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Abstract

The study aims to identify political participation in localities, and the most important challenges associated with this
participation. Also, the research interest to find out the ability of the political system to motivate the citizens to participate
in politics. The study covered a number of axes, namely:

e The most important legislation and procedures organizing the political participation process in localities.
e The electoral process for local units, to determine the nature of citizen participation
e The procedures regulating the participation of civil society in decisions' making at the local level.

The study concluded that, the civil society should be made aware of participation in the decision-making process, to
achieve democracy at the local level, and play an active role in local participation in decision-making..

Keywords: local participation, civil society, municipal election, law 59 .
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Abstract

This working paper is based on the assumption that the improvement of the levels of economic performance in a country
with its oil wealth, such as Libya, would put solutions to the country's political and security problems. This paper adopted
the descriptive analysis approach and the comparative analysis to show the effect of the economy on the political stability
of the countries of the so-called Arab Spring, and an attempt to understand the state of insecurity and the deterioration of
living conditions that coincided with the transitional periods of the Libyan state, focusing on: Social and economic stability,
Fairness in income distribution, Achieving full employment. The study concluded that the citizen in Libya suffers from a
deterioration in the standard of living. The result of structural imbalances inherited in service institutions, especially
economic sectors, has resulted in budget deficits and high rates of unemployment among young people, lack of
transparency, widespread corruption, a complete breakdown of institutional requirements, political deficiencies, and a
deteriorating security situation. This is what the rest of the Arab Spring suffers from, despite the fact that it has young,
educated human capital. In addition to wealth, capabilities, and experiences at home and abroad that are able to carry out
the development goals in these countries. The study concluded the need to reduce the transitional phase in these countries
and achieve a democratic system of government that provides an economic climate that contributes to maximizing the
benefits of the national wealth, especially in Libya.

Keywords: Political stability, Social and economic stability, Fairness in income distribution, Achieving full employment,
Libya.
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Abstract

The research aims to shed light on the importance of Small and Micro Enterprises and their contribution to the Libyan
economy, also to clarify the relationship between their effectiveness and economic development, and through a field study
shows the importance of Small and Micro Enterprises in Libya by contributing to the development process through
improving and raising the standard of living. Providing job opportunities and fighting unemployment, however, its role
remained limited due to a range of obstacles and difficulties. The research has contributed to provide a set of
recommendations to contribute to overcome these difficulties to raise the performance of this type of projects and to
contribute more effectively to the development process in Libya.

Keywords: Small Enterprises, Micro Enterprises, Economic Development, Libya.
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Abstract

The study's problem included the incompatibility between the outputs of technical education and the current and future
needs of the Libyan labor market. It also aimed to know the suitability of current and future technical education outputs to
ensure that most graduates obtain employment opportunities in the Libyan market using the descriptive analytical approach
to contribute to proposing solutions that may be useful in advancing technical education outputs in Libya in line with the
needs of the market, as the study relied on data available during The period between (1987 - 2012) and the study concluded
to several results, including a decrease in the number of graduates of technical colleges during the period (2010 to 2012).

This decrease is due to the inferiority (social) of these institutes and colleges and their comparison with the scientific,
humanities and social sciences.

Keywords: Education, Technical, Labor, Market, Libya .
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Abstract

The purpose of the research is to know the financial analysis role in limitation of credit risks. In order to achieve the
research's goal and test its hypotheses, the research depended upon descriptive analytical method. A questioner has been
developed specialized for research goal and distributed on simple random sample consist of (62) individuals from credit
employees, financial analysis and credit decisions maker in commercial banks in Benghazi city. The data has been
processed using statistical program (SPSS). The research achieved some important results: there is a role of financial
analysis for limitation of credit risks using cash percentages, activity percentage, debit percentage, profit, cash influx and
directional analysis. Whereas, there is not any role of financial analysis using market percentages and prediction forms for
financial failure for limitation of credit risks.

Keywords: Financial analysis, Financial Ratios, Credit Risks .
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Abstract

This study aims to identify the role of internal control systems in reducing the risks of electronic payment methods in
Libyan commercial banks. For this purpose, a questionnaire was used to collect data from the study sample. The study used
descriptive statistics methods by using iterations and percentages to describe the study sample. Also, it relied on inferred
statistics by using a one-sample t-test. The finding showed that there is a role for internal control systems in reducing the
risks of electronic payment methods in Libyan commercial banks. Consequently, several recommendations were
recommended, and the most important of which is addressing the risks that were not taken into account in this study, to
increase the knowledge about this topic.
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Abstract

This paper aims to shed light on the policy of targeting inflation. As amodern monetary policy was applied for the first time
in 1990, where it was adopted by many developed countries and emerging markets, with focusing on the most important
requirements of the adoption of this policy and its advantages, in addition to the experiences of some countries applying it.
This paper found that this policy despite its modernity, succeeded in the countries that have applied it, where inflation rates
have fallen, and in return achieved good economic growtg rates.It also concluded that to judge on the effectiveness of the
targeting inflation policy in any country is related to the availability of the conditions of applying the policy in that country.

Keywords: inflation targeting policy, independence, transparency, exchange rate targeting .
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Abstract

This is an analytical study aimed to identify the Factors Influence on Libyan External Auditor Independence. The study
objective is to determine the most important factors Influence on Libyan External Auditor Independence which was as
follow. Audit fees, Non audit fees, Auditor office size, Client size, Audit Tenure, Audit profession Regulations,
competition of audit market, and Audit committees. The results showed that a positive relationship between audit fees,
Non audit fees, Audit profession Regulations, competition of audit market, and Audit committees, In addition, there is a
Negative relationship between Auditor office size, Client size, Audit Tenure.
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Abstract

The main objective of the research is to study the long-run relationship between the real exchange rate of the Libyan dinar
and its basic determinants during the period 1970-2010. To achieve this goal, the cointegration test was used based on the
ARDL approach. The Dickey Fuller test (ADF) was also used to test the unit root of the variables and its findings indicate
that all variables (openness, government expenditure, investment, technical progress, and terms of trade) in the estimated
model are stable in their first differences, all of which were leading to a appreciate Real exchange rate in the long-run, and
statistically significant, except for the terms of trade. Also, the error correction model was applied to estimate the short-run
relationship and the results indicate that the error correction term is negative, statistically significant, and its value is
somewhat high and is about - 0.60 and this indicates that, about 60% from disequilibrium in the previous year, is corrected
in the following year, on each shock.

Keywords: real exchange rate, unit root, cointegration, real GDP, terms of trade.
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Abstract

The study examined the effect of the Internet on the value structure of the Libyan society. The study included two types of
variables representing the independent variable in the use of the Internet, which was measured by the intensity of use and
the quality of programs. The dependent variable represented the effect of the Internet on some of the respondents’ values of
cultural identity and citizenship And social cohesion.

The study was based on the sample survey method as a method of collecting the study data by withdrawing it to a
representative sample of the study society which amounted to 278 students of the faculty of literature and sciences at
Benghazi University. (SPSS) box using the statistical program.

The study found that the Internet did not negatively affect the values of Libyan society by testing the hypotheses that
showed no relationship between the use of the Internet and the change in the values studied in the study, except for the
value of social cohesion, because sitting on the Internet reduced the chances of real communication With family, relatives
and friends who, of course, deprived them of meeting, talking and dialogue in all walks of life, as well as enjoying the
family atmosphere, which isfull of warmth and emotion.

Keywords: the internet -Value System-Libyan Society
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Abstract

Aim of the study was conducted investigate the effect of Allelopathy of aqueous extracts of leaves, flower and fruits of
elaterium (L.) A. rich at concentrations of 0.5%, 5% and 50% on seed germination and seedling development of Radish
(Raphanus sativus L.). The results showed a difference in the Allelopathic effects on seed germination and development of
seedling, indicating that extracts of leaves, flowers and fruits have an effect on reducing the percentage of germination and
growth of the radical, especially at the concentration of 50% where germination was very low and sometimes completely
inhabited. At 5%, concentration the effect was moderate while at 0.5% the effect was positive. The results also showed that
the leaves extract had a higher effect compared to the effect of flowers and fruits extracts.

Keywords: Ecbalium; Development of Radish, Seed Germination, Allelopathic Effects, Development of Seedling.
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Abstract

In this contribution recent developments in the design and application of Ru/Pd, Ru/Pt photocatalysts for the generation of
hydrogen via intramolecular processes are assessed. The basic concepts of such assemblies are discussed together with an
overview of the factors and molecular issues that affect their potential as photocatalysts. Issues that so far have limited
progress are discussed and suggestions for future directions are made. The extent of localization of the emissive excited
state was determined by HPLC chromatography and same wavelengths; however, whereas for Ru/Pd the emission is based
on the Ru(tpy)CI- center, for Ru/Pt the emissive state is localized on the Ru(bpy), unit. This indicates that also in the
excited state there is efficient interaction between the two metal centers was characterized by both HPLC, Spectroscopy.

Keywords: Ru/Pd, Ru/Pt, photocatalysts, HPLC, Photolysis, Spectroscopy.

and tpy (2,6-bis(pyridin-2’-yl)-pyridine) as peripheral ligands of

1. INTRODUCTION

Ru-polypyridyl complexes are widely selected as the
photosensitiser, while Pt- or Pd-based moieties bound via a
bridging ligand are attractive catalytic centers due to their low
overpotential for proton reduction . As proton reduction into H,
generation requires the accumulation of two electrons at the
catalyst, the common design strategy is based on the bridging
ligand functioning as an electron storage reservoir for the first
photo-excited electron®3*°%, The reactivity of such assemblies
depends on the structure of the individual components’®9°,
Ideally, light-induced electron transfer from the photosensitiser
via the bridging ligand to the catalyst should occur with a high
quantum yield for efficient H,

generation. However, this is not always the case. We have

recently observed for a series of Ru/Pd and Ru/Pt photocatalysts
that photoexcitation not only leads to population of Franck-
Condon states localised on the bridging ligand, but also of states
localised on the peripheral ligands'***%. A similar effect has
been observed by others for a related Ru/Pd complex* the
synthesis were reported®.

The characterization of two binuclear complexes of ruthenium
Pd, ruthenium and Pt containing both (bpy) (2,2’-bipyridine)

*Correspondence:

Dr. Hamid M. Younis
Faculty of Science, University of Sirte, Libya.
hamid. younis@su.edu.ly

the  general  formula  The  compound  [(tbbipy),
Ru(tpphz)PdCI,](PFg), 1. where tbbipy = 4,4’-di-tert-butyl-
2,2’-bipyridine and tpphz = tetrapyrido [3,2-a:2,3’-c:377,2’-
h:2°>’.3”’-j]phenazine 1, and Ru/Pt complex with 4,7-
diphenyl-1,10-phenanthroline peripheral ligands RuPt 2.
(Figure 1). In compounds 1 and 2 the bridging ligand 3,5-
bis(pyridin-2>-yl)-1,2,4-triazolato (bpt) is egatively charged. 7
In contrast to related pseudo-symmetric systems”®, in complex
1 and complex 2 the non-bridging polypyridyl ligands at each
center are geometrically and photophysically distinct, i.e. (bpy),
vs (tpy)Cl. The extent and directionality of the interaction
between the triazolato bridged metal centers is found to be
highly dependent on the nature of the metal center. The
corresponding  deuteriated  isotopologues complex 1 and
complex 2 were prepared to facilitate assignment of the
chemical shifts of the protons in the bridging (bpt) ligand and
(tpy) peripheral ligand as well as the vibrational and electronic
spectroscopic features. The results obtained show that in these
systems the location of the lowest emissive excited state and the
first oxidation can be switched by judicious choice of the metal
centers. Importantly this can be done with only minimal
perturbation of the photophysical properties including electronic
absorption and emission spectra®®.
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2. Experimental Section

Material and Methods

All complexes investigated were synthesized by and received
from Prof Sven Rau research group Erlangen, Germany. All
samples were used as received, with no further purification. All
solvents employed in spectroscopic measurements were of
spectroscopic grade (Sigma-Aldrich). All other solvents were of
HPLC grade or better. cis-Ru(bpy),Cl,.2H,0," Ru
(dsbpy).Cl,.2H,0, Pt(bpy).Cl,"® and Ru(tpy)Cls, ** dg-bpy *°
and 3,5-bis(pyridin-2-yl)-1,2,4-triazole (Hbpt)** were prepared
by reported procedures. Gold colloid for SERS measurements
were prepared by standard methods.?

Table 1 Spectroscopic and electrochemical data for complexes 1
and 2 and related analogs, solutions purged with Ar at 298 K.

UV/V is absorption and emission
spectroscopy:

UV—Vis absorption spectra were recorded on a Shimadzu 3100
UV-Vis instrument with 1-cm quartz cells in spec grade DCM,
ethanol or acetonitrile (Aldrich). Emission spectra were
collected on a Perkin-Elmer LS50B luminescence spectrometer
equipped with a red sensitive Hamamatsu R928 detector using
1-cm quartz 4 sided cell. Emission and excitation slit widths
were typically 3, 5 or 10nm depending on individual
circumstances.

Electronic absorption and emission data for the mononuclear
and dinuclear complexes are listed in Table 1. All complexes
exhibit absorption and emission properties that are characteristic
of ruthenium(Il) and Platinum (I1) based polypyridyl complexes
with triazolato containing bridging ligands 2.

The absorption spectra for complex 1 and complex 2 are shown
in Figure 2. The shoulder at ca. 522 nm is typical for ruthenium
(11) (N5) chlorido complexes %*2*, The absorptions >570 nm are
assigned to 3MLCT transitions in the case of complex 2,
however for complex 1 a significant absorption is observed in

complexes Absorption Emission
P A /0 (& / 10°Mem™) | A /M
RuPd 1 470 (0.95), 465 (1.55) 755
RuPt 2 481 (0.69), 606 (0.40) 766
this region also which are reminscent of the absorption
spectrum of [Ru(tpy),]** %.

In the UV region (< 350 nm) the absorptions are assigned to z-
n* intra-ligand electronic transitions associated with the (bpy),
(tpy) and bridging triazolato ligands,?*?"whereas those in the
visble region (400-570 nm) are assigned to *MLCT (metal
ligand charge transfer) transitions %,
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Figure 1. Absorption, Emission spectra photolysis of
complex 1 RuPd A,,., 470 nm (blue line) and RuPt complex
2 Amax 481 nm (Red line) in CH;CN.

The emission spectra of both complex 1 and complex 2 show
maxima at 755 nm and 766 nm, respectively (Figure 2). In both
cases the emission energy and lifetime (Table 1) is typical of
emission from a SMLCT excited state, either localized on a
(bpy) or on a (tpy) ligand. The near coincidence in energy of the
emission of the two complexes could suggest that the emission
is localized at the same metal center for both complexes, i.e. the
[Ru(tpy)CI]* center.

However, the differences in emission lifetimes and intensities
indicate otherwise. For complex 1, the emissive *MLCT state is
assigned to be localized on the [Ru(tpy)CI]* moiety on the basis
that the related complex 2%, [(tbbipy), Ru(tpphz)PdCl,] (PF),
1 has an emission maximum at 755 nm (Table 1), the
substitution of the (bpy) ligand of [Ru(tpy)(bpy)CI]" with the
strongly c-donating triazolato ligand will raise the energy of the
®MC excited state which is typically the major excited state
deactivation channel for ruthenium(l1) polypyridyl complexes.
Furthermore the relatively higher intensity of emission for
complex 2 over complex 1 despite the shorter excited state
lifetime (Figure 2) indicates that complex 2 has a shorter
radiative lifetime in accordance with a switch from a
ruthenium(tpy) to an Platinum(bpy) centered emission between
complex 1 and complex 2.

The concentrations were approximately 1-2 x10° M. A
direction of energy and optical electron transfer in a
heterobimetallic polypyridyl complex is switched without
significant changes in electronic absorption or emission
properties 3.

3. High Performance Liquid Chromatography

(HPLC) experiments were carried out using an analytical HPLC
system consisting of a Varian Prostar HPLC pump fitted with a
10 pL injection loop, a Varian Prostar PDA detector connected
to a dedicated PC, and a HiChrom Partisil P10SCX-3095 cation
exchange column. The mobile phase used was acetonitrile :
water 80:20 (v:v) containing 0.01-0.04 M LiCIOQy; the flow rate
was 1.0 cm®/min. The monitoring wavelength used was 280 nm.
Photostability of complexes land 2 was monitored by HPLC.
Samples were irradiated at 470 nm with a 9 W LED-array.

