positive organisms (Actinomyces and 
Streptococci). It seems that the microbiota from the gingival 
crevice is an extension of supragingival plaque. 

 Blackpigmented gram-negative rods including 
Porphyromonas gingivalis, Porphyromonas endodontalis, 
Prevotella melaninogenica, Prevotella intermedia, Prevotella 
loescheii, and Prevotella denticola are rarely isolated from a 
healthy gingival crevice. 

(ii) Mucosal surfaces: 

The oral mucosa of the gingiva, palate, cheeks, and floor 
of the mouth are colonized with few microorganisms. 
Streptococci constitute the highest proportion of the microbiota 
in these sites, with a predominance of S.oralis and S. sanguis, 
Genera Neisseria, Haemophilus, and Veillonella have also been 
isolated  On the tongue, a higher bacterial density and diversity 
is found Streptococcus spp. (S.salivarius and S.mitis) 
and Veillonella spp. were the predominant members of the 
microbiota. 

 Other major groups isolated include Peptostreptococcus spp., 
gram-positive rods mainly Actinomyces spp., Bacteroides spp., and 
other gram-negative rods.   

Black pigmented obligate anaerobic rods and spirochetes, 
which are closely associated with periodontal diseases, have 
been recovered in small numbers.  
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Organisms that are found in saliva are derived from the 
dislodgement of bacteria colonizing the various oral sites. The 
microbial composition of saliva is similar to that of the tongue 
(Marcotte and Lavoie, 1998). 

Ecosystem 

An ecosystem consists of the microbial community living 
in a defined habitat and the biotic surroundings composed of 
physical and chemical elements. The oral ecosystem is 
composed of the oral microorganisms and their surroundings. 

The growth of oral microorganisms is influenced by a 
variety of factors. 

Physicochemical factors: 

The physicochemical factors result from the combined 
action of host, microbial, and external factors. In all in vivo and 
in vitro systems, the growth of microorganisms is influenced by 
five important variables: temperature, pH, availability of water, 
availability of nutrients, and oxidation-reduction potential   As 
the mouth is constantly bathed by saliva and reticular fluid, 
water is not considered to be a limiting factor. 

Temperature: 

The temperature in the oral cavity is relatively constant (34 
to 36°C), which allows a wide range of microorganisms to 
grow. The temperature may be more variable on the mucosal 
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and tooth supra gingival surface. During food intake, 
microorganisms colonizing these sites are exposed to hot and 
cold meals and probably must adapt to these extreme variations 
of temperature. However, to our knowledge, no data are 
available on the effect of this short period of temperature 
variation on the metabolism of oral bacteria (Marcotte and 
Lavoie, 1998). 

pH: 
The pH is an important parameter in oral microbial 

ecology. Frequent sugar intake favors the growth of aciduric 
bacteria such as Lactobacillus and S. mutans and predisposes to 
caries formation   An increased colonization by S. mutans was 
demonstrated by simply rinsing the mouth with lowpH buffers. 
In vitro studies have also shown that gradual decreases in pH in 
glucose pulsed cultures favored S. mutans and Lactobacillus 
while populations of S. sanguis, S. mitior, P. intermedia, and F. 
nucleatum were reduced (McDermid et al., 1986). 

The subgingival area is bathed by gingival fluid and is not 
controlled by the buffering salivary activity. The pH in the 
gingival crevice may vary between 7.5 and 8.5, while the 
crevicular fluid ranges from pH 7.5 to 7.9.  

An alkaline pH in gingival crevices and periodontal 
pockets may exert a selective force towards the colonization of 
periodontopathogens (McDermid et al., 1988). 
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Oxidation reduction potential and anaerobiosis: 

Many enzymatic reactions are oxidation-reduction 
reactions in which one compound is oxidized and another 
compound is reduced. The proportion of oxidized to reduced 
components constitutes the oxidation-reduction potential.  The 
mouth is characterized by a wide range of oxidation-reduction 
potentials, allowing the growth of aerobic, facultative anaerobic 
and anaerobic bacteria In general, the dorsum of the tongue and 
the buccal and palatal mucosa are aerobic environments with 
positive oxidation-reduction potential, thus better supporting 
the growth of facultative anaerobic bacteria. The gingival 
crevice and the proximal surfaces of the teeth (surfaces between 
teeth) possess the lowest oxidation-reduction potential and the 
highest concentration of anaerobic bacteria (Theilade, 1990). 

Nutrients: 

In the oral cavity, microorganisms living in the supra 
gingival environment have access to nutrients from both 
endogenous (saliva) and exogenous (diet) origin. Saliva is an 
important source of nutrients and can sustain normal growth of 
microorganisms in the absence of exogenous nutrients.   

The gingival crevice is not exposed to dietary components 
and saliva, and its principal source of nutrients is the gingival 
crevicular fluid. The crevicular fluid originates from plasma 
and is an excellent source of nutrients for fastidious 
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microorganisms. It contains growth factors such as   vitamin K 
required by P.gingivalis, a gram-negative rod associated with 
adult periodontitis. 

Many nutritional interrelationships also occur between 
microorganisms. Some microorganisms cooperate for the 
degradation of nutrients. Some bacteria also use nutrients and 
other substances produced by other microorganisms (Marcotte 
and Lavoie, 1998). 

Host defense mechanisms:  

The supragingival environment of the oral cavity is 
controlled primarily by saliva. The continuous flow of saliva 
increased by the muscular activity of the lips and tongue 
removes a large number of bacteria from teeth and mucosal 
surfaces. Saliva also contains several specific and nonspecific 
defense factors. SIgA is the principal specific defense factor of 
saliva,. The nonspecific defense factors include mucins, 
nonimmune salivary glycoproteins, lactoferrin, lysozyme, 
peroxidase, histatins, and cystatins (Tabak, 1990). 

Age: 
The composition of the oral microbiota varies with the age 

of the host. Age-related changes in the oral microflora include 
those due to teeth eruption, changes in dietary habits, 
hormones, salivary flow, the immune system, or other factors 
(Pearce et al., 1995). 
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Hormonal changes: 
It is well known that in humans, puberty and pregnancy are 

characterized by increased levels of steroid hormones in plasma 
and subsequently in the crevicular fluid and saliva Several 
investigators have described a transient increase in the number of 
black-pigmented gram-negative anaerobic bacteria in the 
subgingival microbiota during puberty  or pregnancy.  Kornman 
and Loeshe reported an increased proportion of Prevotella-
intermedia in the subgingival microbiota of pregnant woman, 
corresponding to an increased levels of estrogens and progesterone 
in plasma. They also demonstrated in vitro that progesterone or 
estradiol can substitute for vitamin K as an essential growth factor 
for P. intermedia .  In contrast; other studies were unable to find 
any changes in the subgingival microbiota during puberty and 
pregnancy (Marcotte and Lavoie, 1998). 

Stress: 
Host stress may be associated with changes in hormones, 

salivary flow, dietary habits, and immune response. These 
changes in the intestinal microbiota include a reduction in 
numbers of lactobacilli  (Ballieux, 1991). 

Genetic factors: 
The genetic background appears to influence the 

susceptibility to caries   and periodontal diseases.  This could in 
part be because the host genetic factors select for a microbiota 
with varying potential for causing oral diseases. The selection 
of a certain microbiota by the host is dependent on inherited 
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immune factors, physiology, metabolism, mucus composition, 
or receptor-and interactions (Moore et al., 1993). 

Adherence: 
Adherence is essential for providing resistance to the flow 

of saliva. Adherence is mediated by adhesins on the surface of 
bacteria and by receptors on the oral surface. Microbial 
adhesins consist of polysaccharides, lipoteichoic acids, glucosyl 
transferases, and carbohydrate-binding proteins (lectins). These 
adhesins are found as cell wall components or are associated 
with cell structures, such as fimbriae, fibrils or capsules. The 
receptors may be salivary components (mucins, glycoproteins, 
amylase, lysozyme, IgA, IgG, praline rich proteins, and 
statherins) or bacterial components (glucosyltransferases and 
glucans) that are bound to oral surfaces. The adherence may 
result from nonspecific physicochemical interactions between 
the bacteria and the oral surfaces (Scannapiecom, 1994). 

Bacterial interactions: 

A variety of beneficial and antagonistic interactions may 
help in maintaining the homeostasis of the oral microbiota. Co 
aggregation is one example of commensalism and synergism 
that occurs between microbial species. Co aggregation allows 
the indirect adherence of some bacteria on oral surfaces. In 
addition, it was demonstrated that coaggregated cells were more 
resistant to phagocytosis and killing by neutrophils in vitro and 
in vivo several other examples of positive interactions are likely 
to occur in the oral cavity. The utilization of oxygen by 
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facultative anaerobic bacteria reduces the oxygen concentration 
and to levels that allow the colonization of anaerobic bacteria   
Different bacterial species may also cooperate in the utilization 
of substrates that they could not metabolize alone (Ochiai et 
al., 1993). 

Diet: 
Frequent consumption of a high-sucrose diet enhances the 

development of  S.mutans and Lactobacillus. The fermentation of 
sucrose into lactate generates a low pH, favoring acidogenic and 
acidophilic bacteria. The substitution of sucrose with weakly 
fermentable sugar alcohols such as xylitol results in a reduction 
of S.mutans numbers and caries, it was found that a high-starch 
diet favored an increase in the proportion of Enterococcus 
faecalis while a high-protein diet favored an increase 
in Lactobacillus murinus (Olsson and Svanberg,  1991). 

Oral hygiene and anti microbial agents: 

Oral hygiene is one of the most important factors in the 
maintenance of oral homeostasis and oral health. The 
mechanical removal of plaque by tooth brushing and flossing 
can almost completely prevent caries and periodontal diseases 
(Mathiesen et al.,1996). 

Drugs and diseases: 

Patients suffering from xerostemia have higher levels of 
mutans streptococci, lactobacilli, staphylococci, and Candida, 
while the levels of S.sanguis, Neisseria, Bacteroides, and 
Fusobacterium are reduced compared with those in a healthy 
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individual. They are also more susceptible to dental caries and 
candidiasis. 