Photochemical Studies

The photochemical experiments were carried out at room
temperature in air-equilibrated solution in a 1 cm quartz, Light
sources For illumination, we used LED light emitting diodes A =
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470 nm LAMP type L-7113PBC-BLUE. (sacrificial agent) and
took 5 ml sample of above concentration solution for irradiation
at 470nm (blue light) (irradiation time).

'H-NMR Spectroscopy.

'H NMR (400 MHz) and **C NMR (100 MHz) spectra were
obtained on a Bruker Avance 400 NMR Spectrometer in
deuterated solvents with either TMS or residual solvent peaks as
reference ¥

The 'H NMR spectroscopic and mass spectral data for the
mononuclear complexes are in agreement with previous reports
(28). For the dinuclear complexes the availability of complex 1
and 2 allow for analysis of the proton chemical shifts in (bpt)
and (tpy) ligands. The coordination mode of the Ru(tpy)CI- unit
in complex 1 and 2 can, potentially, be such that the chlorido
ligand is trans to either the triazolato or the pyridyl ring of the
(bpt) bridging ligand (Figure 3).

RuPt

90 8 &8 87 86 &5 &5 83 82 81 80 79 78 77 76 75 74 73 72 71 70 63 68

Figure 3. 'H-NMR of complex 1 RuPd. (bottom) and
complex 2 RuPt (top) in dmso-ds. The signals arising from
the complexes are identical. The additional signals in the
spectra of the monomer are due to toluene and ammonium
salt impurities.

4. RESULTS AND DISCUSSION

Synthesis. The dinuclear complexes 1 and 2 were prepared by
addition  of the soluble  mononuclear  complexes
[(tbbipy),Ru(tpphz)PdCI,](PF¢), 1, and RuPt, respectively to a
solution containing the mononuclear complex Ru(tpy)Cl; in
EtOH/H,O followed by heating at reflux and isolation by
chromatography.(13) the first peak in HPLC at 6.18min splits
up into two, corresponding to the unreacted bpy and the
intermediate species. In (Figure 4) the peak at retention time
6.77min corresponds to[(tbbipy),Ru(tpphz)PtCl,](PFs), (2).

At up to 120min most of the intermediates get converted into
complex 1, which is evident from HPLC (Figure 4) and the
peaks have disappeared on going from 6.18min to 6.77min. up 6
hours almost all of the bipyridine has reacted and we are left
with the final two products [Pt(bpy), (bpt) Ru(tpy) PdCIJ*
complex 1. (Figure 5).

Figure shows the absorption spectra of Ru and RuPd complex 1
dissolved in acetonitrile and dichloromethane. In acetonitrile
both compounds show absorption properties which are common
for the class of ruthenium polypyridine compounds. The
absorption spectrum of Ru reveals four absorption maxima in
the spectral range between 250 and 700 nm: The maximum at
283 nm can be assigned to a ligand-centered n— 7* transition of
tbbpy. The following maxima at 359 and 382 nm reflect ligand-
centered © — ©* transitions of tpphz. The energetically lowest
lying broad transition which is pumped in our pump-probe
experiments at 507 nm is assigned to MLCT transitions between

104

the ruthenium ion and the coordinated ligands. For RuPd
complex 1 a qualitatively similar absorption spectrum with only
minor differences is recorded *.

8.00E-02 RuPd
RuPt
2 6.00E-02
=
& 4.00E-02
<
2.00E-02
0.00E+00 N
-2.00E-02 2 4 6 8 10
Time /min

Figure 4. HPLC trace for Ru/Pd complex 1 and Ru/Pt complex
2, in CH3CN (mobile phase CH;CN: H,O with volume ratio
80:20 containing 0.1 M KNO;). Flow rate: 1.0 cm® min™;
detection wavelength at 280 nm.

03 Photolysis of RuPd
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Figure 5. HPLC trace during photolysis of RuPd complex 1 in
CH3CN (mobile phase CH3CN: H,O with volume ratio 80:20
containing 0.1 M KNO,). Flow rate: 1.0 cm® min™; detection
wavelength at 280 nm

We continued the study up to 120min which showed that most
of the metal got charred at this higher temperature resulting in a
decrease of yield to 40% at 120min in RuPt complex 2. In
(Figure 6).

Photostability, previously it was shown for complexes of the
type [Ru(bpy),(L)CI]+ where L = pyridine (15) 4-vinyl-
imidazole (16) and poly-4-vinyl-pyridine,(15) that rapid loss of
a chlorido ligand can be observed by photochemical or thermal
activation and photoinduced ligand loss has been observed for
[Ru(tpy)(bpy)CI]* also (17,18). The photostability under visible
excitation of [(tbbipy),Ru(tpphz)PdCl,](PFs), complex 1 and
RuPt complex 2, in acetonitrile was determined by HPLC.
Formation of a main photolysis product is detected only on
extended photolysis after 90min and 120min irradiation for
complex 1 (Figure 5), and complex 2,

(Figure 6). respectively.
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Figure 6. HPLC trace during photolysis of RuPt complex 2 in
CH5CN (mobile phase CH3;CN: H,O with volume ratio 80:20
containing 0.1 M KNO3. Flow rate: 1.0 cm® min; detection
wavelength at 280 nm.

A similar result was obtained by Pt NMR spectroscopy
investigations on related [(bpy)PtX2] (X=CI or I) complexes
showing an increase in electron density (more negative
chemical shift values) at the Pt nucleus induced by the softer
iodide ligand compared to chloride (28). In addition,
electrochemical investigations were carried out to test whether
the increased electron density at the Pt center, induced by the
iodide ligands, is also expressed by a corresponding change of
the reduction potential of the Pt center. However, no significant
difference in the reduction potentials was observed comparing
photocatalyst complex 2 and complex 1.

5. CONCLUSIONS

Here, the synthesis, 'H NMR, absorption, emission, and HPLC,
characterization of the dinuclear complexes 1, and 2. Have been
described together with their deuterated isotopologues. 1H
NMR spectroscopy indicates that only one isomer is isolated for
both complexes in which the chlorido ligand is trans to the
triazolato ligand. Both complexes 1 and 2 are relatively
photostable in contrast to related mononuclear chlorido
containing systems.Emission and HPLC indicate that for
compounds 1 the emissive excited state is localized on the
[Ru(tpy)CI] center, whereas for 2 the emissive state is localized
on the Ru(bpy), unit. HPLC and UV/Vis/INMR
spectroelectrochemistry

This product manifests itself in the appearance of a peak in the
HPLC chromatogram at a retention time longer than observed
for complex 1 and complex 2 in (Figures 5 and 6), which
indicates that the photoproduct is more positively charged.
Comparison of the absorption spectra of complex 1 and
complex 2 and the primary photolysis product indicates the loss
of the chloride ligand. This indicates that cleavage of the Ru-Cl
bond reaction of Ru and Pt metal is unlikely to be significant
on the time scale of the absorption, Emission and Raman
spectroscopic studies %+,

We completely succeeded in eliminating quite a numerous side
products in the conventional reaction of Ru and Pt metal with
(bpy) by employing a higher temperature resulting in separation
of only two products at the end of the reaction clearly proved
using the HPLC. Note that in these experiments a proton donor
was not present and hence stabilisation of such a negative
charge by hydrogen bonding would be expected under catalytic
conditions. The results presented here demonstrate that the
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light-induced processes lead to a reduction of the poth Pdll,
Ptll, center already within the first few nanoseconds of the
excited-state lifetime and thus much faster than has been
g)ereviously suggested in the framework of a catalytic mechanism
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Abstract

The aim of the present work is to assess the groundwater quality for drinking and irrigation uses in Ar Rajmah area, NE
Libya. The result revealed that the groundwater is hard to fresh water and characterized by Ca-Mg-Cl type, due to
weathering of carbonate rocks that controlling water chemistry. The groundwater is supersaturated with halite, gypsum,
dolomite and calcite. In general the groundwater in the studied samples is suitable for drinking and irrigation proposes,
regardless of slight increase in (NO3) value which should be treated.

Keywords: Hydrochemistry, Groundwater quality, Drinking and irrigation uses, Ar Rajmah area, Benghazi - Libya..

the most important horizon of the ground water in the suburb of

1. INTRODUCTION Benghazi city.

Groundwater quality has become one of the most important
aspects in our living environment and the chemistry of
groundwater has a bearing on our health and livestock. Water is
used for drinking, domestic, agricultural and industrial
purposes. Ar Rajmah area is located east of Benghazi city
(Fig. 1). This area is an agricultural area. Shaltami et al (2017)
have conducted a geochemical evaluation of water in the
Benghazi city, NE Libya. As far as the authors are aware, there
is no detailed geochemical assessment of ground water quality
for drinking and irrigation proposes in Ar Rajmah area . The
aims of the current work are to identify water chemistry type
and the suitability of the ground water quality for drinking and
irrigation proposes. However the published data on water
quality in Ar Rajmah area so far are insufficient.

2. METHODOLOGY

Four samples were collected from four wells during September
2019 (one sample of each well). The ground water of this
horizon is discharged from the carbonate aquifer (Benghazi
Formation) of the Miocene age. This horizon is considered to be
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These samples were analyzed using chemistry techniques as
following:

o Major ions were measured by using a Flame photometer.

o Total dissolved solid (TDS) and alkalinity (AIK) were
determined by gravimetric method and acid-base titration,
respectively.

e The heavy metals were analyzed by using AAS Hitachi-
5000.

The chemical analyzes were performed in Sirt Company
laboratories.
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Figure 1: Location map of the study area
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These samples were analyzed using chemistry techniques as
following:

e Major ions were measured by using a Flame photometer.

e Total dissolved solid (TDS) and alkalinity (Alk) were
determined by gravimetric method and acid-base titration,
respectively.

e The heavy metals were analyzed by using AAS Hitachi-
5000.

The chemical analyzes were performed in Sirt Company
laboratories.

3. RESULTS DISCUSSION

Table (1) presented the values of different parameters for the
analyzed groundwater samples compared to @ permissible
limits.

Table 1: Comparison between the chemical data of the
studied water and the permissible limits of ! for drinking
water (concentrations in mg/l, except for EC in ps/m).

Parameters 1 2 3 4 WHO 2018
pH 7.5 7.8 75 7.7 8
EC 1341 1261 1304 1280

ALK 160 151 157 153 -
DS 885 833 860 850 500
cl 26 24 27 26 250
so* 44 50 48 55 600
HCO® 100 99 90 102 600
TH 340 307 330 8.7 500
Ca 77 64 65 70 200
Mg 35 35 a1 40 150
Na 132 129 131 130 200
NO3 10.1 8 8.4 7.5 10
K 28 22 26 23 100
Fe 0.2 0.1 0.2 0.1 0.3
Zn 2.99 2.02 2.15 2.3 3

fulfilled the inclusion criteria. A total of 994 root canals were
evaluated for the quality of root canal fillings.

All radiographs were independently examined by two
endodontists. The results of assessment were compared by the
two assessors and a final agreement between the assessors was
made. In case of disagreement, a third investigator was asked to
interpret the radiographs and a final agreement was reached.
The latter was the case in only three canals.
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3.1. Rock - Water interaction
Figure (2) displays the plot of Ca + Mg vs. HCO3 + SO, to
distinguish carbonate rock or silicate rock sources of ions. The
studied water samples fall in the field of carbonate weathering
which indicates the main source of ions. Also this interpretation
is further supported by the plot of HCO; vs. Na (Fig. 3).
However, dominance of evaporation and weathering of rocks in
the water samples are prevalent in the plots Na/Na+Cl vs.
Ca/Ca+S0O, and CI/CI+HCO;vs. TDS (Figs.4 and 5).
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Figure 2: Plot of Ca + Mgvs. HCO3 + SO, of the water
samples (field after CI).
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Figure 4: Molar Na/Na+Cl and Ca/Ca+SQ, to differentiate
water of different origin (field after ©!).
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Figure 5: Dominance of rock precipitation and evaporation
on CI/CI+HCO; vs. TDS of the studied water (field after ).

3.2. Quality of Drinking Water
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All parameters of the analyzed ground water samples are below
the permissible limit of ! except (NOs). According to TDS
classification, the studied water samples are considered
permissible for drinking (Table 3). The bivariate plot of TDS
versus TH (Fig.6) shows the studied water samples found to be
hard fresh water. ! classified the salinization in groundwater
into three types based on the ClI /HCO; vs. Cl (Fig.7). The
studied water samples are unaffected by saline water. In
addition the low concentration of CI value indicates no impact
of seawater intrusion in Ar Rajmah area. The plot of EC vs. Cl,
indicates that the studied water samples falling in the normal
water field (Fig.8).

Table 3: Classification of groundwater based on TDS [}

TDS (Img/l) W ater type
< 500 Desirable for drinking water
500 - 1000 Permissible for drinking
< 3000 Useful for irrigation
>3000 Unfit for drinking and irrigation
100000 =
Moderatelvhard + 4 o h Saline
Soft Very hard
I 10000 |
2 . Hard -Brackish
3 Soft - Brackish water ;
5 water Brackish
e 1000 »
Soft - Fresh water Hard - Fresh water Fresh
100 T T
10 100 1000 10000
TH (mglL)

Figure 6: Plot of total dissolved solids (TDS) versus total
hardness (TH) of the studied water (fields after ).
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3.3. Hydrochemistry Classification

100000
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According to Schoeller diagram (Fig. 9), the dominant cation
order of ion contents in the ground water samples are
Na>Ca>Mg>K and anion order is HCO3+CO3>SO,>Cl. The
Stiff diagram analysis signifies dominance of Na-HCO3+COs.
The water facies type in the Piper diagram is represented by Ca-
Mg- CI type (Fig.10). Therefore, (Fig.11) reveals the studied
samples fall in field of natural water.

The saturation index (SI) can be calculated as:

Log Sl halite = log ay, + log ac + log Ks halite
Log SI gypsum = log ac, + log asps + log Ks gypsum
Log Sl calcite = log ac, + log ancos + log Ks calcite
Log Sl dolomite = log ac, + l0g awg + 109 @ s + log Ks
dolomite
The water samples are above zero, which indicating super-
saturation with, dolomite, calcite, gypsum and halite.

There was a statistically significant difference between length
of root canal fillings and tooth groups [P<0.001] (Table 2) and
also length of root canal fillings and number of roots (Table 3)
[P<0.001].

SHMf diagram
! 1
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HCO,+ COy

1000 - %,

100
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10 -

Na Ca Mg cl HCO#+CO, SO,

Figure 9: Schoeller diagram showing average composition in
mg/I of the studied water samples. Stiff diagram is shown in
inset [,
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Figure 10: Piper diagram of water chemistry in the study
area (fields after ('),
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Figure 11: Plot of alkalinity vs. pH showing the hardness of
the studied water (fields after ).

3.4. Irrigation Water Quality

The bivariate plot of EC versus sodium percent (Na %) suggests
that the water samples of Ar Rajmah area are fair for irrigation
(Fig.12). This assumption is also supported by the irrigation
parameters such as pH (7.5, in average), sodium adsorption
ratio (SAR = 25.8, in average), magnesium adsorption ratio
(MAR = difference between the number of the roots and density
of the root canal fillings [P=0.02].

5.4, in average), residual sodium carbonate (RSC= -0.8, in
average) and Kelley’s ratio (KR = 7, in average) indicating that
the ground water samples of Ar Rajmah area are suitable for
irrigation. The irrigation parameters are computed as follows:

Na% = (Na * 100) / (Ca+ Mg + Na + K)
SAR =Na/ (Ca+ Mg)/2

RSC = (HCO™® + COz%) — (Ca + Mg)
MAR = [Mg/ (Mg + Ca)] 100

KR = Na/ (Ca + Mg)

(All concentrations are expressed in meg/l)

100
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Figure 12: Plot of EC vs. Na% showing the classification of
irrigation water (fields after '),

4. CONCLUSIONS

The groundwater samples of the study area are classified as
normal water not affected by sea water intrusion. The
dominated hydrochemical facies are (Na- Mg- Cl type) this is
because of the water is affected by carbonate weathering.

There is a marginal contamination by NOj; in this case the water
should be treated for drinking water. The groundwater of Ar
Rajmah area is suitable for irrigation.

110

. REFERENCES

1. Shaltami, O.R., Fares, F.F., Errishi, H., EL Oshebi, F.M.,
Elabbar, F.A., Eltaboni, F.B., Elshelmani, N.M., Elghazal,
R. and Bustany, I. Geochemical evaluation of water in the
Benghazi City, NE Libya. 4th International Conference on
Science and Natural Resources (ICSNR4), Kota Kinabalu,
Malaysia, Proceeding Book; 2019 : 22-13.

2. WHO. Edition of the drinking water standards and health
advisories Tables. EPA 822-F-18-001, Office of Water,
U.S. Environmental Protection Agency Washington, DC;
2018. 12p.

3. Al-Ruwaih, F. and Shafiullah G. Geochemical Processes and

Assessment of Water Quality for Irrigation of Al-Shagaya

Field-C, Kuwait. International Journal of Environment,

Agriculture and Biotechnology (IJEAB). Vol-2, Issue-1;

2017: 180 -156.

Hounslow, A.W. Water quality data: Analysis and

interpretation. Lewis Pub., New York; 1995. 397p.

5. Gibbs, R.J. Mechanisms controlling world water chemistry.
Science. 170; 1970. P. 1090-1088; 1970.

6. Todd D. Sources of saline intrusion in the 400-foot aquifer,
Castroville area, California; Report for Monterey county
flood control and water conservation district, Salinas,
California. 41: 1989.

7. Davis, S. and De Wiest R. Hydrogeology, vol 463.Wiley,
New York; 1966.

8. Wu, C., Wu, X,, Qian, C. and Zhu, G. Hydrogeochemistry
and groundwater quality assessment of high fluoride levels
in the Yanchi endorheic region, northwest China. Appl.
Geochem; (2018). 98: 417 - 404.

9. Schoeller, H. Geochemistry of groundwater, In Groundwater

Studies-An International Guide for Research and Practice,

UNESCO, Paris; 1977: 18-1.

Tweed, S.0., Weaver, T.R. and Cartwright, |I.

Distinguishing groundwater flow paths in different

fractured-rock aquifers using groundwater chemistry:

Dandenong Ranges, Southeast Australia. Hydrogeology

Journal; 2005. 13: 786-771.

10.

11. Singh, S. and Hussian, A. Water quality index development
for groundwater quality assessment of Greater Noida sub-
basin, Uttar Pradesh, India. Cogent Engineering; 2016. 3:
17-1.

12. Johnson, G. and Zhang, H. Classification of Irrigation Water
Quality, Oklahoma cooperative extension fact sheets;
1990. available from: http://www.osuextra.com.



; \\l//‘

mmm‘.m The Scientific Journal of University of Benghazi
I

‘||||||||||||||||||||||||u|||
S e

Petrographical and Paleontological Characterizations of the Quaternary

Calcarenites along the Coastline of NE-Libya

Saad K. El Ebaidi*, Mohammed H. Al Riaydh®, Ahmed M. Muftah™ and Hamed O. Elwerfalli?

1 University of Benghazi, Faculty of Science, Department of Earth Sciences, Benghazi-Libya.
2 Arabian Gulf Oil Company, Exploration Department, Geological Laboratory, Benghazi-Libya.
Received: 3/3/2020; accepted: 9/6/2020.

il

) by ol L ok e i e e JSE Leinalie oSa ol eanll Al (Ghlid) gpall sl CuiSISY il
Jald) e Alsia ysim g puma¥) deall s3gtme (Sl (o o SIS alsly + pampilly Iy ¢ IUaNl; ¢ pusisil o L SIS canssial
ol Ll ot N iliagun sty Clmg Y Ll 08 Cings « ) b (ghnn (ish BT il i ot atlite el ey ol
hls hlie gl (e dpdia Gl 33T &L sl ol o eliny jd¥) dialls saalgial) asionlilly gl uanlls Zelyll 2dal) 3
osiall o3 aalsmy L Adlide Aile Glael Apay Clusuy papsiall 03a 585 Janal) (A5 Ay chalaally cially o i)l 2 as 48,00 Akl
o oS ) Gl shs L lesi Ala Uy 2l jsdm (e ala 5l pade alal i oy Lagacs L1 anall 5508 Ldlaie ajal <3 e
Claltilly LA Lol aaall Spiaall Lol Clpdid) ARG gpall il W sagae oSl A adllly el Gl sals
Claal e aalsy i shealll Guis)l adse Lain ceheall Ayl Clladally clisally (el MUEH Lleyy ocla Sl ¥y byl Sl
¥ lsd sl calally Jlall JIa5 ae p €I Al Cilysa)

il Al ¢ ralll Jaludl g piall gl sl ool ¢ SIS saliball Loty

Abstract

Quaternary calcarenites deposits can be traced sporadically along the Mediterranean coastlines including Libya, Tunisia,
Italy, Malta and Cyprus. Quaternary calcarenites are cropping out at local places in Al Jabal al Akhdar forming the coastal
rocks, few hundred meters above sea level. This paper aimed to describe and classify the Quaternary (Pleistocene and
Holocene) calcarenites of Al Jabal al Akhdar based on the depositional texture and the manifested sedimentary structures.
Four rocky beach localities are subjected to sampling for this study namely, Garyounis, Al Haniyah, Al Hammamah and
Susah. They are mainly composed of marine deposited at more or less various water depths. The concerned calcarenites
displayed an alternating band of soft and hard white to creamy, planar to festoon trough large scale cross bedded with local
occurrences of root casts and land snails. The bioclasts are represented by small benthic foraminifers of miliolids, rotalids
and textularids as well as ostracodes, echinoderm remains, mollusks and calcareous red algae. The calcarenite in the
studied localities showed wide range of facies distribution on both lateral and vertical sense in terms of biofacies and
lithofacies, the calcarenite grains in Susah region is bounded by calcite bridges filled fractured. However, the calcarenite in
Garyounis area is characterized by the presence of highly molluskan shells concentration such as Cardium, with
intercalated marls and clays enriched with Ostrea.

Keywords: Calcarenite, cross bedded, Quaternary, Susah, Garyounis, Al Jabal al Akhdar

The Quaternary calcarenite rocks are well distributed in many

1. INTRODUCTION places along Cyrenaica shoreline and (Fig. 1). Four localities
The Quaternary calcarenite rocks in Libya was intensively are subjected to sampling that are; Al Haniyah, Al Hammamah,
studied (2 21 Bl (41 B1. (6] 17 18] 1. 1101, [ [12]. (231 [4D- |y general, Susah and Garyounis calcarenites (Fig. 1).They revealed that
the calcarenites are soft, highly porous sedimentary rocks these selected measured sections are mainly composed of
formed by cementation of calcareous grains. marine bioclasts that deposited at more or less at various water

depths. The concerned calcarenites displayed an alternating
bands of soft and hard light brown to creamy planar to festoon
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trough large scale cross bedded with local occurrences of root
casts and land snails. The hard beds of the Quaternary
calcarenites were widely used in the era of Greek civilization in
construction and that's adding historical event with a significant
cultural value to this type of rock .

2. SEDIMENTOLOGY AND STRATIGRAPHY

2.1 Garyounis Calcarenite Petrography

The best developed calcarenites outcrop in southwest of Wadi
Al Qattarah, Benghazi plain. These calcarenites are
unconformably overlies the Middle Miocene Benghazi
Formation. The studied section is about 2 m thick, it consists of
three main units ™! (Figs.2; 3 and 4).

20°0'0"E

21°0'0"E
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B.enghazi

concentration made of Cerastoderma edula, calcareous red
algae, bryozoans and foraminifera.

Unit 2; consists of marls and clays, yellow to gray in color, soft,
friable, thickly bedded (0.75 m), this unit also characterized by
shell concentration made of Ostrea sp., the washed residue of
this unit is made of ostracodes, Elphidium macellum and
Ammonia cf. tepida.

Unit 3; yellow to brown calcarenite, moderately hard to hard
and very thick bedded (1m), this unit is also characterized by
shell concentration made of Cerastoderma edula Linnaeus.
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Figure 1: Location map of the studied localities, NE Libya
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Figure 2: The stratigraphical columnar sections of the Quaternary calcarenite rocks; A- Sush, B- Al
Hammamah, C- Al Haniyah and Garyounis area

Unit 1; consists of calcarenite, yellowish white in color, hard,
thickly bedded (0.3 m), this unit also characterized by shell
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No fluid movement allowed due to lack of porosity because of
dolomitization and cementation. The paleontological collections
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from the Calcarenite in this study area are illustrated in Plate
1and 2 and were based on the collection of the authors and 4!,

-
4

Figure 3: Typical section of the calcarenite with high
concentration of Oyster in the middle part (clay & marl) at
Garyounis area.

Figure 4: The lower calcarenite (A & B); A) highly porous
with thick layer of isopachous cement; B) Red algae; and
the upper part (C & D); C) large thick-shelled gastropod;
D) highly porous with thin layer of isopachous cement 24

2.2 Petrography of Al Haniyah Calcarenite

The base of the Al Haniyah calcarenite overlies unconformably
a pitted erosion surface of hard, white limestone bioturbated
sediments with land snails. Two types of cross bedding, the
lower one is planar and the upper one is festoon cross bedding
(trough x-bedding). It composes of elongate semi ellipsoidal
plunging trough or scoop likes structures or hummocky cross
bedding with total thickness of 24 m (Figs. 2 and 5). Thin
sections show that there are three types of cement; isopachous,
meniscus and the pore filled is blocky or drusy (Fig. 6).
Mimetically, euhedral to anhedral dolomite crystals were
observed (2 to 8 % max.), it occurs both as fabric selective
replacement of the carbonate mud matrix and as a cement.
Quartz, gypsum and iron minerals are also observed. Some of
small benthic foraminifers are retrieved from this section such
as Lobatula lobatula, Elphidium crispum, E. advenum, E. cf.
jenseni, Ammonia beccarii, Triloculina plicata, T. sp.,
Quinqueloculina cf. bosciana., Q. vulgarism, Spiroloculina
angulosa, S. dilatata, Adelosina sp., Cibicides cf. reflunens,
Cibicidella variabilis, Rosalina bradyi, R. cf. macropora and
Planorbulina mediterranensis. This assemblage is associated
with rare ostracodes and small sized Cerithium sp., bryozoan
fragments and echinoderm spines. However, polychaetes
serpulids are encrusted on some beds with terrestrial Helix sp.
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Ifigure 5: VHummocky and Swale cross beddings inAI
Haniyah calcarenite

Figure 6: A; shows micrite envelopes developed in algal

peloids; there are three cement generations; B) isopachous

cement; C) meniscus cement; and D) drusy or blocky
cement, (40 x; PPL).

2.3 Al Hammamah Calcarenite

Al Hammamah calcarenite is unconformably overlies the
Eocene carbonate rocks, bioclastic, and sandy limestone, brown
to creamy in color. It consists of two types of cross bedding;
planar (Figs. 2 and 7) and festoon cross bedding (trough x-
bedding), with total thickness of 20 m (Fig. 8) with land snails
(Helix) and root casts or molds (Fig. 9).Thin sections show that
there are three types of cement; isopachous, meniscus and pore-
filling as blocky or drusy (Fig. 10). Euhedral to anhedral
dolomite crystals were observed (8 to 10 % max.), it occurs
both as fabric selective replacement of the carbonate mud
matrix and as cement (blocky cement is totally replaced by
dolomite crystals). Quartz, gypsum and iron minerals are also
observed. Al Hammamah in its type section is fossiliferous,
notably of benthic foraminifers include Quinqueloculina spp.,
Elphidium advenum, E. crispum, Rosalina bradyi, Ammonia
beccarii and Cibicides cf. reflungen. This assemblage is
associated with common small sized Cerithium with
echinoderm spines and some terrestrial Helix sp. Present as well
in places.
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2.4 Susah Calcarenite

Susah calcarenite overlies unconformably an erosional surface
of Eocene Apollonia rocks, bioclastic, and sandy limestone,
brown to cream in color with total thickness of 18 m (Fig. 11).
It consists of rhizoconcretions are parallel to the cross beddings
(Figs. 2 and 12). Three types of cross bedding, planar and
festoon cross bedding (trough x-bedding); large dune of
hummocks have inside gently curve lamination which are
convex up in the hummocks and there are also concave up
lamination called swales between the hummocks (Fig. 13). Thin
sections show that there are two types of cement; isopachous
and meniscus (Fig. 14), euhedral to anhedral dolomite crystals
were observed (of about 10 %), it occurs both as fabric selective
replacement of the carbonate mud matrix and as a cement.

Quartz, gypsum, anhydrite and iron minerals are also observed.

Figure 8: Trough cross stratification in Al Hammamah
area.

Figure 11: A and B) Cross bedding in Susah calcarenites;
C) Hard beds of the Quaternary calcarenite were widely
used in city construction of Greek civilization.

Figure 9: A) Horizontal Rhizoconcretion with Helix sp.; B)
Tangential Rhizoconcretion (calcareous root concretions);
C) encrusted Serpulid worm tubes; at Al Hammamah
calcarenite.

Figure 12: A & al) Rhizoconcretions (biogenic), and plant
root casts or molds are parallel to the cross stratifications.

Figure 10: A, B, C & D Shows meniscus cement in; B)
isopachous cement; C) micrite envelopes developed in 114
algae and some in miliolids, (40 x; PPL).
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Figure 13: A) Hummocky and Swale cross
stratifications; B) Rhizoconcretions (biogenic), and
plant root casts or molds

”

5 Y T, ¥

Figure 14: A, B & C) Red algae fragments, slightly
compacted with meniscus cement; D) Isopachous
cement, (40 x; PPL).

These Quaternary calcarenites are Pleistocene in age (Early
Calabrian — Late Tarantian) according to. 16 using (¥'Sr/%Sr)
radiometric dating of the crystalline calcites from different
localities.

3. DEPOSITIONAL ENVIRONMENT
Due to high diversity of bioclasts such as foraminifera (Plate 1),
pelecypods (Plate 2), gastropods, bryozoans, echinoids, and

algae, the studied calcarenites are deposited in-situ at shallow
marine carbonate environments (Fig. 15).

Al Haniyah, Al Hammamah and Susah are all generated by
strongly sea water storm wave in the lower sea floor of shore-
face. Most the calcarenites in NE Libya are subjected to
meteoric water diagenesis and dissolution occurs in the phreatic
environment; isopachous cement is formed below the water
table, pores are totally filled with water and cementation
continued and formed the drusy mosaic or blocky cements. The
meniscus cement can precipitated particularly in the upper part
of beach, occurred in the vadose environment. In the lagoon
only mollusks, algae and foraminifera are noted. No fluid
movement allowed due to lack of porosity because of
dolomitization and cementation.

4. CONCLUSION

The Al Haniyah, Al Hammamah, and Susah calcarenites
overlies unconformably a pitted erosional surface of Eocene
limestone, while the Garyounis calcarenite overlies
unconformably an erosion surface of middle Miocene of
Benghazi carbonate rocks. Calcarenites may have been
deposited on shallow banks with temporal periods of strong
storm wave, and subsequently uplifted, they alternatively
suggested as an aeolian deposit. The geographical matching
similarity in Libyan coastal Quaternary outcrops, suggesting
that Quaternary Cyrenaican calcarenite outcrops at Al Haniyah,
Al Hammamah, and Susah could be stratigraphically assigned
to Gergaresh Formation, however, Garyounis calcarenite
stratigraphically assigned to Agedabia Formation. Al Haniyah,
Al Hammamah and Susah were deposited by storm wave in the
lower sea floor of shore-face shallow marine shelf.
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Plate 1: 1) Elphidium macellum 60-70X; 2) Elphidium advenum 60-70X; 3) Ammonia cf. beccari 60-70X; 4) Ammonia cf. tepida;
5-6) Ostracod G1- spp. 60-70X. based on biota (after %)

Plate 2: 1-2) Venus sp.; 3-4) Tellina sp.; 5-8) Cerastoderma edula; and 9-12) Ostrea sp.
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Abstract

This is the first paper of a set of papers dealing with cost of failures. In Safety Critical Systems (SCSs), trade -off the cost
of failures (due to lack of testing) against the cost of testing is essential. Usually stronger test criteria are more costly to
test, but also more effective at finding faults which if not exposed during testing could lead to operational failures incurring
their cost. This paper presents a trade-off cost model that evaluates various criteria for testing mitigation of failures against
the cost of defective mitigation. Failure Mode Effect and Criticality Analysis (FMECA) are used to quantify cost of failure,
measure the return on investment (ROI) for mitigation test criteria.

Keywords: Safety-Critical Systems (SCSs), Model Based Testing, Failure Mode Effect and Criticality Analysis (FMECA),

Fault Model, Mitigation Tests.