Antibiotics that are given orally or systemically for the 
treatment of different infections may enter the oral cavity via 
saliva and gingival crevicular fluid and lead to a imbalance in 
the oral microbiota Antibiotics may suppress some resident 
bacterial populations which can result in overgrowth of 
antibiotic-resistant bacteria, infections by opportunist pathogens 
such as Candida, and colonization by exogenous potential 
pathogens such as yeasts and members of the Enterobacteria 
(Sanders and Sanders, 1984). 

Other factors: 

Many other external factors may affect the oral microbiota; 
these include the wearing of dentures or partial dentures 
smoking, oral  

Contraceptives usage malnutrition host macro environment 
and various exposures to exogenous bacterial species 
(Marcotte and Lavoie, 1998). 

Oral Microbiota Associated with Oral Diseases  

Caries and periodontal diseases are infectious diseases 
associated with resident microorganisms of the dental plaque. 
There are two major hypotheses about the role of plaque in oral 
diseases The specific plaque hypothesis proposes that only a 
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few microorganisms are involved in the oral disease process, 
while the other hypothesis (nonspecific) considers that diseases 
result from the interaction of the whole plaque with the host. 
Several studies described the oral microbiota associated with 
caries and periodontal diseases and identified the specific 
etiological agents (Marcotte and Lavoie, 1998). 

Caries: 
The microbial flora of the oral cavity are rich and 

extremely diverse. This reflects the abundant nutrients and 
moisture, and hospitable temperature, and the availability of 
surfaces on which bacterial populations can develop. The 
presence of a myriad of microorganisms is a natural part of 
proper oral health. However, an imbalance in the microbial 
flora can lead to the production of acidic compounds by some 
microorganisms that can damage the teeth and gums. Damage 
to the teeth is referred to a dental caries (Lerner and Lerner, 
2003). 

Dental caries is a bacterial disease of the dental hard 
tissues; it is characterized by a localized, progressive, molecular 
disintegration of the tooth structure. The development of caries 
is associated with dental plaque of smooth coronal surfaces, 
pits, and fissures. Caries may also appear on root surfaces that 
are exposed to the oral environment as a result of gingival 
recession. The demineralization of teeth (enamel, dentine, and 
cementum) is caused by organic acid produced from the 
bacterial fermentation of dietary carbohydrates.  



Review of Literature  

 83

The frequent ingestion of carbohydrates may lead to the 
selection of bacteria that are acidogenic (capable of producing 
acid from carbohydrates) and aciduric (capable of tolerating 
acid) and concurrently to a lowpH environment. These 
conditions favor the solubilization of tooth minerals.   

The complexity of the bacterial community in dental 
plaque of humans has made it difficult to determine the single 
bacterial agent of caries. 

However, there is considerable evidence that mutans 
streptococci (particularly S.mutans and S.sobrinus) and 
Lactobacillus are involved in the initiation and progression of 
caries. Species such as Actinomyces spp., S.mitis, Veillonella 
spp. and Candida spp. have been associated with enamel caries 
as well (Marcotte and Lavoie, 1998). 

Nyvad and Kilian (1990) observed that, the microflora 
from plaque samples of   root caries associated with the highest 
mineral loss was dominated by either Actinomyces viscosus or 
a combination of mutans streptococci  and Lactobacillus 
species. Plaque from root surfaces with less pronounced 
mineral loss harbored a more complex microflora comprising 
gram-positive rods, mutans streptococci, Streptococcus mitis 
biovar 1, Veillonella spp., gram-negative rods, and low 
numbers of lactobacilli. In the latter samples, individual 
variations in the proportions of mutans streptococci, 
Actinomyces species.  and Veillonella parvula biotypes.  
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Nyvad and Kilian (1990) compared the initial microflora 
on enamel in caries-active and caries-inactive adolescents. 
Early plaque from caries-inactive individuals differed from that 
of caries-active individuals by significantly higher proportions 
of S. sanguis   and IgA1 protease producing streptococci. In 
caries-active individuals, there was a tendency to elevated 
levels of S. mitis biovar 1 than. In addition; caries-active 
individuals were colonized by significantly higher numbers of 
mutans streptococci on the enamel surfaces. However, in both 
groups Streptococcus mutans (serotype c) comprised less than 
or equal to 2% of the early streptococcal flora. Streptococcus 
gordonii, S. mitis biovar, and Streptococcus salivarius were 
present in low proportions and did not show differences in 
distribution that could be related to caries activity.   

Drucker et al. (1995) compared salivary levels of mutans 
streptococci and Lactobacillus in 5-year-old children from two 
ethnic groups, and observed that, there were no significant 
differences in mutans streptococci or Lactobacillus levels 
between the two ethnic groups. However, strong correlations 
were found between caries experience and levels of both 
mutans streptococci and Lactobacillus in each ethnic group. 
Furthermore, mutans streptococci and Lactobacillus levels 
correlated strongly with one another.   

Brailsford et al. (2001) isolated the predominant aciduric 
microflora from root caries lesions and sound root surfaces in 
subjects with or without root caries and found that, The 
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predominant aciduric bacteria from root lesions were 
lactobacilli and A. israelii, while from sound root surfaces in 
subjects with root caries, A.gerencseriae comprised over 60% 
of aciduric isolates mutans streptococci were not among the 
aciduric isolates. Subjects without root caries harbored fewer 
bacteria, and S. anginosus   and S. oralis were the predominant 
aciduric bacteria.   

Lerner and Lerner (2003) stated that bacteria that are 
typically present as primary colonizers include Streptococcus, 
Actinomyces, Neisseria, and Veillonella. Secondary colonizers 
include Fusobacterium nucleatum, Prevotella intermedia, and 
Capnocytophaga species. With further time, another group of 
bacteria can become associated with the adherent community. 

These bacteria include Campylobacter-rectus, Eikenella 
corrodens, Actinobacillus actinomycetemcomitans, and the oral 
spirochetes of the genus Treponema.  

Beighton et al. (2004) stated that, the development of 
dental caries depends on oral bacteria metabolising dietary 
carbohydrates to produce acid. Although a wide spectrum of 
acidogenic flora maybe involved, Streptoccus mutans has been 
most consistently identified as the most significant and that 
Lactobacilli and yeasts are commonly associated with caries 
and their presence has been associated with sugary diets.   
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Munson et al. (2004) studied   the bacterial community of 
the middle and advancing front of carious dental lesions by 
cultural and molecular analyses.  Only three taxa, Streptococcus 
mutans, Rothia dentocariosa, and an unnamed Propioni bacterium 
species were found. The predominant taxa by anaerobic 
cultivation were Propioni bacterium species. Olsenella profusa 
and Lactobacillus rhamnosus. The predominant taxa in the 
molecular analysis were Streptococcus mutans, Lactobacillus 
gasser-ijohnsonii and Lactobacillus rhamnosus. Moreover, no 
significant difference between the compositions of the microflora 
in the middle and advancing front samples was detected. 

Beighton (2005) stated that the essential role of mutans 
streptococci (Streptococcus mutans and Streptococcus sobrinus) 
in the caries process is not proved, caries occurs in the absence 
of these species and their presence does not necessarily indicate 
caries activity. Other oral bacteria, non-mutans streptococci, 
Actinomyces spp. and Bifido bacterium spp., are acidogenic 
and aciduric. They out number mutans streptococci in dental 
plaque, and there are data which support a role for these 
bacteria in the initiation and progression of caries and that 
molecular studies demonstrate the great diversity and 
complexity of the flora associated with caries.  

Luhan and Patel (2010) deduced that the mouth contains 
a wide variety of oral bacteria, but only a few specific species 
of bacteria are believed to cause dental caries: Streptococcus 
mutants and Lactobacilli. Among them Lactobacillus 
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acidophilus, Actinomyces viscosus, Nocardia spp., and 
Streptococcus mutantsare most closely associated with caries, 
particularly root caries. 

Periodontal diseases: 
Periodontal diseases are a general term describing the 

inflammatory pathologic state of the supporting tissues of teeth. 
Periodontal diseases can be grouped into two major categories, 
gingivitis and periodontitis. Each can be further divided 
according to the age of the patient (pre-pubertal, juvenile, 
adult), disease activity and severity (rapid, acute, chronic), and 
distribution of lesions (localized or generalized). 

In a healthy gingival crevice, the microbiota is dominated by 
facultative gram-positive bacteria. The predominant gram-positive 
bacteria are Actinomyces naeslundiigen species 2 (formerly A. 
viscosus), A. naeslundii, S. sanguis, S.mitis, and Peptostrepto-
coccus micros. Gram-negative rods include F.nucleatum,  P. 
intermedia Veillonella, Wolinella, Capnocytophaga, and 
Haemophilus.  

Chronic adult periodontitis is the most common form of 
advanced periodontal disease. The microbiota is extremely 
diverse. The predominant species include P. gingivalis, P. 
intermedia, Bacteroides forsythus, A. actinomycetem-
comitans, W. recta, E. corrodens, Treponema denticola and P. 
micros. 
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Other more acute and rapid forms of periodontal diseases 
seem more associated with particular microbial groups, such as in 
localized juvenile periodontitis which is closely associated with 
high numbers of Aggregatibacter actinomycetemcomitans. 

Saini et al. (2003) carried out to compare the normal 
aerobic and anaerobic bacterial oral flora with flora from deep 
seated dental caries, gingivitis and adult periodontitis and 
deduced that the most common aerobe, was Streptococcus 
mutans in dental caries, Staphylococcus aureus on gingivitis 
and Actinobacillus-actinomycetemcomitans in periodontitis. 
Among the anaerobes, lactobacilli were the commonest in 
dental caries, Actinomyces in gingivitis and Porphyromonas 
gingivalis in periodontitis. 