1. INTRODUCTION

The trade-off issue with thinking which criterion would be cost-
effective is applied in Safety Critical Systems (SCSs). A larger
set of tests would be the best, because the loss of failures must
be a critical factor in SCSs no matter how high the cost of
testing is. SCSs are getting important and popular these days.
They are systems whose failure could result in loss of life,
damage to the environment or significant property damage ™.
Medical devices, aircraft flight control, weapons and nuclear
systems are examples of SCSs. A model explaining how to

measure the cost of failures and testing is developed to analyze
the trade-off relations. The cost of failures is calculated by
analyzing Failure Mode Effect and Criticality Analysis
(FMECA) and then applying a standard money value for each
severity level of failure. The standard is MUL-STD 882D. The
cost of testing is converting to a currency of money per hour.
Our measurement is not about how many faults are detected by
how many tests, but about how much the costs of failure is
saved by how much is the cost of testing? This is because the
criteria for SCSs generate fail-safe tests. The safety mitigation
test criteria are employed for this analysis. Therefore, some
existing works develop how to select test cases for mitigation
21 Mitigation of SCSs is one of the critical parts of our process.
A mitigation fault could harm human’s life seriously. So people
think that all the possible mitigation tests should be executed for
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the safety. It is not easy to execute mitigation behaviors, since
mitigation behaviors are supposed to start when a specific
failure happens. For this, a specific environment where the
failure would happen need to be set up before running tests. The
time setting up the environment is included in test execution
time B! It would be expensive if failures happen in SCS
dynamically. SCS expects an almost perfect testing, but the cost
of executing tests is very high for SCS. For the higher cost
effectiveness, criteria select different sets of tests for saving the
cost of testing. However, some criteria might miss some of tests
that would cover a certain failure. To resolve this issue, we
wondered which set of test cases, namely which criterion is
appropriate in terms of the cost-effectiveness. An equation to
measure the cost-effectiveness is built. Section Il explains
background and related work. Section Ill, the safety mitigation
test criteria that this paper employs is explained, and then the
measurement model using FMECA and MIL-STD 822D is
developed. Section IV concludes that there is a certain trade-off
relationship between costs of testing and cost of failures in the
criteria.

2. BACKGROUND AND RELATED WORK
A. Model Based Testing (MBT)

According to ¥ MBT is an approach to generate test cases using
a model of the system under test (SUT). The model provides an
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abstract view of the SUT by focusing on specific aspects.
provide a survey on MBT. They define six dimensions of MBT
approaches (a taxonomy): model scope, characteristics,
paradigm, test selection criteria, test generation technology and
test execution. In B, the authors classify MBT notations as State
Based, History Based, Functional, Operational, Stochastic, and
Transition based. Transition based notations, which are used in
this paper, are graphical node-and-arc notations that focus on
defining the transitions between states of the system such as
variants of finite state machines (FSMs), extended finite state
machines (EFSMs), and communicating extended finite state
machines (CEFSMs).

B. Fault Modeling and Analysis

To make systems low risk and fail-safe, software for safety
critical systems (SCSs) must deal with the hazards identified by
safety analysis. There are over 100 different hazard analysis
techniques in existence. The most common analysis methods for
SCSs are Preliminary Hazard List Analysis (PHL), Preliminary
Hazard Analysis (PHA), Subsystem Hazard Analysis (SSHA),
System Hazard Analysis (SHA), Fault Tree Analysis (FTA),
Event Tree Analysis (ETA), Failure Mode and Effects Analysis
(FMEA), Failure Mode Effects and criticality Analysis
(FMECA), Fault Hazard Analysis (FHA), Functional Hazard
Analysis (FuHA), Hazard and Operability Analysis (HAZOP),
Cause Sequence Analysis, and Common Cause Failure Analysis
5], These techniques aid in the detection of safety flaws, design
errors, and weaknesses of technical systems. FTA is a top-down
deductive analysis technique used to detect the specific causes
of possible hazards '), ¥, The top event in a fault tree is the
system hazard. FTA works downward from the top event to
determine potential causes of a hazard. It uses Boolean logic to
represent these combinations of individual faults that can lead to
the top event . FMEA is a bottom-up method of analyzing and
evaluating safety problems in a system. The FMEA technique
consists of identifying and listing all possible failure modes,
evaluating effects on the whole system for each failure mode,
and identifying all potential causes that may lead to each failure
mode 1. FMECA is composed of two separate analyses, the
FMEA and the Criticality Analysis (CA). The CA classifies or
prioritizes their level of importance based on failure rate and
severity of the effect of failure. Unlike FMEA which is only
qualitative, FMECA includes a quantitative evaluation of the
criticality of each failure mode. The criticality indices are
calculated by multiplying three components- probability of
occurrence, severity and detection 7,

C. Integration of Safety Analysis Techniques and

Behavior Models.

Several studies have tried to bridge the gap between fault tree
and system modeling.

1. Safety analysis: Safety analysis improves the probability of
uncovering possible faults in safety-critical software. 1Y
introduce an approach that integrates fault trees and statecharts
via a set of transformation steps that maintain semantics of both
models. A set of conversion rules that transform gates of fault
trees into statechart notation is presented. The integrated model
shows how systems behave when a failure occurs. It aids in the
identification of system constraints in order to mitigate failures
or correct functional and safety specifications. Thus safety
analysis is included into the software design process at an early
stage. '@ present rules and algorithms to bridge the gap between
hazard analysis and system specification by transforming
hazards from FTs to a state machine diagram. The algorithms
aid the engineer to develop the primary events of the FT by
matching them with elements of the state machine diagram,
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provide transformation rules, and deal with implicit transitions
of the state machine diagram. The integrated model focuses on
the causes of the hazard and shows direct paths to the causes
which help to identify test scenarios. The authors M and 12
both propose an approach to integrate fault trees and statecharts.
They differ in how integration is done. In addition, in ®Y the
authors consider a FT notation involving time or counters. In 2
each transformed state machine diagram captures both explicit
and implicit causes that trigger a hazard with respect to normal
behavior. ™! provide an approach to integrate behavioral states
and events into State/Event Fault Trees (SEFTs). Temporal
order of events can be expressed by SEFTSs, as are gates with
memory (e.g. priority AND). The component concept developed
for component fault trees (CFTs) has been further developed for
SEFTs: each system may be decomposed into subcomponents.
Components are transformed into Deterministic and Stochastic
Petri Nets (DSPNs) for quantitative probabilistic analysis.

2. Safety testing: Testing safety-critical software differs from
testing non-safety-critical software in many ways. Before
testing safety-critical software systems, the needs to conduct a
safety analysis for the system to find possible safety breaches,
what may cause them and test desired behavior in the presence
of failures are essential. ™! proposed a fault-based approach for
generating test cases to overcome the limitations of
specification-based  approaches that derive from the
incompleteness of the specification of undesirable behavior, and
from the tendency of specifications to focus on the desired
behavior, rather than potential faults. Minimum cut sets of the
FT are used to determine how undesirable states can occur in a
system. These sets are transformed to equivalent statechart
components. These components are integrated into the
behavioral model of the system and transformed to EFSMs to
flatten the hierarchical and concurrent structure of states and to
eliminate broadcast communication. The problem is that
flattening a statechart into an EFSM model makes it grows
exponentially causing scalability problems. Similarly, %
transform fault tree events into elements of a statechart behavior
model. They verify system correctness and criticality using a
model checker.

D. Mitigation Modeling

Safety critical systems (SCSs) have requirements that mandate
that safety faults have to be identified removed and mitigated.
Mitigating failures allows a system to continue operations at a
reduced level rather than failing completely. Many mitigations
follow a common pattern, like a safety-shutdown, trying
alternatives, and omitting functionality that has become
dangerous, etc. While there is no work on mitigation models for
SCSs, exception handling patterns have been defined for
process modeling. 1% identify several, like presenting other
alternatives, inserting behavior, skipping some tasks or aborting
the current processing. They focus on the composition of the
exception handling tasks with normal tasks to identify higher
level patterns. Exception handling is a common approach to
fault tolerance in software systems. 7 illustrate taxonomy of
error handling and fault handling (fault tolerance) techniques
such as rollback, rollforward, and compensation.

3. APPROACH

A. Test Generation Process: In & the authors developed an
approach to test proper mitigation for failures in SCSs. This
approach takes a behavioral model and its testing criteria and
creates a set of behavioral tests. It also uses a set of mitigation
models and associated coverage criteria to generate a set of
mitigation tests. Weaving rules describe how to weave the
mitigation tests into the behavioral test suite at selected points
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of failure. Four testing criteria were developed in @ to select
combinations of points of failure, type of failure, and specific
test paths through the mitigation model. Their cost varies.

techniques, test paths can then be generated that fulfill these
coverage criteria. Let BT = {t,,.... t;} be the set of such paths.

Phasel Phase 2
Behavioral Behavioral Failure Failure Mitigation Mitigation

Criteria (BC) Model (BM) Criteria (FC) || Model (FM) || Criteria (MC) Model
Behavioral Point of Failure (f) Mitigation
Test (BT) Failure Type (e) Test (MT)

Weaving

Rules (WR)
Generate Fail- Safe Test/ Safety Mitigation Test (SMT)
Phase 4 FMECA | Phase5

Trade- off Analysis Phase 6

Figure 1: Items for Trade-off Analysis

This paper investigates the trade-off between the cost of testing

failure mitigation vs. the cost of an (improperly mitigated)

failure occurring. Figure 1 shows the items for trade-off

analysis.
e Construct a behavioral test suite (BT) from the

behavior model (BM), using behavior test criteria

(BO).

Construct mitigation test suites (MT) from mitigation

models (MM), using mitigation criteria (MC).

Select positions of failure (p) in test suite (BT), and type of

failure (e) (failure scenarios). Select (p,e) using failure

coverage criteria (FC).

Construct a safety mitigation test suite (SMT) using the

behavioral test suite (BT), point of failure (p), type of failure

(e) and mitigation test suite (MT) according to weaving

rules (WR).

Use FMECA to identify and analyze all potential failure

modes of the various parts of a system and their effects and

consider effects of their severity

Employ trade-off analysis to demonstrate the relation

between cost of testing and cost of failure as well as which

criterion is more cost-effective than the others.

Each phase is described in the following subsections.

B. Phase 1: Behavioral Model BM and Behavioral Test BT:

The approach is illustrated using EFSM. EFSMs have been
widely used in areas ranging from aircraft, train control, and
medical applications 8. An EFSM is defined as % E=(S, X,
Ev, V) where S is a set of states, X is a set of transitions, Ev is a
set of events, and V is a store represented by a set of variables.
Transitions have a source state source(X) € S, a target state
target(x) € S and a label Ibl(x). Transition labels are of the
form e;[g]\ a where e; € Ev, g is a guard, i.e. a condition that
guards the transition from being taken when an e, is true, and a
is a sequence of actions. All parts of a label are optional. Test
criteria such as edge-coverage, prime-path coverage, etc. 2% can
be defined. Using any of a number of test path generation
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C. Phase 2: Determine Points of Failure

Let the set of failures F be defined as {fl, f2, f3,..... fk}. A
failure is injected into the system by manipulating parameters
that indicate to the software under test (SUT) that a particular
failure has occurred (obviously, a failure event like a gas leak is
not wanted to occur). This is modeled by inserting a failure
injection action directly at the point of failure in the test suite. A
point of failure is a particular state in a test path at which the
failure is injected. Let Cq(T) be the concatenation of test paths
in BT that is Cyeq(T) =t 0 t; 0 t3 .... t. Let len (t) be the

number of nodes in t. Then | = len (Cyg(T)) =ZE= olen (ti) .

The position of failure p is a position in the behavioral test suite
where a failure is injected. It indicates a point of failure (1< p <
D). Failure type e (1<e < |E)) is also selected to apply at the point
of failure p. Hence we are selecting (p, €) such that node-failure
coverage criteria are met. Note that not all combinations (p, €)
are applicable since not all failures are possible or relevant in
every node. Therefore, a node-failure applicability matrix A (i,j)
is defined as follows.

1,if failure type j applies innode i in S
Al ])=

0, otherwisw
Let s = node (p) that is s is the behavioral node in the test suite
at position p. obviously there has to be at least one state in the
behavioral model where a given fault applies. Hence no row in
the failure applicability matrix can have all zeros. Hence for a
given failure type j there must be some node s such that A(s, j)
is true. Failure coverage criteria FC for selecting (p, ) need to
be defined next. What combinations of test suite positions and
failure types (p, €) (failure scenarios)
should one require?

Criteria 1: All combinations, i.e. all positions p, all applicable
failure types e (test everything). This is clearly infeasible for all
but the smallest models. It would require |I| X|F| pairs if A
contains all”1”s.
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Criteria 2: All unique nodes, all applicable failures. This only

k
requiresz' ) Z';'l(A(i,j) =1)
j=

combinations i.e. the number of one entries in the applicability
matrix. When some nodes occur many times in a test suite only
one needs to be selected by some scheme. This could lead to not
testing failure recovery in all tests. A stronger test criterion is to
require covering each test as well.

Criteria 3: All tests, all unique nodes, all applicable failures.
This criterion requires that when unique nodes need to be
covered they are selected from tests that have not been covered.
A weaker criterion is not to require covering all applicable
failures for each selected position.

Criteria 4: All tests, all unique nodes, some failures (only one
failure per position, but covering all failures). Some failure
means that collectively all failures must be paired with a
position at least once, but not with each selected position as in
Criteria 3. The authors in [ demonstrate an example to explain
the four testing criteria.

D. Phase 3: Generate Mitigation Test (MT)

Safety critical systems (SCSs) require mitigation of failures to
prevent adverse effects. This can take a variety of actions.
Mitigation patterns have been defined in (. These mitigation
patterns can be expressed in the form of mitigation models. For
example, try other alternatives is shown in Figure 2.

alternative 1

n1 ng

Altemative 2

alternatives

Figure 2: Try Other Alternatives: Mitigation Models

Each failure f; is associated with a corresponding mitigation
model MM; where i = 1. . . k. The models are of the same type
as the behavioral model BM (e.g. an EFSM). Graph based %,
mitigation criteria MC; can be used to generate mitigation test
paths

MT; = mtj ,....... , mty; for failure f;. Figure 2 shows an
example of a mitigation model of type “Try other alternatives”.
Assuming MC as “edge coverage”, the following three
mitigation test paths fulfill MC: MT= {mt;, mt,, mt;} where
mt;= {n;, n,, ns}, mt,= {nl, n3, n5}, mt3= {nl, n4, n5}.
Mitigation models can be very small for some failures and the
mitigation can be an “empty action”.

E. Phase 4: Generate Safety Mitigation Tests using Weaving
Rules
Assume that t € BT, p e |, e € E and mt € MT,. A safety
mitigation test smt € SMT using this information and the
weaving rules wr, € WR are built as follows:

e  Keep path represented by t until failure position p.
Apply failure of type e (f¢) in p.
Select appropriate mt € MT,.
Apply weaving rule wr, to construct smt.
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Table I shows the equivalent weaving rule for each
mitigation pattern.
Lett={S;....8p...node (p) ... Sf.... Sk}

Table I: Mitigation Patterns and Weaving Rules

Mitigation Pattern Weaving Rule Name
Altemative Fix- option 1
SMT = s1.......node(p) mtnode(p)........s¢
Retry Rollbackward — option 3
SMT =s;... node(p) node (p) ... 8¢
Fix and Proceed Rollbackward — option 1
SMT =s;... node (p) mt sy ... 5
End activity Rollforward — option 1
SMT =s,... node (p) mt s¢ ... 5y
End All Fix and Stop —option 2
SMT =s;... node (p) mt
Rollback Rollbackward —option 1
SMT ==s;... node (p) mt s. .. 8¢
Ignore No user action required — option 4
intemal compensate
Go to fail-safe Fix — option 2
SMT = s;... node (p) mts,

F. Phase 5: Use FMECA
One of the reasons that drive us to use FMECA instead of
FMEA is to benefit from the more detailed risk-ranking
information from the Criticality Analysis. FMECA is used in
this paper to analyze the criticality quantitatively and
qualitatively. Quantitative criticality analysis is a series of
calculations to rank hardware items and failure modes according
to a formula that covers;

o Expected Failures: With an exponential distribution, an
expected failure is calculated by multiplying the failure rate
(Ap) by the time duration of the mission phase or operation
time (om), but it is estimated differently for other
distributions.

Expected Failures= (Ap) X om

e Mode Ratio of Unreliability: It is the portion of the
unreliability to each failure mode. The total of each for
failure mode in one item should be 100%.