Do Vale et al. (2004) indicated that Actinobacillus 
(Haemophilus) actinomycetemcomitans and Fusobacterium 
nucleatum as etiologic agents of periodontal disease and  pointed 
out that a marked difference between A.(H.) 
actinomycetemcomitans and Fusobacterium nucleatum 
cytoplasmic extracts in their antiproliferative activity, regarding the 
antigen concentration required for maximum inhibition and their 
vulnerability to heating and proteolytic treatment. 

Tanner et al. (2006) found that many Streptococcus and 
Streptococcus-like species. (Gemella and Granulicatella), 
Eubacterium sulci, Actinomyces odontolyticus, Campylobacter-
concisus and Prevotella melaninogenica were   associated with 
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tongue samples. On the other hand, most of the Gram-negative taxa  
detected more frequently from subgingival samples, included 
Treponema species, T. forsythia, Porphyromonas endodontalis, A. 
actinomycetemcomitans, Prevotellaoris, Dialisterinvisus, and 
Fusobacterium nucleatum while subgingivally associated Gram-
positive species included Streptococcus mutans, Streptococcus 
sanguinis, Streptococcus anginosus, Actinomyces naeslundii II, 
Actinomyces gerencseriae, and Filifactoralocis  Fusobacterium 
nucleatum subsp. Polymorphum and Prevotella denticola  
subgingivally was associated with detection on the tongue. 

Porphyromonas gingivalis was detected in less than 5% of 
samples when DNA probes used.  Treponema denticola, 
Bacteroidetes, Fusobacterium nucleatum subsp.animalis, and 
Fusobacterium nucleatum subsp. polymorphum, were detected 
more frequently in early periodontitis than in health. 

The Role of Aggregatibacter actinomycetemcomitans in 
Periodontitis  

Bacterium actinomycetemcomitans was described by 
Klinger (1912) as cocco-bacillary bacteria isolated together 
with Actinomyces from actinomycotic lesions of man. It was 
reclassified as Actinobacillus actinomycetemcomitans by 
Topley and Wilson (1929) and as Haemophilus 
actinomycetemcomitans by Potts et al. (1985). Actinobacillus 
actinomycetemcomitans was transfered to a new genus 
Aggregatibacter gen. nov. as Aggregatibacter actinomycetem 
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comitans comb. to include V factor-dependent and V factor 
independent isolates (Lauritsen and Kilian, 2006). 

Aggregatibacter actinomycetemcomitans previously 
Actinobacillus actinomycetemcomitans, is of spherical, oval or 
rod shape. Bacilar form is the most frequent; also, they could 
appear in coccid form, which looks like the Morse code. This 
microorganism is associated with different human infections, 
including endocarditis infectious, brain abscess and hard form 
of periodontal disease.  

The bacterium has been identified on the sub gingival 
plaques of the patients with periodontitis among the youth of 
the patients with RPP and adult periodontitis. Also, it has been 
proved that the bacterium has a special role in relation to the 
extra mouth cavity infections (Lopez et al., 2000; Tan et al., 
2001). 

Actinobacillus actinomycetemcomitans is one of these 
bacteria causing the local periodontitis that occur especially in 
the youth and the progressive periodontitis in adults .This 
organism possesses a large number of virulence factors with a 
wide range of activities which enable it to colonise the oral 
cavity, invade periodontal tissues, evade host defences, initiate 
connective tissue destruction and interfere with tissue repair 
(Kafilzadeh et al., 2010). 
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Actinobacillus actinomycetemcomitans endotoxin has the 
potential to modulate the host responses and contribute to tissue 
destruction (Wilson and Henderson, 1995). 

 The ability of Actinobacillus actinomycetemcomitans 
lipo-polysacharides to stimulate macrophages to release 
interleukins IL-1, IL-1β, and tumor necrosis factor (TNF) is of 
main importance. These cytokines are able to stimulate the bone 
resorption (Kesić et al., 2009). 

Campos et al. (2002) studied 50 samples of patients with 
periodontitis and isolated 90 and 80% of the 
A.actinomycetemcomitans bacterium through PCR and culture 
method . On the other hand, Genco et al. ( 1994); Zambon et 
al. (1983) and Socransky et al. (1992) isolated rates of 50 to 
95% of the bacterium from the affected adult individuals with 
periodontitus. 

Yano-Higuchi et al. (2000); Sakurai et al. (2007) and 
Wu et al. (2007) showed that, there was a significant 
relationship between colonization of the 
A.actinomycetemcomitans bacterium and the pocket depth, so 
that the isolation rate of the bacterium is higher in those 
individuals having the pocket depth >5 mm. These findings are 
consistent with the anaerobic nature of the bacterium  
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SUBJECTS AND METHODS 
Subjects 
Selection Criteria 
1- Subjects working in the field of radiation (Group I) in 

occupency area (Gamma irradiation Hall in NCRRT) under 
protective measures using pocket dosimeters (Stephen), 
film badges (Horwell UK with Kodak personal monitoring 
film type 2) in addition to Survey meters (Ludlume, 
Eberline and ND-3000).   

2-  Exposed to low dose of radiation (0.01mSv of Gamma 
radiation 20 minutes daily, 5 days a week) Table (1), 
Figure (5) 

3-  Male subjects with age range (25- 45)  

4- Apparently healthy and not suffering from any systemic 
diseases as evaluated by Cornell Index (Kerr and 
Millarad, 1965) and by the modified Cornell medical 
index (Brightman, 1994). 

Exclusion Criteria: 

1- Workers on antibiotic, anti-inflammatory or anti-coagulant 
therapy.  

2-  Workers with history of diabetes, hepatic diseases or any 
immunological diseases. 
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3-  Workers with history of salivary gland surgery or any 
medications intake that affect the salivary flow 

4-  Workers with history of any motor disorders that affect the 
salivary flow  

5-  Workers with history of smoking and / or alcohol intake.    

Subjects are divided into two groups; group I (study 
groups) workers in radiation field which is subdivided into 
three subgroups according to exposure time and group II 
(control group) working apart from the radiation field:  

Group I (study groups)  

Group (a): Twenty workers in radiation field for at least 10 
years  

Group (b): Twenty  workers in radiation field form 5-10 years  

Group (c): Twenty  workers in the radiation for at least 5 years  

Group II (control): 

Twenty workers that are not working in the field of 
radiation. 
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Table (1): Collective Dose Equivalent for NCRRT Radiation 
Workers during 2005 – 2010 

Year 
No. of 

monitored 
workers 

Annual collective 
dose equivalent 

(Man-mSv) 

Average Annual 
personal dose 

equivalent mSv/y 
2006 53 24.79 0.47 
2007 54 53.58 1 
2008 61 52.81 0.87 
2009 65 56.2 0.9 
2010 61 81 1.3 

It may be pointed out from this table that the higher 
average annual personal dose equivalent at NCRRT over the 
last five years is about 1.3 mSv/y which represent a small 
fraction of the annual dose limit (about 6.5 %).  
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Figure (2): Mean distribution of occupational workers  
with annual dose interval during 2010. 

Methods of assessments 
Immunological assessment 

Saliva analysis was performed for each of the four groups 
to determine the levels of SIgA 

Collection of saliva samples 

Samples were collected at least 2 hours after the last meal. 
Workers were asked to rinse their mouth thoroughly with water 
10 minutes before the sample collection. 

The collection of unstimulated saliva was determined 
under resting conditions. Subjects were asked to sit passively 
and expectorate into pre weighed plastic containers for 5 
minutes as saliva accumulated in the mouth. 
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Samples were collected on ice over 5 minutes period, 
stored at 4oC to avoid bacterial contamination and transfered in 
the icebox to laboratory for SIgA measurment 

The collected samples were centrifuged individually at 
4000 RPM for 10 minutes, then the levels of SIgA were 
determined using immunoturbidimetric method (SpinReact, SA, 
Gerona, Spain). 

The Spin React kit contains  two reagents R 1 and R2.   R 1 

contains tris buffer 20 mol/L, PEG 8000, sodium azide 0.95 
g/L, pH 8.2. R 2 contains goat serum, antihuman IgA, Sodium 
azide 0.95 g/L, pH 7.5. 

The procedure was as follows: 950 µl of R 1 was dispensed 
into the test tube to which 7 µl of the sample was added. Both 
were mixed and the absorbance reading was taken as A 1. Later, 
50 µl of R 2 was added and the absorbance reading A2 was taken 
after one minute. The values were substituted using the 
following   

A2 -A1=  A 
ΔA x factor = IgA  level 
Where, factor is (calibrator concentration) / (ΔA of the 
calibrator) equaling 1736. Thus, the quantity of IgA in each 
sample was calculated. 
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Microbiological assessment  
Paperpoint sampling procedure 

  The site to be tested was cleaned of all supragingival 
plaque and then thoroughly dried. Three paperpoint strip of 
moderate strength was aseptically inserted into the deepest 
periodontal pockets of the subject for 10 sec. The strip was 
removed with care not to contact with saliva, pus or the oral 
mucosa. The paperpoint was then placed into anaerobic dental 
transport medium and transported to the laboratory for 
microbial analysis (Jervoe et al., 2007). 

 Paperpoint processing  
   The specimens were immersed in 5 ml reduced transport 

fluid (Thioglycolate Broth), dispersed by vortexing (Autovortex 
Mixer SA2, Stuart Scientific, London, UK) at maximum setting 
for 30 s. Aliquots 0f the dispersed microbial suspension was 
serially diluted and 0.1 ml was inoculated on the agar media. 

Isolation of anaerobic bacteria 
For isolation of anaerobic bacteria, subculture was made 

from Thioglycolate broth onto Columbia Blood Agar Base, 
Brucella agar, Brain heart infusion agar and Chocolate agar. All 
plates were incubated with 5% CO2 for at least 5 days. After 
incubation, plates with colonies that were well separated and 
evenly dispersed were selected.  
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Selective culture of aerobic and facultative anaerobic 
Gram-negative rods and yeasts 

The dispersed microbial suspension was inoculated by 
spiral plating onto duplicated MacConkey agar (Oxoid, 
Hampshire, UK) plates and incubated for 18 h at 37oC. 
Eighteen Cultures were examined; the aerobic and facultative 
anaerobic Gram-negative rod and yeast colonies were 
subcultured on their respective culture media to obtain pure 
isolates. 

Identification of isolates 
Isolates were identified presumptively using colony 

morphology, haemolysis, pigmentation, cell morphology, 
catalase and oxidase tests and the ability to grow in air 
supplemented with 10% CO2. 

Materials 
1- 1- Media 
1- 1- a- Columbia Blood Agar (g/l) 

Peptone     23 
Starch     1.0 
NaCl     5.0 
Agar agar     20 
pH 7.3 

1- 1- b- Brain Heart Infusion (g/l) 

Brain heart-infusion   6.0 g 
Peptic digest of animal tissue  6.0 g 
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NaCl    5.0 g 
Dextrose    3.0 g 
Pancreatic digest of gelatin  14.5 g 
Na2HPO4**    2.5 g 
 Agar agar     20 
Final pH, 7.4 ± 0.2. 

Heat to dissolve agar before dispensing into bottles or 
flasks. Autoclave 15 min at 121°C. 

1- 1- c- Brucella Agar (g/l) 

Peptone      10.0 
Lab lemeco    5.0 
Glucose     10 
NaCl     5.0 
Agar agar     20 

1- 1- d- MacConkey Agar (g/l) 
Proteose peptone     3 g 
Peptone     17 g 
Lactose              10 g 
Bile salts      1.5 g 
NaCl     5 g 
Neutral red     0.03 g 
Crystal violet     0.001 g 
Agar     13.5 g 
Final pH, 7.1 ± 0.2. 
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Suspend ingredients and heat with agitation to dissolve. 
Boil 1-2 min. Autoclave 15 min at 121°C, cool to 45- 50°C, and 
pour 20 ml portions into sterile 15 x 100 mm petri dishes. Dry 
at room temperature with lids closed. 

1- 1- e- Trypticase (Tryptic) Soy Agar (g/l) 

Trypticase peptone   15 g 
Phytone peptone     5 g 
NaCl     5 g 
Agar    15 g 

Final pH, 7.3 ± 0.2. 

Heat with agitation to dissolve agar. Boil 1 min. 
Dispense into suitable tubes or flasks. Autoclave 15 min at 
121°C.  

1- 1- f- Blood Agar (g/l) 

Tryptone    15 g 
Phytone or soytone     5 g 
NaCl      5 g 
Agar    15 g 
Final pH of base, 7.3 ± 0.2. 

Heat with agitation to dissolve agar. Autoclave 15 min at 
121°C. Cool to 50°C. Add 5 ml defibrinated sheep red blood 
cells to 100 ml melted agar. Mix and pour 20 ml portions into 
sterile 15 x 100 mm petri dishes. 
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1- 1- g- Thioglycollate Medium (g/l) 

L-Cystine    0.5 g 
Agar (granulated)    0.75 g 
NaCl    2.5 g 
Dextrose    5 g 
Yeast extract    5 g 
Tryptone    15 g 
Sodium thioglycollate   0.5 g 
Resazurin, sodium solution (1:1000), fresh 1 ml 

Mix L-cystine, NaCl, dextrose, yeast extract, and tryptone 
with 1 liter water. Heat in Arnold steamer or water bath until 
ingredients are dissolved. Dissolve sodium thioglycollate or 
thioglycollic acid in solution and adjust pH so that value after 
sterilization is 7.1 ± 0.2. Add sodium resazurin solution, mix, and 
autoclave 20 min at 121°C. If commercial media are used, dispense 
10 ml portions to 16 x 150 mm tubes and autoclave 15 min at 
121°C. 

1- 1- h- Motility Test Medium (Semisolid) 

Beef extract    3 g 
Peptone or gelysate   10 g 
NaCl    5 g 
Agar    4 g 
Final pH, 7.4 ± 0.2. 
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Heat with agitation and boil 1-2 min to dissolve agar. 
Dispense 8 ml portions into 16 x 150 screw-cap tubes. 
Autoclave 15 min at 121°c 

Dental Assessment 

1- The Decayed-Missed -Filled Index (DMF) 

 Decayed Missed Filled Index is an irreversible index, 
which measures the total life time caries experience. It is 
introduced by (Klein et al., 1938). 

Instruments used in the examination are: mouth mirror, 
explorer or a CPI probe (WHO, 1997). 

All the teeth in the oral cavity are examined except: 

1-  Supernumerary teeth/ unerupted teeth/ congenitally missing 
teeth. 

2-  Extracted teeth or lost teeth for reasons other than caries. 

3-  Restored teeth for reasons other than caries. 

4-  Third molars. 

All decayed missed and filled components are added 
separately to get the DMF score for each patient. Values of 
Permanent and deciduous teeth should be kept separate 
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2- Periodontal Index (PI) 

PI determines the periodontal disease status of populations 
in the study.  

Each tooth is scored according of the surrounding tissues. 
On examination, each tooth is assigned a score using the  
periodontal index of Ramfjord 

0  negative 
1 
2 
3 

mild gingivitis  
moderate gingivitis 
Severe gingivitis 
 periodontitis 

4 periodontal pocket 3mm apically 
5 Pathological pocket 3-6 mm. 

  
6 Pathological pocket of 6 mm or more.  

   

3- Plaque Index (PLI) 
It is an assessment tool used to evaluate the thickness of 

plaque at the gingival margin that may be applied to the 
selected teeth or to the entire oral cavity. 
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Quigley Hein Index (HQI), 1962 is used to score the 
plague according to the following criteria: 

0 No plaque  
1 Isolated flecks of plaque near the gum margin. 
2 1 mm band of plaque and the gingival margin 
3 Up to 1/3 of surface covered with plaque. 
4 Disclosed plaque 1/3 to 2/3 of the surface. 
5 Disclosed plaque more than 2/3 of the surface. 

Statistical Analysis 

All analysis were performed in SPSS version 10.01 soft 
were (SPSS, Inc., Chicago, IL, USA) .Parameters among 
control and study groups were compared using Chi square test  
for determination of presence and absence of bacteria and 
Candida albicans,  Anova test for comparison  secretary IgA 
and Dental indices and T test for comparison between each  two 
groups of the study. 
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RESULTS 

The Microbiological assessment 

elective cultures of aerobic and anaerobic bacteria as well 
as Candida were made. Isolates identified were; 

Aggregatibacter actinmycetemcomitans Fusobacterium, 
Bacteriod forythus, Sterptococcus mutans, Staphylococcus 
aureus, Pseudomonas aeroginosa,  E.coli  and Candida albicans 
Figures  (3,4,5,6, 7,8,9,10).  

 

Figure (3-a):   Aggregatibacter  actinmycetemcomitans on Brain Heart 
Infusion supplemented with 5% sheep blood and 5% serum. 

 

S
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Figure (3-b): Gram stain of Aggregatibacter actinmycetemcomitans 
under light microscope. 

 

 
Figure (4a): Colonies of Fusobacterium on TSA supplementd with 5% 

sheep blood and5% serum. 
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Figure (4-b) Gram stain of Fusobacterium under light microscope 

 

 

Figure (5a): Colonies of Bacteroid forythus on Brucella agar 
supplemented with8% sheep blood and 5% serum. 
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Figure (5-b): Gram stain of Bacteroid forythus under light microscope 

 

 

Figure (6a): Colonies of Streptococcus mutans on MacConkey agar 
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Figure (6-b) Gram stain of Streptococcus mutans under light microscope 

 

 

Figure (7a): Colonies of Staphylococcus aureus on Blood agar 
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Figure (7-b) Gram stain of Staphylococcus aureus under light microscope. 

 

 

Figure (8a): Colonies of Pseudomanas aerogonsa 
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Figure (8-b) Gram stain of Pseudomonas aeroginosa  
under light microscope. 

 

 

 

 

 

 

 

Figure (9-a): Colonies of E. coli on (Luria Bertani agar) 
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Figure (9-b) Gram stain of E.coli under light microscope 

 
Figure (10): Colonies of Candida albicans on MacConkey agar 

The presence and the absence and the significance of 
different types of bacteria and Candida albicans within the 
study groups and the controls were statistically determined 
using Chi - Square test and their results were as follows:               
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Table (2): Comparison between groups concerning 
Aggregatibacter actinomycetemcomitans 

Groups Absence of Bacteria Presence of Bacteria 

1st group 11 9 

18.9% 40% 

2nd group 13 7 

22.4% 31.8% 

3rdgroup 14 6 

24.13% 27.2% 

4th group 

(control) 

20 0 

34.4% 0% 

First group: workers in radiation field for at least 10 years 

Second group: workers in radiation from 5-10 years 

Third group: workers in radiation for at least5 years 

Fourth group (controls): workers away from the radiation field  

X2 = 11.285 

P= 0.010 

There is a significant difference between the study groups 
and the controls groups concerning the presence and absence of 
Aggregatibacter actionomycetemcomitans p=(0.010), 
Fusobacterium  p = (0.012) and  Bacteriod  p= (0.02). Tables (2, 
3, 4), Figures (11, 12, 13). 
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Table (3): Comparison between groups concerning 
Fusobacterium 

Groups Absence of Bacteria  Presence of Bacteria 

1st group 12 8 

20.33% 38.9% 

2nd group 12 8 

20.33% 38.9% 

3rdgroup 15 5 

25.4% 23.8% 

4th group 

(control) 

20 0 

33.8% 0% 

X2  = 11.04                                       P = 0.012 

Table (4): Comparison between the four groups concerning 
Bacteriod 

Groups Absence of Bacteria Presence of Bacteria 

1st group 9 11 

16.9% 40.7% 

2nd group 10 10 

18.8% 37% 

3rdgroup 15 5 

28.3% 18.5% 

4th group 

(control) 

19 1 

35.8% 3.7% 

X2 = 14.47                                          P = 0.002 
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Figure (11): Distribution of Aggregatibacter actinomycetem comitans 
among studied groups 
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Figure (12): Distribution of Fusiobacterium among studied groups 
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Figure (13): Distribution of Bacteriod among studied groups 

There is no significant difference between the study groups 
and controls concerning the presence and absence of Streptococus 
mutans p = (0.14), Staphyloccocus aureus p = (0.196), 
Pseudomanas aerogonsa p = (0. 825), E.coli p = (0.568) and 
Candida albicans  p = (o.606). Tables (5, 6, 7, 8, 9), Figures, (14, 
15, 16, 17, 18). 