. Probability of Loss: It is the probability that a failure of
the item under analysis will cause a system failure.
According to MIL-STD 1692A, it is 100% in actual loss,
and it would be between 10% and 100% in probable loss
and between 0% and 10% in possible loss.

e Mode Criticality: it is calculated by multiplying Ap, t,
Mode Ratio and Probability of loss together.

e Item Criticality: it is calculated as the sum of Mode
Criticality. To use Qualitative Criticality Analysis to
evaluate risk and prioritize corrective actions we use :

e Rate the impact of the potential effects of failure.

Rate the probability of occurrence for each potential failure

mode. The impact scale and occurrence scale from MIL-STD

882D are used in this paper. MIL-STD 882D suggests that the
occurrence can be ranked from A to E, (“frequent to
improbable.”). It also identifies that the impact can be
categorized from 1 to 4, (catastrophic to negligible.) The impact
can be measured in dollars for various risk exposures 2. As
mentioned in Y the impact cost is divided into three
components: the cost caused by property damage, the cost
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caused by recovering damage, and the cost from business loss.
They are named as |pamage; Irecoverys @Nd Igysiness Fespectively.

According to MIL-STD 882D, the impact and the occurrence
levels is defined as shown in Table 1. MIL-STD 882D suggests
mishap severity categories as shown in Table Ill. Mishap
severity categories are defined to provide a qualitative measure
of the most reasonable credible mishap resulting from personnel
error, environmental conditions, design inadequacies,
procedural deficiencies, or system, subsystem, or component
failure or malfunction. This cost range of each level in the
measurement process is used in a domain safety critical system.
How much a failure costs with both of the quantitative

criticality analysis and the qualitative critical analysis together
is measured. Criticality of failure i, in the quantitative view is
Cr (i). The cost of failure type i, Criwre(i) in the qualitative view
is a minimum cost, Lo (i), or a maximum cost, Up(i), according
to Table Ill. Finally, to measure the minimum cost caused by
failure, I, which is called CFmin(f), multiply Cr (i) by Lo (i).
And the maximum cost is measured by multiplying Cr (i) and
Up (i). The maximum cost is named as CFmax (f).

Table 2: Levels of Occurrence and Impacts

Impact:
occurrence Damage Recovery Business
Frequent: Catastrophic Catastrophic Catastrophic
Probable: Critical Critical Critical
Occasional: Marginal Marginal Marginal
Remote: Negligible Negligible Negligible
Improbable: Impact= damage + recovery + business
Table 3: Suggested Mishap Severity Categories
Description Category Environmental, safety, and health result criteria

Catastrophic |

Could result in death, permanent total disability, loss exceeding $1M, or irreversible

severe environmental damage that violate law

Could result in permanent partial disability, injuries or occupational illness that may

critical 1 result in hospitalization of at least three personal, loss, exceeding $200k but less than
$1M or reversible environmental damage causing violate of law
Could result in injuries or occupational illness resulting in one or more lost work
Marginal Il day(s), loss exceeding $10k but less than $200k, or mitigationable environmental
damage without violate of law where restoration activities can be accomplished
Could result in injuries or illness not resulting in a lost work day, loss exceeding $2k
Negligible v

but less than $ 10k, or minimal environmental damage not violating law

G. Phase 6: Trade-Off Analysis

To measure the cost-effectiveness of test criteria, the Return on
Investment (ROI) is computed as in 2.

Benefit — Investment

ROI = 1)
Investment

In Equation 1, Investment is the sum of (a) the cost of testing
selected tests Ciq(Tse) and (b) the cost of failures not tested
Craiture (Fmiss)- Benefit is the sum of (c) the savings of not testing
save(Tmiss) and (d) the savings of avoiding cost of failures i e
Fsel (Cfailure(FseI)-
Each criterion selects its own set of tests, and the selected tests
Cest(T) are executed. The cost for testing with the selected tests
is a part of investment. Our analysis named it Ciq(Tse. (b) cost
of failures not tested Craijure(Fmiss). Omitting some tests would
cause damage or loss of failure that they would have covered. It
can be measured as a part of investment since we need to save
the same amount of money for the risk. Our analysis named it
Craiture(Fser)- (€) The cost of testing is proportional to the number
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of tests. A criterion selects a part of all possible tests, and it
saves the cost of testing the omitted tests. It is measured as a
part of benefit. Our analysis named it save(T y;ss). (d) The tests
selected by a criterion would cover their associated failures
through testing activity. The loss or damage that might be
caused by the failures would not happen. The saving of this loss
of damage is part of the benefit. Our analysis named it
Crailure(Fser). Therefore, the equation (1) is transferred to the
equation (2).

Benefit=B=C test (Tsel) +C failure (Fmiss)

Investment= | = save (Tmiss) *Craiture (Fser)

ROI'="= )
The investment pays off if ROI is positive. That means that the
higher ROI value is the more effective the criterion is. Four
different aggregation criteria from our previous work are
employed. The criteria result in four different tests. Their ROI
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with equation (2) are measured to show the trade-off relation
between the cost of testing and the cost-effectiveness in SCSs.
Equation (2) includes two kinds of functions; Ciq(T) and
COST(T). The function, COST(T), measures how much money
it would cost to handle failures that a set of tests, T, covers
Cfailure(i)-

In practice, COST(T) has COSTmin(T) and COSTmax(T) since
the cost of failures was suggested to have a minimum value and
a maximum value as described in Table IV. COSTmin(T) or
COSTmax(T) is calculated from CFmin(T,i) or CFmax(T,i),
which is the cost of the expected loss or damage

through not covering some parts of failure, i, with a set of tests,
T. Table 4 describes these functions.
The other function in Equation (2) is Ctest(T), the cost of testing
is defined as the time of testing, and then multiply the time by
financial unit cost. The time of testing consists of four parts of
time according to 1°, and it is described in Table 5. From the
table, Cost of Testing is calculated as below.

a)

Crest(T) = (AT + ST + ET + RT) x Salary 3)

Table 4: Functions to Calculate Cost (T)

[FM| The number of failure modes
T A set of test cases
Ratio of the number of missed pairs to the number for all the pairs of failure i in a set
. of test cases, T
R(T.i)
the number of missed points (p, e)of failure finT
the number of possible pairs (p, e)
o Minimum expected cost by missing weaving points, which is measured to R(T,i)
CMmin(T,i) ) ) ] o
CMmin (T,j) =R (T, i) x CF min(i)
) Maximum expected cost by missing weaving points, which is measured to R(T,I)
CMmax (T,i) . . .
CMmax (T,j) =R (T, i) x CF max(i)
Minimum expected cost
Costmin(T) -
Costmin(T)=Y;_; CFmin (T, i)
Maximum expected cost
Costmax(T) P
Costmax(T) = X;_; ' CFmax (T, i)

However, AT was canceled out with the same reason why CV
of S-EVOMO 24 was canceled according to the sensitivity
analysis. This is because it could be the same value for each
criterion. ST reflects the process selecting tests of the
aggregation criteria that we employ. The criteria take the same
ST, and ST, That means that these two

values can be omitted in comparing the criteria. Finally, only
ST, makes a difference between them. ST, is a proportion of the
number of tests. If we have the time for aggregating one
behavioral test and one mitigation test at a point of (p,e) and
name the time as agg, STa is calculated by multiplying the
number of tests and agg. ET is surely related to the number of
test cases or the total length of test cases. ET is a multiplication
of (ETs+ET,) and the number of tests. For SCSs, the focus on
ET, is required. SCSs support huge domain systems such as
railroads, medical, spacecraft, automobile, and etc. Their scale
is bigger than the traditional system. Setting up the environment
of testing would take more time and need more effort because
of its complexity and scale. That is the point where the trade-off
is examined. The last item, RT, is the lease significant
according to 2%, RT is omitted in calculating Cye (T) Of a set of
tests, T, as shown in Equation 4.

Crest (T) = (IT| x agg + [T| x (ET s+ ET )) x Salary 4)

123

One of the important factors is money/time. We rely on a figure
of $100 per person-hour, obtained by adjusting an amount cited
in 21 by an appropriate cost of living factor 2!, In Equation (4),
money/time is 100/hour. Finally, Equation (2) works with Table
11l and the equation (4). We measure ROI of a set of test cases
selected by each criterion, and check which criterion is more
effective in terms of testing costs and cost from damages. The
four criteria and equation 2 are applied to show that their ROIs
vary.

4. CONCLUSION

For measuring the cost-effectiveness of testing in SCSs, this
paper focuses on the following two issues, time and cost. The
first conclusion is the measurement needs to consider costs of
failures. FMECA and MIL-STD 922D is adopted. According to
FMECA, Criticality and Severity of failure were calculated.
Based on MIL-STD 922D, a cost of failure for each severity
level was calculated. The second is test execution time in SCS
which is longer than in traditional systems. The ways in which
the cost effectiveness is affected by changing the test execution
were analyzed. These two issues brought up two research
questions, RQ1 and RQ2. To address them, this paper measured
cost effectiveness of four test criteria that would select tests
covering both behavioral models and mitigation models. These
safety mitigation test criteria were employed and the detail of
their methods was explained in Section Ill. The cost
effectiveness is measured as ROI, which was described in
Equation (2).
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Table 5: Elements of Cost of Testing

AT

Analysis Time:

Time of identifying failure modes + cost of building mitigation models for failure modes

CAT= AT+ AT,

IAT; : time of identifying failure modes and setting up values for each failure mode through FMECA

/AT, : cost of building mitigation models for failure modes

Test Selection Time
:Time of working out the test input, and identifying the correct output or system behavior

:largely depending on the chosen test strategy
ST [ST=STm+ STp+ STa

STp=time of identifying (p,e)

STm= time of generation mitigation tests from mitigation models

STa= time of aggregating mitigation tests and behavioral tests

Time to execute test cases

domain is safety critical software
ET [ET=(ETs+ETe) X|T|

|T| : The number of tests

: The ways to set up testing environment can be quite different depending on which application we use. Our

ETSs: time of setting up the environment for one test (loading, compiling, entering data...)

ETe: time of executing a test under the environment

Result Analysis Time

:RT =RTr + RTo+ RTc

RT |RTr: tester’s time in collecting test outputs
RTo: Time in understanding the correct output

RTc: Testers time to compare the test output to specification
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Abstract

The importance of saliva for the integrity and wellbeing of the oral cavity and speech is well documented, especially in
people suffering from xerostomia. Salivary glands are susceptible to a variety of medication, as well as to a number of
pathological conditions. The aim of the present work was to describe the effects of neostigmine, a drug used to mimic the
effect of stimulation of parasympathetic nervous system on sublingual gland. It inhibits the action of the enzyme
cholinesterase, which destroys the substance acetylcholine at nerve endings. To clarify its histological profiles, the drug
was studied to investigate possible histological structural changes which might occur in the secretory endpieces of the
sublingual gland. Twelve female rabbits were used to study the effect of neostigmine, as parasympathomimetic drug.
Different doses of neostigmine were used including the therapeutic, double therapeutic and triple therapeutic dose.
Neostigmine was injected intraperitoneally for two weeks. At the end of the time allocated the sublingual gland of each
group was dissected and examined histologically with Hematoxylin and Eosin stains. Significant increase in the diameter of
the mucous acini and foamy appearance and vacuolation of the cytoplasm of the cells were observed in the experimental
group treated with triple therapeutic dose of neostigmine.

Keywords: Sublingual gland, Neostgmine, Parasympathomimetic drug.

substrate for AChE enzyme and causes an increase in

1. INTRODUCTION acetylcholine at parasympathetic postganglionic synapses to

Sublingual gland is one of the major salivary glands; along with
submandibular and parotid glands®. It secretes saliva that has a
crucial role in providing protection and lubrication for mouth. It
also plays an essential role to prevent dental caries®.

Histologically, the sublingual salivary gland is a branched
tubuloacinar gland that consists of a branching duct system and
secretory endpiece. Present in the secretory endpiece are two
types of cells, mucous which are the prominent cells, serous
acini along with myoepithelial cells**. Salivary glands secretion
is a reflex phenomenon controlled by both parasympathetic and
sympathetic innervation; stimulation by parasympathetic leads
to vasodilation and secretion of copious amount of watery
saliva; whereas sympathetic stimulus leads to vasoconstriction
and reduced secretion of a few amount of saliva®. A
parasympathomimetic drug neostigmine, is an anticholinestrase
(AChE) inhibitor that increases salivary flow. It acts as a
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Dr. Abeer H. Amer
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of Benghazi, Benghazi, Libya

abeer.amer@uob.edu.ly

cause, an increase in the secretion of salivary gland®.
Neostigmine is used in some medical disorders such as oral
dryness (Xerostomia); in addition to glaucoma, urinary retention
and myasthenia gravis7. Furthermore; Davies et al in 2015,
suggested the role of parasympathomimetic drugs in treatment
of radiation induced salivary gland dysfunction®,

Aim of the study:

The present study is aimed to shed more light on the
histological structural changes on the secretory endpieces of the
sublingual gland, in order to study the effects of
anticholinestrase (neostigmine).

2. MATERIALS AND METHODS

The present research was conducted on 12 female rabbits, 6
months old, of local mixed breed, weighing around 800-
1000mg. The animals were kept under laboratory conditions
with unrestricted access to food and water. The rabbits were
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divided into four groups; one control and three drug treated
groups with 3 animals in each group respectively. The animals
were injected with neostigmine methylsulfate (Neostigmine,
ROTEXMEDICA/ Germany) intramuscularly. This drug was
available as 0.5 mg injectionvial or ampoules. Neostigmine was
stored at room temperature and protected from light. The drug
was administrated once a day and the dose used was as
following:

Group A: received an injection of therapeutic dose of
neostigmine (0.147 mg).

Group B: received an injection of double therapeutic dose of
neostigmine (0.294 mg).

Group C: received an injection of triple therapeutic dose of
neostigmine (0.441 mg).

Group D: served as a control, and received an equivalent
injections of isotonic saline for the same period of time.

The sublingual glands were collected and fixed for 48 hours in
10% neutral buffered formalin. The tissues then were processed
for light microscopy. A traditional technique of paraffin
embedding was followed. Rotary microtome was used for
cutting 3-5 um thick sections for each tissue. The slides were
then stained with Harris's Hematoxylin and Eosin®.

3. RESULTS

Clinical observation:

There was a period excitation of the animals followed by a
period of relaxation, weakness and excessive salivation were
noticed in the group injected with the therapeutic dose of
neostigmine. The symptoms were presented as diarrhea and
excessive urination in the group injected with double and
therapeutic doses of neostigmine. The group injected with triple
therapeutic dose of neostigmine had additional symptom in the
form of difficulty in breathing. Nevertheless; the symptoms of
the neostigmine treated rabbits was subsided and relieved after
two hours.

Histological finding:

The sublingual gland in rabbits of control group was composed
of compound tubulo-acinar glands. It is composed of mucous
tubular secretory units capped by serous demilunes; it is mixed
but mostly mucous. Mucous acini are large in diameter with
wider lumen. Mucous cells are arranged in test-tube-shaped
tubules, lightly stained. The mucous cells have pale foamy
vacuolated cytoplasm, and flattened basal nuclei against the
base of the cell as seen it the control group (fig.1). In the
animals injected with the therapeutic dose of neostigmine it was
noted that the cells of the secretory portion had an increased
size and amplified secretion with increased foamy appearance
(fig.2). While the sublingual glands of the animals injected with
a double therapeutic dose, the size of the mucous cells had
increased in size and amplified secretion causing more
pronounced vacuolation in the cytoplasm and more foamy
appearance in mucous acini with clear cell boundaries. It also
showed an appearance of remnants of secretion in the duct
system as clarified with the black arrow (fig.3). Whereas for the
triple therapeutic dosed animals, the sublingual salivary gland
showed larger sized cells and more foamy appearance than the
double dosed animals while parts of the cytoplasm had spaces
between them. It also showed enlarged size of acini with
increased foamy appearance of cell. In addition there was a
marked appearance of connective tissue infiltration between the
acini as shown by the black arrows in (fig.4), this may indicate
increased fibrosis. In all treated sections it was noticed that the
nucleus were condensed and flattened to the base of the cell,
due to increased secretion.
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Figure 1. The photomicrograph from the sublingual gland of the
control group, showing a normal structure and appearance of
mucous acini and duct system. Original magnification x 200.