Table (5): Comparison between groups concerning 
Streptococcus mutans 

Groups Absence of Bacteria Presence of Bacteria 

1st group 
7 13 

17% 33.3% 

2nd group 
9 11 

21.9% 28.2% 

3rdgroup 
11 9 

26.8% 23% 
4th group 
(control) 

14 6 
34.1% 15.3% 

 X 2 = 5.3.     P = 0. 14 
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Table (6): Comparison between groups concerning 
Staphyloccocus auries  

Groups Absence of Bacteria Presence of Bacteria 

1st group 5 15 
15.15% 31.9% 

2nd group 10 10 
30.3% 21.2% 

3rdgroup 11 9 
33.3% 52.9% 

4th group 
(control) 

7 13 
21.2% 27.6% 

X2 = 4.694       P= 0.196 
 
Table (7): Comparison between groups concerning 
Pseudomanas aerogonsa 

Groups Absence of Bacteria Presence of Bacteria 

1st group 15 5 
23% 33.3% 

2nd group 16 4 
24.6% 26.6% 

3rdgroup 17 3 
26.15% 20% 

4th group 
(control) 

17 3 
26.15% 20% 

 X2 = 0.903      P= 0.825 
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Table (8): Comparison between groups concerning E.coli 

Groups Absence of Bacteria Presence of Bacteria 

1st group 
15 5 

30.6% 16.6% 

2nd group 
11 8 

22.4% 26.6% 

3rdgroup 
12 8 

24.4% 26.6% 

4th group (control) 
11 9 

22.4% 30% 

 X2 = 2.021      P= 0.568 

Table (9): Comparison between groups concerning Candida 
albicans 

Groups Absence of Bacteria Presence of Bacteria 

1st group 10 10 
21.7% 29.4% 

2nd group 11 9 
23.9% 26.4% 

3rdgroup 11 9 
23.9% 26.4% 

4th group 
(control) 

14 6 
30.4% 17.64% 

 X2 = 1.841                                                     P= 0.606 
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Table (10): Comparisons and Significance of different types of 
Bacteria and  Candida albicans 

Bacteria Chi square 
valueX 2 

Significance 
(P) 

Streptococcus  mutans 0.027 0.999 
Aggregatibacter actinomycetemcomitans 11.28 0.010 
Fusobacterium 11.04 0.012 
Bacteriod 14.47 0.002 
Candida albicans 1.841 0.606 
E. coli 2.021 0.568 
Staphylococcus. auries 4.694 0.196 
Pseudomanas aerogonsa 0.903 0.825 
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Figure (14): Distribution of Streptococcus mutans among studied groups. 



Results 

 122

0
2
4
6
8

10
12
14
16

N
um

be
r o

f 
su

bj
ec

ts

First Second Third Fourth

Group

Distribution of Staphylococcus 
aureus  among studied groups

No
Yes

 
Figure (15): Distribution of Staphylococcus auries among studied groups. 
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Figure (16): Distribution of Pseudomonas aeruginosa among studied groups. 
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Figure (17): Distribution of   E.coli among studied groups. 
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Figure (18):Distribution of Candida albicans among studied groups. 
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The Dental assessment 

 Difference between the four groups concerning Dental 
indices:  (DMF score, Periodontal index, Plaque index) and their 
significance were determined statistically using Anova Test and 
the results were as follows: 

• There is a significant difference  between the four  groups 
concerning        

• DMF score p =(0.000) Table (11), Figure (19)  

• There is a significant difference between the four  groups 
concerning Periodontal index p = 0.000) Table (11),      
Figure  (20) 

• There is a significant difference between the four  groups 
concerning Plaque index p = (0.000) Table (11),    Figure (21)  

Table (11): Comparison between groups concerning Dental 
Indices using Anova Test 

Variable (F) (P) 
DMF score 14.521 0.000 

Periodontal index 113.675 0.000 
Plaque index 69.619 0.000 
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Figure (19): Relation between the four groups concerning the DMF score. 
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Figure (20): Relation between the four groups and concerning the 
periodontal index. 
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Figure (21): Relation between the four groups concerning  

of the Plaque index. 

The Immunological assessment: 
 This was done via the estimation of secretary IA levels in 

the four groups and determining the significant difference 
between them.    

A significant difference between the four groups 
concerning Secretory IgA, p = (0.000) was detected.                  
Table (12), Figure (22). 

Table (12) Comparisons between   groups concerning Secretary 
IgA   

Variable   (F)   (P) 

Secretary IgA 61.223 0.000 
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Figure (22): Relation between the four groups concerning secretary IgA. 

Correlation between Dental indices and Secretary IgA 
Correlation between Dental indices; DMF score, 

Periodontal index, Plaque index and secretary IgA were 
statistically studied and the results were as follows:   

• There is a  significant negative  correlation between DMF 
score secretary IgA p = (0.001) r = -0.87, Table (13) 

• There is a significant negative  correlation between 
Periodontal index and secretary IgA p = (0.001 ) r = -0.93, 
Table (13) 

• There is a significant negative  correlation between Plaque 
index and secretary IgA p = (0.001) r = - 0.89, Table (13) 
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Table (12): Correlations between DMF, Plaque index, 
periodontal index and  Secretary IgA      

Variables Secretary IgA 
r P 

DMF score -0.87 0.001 
Plaque index -0.89 0.001 
Periodontal index -0.93 0.001 

 r: secretary IgA               valueP: Significance at 0.01 level 

Comparisons between each two groups of the study; 

Each two groups of the study were compared to each other 
concerning Dental indices   (DMF score, Periodontal index and 
Plaque index) and Secretary Ig A using t- test and the results 
were as follows: 

i- Relation between the first group and the fourth 
group(Control):       

There is a significant difference between the two groups 
concerning Dental indices p = (0.000), Table (14). 

 There is a significant difference between the two groups 
concerning Secretory IgA p = (0.000), Table (14). 
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Table (13): Comparison between the first group and the fourth 
group 

Variables 
1stgroup 4th group T-

value
Significance 

(P) Mean Standard 
deviation Mean Standard 

deviation
DMF score 8.70 1.658 4.95 1.395 7.742 0.000 
Periodontal 

index 3.90 0.308 0.80 0.768 16.76 0.000 

Plaque 
index 3.90 0.447 0.65 0.587 19.69 0.000 

Secretary 
IgA 28.04 4.695 54.7 4.889 17.39 0.000 

First group: Exposed workers for at least 10 years 
Fourth group: Control group  

ii- Relation between the  second and the  fourth group 
(control):  

• There is a significant difference between the two groups 
concerning Dental indices p = (0.000) Table (15). 

• There is  a  significant difference between the two groups 
concerning Secretary IgA p = ( 0.000) Table (15). 

Table (14): Comparison between the Second group and Fourth 
group   

Variables 
2nd  group 4th group T-

value 
Significance 

(P) Mean Standard 
deviation Mean Standard 

deviation
DMF score 7.75 1.803 4.92 1.395 5.494 0.000 
Periodontal 
index 3.30 0.865 0.80 0.768 9.670 0.000 

Plaque 
index 3.55 0.826 0.65 0.587 12.802 0.000 

Secretary 
IgA 35.18 6.47 54.76 4.889 -

10.811 0.000 

Second group: group of workers in the field of from 5 to 10 years. 
Fourth group: Control group   
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iii- Relation between the  third and the  fourth group 
(control):  

• There is a significant difference between the two groups 
concerning Dental indices p = (0.000)  Table (16). 

• There is a significant difference between the two groups 
concerning Secretary IgA p = ( 0.000) Table (16). 

Table (15): Comparison between Third group and Fourth group  

Variables 
3rd group 4th group T-

value 
Significance 

(P) Mean Standard 
deviation

Mea
n 

Standard 
deviation

DMF score 8.00 2.656 4.95 1.395 4.545 0.000 
Periodontal 
index 3.05 0.826 0.80 0.768 8.975 0.000 

Plaque 
index 3.45 0.605 0.65 0.587 14.855 0.000 

Secretary 
IgA 3.96 8.794 54.76 4.889 -7.909 0.000 

Third group: workers in the field of radiation for at least 5 years 
Fourth group: Control group 

iv- Relation between the first group and the third group:    
• There is a significant difference between the two groups 

concerning Dental indices p = (0.000), Table (17). 
• There is  a  significant difference between the two groups 

concerning Secretary IgA p = ( 0.000), Table (17). 
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Table (16): Comparison between the First group and the Third 
group  

Variables 
1st group 3rd group 

T-value Significance 
(P) Mean Standard 

deviation Mean Standard 
deviation 

DMF score 8.70 1.658 4.95 1.395 7.742 0.000 
Periodontal 
index 

3.90 0.308 0.80 0.768 16.760 0.000 

Plaque 
index 

3.90 0.447 0.65 0.587 19.693 0.000 

Secretary 
IgA 

28.04 4.695 54.76 4.889 -17.390 0.000 

First   group: workers in the field of radiation for at least 10 years 
Third group: workers in the field of radiation for at least 5 years 

V- Relation between the second group and the third group: 
• There is no significant difference between the two groups 

concerning Dental indices (DMF score, Periodontal index, 
Plaque (index) p = 0.730, p = 0.356 p = 0.665, respectively, 
Table (18). 

• There is no significant difference between the two groups 
concerning Secretary IgA p = 0.469 Table (18) 

Table (17): Comparison between the Second group and the 
Third group  

Variables 
2nd group 3rd group T-

value 
Significance 

P Mean standard 
deviation Mean standard 

deviation 
DMF score 7.75 1.803 8.00 2.656 0.348 0.730 
Periodonta

l index 
3.30 0.865 3.65 0.826 0.935 0.356 

Plaque 
index 

3.55 0.826 3.45 0.605 0.437 0.665 

Secretary 
IgA 

35.18 6.457 36.96 8.794 -0.732 0.469 

Second group:  workers in the field of radiation from 5-10        
Third group:  workers in the field of radiation for at least 5 years  
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DISCUSSION 
onizing radiation has a negative effect on living organisms 
depending on dose of radiation and duration of exposure I
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(Godekmerdan et al., 2004). 

Throughout the years, studies recorded the damaging 
effects of radiation on dental, oral structures and salivary 
glands. However, most studies have been focused on head and 
neck irradiated subjects only, limited numbers of studies 
investigated the effect of low dose ionizing radiation.. 
Occupational exposure to ionizing radiation now generally falls 
well within the currently accepted limits, and is much lower 
than it was some years ago.  

In particular, the limit of 20 mSv/year is seldom or never 
exceeded (Thierens et al., 1996). However, there is no 
established threshold for initiation of biologic changes as 
consequences of exposure to low level of radiation 
(Godekmerdan et al., 2004). In fact, some epidemiological 
studies have indicated that people occupationally exposed to 
ionizing radiation may show increased risk of leukemia (IARC, 
2000). 

Surveillance is largely based on physical control of 
operators (dosimetry). This method can effectively reveal any 
accidental overexposure, yet, it provides no information on the 
real long-term risk of low level exposure.  Consequently despite 
the technologic advances in diagnostic equipments and 
implementation of protective measures, professionals remain at 
risk of the low dose radiation to which they are exposed 
(Maffei et al., 2002). 
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Therefore, this study aimed investigating the effect of long 
term low levels of ionizing radiation on the hard and soft tissue 
structures in the oral cavity and oral microbiota and it was 
conducted on male subjects of age range from (25-45) years. 

Gender and age   range were specified, to control the 
changes that could be induced on the immune system due to age 
and gender (Percivals et al., 1994; Fenol et al., 2004 and 
Jafarzadeh et al., 2010). 

Subjects are working under protective measures and are 
subjected to periodic checks of radiation dose. All subjects were 
chosen from full occupancy area of radiation, which is the 
nearest zone of radiation source5m from the shield of radiation 
source, so that they are exposed to the highest dose of radiation 
compared the other workers.  

They were divided into four groups, three study groups 
and the fourth group that represent the control group working 
away from radiation source. The three study groups are divided 
according to the duration of radiation exposure to the first 
group (working for at least 10 years), the second group 
(working from 5 to 10 years) and the third group (working for 
at least 5 years).  

All chosen individuals were not suffering from any 
apparent health problem or any apparent oral disease that could 
affect their oral condition. 
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Oral characteristics of these subjects were investigated in 
three aspects; Microbiological, the Dental and Immunological 
aspect. 

Microbiological assessment was made to determine the 
effects of low dose long term ionizing radiation on the oral 
microbiota. The investigation resulted in isolation of aerobic, 
anaerobic bacteria and Candida albicans. From these isolated 
bacteria, Actinobacillus actinomycetimcomitans, Fusobacterium, 
and Bacteriod were found to be significantly present within the 
study groups compared to the control  group, Figure (11,12, 13) 
and Table (2,3,4 ). 

Aggregatibacter actinomycetemcomitans (Actinobacillus-
actinomycetemcomitans) was reported to be a very important 
periodontopathogen which has one of the main roles in the 
etiology of different forms of periodontal diseases. In addition a  
selected group of gram-negative anaerobic bacteria , including 
Fusobacterium, Bacteriod were proved to be frequently 
associated with periodontitis. 

This was in accordance with Han et al. (2000) who 
observed a selected group of gram-negative anaerobic bacteria 
frequently associated with periodontal diseases, including 
Actinobacillusactinomycetemcomitans, Bacteroidesforsythus, 
Campylobacter curvus, Eikenellacorrodens, Fusobacteriumnu-
cleatum, Porphyromonas gingivalis, and Prevotella intermedia 
along with oral spirochetese the most frequently isolated  from 
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infected periodontal pockets and recognized as potential 
periodontal pathogens.   

Hagewald et al. (2002) who stated that developing 
periodontal diseases isassociated with gram negative bacteria as 
Porphyromonas gingivalis, prevotella intermedia, bacteriodes 
for sythus and  Actinobacillus actinomycetemcomitans and that 
Treponema denticola have been identified as asignificant 
proportion of active periodontopathic microbiota and 
pathogenic ecology. 

Mombelli et al. (2002) who found that the presence or 
absence Actinobacillus actinomycetemcomitans, Porphyromonas 
gingivalis, Prevotella intermedia, Bacteroides forsythus, and 
Campylobacter rectus could not discriminate between subjects   
chronic periodontitis and acute aggressive periodontitis. Acute 
aggressive periodontitis was considered to be the condition of 
interest and chronic periodontitis was considered equivalent to 
'non-acute aggressive periodontitis. An additional assessment 
showed that the highly leukotoxic variant of Actinobacillus 
actinomycetemcomitans was uniquely associated with patients 
suffering from aggressive periodontitis. However, in a high 
proportion of patients diagnosed with acute aggressive 
periodontitis, the presence of this variant could not be detected. 

Niemiec (2008) who stated that initial bacteria from 
healthy sites consist of predominately non motile gram positive 
aerobic facultative rods and cocci Gingivitis is caused by an 
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increase in gram negative rods and anaerobic species .In 
established periodontal diseases gram negative rods accounts 
for approximately 74% of the microflora and finally elevated 
numbers of spirochetes were found in almost all periodontal 
pockets and anaerobic organisms compose 90%of bacterial 
species in chronic periodontal diseases 

Kesić et al. (2009) who the most important pathogenic 
microorganisms of periodontal disease are Gram negative as 
Aggregatibactera actinomycetemcomitans,  Porphyromonas 
gingivalis Prevotella intermedia Bacteroides forsythus, 
Fusobacterium nucleatum, Capnocytophaga species, 
Campylobacter rectus. Also, Eubacterium spp, Pepto-streptococcus 
micros, Selenomonasnoxia, Spirochaetes could be isolated. 

Kafilzadeh et al. (2010) who stated that, the 
Aggregatibacter actinomycetemcomitans. bacterium exists on 
dental plaques of the healthy individuals but its rate is very low 
and that, the rate of bacterium inpatient group with dental 
pockets is be higher than the prevalence rate of the bacterium in 
healthy group    

Elamin et al. (2011) whodetected the non JP2 of 
Aggregatibacter actinomycetemcomitans.  subgingival plaque 
of aggressive periodontitis cases compared to the control 
subjects  and concluded that Aggregatibacter actinomycetem-
comitans. is a useful marker of increased risk of development of 
aggressive periodontitis.  
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Moreover, it was reported that radiotherapy causes 
hyposalivation which may affect the oral microbiota leading to 
a major imbalance of the ecosystem.  The previously mentioned 
bacteria (Aggregatibacter actinomycetemcomitans., Fusoba-
cterium, and Bacteriod) were isolated from microflora after 
radiation exposure 

Leung et al. (1998), investigated  the sub gingival plaque 
microorganisms of shallow pockets (≤5 mm) in subjects who 
previously received irradiation in the head and neck region for 
treatment of nasopharyngeal carcinoma. The findings appear to 
suggest that the major components of the sub gingival micro 
flora of shallow sites in previously head-and neck-irradiated 
individuals are similar to that of gingivitis sites in the normal 
population although they may contain bacterial or fungal 
species uncommon in normal subjects   Under the microscope, 
the micro flora was found to be a complex mixture comprising 
gram-positive and gram-negative cocci, rods and filaments, 
fusiforms, curved rods and spirochetes. Low level of fungi was 
observed and mycelia were occasionally detected. The 
predominant cultivable microflora comprised several species of 
facultative and obligate anaerobic bacteria:  

Gemella, Peptostreptococcus, Staphylococus, Stomatococcu, 
Streptococcus, Actinomyces, Eubacterium, Lactobacillus, 
Propionibacterium, Neisseria, Veillonella, Bacteroides, 
Campylobacter, Capnocytophaga, Fusobacterium, Kingella, 
Porphyromonas and Prevotella species.   
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Andrews and Griffiths (2001) noted   significant increase 
in numbers of Streptococcus mutans and Lactobacillus species 
at the expense of  Streptococcus sangius. Furthermore, increase 
of Neisseria, Fusobacterium and Actinomomyces population. 

Hommez et al. (2008) evaluated the microflora in root 
canals of necrotic teeth after radiotherapy of the head and neck 
region and  detected  mainly subspecies of Lactobacillus spp., 
Capnocytophaga spp., and Actinomyces spp.)   and concluded 
that, the diversity of root canal microflora increases 
significantly,   after head-neck radiotherapy 

Meurman (2010) stated that, In a study from 
Sweden, Candida albicans was found in one or more sites in 
54% of the subjects who had received radiotherapy to the head 
and neck in comparison to 15% of the controls. These patients 
also harbored enterococci in 38% versus none of the 
controls. Lactobacillus spp. was detected in 92% of the subjects 
and the proportion of the species was high compared with the 
controls. Mutants streptococci were also detected in high 
numbers; 31% in the patients vs. 23% in controls. On the other 
hand, in a study from China, mutants streptococci were not 
isolated in radiotherapy patients while lactobacilli, S. 
mitis  and S. salivarius was the predominant caries-related oral 
bacteria following radiotherapy   and added that, Bacteria in 
gingival pockets in head- and neck-irradiated patients have also 
been investigated. A comprehensive study from Hong Kong 
showed that the major components of sub-gingival microbiota 
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appear similar to that of gingivitis sites in the normal 
population although among the radiotherapy patients bacterial 
or fungal species uncommon in normal subjects were also 
detected. 