-

Figure 2. The photomicrograph from the sublingual gland of the
therapeutic dose group shows normal appearance of duct system
with increase in size and secretion of mucous cells with increased
foamy appearance in the cytoplasm. Note the presence of
vacuolation in the cytoplasm. Original magnification x 200.
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Figure 3. The photomicrograph from the sublingual gland of the
double therapeutic dose group shows increased size of mucous cells
and amplified secretion causing more pronounced vacuolation in
the cytoplasm. Also, shows appearance of remnants of secretion in
the duct system as clarified with the black arrow. Original
magnification x 200.

5 (B
i oy, Pl



The effects of Neostigmine on the Secretory Endpiece Cells of the Sublingual Glands in Female Rabbit. Elramli et al.

»

X L
"N

NS IR

Figure 4. The photomicrograph from the sublingual gland of the
triple therapeutic dose group shows larger sized mucous cells and
more foamy appearance than the mucous cells of the double
therapeutic dose group with parts of the cytoplasm with spaces
between them. In addition there was a marked appearance of
connective tissue infiltration between the acini as shown by the
black arrows. Original magnification x 200.

4. DISCUSSION

In the current work the effects of different doses of Neostigmine
on the histological structural changes of rabbit sublingual have
been examined. The histological changes were shown as an
increase in the diameter of the mucous acini and the vacuolation
of the cytoplasm of the cells with increasing dose of
neostigmine injection. The evaluation of neostigmine as
sialagogues drug simulating the effect of parasympathetic
nervous system™ is very essential. In 2015, Davies et al, support
the use of neostigmine and other parasympathomimetic drugs
for the treatment of salivary gland dysfunction due to
radiotherapy in head and neck malignancies®. The clinical
approaches of the latter author were in consistent with the
histological findings of the current research. There has been
understanding  that  vacuolation, after the use of
parasympathomimetic drugs, can take place at episode in
exocrine serous cells of the trachea®; pancreas**™®. Earlier in
vitro studies on rat parotid gland®* illustrated that stimulation
with muscarinic and adrenergic agonists effected progress of
water and vacuole development. It was believed that vacuole
formation is a necessary part of water secretion™.

In rat sublingual®®, prolonged strong parasympathetic
stimulation has amplified the affinity for acinar vacuolation as
seen in triple dose treated rabbits of the current work.

In addition, we have examined the super sensitivity of the
mucous cells in rabbits which manifested by increase the rate of
salivation. That replicates the findings of sensitization of the
serous acini by parasympathetic stimulation which was a
necessary condition for secretion'’. It was reported that there
were an improvement in compliance of the patients receiving
radiotherapy after the use of neostigmine®. Actually
neostigmine like other parasympathomimetic drugs was
important to induce compound exocytosis to the secretory
granules'®, a process that was believed to be radio protective in
preceding study?®??>%_ In general compound exocytosis is
crucial process in production of excessive amount of saliva by
the parotid salivary gland®. Similar results were attained for
amifostine in experimental studies using rat and rabbit models
and clinical trials®® which favor such treatment. The endogenous
saliva production is very significant to patient equally for its
convenience and the importance of natural saliva to oral
function. The artificial saliva does not replace the many
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macromolecules vital to protective and other functions of saliva.
Stimulation of gland function also may help prevent ascending
infection of salivary glands and delay the formation of mucous

plug®.
5. CONCLUSION

The structural histological alterations noticed in this study
confirm the use of the drug neostigmine in cases of xerostomia.
The production of endogenous saliva is of greatest benefit to
patient both for its convenience and the importance of natural
saliva to oral function. Neostigmine could be used as
prophylactic agents in patients receiving radiotherapy with head
and neck malignancies, showing diminished salivary gland
output.
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Abstract:

Introduction: Dentists and dental students are at high risk of injuries by sharps and of these, the most common are due to
needle sticks. Needle-Stick Injures (NSIs) increase the risk of having blood-borne infections such as Hepatitis B Virus
(HBV), Hepatitis C Virus (HCV), and Human Immunodeficiency Virus (HIV) infections.

Aims: The aim of this study was to determine the prevalence and pattern of (NSls) among dental students at Faculty of
Dentistry, Benghazi — Libya.

Methods: A descriptive cross sectional study was conducted among all dental students who were in clinical rotations (third
year, fourth year and interns) at Faculty of Dentistry, University of Benghazi. Students were surveyed for the prevalence
and pattern of (NSIs) using a pre-tested, self-administered questionnaire. The data was collected and analyzed by using
SPSS software.

Results: About one third of the students had at least one accidental exposure to (NSIs) since the beginning of their dental
training. Needle Recapping was the most common cause of such injury. Most of dental students (73.3%) were found to be
aware of precautionary measures and first aid management for a (NSIs).

Conclusion and Recommendations: Proper training system, proper work practices and education regarding awareness of
needle stick injuries have the prime importance of creating awareness. The prevention and management protocol for such
injury should be displayed in all clinical departments to assure safe practicing. HBV vaccination should be strongly
recommended for all dental students before beginning clinical rotations to reduce the risk of HBV infections through needle
stick injury.

Key words: Needle stick injury, Dental students.
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1. INTRODUCTION

Health care associated infection has always been an important
public and medical issue worldwide. Health care workers
(HCWs) are at expanded danger of contracting blood-borne
diseases in their daily work through job related factors like
accidental needle-stick injuries (NSIs). NSls are injuries caused
by accidental penetration of the skin by an injection needle .

Globally, NSIs are the most widely recognized occupational
hazards for blood exposure which result in transmission of
blood-borne infections %%,

The majority of dental practices are being performed under
local anesthesia, so hazard expanded by continuous utilization
of local anesthesia needles. This has been known for the past
few decades to be the founders of several blood borne diseases
4SL{3Ch as Hepatitis B (HBV), Hepatitis C (HVC) and AIDS (HIV)

More than 20 different diseases can be transmitted through
needle sticks, including syphilis, malaria, and herpes . At least
1,000 health care workers are estimated to contract serious
infections annually from needle stick and sharps injuries .

Several studies have reported the high prevalence of such
practice among dental students and dental surgeons. Dental
students in training have the greatest risk of exposure to blood
borne pathogens, because of their various training including the
utilization and transfer of sharp instruments and preparations
increased while training new clinical skills ®°.

Although needle-stick injury among dental students care
workers has been explored in several industrialized nations,
very few data are available from developing countries. No data
have been reported on needle-stick injuries among dental
students in Libya. Therefore, this study was conducted to
determine the prevalence and pattern of (NSIs) among
undergraduate dental students at University of Benghazi, Libya.

Material and Methods:

A Self- administered close ended questionnaires was distributed
to all dental students who are in clinical rotations (third year,
fourth year and interns) at Faculty of Dentistry, University of
Benghazi during the academic year 2017-2018. The students'
participation was voluntary after verbal communication
explaining the purpose of the study. Demographic status of
students such as gender, age and year of study was recorded,
also exposure of the subjects to the needle stick injury (Yes/
No). If answer was “yes” then it required the mechanism of the
injury like local anesthesia administration, needle recapping,
needle exchange, sharps disposal or others. Subjects were also
asked few questions regarding precautionary measures
necessary to prevent needle stick injury and whether he or she
was aware of the first aid management of a needle stick injury.
The dental students were given the questionnaire in the
classrooms and asked to fill it without discussing it in fifteen
minutes. Interns were given the same questionnaire in various
departments. The data were entered and tabulated into a
computer using the Statistical Package for Social Science (SPSS
Version 20 for Windows, SPSS Inc. Chicago, IL). Data analysis
included descriptive statistics.

Results:

We disseminated 390 questionnaires, out of which 342were
returned, giving a response rate of 87.6%. The study population
comprised of 192 students from third year (56.2%), 64 students
from fourth year (18.7%) and 86 interns (25.1%) (Table 1).

Exposure to needle stick injury was found among 108 of
subjects (31.6%). Interns had the highest rate of NSIs (54.2%)
followed by fourth year (27.4%), while third year students had
the lowest percentage (22.3%) (Table 2).

The most common activity leading to NSIs was needle
recapping (37.1%), followed by other reasons which could be
suturing or handling sharp instruments (29.2%) (Figure 1).

Most of the students (73.3%) were aware about the proper
management and the first aid after NSls (Figure2).

Table 1: Demographic characteristics.

-

Variables

Male 28 8.1
Gender

Female 314 91.9
Year 3¢ 192 56.2

4 64 18.7

Interns 86 25.1

Table 2: Exposure to needle stick injuries.

Exposureto  Third year Fourth Interns
needle stick year

Yes 44 17 47 108
(22.3%) (27.4%) (54 .2%) (31.6%)

No 133 37 34 204
(69.7%) (58.1%) (39 .8%) (60%)

Do not 15 10 5 30

remember
(7.4%) (14.5%) (6.0%) (8.7%)
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I
D | needle recapping
D | others
- —
During local anesthesia
| — Sharps disposal
| _ Needle exchange
40% 30% 20% 10% 0%

Figure 1: Mechanism of injury

management following NSI

- Improper management

80.00%60.00%:40.00%20.00% 0.00%

Figure 2: Firstaid and management after NSls

Discussion:

This cross-sectional study investigated needle-stick injuries only
among dental students, in contrast to most other studies which
evaluated needle-stick injuries among health care workers in
general.

Needle stick injuries pose significant risk to dental health care
workers. Dentists are a part of group at high risk of exposure to
this type of accident, '* ** which is pronounced among dentistry
students due to their few work experiences.

The prevalence of NSIs was 22.3 %, 27.4%, 54.2%, for third
year ,fourth year and interns respectively. It is assumed that
little practical experience and reduced clinical skills of students
10. 12 added to the psycho-emotional factors, nervousness,
anxiety and pressure for being constantly evaluated, may have
influenced the high number of cases in this population. In
addition, most curricula in dentistry schools involve clinical
activities increasing the likelihood of accidents in this
environment. This rate is less than reported in other studies * 3.
The underreporting is an established fact because, “HIV, HBV
and HCV” infections have implications for personal
relationships and future employment. Also since the study only
focused on self-reported events, we believe that the actual
incidence was much higher.

Needle recapping was found the most common mechanism of
NSls, which is in consistent with other studies ** *° earlier
reports ¢ have shown that the classical NSIs usually take place
during recapping of the used dental needles. The reported
incidence of NSIs caused by this mechanism is between 22%
and 52% of needle-stick injuries. This finding may be due to
that high rate of needle recapping using two hands techniques,
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in addition needle devices with safety features are expensive
and not always available.

The use of a portable recapping device has been shown to
decrease NSIs fourfold, from 1 in 4,000 to 1 in 16,000 injuries
per blood drawing event 7, but obviously introduction of such
equipment is not widely adopted owing to the added cost and
administrative effort needed for implementation.

The increased rate of NSIs reported among interns is noticeably
higher than among third and fourth years (54.2%). This might
be explained by the increased workload, and the clinical
requirements, while third year reported less exposure as it is
considered as an induction year to the clinical dentistry. The
later observation was also reported by Stewardson et al .

Most of the students were aware about the first aid
management. This finding is in the same line with other studies
4 11 This might be due to continuous attention and firm
implementation of cross infection control strategies regarding
post exposure management in dental training.

One of the limitations of this study is that recall bias may have
occurred, especially for events that may have taken place a long
time prior to the study.

Conclusion and Recommendation

Our results demonstrate the need to revise the system and
establish safety protocols for clinical practice. NSI prevention
strategies for dental professionals should be implemented in the
dental curriculum and preoccupation/occupational training
programs. HBV immunization should be recommended for all
dental students before beginning clinical training to limit the
danger of HBV infections through needle stick injuries. The
prevention and management protocol for such injury should be
displayed in all clinical departments to assure safe practicing. A
non-recapping policy with immediate disposal of syringe
systems after injection would help to reduce the exposure.
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Abstract

Aim: to evaluate radiographic quality of root canal fillings performed by General Dental Practitioners (GDPSs) in Libya.
Methods: A total of 599 endodontically treated teeth with 994 roots were evaluated. Assessment of the quality of root canal
fillings was done by tracing digital periapical radiographs for different types of teeth without enhancement by two
calibrated endodontists, evaluating length, density and taper. The length of each root canal filling was categorized as
acceptable, short or overfilled based on the relationship of the filling with the radiographic apex. Density and taper were
evaluated based on presence of voids and uniform tapering of the filling. The overall quality was considered adequate if all
three criteria were adequate. Results: Overall 11.7% of all evaluated teeth had an acceptable root canal filling Adequate
length of root filling was found in 53% of the maxillary teeth and in 40.4% of mandibular teeth. A significance difference
(P<0.001) was found between tooth type and length of root canal filling (48.2%, 11.9% and 39.9% for adequate, over, and
short root filling respectively). Adequate density was found in 22.3% of maxillary and 17.4% of mandibular teeth. A
significant difference between tooth type and density of root filling (P<0.05) was found. Adequate taper was found also in
42% of maxillary and 33% of mandibular teeth. There was a significant difference (P<0.001) between tooth type and
adequacy of root filling taper. Conclusion. The technical radiographic quality of root canal fillings performed by general
dental practitioners was found to be substandard. There is an urgent need to improve it.

Keywords: quality, root canal filling, general dental practitioners, radiographic.

prevalence of post-treatment apical periodontitis owing to the

1. INTRODUCTION substandard technical quality of root fillings and restorations.
The main goal of root canal obturation is to prevent re-infection Hence, there is an urgent need for the improvement of the
of root canal system and allow healing of periapical lesion. It is quality of root canal treatment in order to minimise the
well documented that the success of root canal treatment relays incidence of apical periodontitis.™

on the quality of root canal filling.2® Previous studies*!

reported that poor quality of endodontic treatment can be Root canal treatment is often a challenging area for the general
directly related to apical periodontitis. A recent study carried dental practitioners (GDPs) especially the endodontic treatment
out by Thampibulet and colleagues'? reported an increase in the of posterior teeth.!* Literature search showed many
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epidemiological studies focused on the technical quality of root
canal filling among the undergraduate students and few of
researches were looked at the quality of root canal fillings
among general dental practitioners. While, Bjgrndal and
colleagues®® reported a satisfactory and excellent quality of
endodontic treatment via a self-assessment survey looking at the
knowledge and skills of Danish GDPs, other epidemiological
studies reported undesirable quality of root canal treatment
among either general dental practitioners or undergraduate
students. >816-%

Modern endodontic courses have focused on the improvement
of the technical quality of root canal procedures. It is well
documented that there is an association between undergraduate
training course and adequate quality of root canal obturation
which were performed by general dental practitioners.3*
Moradi and Gharechahi®* highlighted the importance of
evaluating the quality of root canal treatment for planning the
educational program in Endodontics. Root canal filling is a
crucial component in endodontic treatment*', and an essential
criterion for the evaluation of root canal treatment via periapical
radiographs which is recommended by the European Society of
Endodontology ** as assessment tool. Those criteria include:
preparing a tapered root canal from crown to apex, absence of
voids between root canal filling and canal walls and finally the
root canal filling preferably terminate within 2mm of periapical
region clearly identified. Failure of adequacy in any of the
aforementioned criteria can expose the treated tooth to a higher
risk of failure and subsequent development or persistent
periapical lesion.*®

The majority of endodontic treatments in Libya are performed
by GDPs; therefore, the aim of the current study was to evaluate
the technical quality of root canal treatment performed by
general dental practitioners at different private dental practice in
Libya.

2. MATERIALS AND METHODS

A retrospective clinical review was carried out on patients

records of endodontic treatment performed by General Dental

Practitioners in private dental clinic in Libya. A randomly

selected 611 records for patients who had received dental

treatment in different private clinics.

Inclusion criterion:

e Endodontic treatment should be completed by GDPs.

e Good quality periapical radiograph.

Exclusion criterion:

e Root canal treatment with a post-retained core.

e Incomplete endodontic treatment and records without post-
operative radiographs.

e Unreadable radiographs due to superimposition of adjacent
structures, excessive
elongation or foreshortening of the image.

e Teeth had surgical procedure e.g. Apicectomy,
enucleation.

e Teeth with endodontic mishaps such as perforation, missed
canal or separated instrument.

o Teeth with signs of internal or external root resorption.

e Any retreatment cases.

Twelve unreadable radiographs for patients’ records were

excluded from the study. The remaining 599 records were

fulfilled the inclusion criteria. A total of 994 root canals were

evaluated for the quality of root canal fillings.

cyst

All radiographs were independently examined by two
endodontists. The results of assessment were compared by the

two assessors and a final agreement between the assessors was
made. In case of disagreement, a third investigator was asked to
interpret the radiographs and a final agreement was reached.
The latter was the case in only three canals.