These species included microorganisms such as Gemella, 
Peptostreptococcus, Staphylococcus, Stomatococcus, Streptococcus 
Actinomyces, Eubacterium, Lactobacillus, Propionibacterium, 
Neisseria, Veillonella, Bacteroides, Campylobacter, 
Capnocytophaga,  Fusobacterium, Kingella, Porphyromonas and 
Prevotella. 

Furthermore, Dental assessment recorded high significant 
difference between Dental indices(DMF index, the periodontal 
index and plaque index)within the study  groups in comparison 
with the control group. The highest  level was observed in the 
first group compared to the other groups  since workers of that 
group are subjected to the longest radiation  duration (at least 
10 years), Figures  (19, 20, 21), Table (11). 

The mentioned findings suggest presence of high incidence 
of periodontitis among the study groups compared to control 
group. 

Concerning the Immunological aspect, saliva samples were 
taken from all subjects in both the study groups and the control 
group. The choice of saliva analysis was due to its advantage as 
a distinctive diagnostic tool (Greabu et al., 2009). 
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Saliva offers an alternative to serum as a biologic fluid that 
can be analyzed for diagnostic purposes. Whole saliva contains 
locally produced as well as serum-derived markers that have 
been found to be useful in the diagnosis of a variety of systemic 
disorders; it can be collected non-invasively, and by individuals 
with limited training. No special equipment is needed for 
collection of the fluid.  The analysis of saliva is potentially 
valuable for children and older adults, since collection of the 
fluid is associated with fewer compliance problems as 
compared with the collection of blood. Furthermore, analysis of 
saliva may provide a cost effective approach for the screening 
of large populatirbidimetryons (Kauffman and Lamster, 
2002). 

Evaluation of SIgA levels in particular was made since 
Secretory IgA is the primary immunoglobulin bathing mucosal 
surfaces and is the first line of defense. Naturally occurring 
SIgA antibodies to many different antigens (oral, ocular and 
respiratory microorganisms) are present in mucosal fluid and 
may serve as major immunological defense against infection 
(Doifode and Damle, 2011). These antibodies may control the 
oral microbiota by reducing the adherence of bacteria to the oral 
mucosa and teeth (Marcotte and Lavoie, 1998). Furthermore, 
radiation exposure affects the level of SIgA, therefore, 
determination of the SIgA levels could be an aid in studying the 
changes in the oral characteristics that occur on the subjects of 
this study. 
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The SIgA levels were determined using immunoturbidimetry. 
The principle of the immunoturbidimetry is that IgA antibodies 
when mixed with the samples containing IgA form insoluble 
complexes These complexes cause an absorbance in the 
spectrophotometer, dependent on the IgA concentration of the 
sample the reading in the spectrophotometer. The reading can be 
compared with calibrator of known IgA which was human serum 
in this study 

Regarding this study, the level of SIgA of the study groups 
was lower than the control group. This was in agreement with 
(Marks et al., 1981). However, controversial to (Funegard et 
al., 1994 and Hofer et al., 2004) who reported higher level of 
SIgA in individuals after exposure to radiation. However, these 
researches investigated  SIgA of individuals exposed to high 
dose of radiation for a short time (head and neck irradiated) in 
contrast to the subjects of our study that are exposed to low 
dose of radiation within a long time. Additionally significant 
negative correlation between SIgA and each of DMF index, 
Periodontal index and Plaque index was reported. 

This was in agreement with (Cogulu et al , 2006) who 
found negative correlation SIgA and DMF index and 
(Chawada et al , 2010), who reported a significant inverse 
correlation was found between SIgA and the caries activity 
based on DMFT scores and suggested that the secretary 
immune system provides local immune protection against 
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cariogenic organisms in the oral environment and ultimately 
prevents dental caries   

In contrast, Godekmerdan et al. (2004) found no 
dependence between SIgA and dental caries. In addition, 
Kaufman and Lamster (2002) reported, no significant 
correlation between SIgA and gingival index, plague index and 
pocket depth. Such correlation analyses are complicated by the 
high intrinsic variability in levels of secretory SIgA between 
individuals and within the same individual over short and long 
periods.  

The present study was conducted on workers subjected to 
long term low dose of ionizing radiation. Those subjects are 
liable to higher risk of infection by extracellular agents. 
(Godekmerdan et al., 2004). In the same time, the reported 
lower level of SIgA is considered to be an important part of an 
integrated assessment of oral risk environment (Rhaskova et 
al., 2010) and indicated an increased susceptibility to caries and 
periodontal diseases (Marcotte and Lavoie, 1998 and 
Jafarzadeh et al., 2010). 

This could be an explanation to the recorded results of the 
microbiological and the dental assessments as well as the 
negative correlation between SIgA and the dental indices 
investigated in this study.  
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On the other hand, the reported contradiction from the other 
studies could be due to difference in radiation type, energy, 
intensity, dose and exposure time (Brant et al., 1999 and Magae 
et al., 2003). Furthermore, it  may be due to different sampling 
methods, different criteria for patient selection, and different 
laboratory tests used between the studies. Moreover, the 
concentration of salivary immunoglobulin may change depending 
upon the salivary flow rate, hormonal factors, emotional states, 
and physical activity (Chawada et al., 2010). 
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SUMMARY AND CONCLUSIONS 
adiation exposure has hazardous effects on human health 

which depend on dose of radiation and duration of 

exposure. Despite there is no established threshold for initiation 

of biologic changes as consequence of low levels of radiation, 

only limited numbers of studies investigated the effect of 

occupational exposure to low dose long term ionizing radiation.  

This study was designed to investigate   the effect of low 

dose long term exposure on the oral characteristics of the 

workers in radiation field. The study was carried out on  male 

subjects with age ranging from 25- 45 years working in 

National Center for Radiation Research and Technology 

(NCRRT)  under protective measures  and subjected to low 

dose long term of ionizing radiation.  

The subjects were divided to 4 groups the first three 

groups represent the study groups and includes subjects 

working in radiation field and a fourth group which is the 

control group and includes subjects working away from 

radiation field).   

Study groups  were  divided according to duration of 

working time into: First  group including 20 subjects working 

for at least 10 years, Second group including 20 subjects 

R 
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working from 5-10 years and Third group including subjects 

working for  at least 5 years. The investigation in both.   

Study and Control groups was made via, immunological 
assessment by determination of the level of secretory 
immunoglobulin A (SIgA), microbiological assessment via 
detection of aerobic, anaerobic bacteria and Candida albicans 
and by dental assessment through determination of dental 
indices(Decayed  Missed –Filled (DMF) index, periodontal 
index and Plague index). 

The results of this study reported the following: 

-  There is a significant difference between the study groups 
and the controls groups concerning the presence and absence 
of Aggregatibacter actinomycetemcomitans. p= (0.010),   
Fusobacterium p = (0.012) and Bacteriod p= (0.02).  

-  There is no significance difference between the  study 
groups and controls concerning the presence and absence of  
Streptococus  Mutans p= (0.999), Staphyloccocus . auries 
p=(0.196), Pseudomanas aerogonsa p=(0. 825) E. Coli 
p=(0.568 ) and Candida Alibcans p=(o.606).        

 -  There is a significant difference between the four  groups 
concerning, DMF score p =(0.000), Periodontal index p 
=(0.000),  Plague index   p=(0.000).             

 

-  There is There is a significant difference between the four   
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groups concerning Secretory IgA  p =(0.000). 

-  There is a  significant negative  correlation between DMF 
score secretary IgA p=(0.001)    r= -0.87.    

-  There is a significant negative correlation between 
Periodontal index and secretary IgA p=(0.001) r= -0.93.  

-  There is a significant negative  correlation between Plague 
index and secretary IgA  p=(0.001) r= - 0.89.   

-  There is a significant difference between the first group and 
the fourth group (Control) concerning Dental indices  
p =(0.000) and concerning Secretory IgA p=(0.000). 

-  There is a significant difference between the second and the  
fourth group (control) concerning Dental indices p =(0.000) 
and concerning Secretary IgA p=(0.000).  

-   There is a significant difference between the  third and the  
fourth group (control) concerning Dental indices p 
=(0.000)and concerning Secretary IgA p=( 0.000). 

- There is a significant difference between the first and the  
third and the  Fourth group (control) concerning  Dental 
indices p =(0.000) and concerning Secretary IgA p=(0.000).  

 -  There is no significant   difference between the second and 
third group concerning Dental indices; DMF score, 
Periodontal  index,  Plaque  index p=0.730, p=0.437,  p=0.437 
respectively   and   concerning Secretary IgA p= -0.732.   
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Conclusions 

Within the limits of this study, it was concluded that 

1- Low dose long term ionizing radiation has a significant 
effect the level of SIgA. 

2-  Low dose long term ionizing radiation   affects the presence 
and absence of Aggregatibacter  actinomycetemcomitans,   
Fusobacterium   and Bacteriod. 

3-  Low dose long term ionizing radiation has a no significant 
effect on the presence and absence of  Streptococus  mutans, 
Staphyloccocus auries, Pseudomanas aerogonsa,   E.coli  and 
Candida alibcans. 

4-  Low dose long term ionizing radiation has a significant 
effect Dental Indices (DMF index, Periodontal index and, 
Plaque index). 

So according to this study workers in Gamma irradiation 
hall National center for radiation research and technology 
NCRRT  subjected to low dose long term of ionizing radiation 
were found to be at higher risk to caries and periodontal 
diseases compared to the controls. 
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RECOMMENDATIONS 
 

- Further studies should be made on the effects of the 

occupational exposure to different low doses of radiation for 

different durations on oral health  

- Further studies should be made on the effects of the 

occupational exposure to different low doses of radiation 

using different methods of assessment 

- Further studies should be made on the effects of the 

occupational exposure to different low doses of radiation on 

larger numbers of subjects 

- Workers in the field of radiation should be subjected to 

periodic investigation for early detection of any hazards 
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  الملخص العربى
 أصبحت األخيرة اآلونة وفى اإلشعاع، من مختلفة ادرلمص اإلنسان يتعرض

تخدامات عاع اس ن اإلش رورات م ة الض ا اليومي ى أدى مم اد إل ر ازدي أثير خط  الت
عاعي ى اإلش ان صحة عل الرغم اإلنس ن ب تخدام م ائل اس ة وس ة الحماي  نأو المختلف

 أثيرًات  اإلشعاع يشكل والذى لإلنسان العامة الصحة من يتجزأ ال جزء هى الفم صحة
  .عليها ملموسًا

دة  الصغيرة الجرعة ذو اإلشعاعي التأثير لدراسة البحث ويتعرض ة  لم  زمني
ة ى طويل ة عل م حال املين الف ى للع ال ف عاع مج د اإلش ارك ولق ى ش ذا ف  3 البحث ه

ات ية مجموع ة( رئيس ث مجموع ة) البح ة ومجموع ابطة( رابع وى) الض  وتحت
ا  وتنقسم  اإلشعاع  مجال ىف العاملين من شخص 60 على البحث مجموعة رة  طبق  لفت
 مجال  فى  العاملين وتشمل شخص 20 على وتحتوى األولي المجموعة إلى التعرض
 وتشمل  شخص  20 على وتحتوى الثانية المجموعة سنوات، 10 األقل على اإلشعاع
املين ن الع نوات 10-5 م ة س ة والمجموع وى الثالث ى وتحت مل شخص 20 عل  وتش
ة  المجموعة  ،أما سنوات 5 األقل على العاملين وى  فهى ) الضابطة ( الرابع ى  تحت  عل

  .لهم اجرى المجموعات آافة اإلشعاع مجال غير في العاملين وتشمل شخص 20
  .اللعاب فى أ جلوبين مستوى قياس -أ
  .الكنديداالبيكنس فطر وآذلك هوائية وال الهوائية للبكتيريا زراعة -ب
  .الجير تكوين ومعامل لةالخلخ لمعامل  التسوس، لمعامل قياس -جـ

ة  الثانية ، األولي المجموعة( البحث مجموعة بين النتائج مقارنة تم ولقد ) والثالث
  ) .الرابعة المجموعة( الضابطة والمجموعة



 الملخص العربى

 

  :  الدراسة نتائج
  : الضابطة بالمجموعة مقارنة البحث بمجموعة الخاصه النتائج أوصت

  . ملحوظ شكلب اللعاب في المناعة جلوين مستوي قلة. 1
  .ملحوظ بشكل الفيزوبكتريموالبكتيرويد االآتينوميسيتمكوميتانس، بكتريا وجود. 2
ة  معامل  التسويس، لمعامل الحسابي المؤثر في ملحوظ تغير وجود. 3 ذلك  الخلخل  وآ

  .الجير تكوين معامل

  :  االستنتاجات
  -:األتي نستنتج أن يمكن الدراسة إلجراء أتيحت التي الحدود  إطار في

  .اللعاب في أ  المناعة جلوبين مستوي علي ملحوظ بشكل اإلشعاع يؤثر -
ؤثر - عاع ي كل اإلش وظ بش ي ملح ود عل ا وج يتمكوميتانس، بكتري  االآتينوميس

  .البكترويد وآذلك الفيزوبكتريم
ي  ملحوظ  بشكل اإلشعاع يؤثر - نان،  تسوس  معامل  عل ه  معامل  األس  األسنان  خلخل

  .يرالج تكوين  معامل وآذلك
ن ذا وم تنتج ه أثير  أن نس عاع ت وني اإلش ة ذو األي غيرة الجرع رة الص  لفت

رض ة تع ة زمني ؤثر طويل ي ي ام عل ة األجس ويبن  المناعي ي  أ جل اب ف   اللع
  .الجير تكوين ومعامل األسنان وخلخله تسوس علي آذلك الفم وميكروبيولوجيا

  

  



 

 

  صفحة الموافقة علي الرسالة
  عاملين في مجال اإلشعاعدراسة خصائص حالة الفم لل
  

  رسالة مقدمة من الطالبة
  رضوي عبد الباسط إبراهيم سالم
  1993القاهرة جامعــة  بكالوريوس طب وجراحة الفم واألسنان ـ آلية طب الفم واألسنان ـ 

  2003اإلسكندرية جامعــة  ـ ماجستير تقويم أسنان ـ آلية طب الفم واألسنان
  

  درجة دآتوراه فلسفة  الستكمال متطلبات الحصول علي
  قسم العلوم الطبية البيئية  - في علوم البيئة  

  : وقد تمت مناقشة  الرسالة والموافقة عليها 
  التوقيع                :اللجنة 
    خالد عاطف عبد الغفار / د.ا -1

  أستاذ ورئيس قسم طب الفم وعالج اللثة ـ آلية طب األسنان     
  جامعة عين شمس       

  الشحات عطيه عاطف/ د.ا -2
  أستاذ طب الفم وعالج اللثة ـ آلية طب األسنان    

  جامعة القاهرة      
  محمود سري البخاري / د.ا -3

  أستاذ ورئيس قسم العلوم الطبية ـ معهد الدراسات والبحوث البيئية      
  جامعة عين شمس       

  هالة إبراهيم عوض اهللا./د -4
  طبية البيئية ـ معهد الدراسات والبحوث البيئية أستاذ مساعد بقسم العلوم ال     

  جامعة عين شمس       
2012  
  

  دراسة خصائص حالة الفم للعاملين في مجال اإلشعاع
    

  رسالة مقدمة من الطالبة
  رضوي عبد الباسط إبراهيم سالم
  1993القاهرة جامعــة  بكالوريوس طب وجراحة الفم واألسنان ـ آلية طب الفم واألسنان ـ 

  2003اإلسكندرية جامعــة  ـ ماجستير تقويم أسنان ـ آلية طب الفم واألسنان
  

  الستكمال متطلبات الحصول علي درجة دآتوراه فلسفة
  قسم العلوم الطبية البيئية - في علوم البيئة

  :تحت إشراف
    خالد عاطف عبد الغفار / د.ا -1



 

 

  أستاذ طب الفم وعالج اللثة ـ آلية طب األسنان     
  جامعة عين شمس       
  عبد المنعم سيد بشندي/ د.ا -2

  أستاذ الميكروبيولوجي ـ المرآز القومي لبحوث التكنولوجيا واإلشعاع    
  هالة إبراهيم عوض اهللا./د -3

  أستاذ مساعد بقسم العلوم الطبية البيئية ـ معهد الدراسات والبحوث البيئية      
  جامعة عين شمس       

  جاجمحمد جابرح./د -4
  المرآز القومي لبحوث التكنولوجيا واإلشعاعمدرس طب الفم وعالج اللثة ـ     

  
  ختم اإلجازة 

  2012   /    /أجيزت الرسالة بتاريخ   
  موافقة مجلس المعهد                                  موافقة الجامعة

     /    /2012                                       /     /2012  
  دراسة خصائص حالة الفم للعاملين في مجال اإلشعاع

  
  

  رسالة مقدمة من الطالبة
  رضوي عبد الباسط إبراهيم سالم
  1993القاهرة جامعــة  بكالوريوس طب وجراحة الفم واألسنان ـ آلية طب الفم واألسنان ـ 

  2003اإلسكندرية جامعــة  ـ ماجستير تقويم أسنان ـ آلية طب الفم واألسنان

  استكمال متطلبات الحصول علي درجة دآتوراه فلسفة
  في علوم البيئة

  
  الستكمال متطلبات الحصول علي درجة دآتوراه فلسفة

  في علوم البيئة
  
  

  قسم العلوم الطبية البيئية
  معهد الدراسات والبحوث البيئية

  جامعة عين شمس
  
  
  
  
  

2012 



 

 



 

 

 

 
 صلخستالم

 
ة  دراسة البحث  أستهدف  م  حال ام الف المرآز  اإلشعاع مجال  فى  لينللع ومى  ب  لبحوث الق

ك  طويلة لفترات اإلشعاع من صغيرة لجرعات والمتعرضون واإلشعاع التكنولوجيا  خالل  من  وذل
الث ات ث ية مجموع ة( رئيس ث مجموع ة)  البح ة ومجموع ابطة( رابع وى) الض ة(وتحت  مجموع
ث ى ) البح خص  60 عل ن  ش املين  م ي  الع ال ف عاع  مج م  اإلش ا  وتنقس رة ل طبق رض  فت ى  التع  إل

ة  ى المجموع وى األول ى  وتحت خص  20 عل مل ش املين وتش ى  الع ال ف عاع مج ى اإلش  عل
ل نوات10األق ة ، س ة المجموع وى الثاني ى وتحت مل شخص  20 عل املين وتش ن الع ى 5 م  10 إل
املين  وتشمل  شخص  20 على وتحتوى الثالثة والمجموعة سنوات ى  الع ل  عل ا  ، سنوات  5 األق  أم

ة ا المجموعة ـوى  فهى ) الضابطـة ( لرابع ى  تحتـ املين  تشمل  و شخص  20 عل ر  في  الع  مجال  غي
ة     أ، جلوبين مستوى قياس لهم أجري المجموعتين آال. اإلشعاع ة والالهوائي ا الهوائي زراعة بكتيري

ة  ، التسوس  لمعامل  قياس وآذلك وفطر الكنديدا البيكنس وين  الخلخل ر  وتك ائج  أوضحت .  الجي  النت
 ، اللعاب  فى أ المناعة جلوبين مستوى قلة ،عة البحث مقارنة بالمجموعة الضابطة بمجمو الخاصة
ر  وجود وآذلك والبكتيرويد الفيزوبكتريم ، آوميتانس ميسيتم األآتينو بكتريا وجود  فى  ملحوظ  تغي

ر ابي المؤش ل الحس وس، لمعام ل الس ة معام ل الخلخل وين ومعام ر تك تنتج. الجي ن نس  أن ذك م
ات  التسوس  ألمراض  عرضة  أآثر واإلشعاع التكنولوجيا لبحوث القومى رآزبالم العاملين  والتهاب
  .األسنان تخلخل وآذلك باللثة المحيطة األغشية

  

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 



 

 

 

 



 

 

 

 



 

 

 



 

 

 

 



 

 

 

 

 