Power of agreement was measured using Cohen’s kappa (k)
values [K<O less than chance agreement, 0.01-0.20 slight
agreement, 0.21- 0.40 fair agreement, 0.41-0.60 moderate
agreement, 0.61- 0.80 substantial agreement, and 0.81-0.99
almost perfect agreement]. The calculated Kappa value was
0.97, which indicate a perfect agreement. The quality of
endodontic treatment was determined by the length of root
filling in relation to radiographic apex, the density of the
obturation according to the presence of voids and the taper of
the root canal fillings (consistent taper from coronal to apical
aspect of the root). The following criteria [Table 1] of
radiographic interpretation were adapted by Barrieshi-Nusair
and colleagues.*

Table 1: Criteria for evaluation of root canal filling.

Criteria Status Description
Root filling ending <2
Adequate mm from the radiographic
apex.
Length of root AR
s - Root filling beyond the
canal filling Over-filling radiographic apex.
Root filling >2 mm short
Short filling | from the radiographic apex
Inadequate \?')Illqs presgntt in the ro?t
Density of root 11INng or between roo
S filling and root canal walls
canal filling - -
No voids present in the
Adequate root filling or between root
filling and root canal walls
No consistent taper from
the coronal to apical part
Taper of root Inadequate P P
I filli -
canal fifhing Consistent taper from the
Adequate coronal to apical part
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The overall quality was considered adequate if all variables
(length, density and taper) were adequate. Data were analysed
using SPSS software version 20 (SPSS Inc, Chicago, IL, USA).
Descriptive analysis for each variable was calculated and Chi-
square analysis of association at <0.05 were performed.

3. RESULTS

Five hundred ninety-nine teeth (994 roots filled canals) were
investigated in this study. The distribution of examined teeth is
shown in Figure 1. Maxillary premolars and mandibular molars
represent half of the studied sample (50%). Figure 2 illustrates
the distribution of teeth according to group (anterior, premolar
and molars). The largest sample composed of premolars teeth..

Overall quality:

The overall quality of root canal filling was defined by the
combination of all three outcome variables (i.e. length, density,
and taper) for both maxillary and mandibular teeth [Figure 3].
Though the percentage of adequate root fillings was 11% in
maxillary teeth and 12.8 % in mandibular teeth, the difference
between the jaws was not statistically significant [P > 0.05].
Figure 4 illustrate the incidence of inadequate root canal filling
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in each tooth type. The inadequate root canal fillings were - g
observed more in maxillary molars (95%) and mandibular e iy
molars (91%).
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Figure 4: The overall quality of the root canal filling in each tooth
in both arches.
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Figure 1: The distribution of teeth in the maxillary and mandibular observed in molar group compared to other groups. There was
arches. no statistically significant difference between groups of teeth
and overall quality [P=0.084].
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Figure 2: The distribution of teeth according to groups.
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- Good Quality Figure 5: The quality of root canal fillings according to group of
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Length of the roots canal fillings: Adequate length of root
fillings were observed in 53.3% of maxillary teeth and 40.4% of
mandibular teeth. There was a significant difference between
both arches [P= 0.008]. The highest percentage of inadequate
root canal fillings (short and over filling) were observed in
mandibular molars (71%) followed by maxillary premolars

(59%) and maxillary molars (45%) [Figure 6].
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Figure 6: The relation between tooth type and length of the root
fillings
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There was a statistically significant difference between length of
root canal fillings and tooth groups [P<0.001] (Table 2) and also
length of root canal fillings and number of roots (Table 3)
[P<0.001].

Table 2: The quality of the length of the root canal filling according
the group of teeth.

Tooth Length of root fillings

group Adequate Overfilling Short filling
Anterior 97 (65.5) 22 (14.9) 29 (19.6)
premolar 118 (48.2) 29 (11.8) 98 (40)

Molar 74 (35.9) 20(9.7) 112 (54.4)

Total 289 (48.2) 71(11.9) 239 (39.9)

Values in parentheses are in percentages

Table 3: The quality of the length of root canal filling according to
the number of roots.

Number of Length of root fillings
roots Adequate Overfilling Short filling
One root 163 (61.5) 40 (15.1) 62 (23.4)
Two roots 92 (33.7) 28 (10.3) 153 (56)
Three roots 34 (55.7) 3(4.9 24 (39.3)
Total 289 (48.2) 71(11.9) 239 (39.9)

*Values in parentheses are in percentages

Density of root canal fillings:

The inadequate density of root fillings was observed in 77.7%
and 82.6% of maxillary teeth and mandibular teeth respectively.
There was no significant difference between both arches [P=
0.154].

Density and tooth types: The inadequate density of root canal
fillings was observed more in maxillary molars, mandibular
molars and maxillary premolars (88%, 87%, 78% respectively)
[Figure 7].
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Figure 7: The relation between tooth type and density of the
root fillings

Density, tooth groups and the number of the roots:

Table 4 demonstrate the relation between the density of root
canal fillings and teeth groups, and also the density of root canal
fillings and the number of roots. There was a statistically
significant difference between the teeth groups and density of
the root canal fillings [P = 0.002]. There was also a significant
difference between the number of the roots and density of the
root canal fillings [P=0.02].

Taper of root canal fillings:

The inadequate taper of root fillings was observed in 58% and
67% of maxillary and mandibular teeth respectively. There was
a significant difference between both arches [P= 0.03].

Table 4: The relationship between the density of root canal fillings with the groups of teeth and the number of the roots.

Density of Tooth groups Number of the roots
the root .
Anteri Two Three
qar_lal ors Premolars Molars Total One root roots roots Total
filling
Inadequate 109 188(76.7) 180(87. 477(79.6) 199(75.1) 224(82. 54(88.5) | 477(79.6)
(73.6) 4) 1)
Adequate (2%94) 57(23.3) 26(12.6) | 122(20.4) 66(24.9) 49(17.9) | 7(11.5) | 122(20.4)
Values in parentheses are in percentages
Taper and tooth type: 1 Taper of
Inadequate taper of root canal fillings was observed more in Frl.-‘?’_,?au
maxillary (83%) and mandibular molars (75%) [Figure 8]. Hhtonre
0 W inadzquate
Taper, tooth groups and the number of the roots: & "
According to tooth groups; Table 5 demonstrates the relation o
between the taper of root canal fillings with both tooth groups, "
T 9 =T 3 =B g B S
g S 3 § 2 &8 § 32
= 8 = " g8 = 3 7
Tooth Type

Figure 8: The relation between the tooth type and the taper of root
canal fillings
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and number of roots. There was a statistically significant
differences between the tooth groups and the taper of the root

canal fillings [P <0.001] and also the number of roots and taper
of root canal fillings [P< 0.001].

Table 5: The relationship between the taper of root canal fillings and tooth groups and number of roots

Taper of the Tooth groups Number of the roots
root canal Anterior | Premolar Molar Total One Two Three Total
filling root roots roots
Inadequate 61(41.2) | 148(60.4) | 160(77.7) 369(61.6) 127 (47.9) 191(70) | 51(83.6) 369(61.6)
Adequate 87(59.8) 97(39.6) 46(22.3) 230(38.4) 138 (52.1) 82(30) 10(16.4) 230(38.4)
Values in parentheses are in percentages

4. DISCUSSION

This study was carried out to evaluate the technical quality of
root canal treatment performed by GDPs in Libya. In this study,
it was decided to include only general dental practitioners
graduated from the Faculty of Dentistry, University of Benghazi
with clinical experience in endodontics ranged from 5 to 10
years and had not undertaken any postgraduate training in
endodontics after graduation. It was believed that would
indirectly assess their undergraduate course level in
endodontics. The current study utilized data, which comprised
of a sample of unenhanced digital radiographs for patients who
received root canal treatment by general dental practitioners at
the different private clinics in Libya. Patient’s panoramic
records were excluded from the current study owing to the
following: they provide less inter-examiner reliability®;
difficult to interpret *® and low Kappa values for intra-observer
agreement “® when compared to periapical radiographs.

The criteria used to assess the quality of root canal fillings were
similar to those used in other studies.***464® Literature search
showed that most of studies focused on the evaluation of the
quality of root canal fillings performed by the undergraduate
students which plays an important role in influencing the
knowledge and skills of graduates. The quality of endodontic
treatment among the GDPs in different countries had been
investigated by few researchers; in Poland, Spain® and
Jordan®, authors reported the inadequacy of treatment. The
latter is in agreement with the current study which reported a
disappointing level (12%) of good quality root canal fillings. It
could be attributed to the deficiency of undergraduate
endodontic training programme,*® therefore, the quality of
endodontic treatment performed by general dental practitioners
will be substandard. Qualtrough et al * believed that more
practical experience is needed at the undergraduate level. In the
UK, a number of researches %**' were interested in the
evaluation of the quality of endodontic treatment performed by
undergraduate students: authors found that the newly qualified
vocational trainees in general practice were not pleased with
their undergraduate teaching experience in endodontics.
Dummer® argued that could be attributed to the limitation of
time that has been allocated for endodontic course and also
owing to poor staff to student ratio. Furthermore, teaching of
endodontics in undergraduate was mostly not given by
specialist endodontists.

All the participants in this study graduated from the university
of Benghazi and therefore we will focus on the undergraduate
programme in the Faculty of Dentistry, University of Benghazi.
Previously, the number of teaching hours for theoretical part of
endodontic program had been less than allocated for
conservative dentistry, and also with fewer laboratory and
clinical hours compared to conservative dentistry. Moreover,
teaching hours were only allocated to the third and fourth years
of a five-year undergraduate program, which is in agreement
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with other studies carried out in other countries.****® The
restricted time for endodontic teaching tends to limit student’s
preclinical training in endodontics with resultant difficulties
experienced during clinical practice. Similar teaching problems
have been addressed by several investigators who evaluate the
undergraduate endodontic teaching programme in the UK.
385254 |nterestingly, the time allocated for theoretical program in
the Faculty of Dentistry, University of Benghazi is comparable
to those programs practiced throughout dental schools in many
countries, which also revealed significant shortage in laboratory
and clinical sessions.*”404

Recently, in Benghazi Dental School, all efforts have been
made to accommodate more clinical and laboratory sessions for
the endodontic program to be online with conservative
dentistry. In near future program, the students should start
training on extracted teeth in the third and fourth year to be
illegible for working on patients in intern period. ldeally, the
students should work on patients in the final year. However,
owing to the large number of students with current facilities and
limited number of endodontists in the department may delay
this procedure. The undergraduate endodontic program should
ideally be delivered to the students by endodontists. The number
of endodontic sessions is insufficient to fulfill all the students
needs and, consequently, not all students will get the
opportunity to perform the endodontic treatment and gain wide
experience in endodontics. Other studies have demonstrated
similar concerns.®*%* The student: staff ratio is significantly
disproportion similar to that reported in other studies. ***°A
recent meta-analysis® revealed that the frequency of
unacceptable quality of root fillings increased significantly as
the tooth position moved further posteriorly. In the current
study, molar teeth showed the highest level of inadequate root
canal fillings compared with other teeth. The latter was in
agreement with other study.”® This could be attributed to
complex anatomy of molar teeth which mainly have narrow and
curved canals that considered to be difficult and challenging to
treat by GDPs.

Length of the root canal filling is considered as an important
factor for the success of endodontic treatment. An improvement
of the outcome of RCT were observed when the length of root
canal fillings ends 0—2 mm short from radiographic apex. “*° In
the current study, it was reported that short root fillings were
observed in 40% of studied sample compared to only 12%
exhibited overfilling. The inadequacy of the length of root
canal fillings were observed more in mandibular molars (61%).
The latter is in agreement with other studies.®** It could be due
to canal curvature and failure to negotiate both mesio-buccal
canals. Furthermore, it was also observed that maxillary
premolars represent the second most common teeth exhibited
short root canal fillings. The latter is in agreement with other
authors.*™® Short root canal fillings could be attributed to
iatrogenic errors such as short root canal preparation, ledge
formation, canal blockage, and root canal transportation that
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may occur during root canal preparation. Any of these
procedural errors may reduce the efficiency of cleaning and
shaping, subsequently increase the possibility of underfilling®
and adversely affects the prognosis of root canal treatment.*® It
is well documented that the sole use of only radiograph in
challenging root canal cases might lead to inaccurate working
length determination. It is highly recommended to use
electronic apex locators as adjunct to radiographs owing to its
accurate measurement which reach up to 97%.%%%

Other important factor for the long-term success of endodontic
treatment is adequate density of root canal fillings.>*®° It is well
documented that one of the causes of the failure of root canal
treatment is micro-leakage, which, resulted from inadequate
density of root canal fillings.®* The direct correlation between
the incidence of apical periodontitis and inadequate densities
were highlighted by Eriksen & Bjertness.®? The density of the
root canal fillings were considered inadequate if there was any
voids present between the root canal fillings and root canal
walls.?* In this study, inadequate density of root canal fillings
were found to be the most common cause of inadequacy of root
canal fillings. This is agreement with a recent meta-analysis
carried out by Riberio and colleagues®® and other authors.®*% |t
was believed that cold lateral condensation technique with gutta
percha may produce voids in the root canal which was not well
flared.5 In this study, the overall adequate density of root canal
fillings were substandard and inadequate (79%). The latter is
alarming as it may jeopardize the treatment outcome. Other
studies reported a range of adequate density from 27.6% to
92.6%. 5283132444885 There was no significant correlation
between maxillary and mandibular teeth with regards to the
density of the root canal fillings, which is in agreement with
other authors.*4¢

The third and important factor for the success of endodontic
therapy is the taper of root canal fillings. In 2006, the European
Society of Endodontology®” highlights the importance of
preparing a taper root canal from the crown to apex and also
recommended maintaining the original shape of root canal
during and after canal instrumentation. The latter promote
healing of periapical area and success of endodontic treatment.%
Only few studies considered the taper of root canal among the
criteria for evaluating the quality of root canal fillings.
Although, the assessment of taper of the canal was considered
as a subjective criterion,® including the taper in this study
allowed better following of canal shape and overall evaluation
of technical quality of root canal fillings. In the current study,
the adequate taper of root canal fillings was observed in only
38% studied sample. This figure is lower than reported in other
studies.®314€ The latter may be owing to the different
instrumentation technique which had been used by GDPs which
subsequently affect the outcome of the taper of the canal. The
inability of the dental practitioners to keep the original canal
shape and proper taper of the root canals may lead to
endodontic mishaps such as ledges and perforation. Generally,
in order to improve the technical quality of root canal treatment
performed by the GDPs, the undergraduate curriculum has to be
revised. Improvement in training and focusing on the laboratory
and clinic training will definitely improve the standard of
endodontic treatment. Moreover, further training courses should
be arranged for GDPs who are interested in practicing
endodontic therapy. The latter will definitely motivate them and
improve their skills which subsequently minimise the
procedural errors and increase the success rate.

This study was limited by the fact that the GDPs did not keep
complete records of all patient details (e.g. sex, age, etc), and
there was no information about the techniques used during canal
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preparation or obturation. Further research should be conducted
such as a prospective study to assess the quality of root canal
fillings with standardised instrumentation and obturation
techniques.

4. CONCLUSION

The results of this study showed a high incidence of
unacceptable root canal fillings performed by general dental
practitioners in Libya. The low percentage of acceptable root
fillings highlight the importance of continuous training course
in endodontics. An urgent revision and improvement of
undergraduate programme, preclinical and clinical training and
also conducting training courses for GDPs under the
supervision of specialists or consultants in Endodontics would
be beneficial for improving the quality of endodontic treatment.

Acknowledgment: The authors wish to thank all GDPs for their
invaluable contribution in this study by providing this research
data. Authors have assured that all data will be kept safe and
secure in order to protect GDPs confidential information.
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Abstract

Annona muricata also known as a Grviola is a fruit tree with a long history of traditional use. A. muricata, has a wide array
of ethnomedicinal activities and containing wide range of chemical compounds including Alkaloids (acetogenins); which
represent the major constituents of A. muricata, there were more than 100 annonaceous acetogenins have been isolated
from leaves, barks, seeds, roots and fruits of A. muricata. Furthermore; lipids, isoquinoline, lactones, Annomuricatina
(protein), Bullatacin and Muricoreacinetc have been isolated from this plant. The plant extracts and Secondry metabolites
exhibit pharmacological properties such as anti-inflammatory, antibacterial, antioxidant, antiparasitic, hepatoprotective and
bilirubin-lowering, anti-diabetic, wound healing, antiobesity, immunomodulatory, and anticancer activity. The present
review summarizes the information concerning the traditional uses, phytochemistry, biological activity and two case studies
one in vitro on pancreatic cancer cells and other in vivo study on breast cancer that had been carried recently to assess the
effects of Graviola.

Keywords:

Grviola, Acetogenins, biological activities, anticancer activity, ethnomedicinal activities.

effects free. This information is appropriately not right, and

1. REVIEW OF LITERATURE

Natural products are extensively used in population throughout
history due to their pharmacological activities, they are typically
complex mixtures of several chemical compounds from various
classes, which are related to its toxicity and capability of
moderating the biological action throughout either synergistic or
antagonistic effects compared with concurrent predictable
drugs®. Natural medicines that are produced from plants and
have been extensively used as alternative and complementary
medicines for health advancement. The growing intake of
natural medicine has increased the concern of their safety; it has
been supposed that the natural medicines are safe and side
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often confusing?. According to World Health Organization
(WHO), greater than 80% of the entire world’s population relies
on the natural medicines to satisfy their essential health care
requirements. The biological activity of numerous
phytochemical compounds from natural products were
explained and described. These bioactive molecules for instance
alkaloids, tannins, phenols and flavonoids were characterized to
be most important classes regarding to activity. The
phytochemical  researchers depend on the ethno-
pharmacological evidence systems, the effective methodology
in the identify and discovery of new therapeutic agents from
plants®, Annona muricata belongs to the Annonaceae family,
which is a widespread small tree having its intrinsic in Central
America. Wholly parts of A. muricata tree is used as a natural
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medicine involving the seeds, roots, leafs, twigs and fruits. In
general, the fruit juice and fruit are used to remove parasites and
worms, enhance mother’s milk after child birth, cool fever, as
well as decreasing dysentery and diarrhea®.

The main constituent of A. muricata is a annonaceous
acetogenin compound, which is related to anticancer activity of
the plant. Therefore, leaf extract from A. muricata are used in
the studies for antitumor properties in numerous types of
cancer®,

In this review the distribution, ethnomedicinal uses of A.
muricata and its biological activities and possible mechanisms
of some bioactivities will be described.

Ethno-medicinal uses:

All parts of the A. muricata tree are widely used as
ethnomedicines against a range of human diseases, mainly
parasitic infections and cancer. The fruit is used as natural
medicine for neuralgia, arthritic pain, arthritis, rheumatism,
fever, diarrhea, malaria, parasites, worms and skin rushes. The
leaves are active to treat diabetes, cystitis, insomnia and
headaches®.

Furthermore, oral administration of the decoction of leaves are
supposed to exhibit neuralgic effects and anti-rheumatic, while
topical administration of the cooked leaf is used to treat
rheumatism and abscesses™®. Some researchers found that the
crushed seeds have anthelmintic actions against internal and
external parasites and worms®.

In tropical Africa, the whole plant is employed to treat cough
as well as an astringent, pesticide, insecticide, and remove pain
and skin illnesses. In India, the flowers and fruits are used as
medicines against mucus, whereas the bark, root and leaves
have anthelmintic and antiphlogistic activities'. In Malaysia,
the crushed leaves mixture of A. muricata together with
Hibiscus rosa-sinensis and A. squamosa is employed as a juice
on the head to defend against fainting’®. In tropical Africa,
Nigeria, and South, the leaves of Graviola are arranged as an
ethnomedicine against cancer and tumors®. In addition to
traditional uses, the fruits are commonly used for the
preparation of candy, beverages, ice creams, syrups and
shakes™?,

Chemical composition:

Various phytochemical analysis studies on Graviola tree have
confirmed the presence of multiple phytoconstituents as
described below:

Alkaloids

A. muricata are considered to be rich in reticuline and
coreximine, the highest alkaloid concentration are found the
leaves®®. The alkaloids found in A. muricata are of the
isoquinoline, aporphine and protoberberine type'*. Alkaloids
isolated from Annona species possess an affinity for the 5-
HT1A receptors in vitro and participate in dopamine
biosynthesis , and that’s explaining the antidepressant-like
effects and cytotoxic activity™,

Acetogenins (AGEs)

They are a series of polyethers which contain either the
adjacent or the non-adjacent tetrahydrofuran (THF) or
tetrahydropyran (THP) ring, in addition to an o, f-unsaturated
c-lactone ring'®. However, there are five bioactive acetogenins
extracted from Graviola fruit, three of them are novel
compounds named annonamuricins A, B, C and annonamuricin
D and one known as annonacin. Wide range of biological
activities have been correlated to AGEs and the most important
of which is its toxic activity against cancer cells®®.
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Figure 1: Structures of annonaceous acetogenins isolate from
Graviola fruit

Phenolic compounds:

More than thirty phenolic compounds have been isolated from
to A. muricata and considered to be responsible for the
antioxidant activity of Graviola, the most important of which is
quercetin that is found mainly in leaves®’.
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Figure 2: Structure of phenolic compounds isolated from Graviola
fruit.
Other compounds:

Other compounds such as vitamins, amides, carotenoids,
megastigmanes and cyclopeptides have also been detected in A.
muricata. leaves, seeds and fruit pulplg, in addition to 80
essential oils, mainly sesquiterpenes derivatives in the leaves
and have revealed cytotoxic activity against MCF-7 (human
breast carcinoma) cell line®.

Biological activities:
Anti- arthritic and Anti-inflammatory

The anti-arthritic activity of ethanolic extract from A.
muricata leaves has been studied in vivo in complete Freund’s
adjuvant (CFA)-induced arthritis in rats. As well as ear edema
in mice induced by xylene, based on the ethnomedicines
application of Graviola, after the administration of the plant
extract orally for couple of weeks the edema has been decreased
in a dose dependent way. Moreover, by increasing the dose the
pro-inflammatory cytokines has been inhibited which lead to
suppression of TNF-a and IL-1B expression in local tissue.
These results explained the anti-arthritic activity of Graviola,
demonstrating that the leaves could be used against both acute
and chronic inflammation®.

Antibacterial:

The antibacterial activity of Graviola was investigated use the
leaves, bark and plant stem against different strains of bacteria.
The antibacterial effect of the aqueous extract of Graviola
leaves was tested against gram-positive  bacteria:
Staphylococcus aureus,Streptococcus pyogenes and Bacillus
subtilis. As well as gram-negative bacteria: Escherichia coli,
Klebsiella pneumonia, Enterobacter Aerogenes, Proteus
vulgaris and Salmonella typhimurium. The strongest
antibacterial activity of the leaves extract was against S. aureus,
B. subtalis, P. vulgaris and K. pneumonia®.
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More bacterial growth inhibition was resulted from the use of
the petroleum ether extract of the stem bark and leaves of
Annona muricata, compared to the methanol and aqueous
extract; this contributed to the phytochemical analysis results
which showed that the latter two lack anthraquinones,
flavonoids, alkaloids and phenols. While they are located in the
petroleum ether extract?,

Moreover, the fruit hydroalcoholic extract of Annona
muricata was also studied for antimicrobial activity, and was
found to own powerful antimicrobial activity against gram
positive and gram negative bacteria strains®.

Antioxidant Activity:

Reactive Oxygen Species (ROS) are natural byproduct of the
normal metabolism of oxygen and have important roles in cell
signaling. However, during times of environmental stress, ROS
levels can increase dramatically. This may result in significant
damage to cell structures, this process is known as oxidative
stress which catalyzes cellular death through biochemical and
physiological lesion®. Therefore, the development of
antioxidants from natural products has become the center of
attention in recent studies as results of their remarkable role in
reversing the destructive effects of ROS, numerous
investigations on methanolic and aqueous leaf extracts of
Graviola showed antioxidative activities of the two extracts.
Furthermore, the plant showed DNA shielding activity against
H202-induce toxicity®*.

A. muricata leaves and seeds analysis revealed the presence of
enzymatic antioxidants such as superoxide dismutase and non-
enzymatic antioxidants such as vitamin C and E . Padma and
colleagues reported the adaptogenic and antioxidant activity of
the stem bark of A. muricata®.

Anti-parasitic Activity:

Parasitic disease has infected a large percent of world
population; the difficulty in their treatment lies in the drug
resistance exhibited by large number of infecting parasite in
addition to their relatively high toxicity in long treatment
protocol. Therefore, a natural antiparasitic remedy became of a
huge interest recently®®. A. muricata antiparasitic activity has
been investigated use different assay protocols .Where the leaf
and seed extracts has been tested against man parasitic species:
Trypanosoma cruzi, L. braziliensis, Leishmania and L.
panamensis the extract reported to possess antileishmanial
effect against numerous Leishmania species. And a considerable
antiparasitic activity against the infective larvae Molinema
dessetae. Furthermore, the leaf extract anthelmintic activity has
been investigated in vitro and resulted in immobilization of
adult worms of Haemonchus contortus®’.

Hepatoprotective and Bilirubin-Lowering Activity:

Graviola have been used as remedy in the treatment of
jaundice in Ghana, this lead to further investigation to study the
role of the leaves extract of Annona muricata in vitro against
phenylhydrazine-induced  jaundice in adult rats, the
investigation had shown considerable decrease almost to
normal, of the elevated bilirubinemia. Moreover, the
hepatoprotective activity was also investigated against
acetaminophen and carbon tetrachloride induced liver damage,
where they pretreated the animal with Graviola extract, the
normal liver function was regained. These results demonstrated
the possible hepatoprotective activity?>%°.

Antidiabetic and Hypolipidemic Activity:

The need of a natural remedy to treat diabetes mellitus has
become of a great interest. Due to the ethn-omedicinal use of A.
muricata against DM, numerous studies have examine the
antidiabetic activity of the Graviola extract in-vivo using
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streptozotocin-induced diabetes in rats and came out with the
same pleasing antidiabetic results. This may be contributed to
the rejuvenation of P-cells effect Graviola extract on the
pancreas islets, the extract also significantly decreased the
serum total cholesterol, low-density lipoprotein, triglyceride and
very low-density lipoprotein cholesterol*.

Wound Healing Activity:

A. muricata extract has been used as a wound healing agent,
studies prove that extract significantly demonstrated wound
healing activity and decrease in the area of the wound?>..

Antiobesity activity:

Obesity is a worldwide problem, which has been the attention
of scientific researcher lately due to its implications on human
health and wellbeing. As the prevalence of obesity is
dramatically increasing, recently many plants has been utilized
by obese people for weight loss purposes. Two studies
conducted in Brazil and Mexico and Central America indicated
that, Annona muricata plus other plants may have helpful
activity against obesity. However, there is no medical evidence
that guarantee the biological effects these plants®.

Immunomodulatory activity:

According to a recent study in Malaysia, the methanolic
extract of A. muricata showed significant immunostimulation
activity in dose dependent manner®. This effect is thought to be
contributed to stimulating effect of Graviola on the complement
pathway as well as generating C3b and C3bi which will attach
to the pathogen, the later will be recognized by phagocyte
receptor such as CR1 (CD35) and CR3 (CD11b) to start the
phagocytosis process®.

Anticancer Activity:

Cancer mortality percent has increased worldwide, and due to
the toxicity of the current chemotherapeutic drugs, and with the
upsurge of several studies which revealed that compounds
achieved from natural sources are fairly effective in cancer
treatment with less toxicity to normal tissues®.

The leaves from Graviola The main bioactive compounds that
have been extracted from different parts of Graviola are
identified as Annonaceous acetogenins have been used for
treatment cancer. Annonaceous acetogenins are long chain fatty
acids (C35 or C37) which derived from the polyketide pathway
that have selectively and cytotoxicity effect on different cancer
cell lines, involving multidrug-resistant cancer cell lines.

Acetogenins  produce cytotoxicity via inhibiting the
mitochondrial complex I, which is included in ATP synthesis.
Cancer cells have a greater demand for ATP than the normal
cells, thus mitochondrial complex | inhibitors have a possible
effect in cancer therapeutics. Some of in vitro studies have
observed that the anticancer effect of Graviola on numerous cell
lines for instance: pancreatic cancer cell lines (FG/COLO357
and CD18/HPAF), SKBR3 (Breast adenocarcinoma cell line),
Ehrlich ascites carcinoma cells (EACC), and breast cancer cell
lines MD Anderson [MDA]¥.

The identification of A. muricata leaves acetogenins has
positively determined through different techniques. Recently,
some of in vitro studies identified the mechanism of action of
ethyl acetate which is extracted from Graviola leaves against
different cell lines such as lung cancer cells (A549) and colon
cancer cells (HCT-116 and HT-29). The ethyl acetate extract
was capable to enhance apoptosis in lung and colon cancer cells
by the mitochondrial-mediated pathways. This cytotoxic effect
was related with detention in the G1 phase cell cycle®®.
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Apoptosis is the most mode of action of anticancer agents,
involving the drugs from natural source. Moreover, there are
some specific biochemical and morphological changes occur
during apoptosis for instance DNA fragmentation, membrane
blabbing, chromatin condensation, membrane cell shrinkage,
etc. Stimulation of apoptosis is the significant point to success
of natural products as chemotherapeutic agents®.

A. muricata has antiproliferative effects of Human
promyelocytic Leukemia HL-60 cells via stimulating loss of cell
viability, GO0/G1 phase cell arrest, loss of membrane
mitochondrial, and morphology changes. Therefore, A. muricata
is considered as a chemotherapeutic agent and have cytotoxic
activity in HL-60 cells, this information proposed that the
extracts of the plant have a potential effect for treatment of
cancer. In another study, the spread and invasion of colon
cancer cells were highly inhibited via A. muricata leaves
extract. Moreover, the stimulation of caspase 3 by the ethyl
acetate extract of the leaf as well as apoptosis-enhancing effect
in myelogenous leukemic K562 cells, which was established
with a TUNEL assay’.

Recently, in vivo and in vitro studies were conducted to
evaluate the activity of A. muricata leaves against the benign
prostatic hyperplasia (BPH-1) cell lines and prostates of rats, a
suppression effect on BPH-1 cells was observed. The size of the
rats prostates were also suppressed after following the treatment
for additional two months, which was related to apoptosis
induction®.,

Furthermore, an in vivo study on 7,12-dimethylbenzene
anthracene (DMBA)-induced cell proliferation in the breast
tissues of mice, which revealed that the A. muricata leaves may
possess protective against the development of breast
carcinogenesis*.

The leaves extract inhibition effect on the initiation and
promotion stage of skin papilloma genesis in the leaves
ethanolic extract activity against colonic aberrant crypt foci
(ACF) in rats was studied and resulted in suppression of (ACF)
in rats. Investigation on A. muricata anticancer activity was not
exclusive on in vitro and in vivo studies. A case study of a 66-
year old woman with a metastatic breast cancer revealed that
utilization of the leaves boiled in water and Xeloda prodused
stable state of the disease™.

Toxicology:

Recent research revealed that the excessive consumption of
Graviola can cause atypical Parkinsonism, which was attributed
to the AGEs, as they are thought to be neurotoxins and
responsible  for neurodegenerative  disorders, including
Guadeloupean atypical Parkinsonism. Correspondingly, in a
study carried on rats, it was concluded that the consumption of
one Graviola fruit or its juice daily for one year is enough to
stimulate brain lesions in rats through intravenous infusion®*,

2. CONCLUSION

Medicinal plants has been a potent source of human health
remedies. Annona muricata, a time-honored tropical tree has
become an important subject of interest in pharmacological and
chemical studies in the last few decades and as a result much
useful knowledge has been gathered. Regarding the constituents
and the bioactive compounds which produce the medicinal
properties. In the field of ethnomedicine all parts of Graviola
plant has been utilized; the bark, leaves, fruit and seeds, where
they were commonly used to relive fever ,eliminate worms and
parasite , and also to treat wounds.

The chemical composion of Graviola is complex and many
compounds of different classes have been isolated, including
antioxidant, vitamins, alkaloids and the most important was the
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isolation of Acetogenins. They have not all been linked to
biological activity. Researchers effort on this plant expose its
beneficial characteristic in the field of pharmacy, A. muricata is
confirmed to possess a wide spectrum of biological activities.
The most promising activities are found to be its anticancer,
antiparasitic and antidiabetic activity, further work studies
should be performed on the biochemical and physiological
functions of active compounds and to target detailed
mechanisms underlying these activities. However, it was still
unclear whether the adverse effects exhibited by A. muricata
appear to occur in human. Therefore, further study should be
conducted in term of toxicology study.
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Abstract

Zingiber officinale (ginger) is common part of the diet in many parts of the world, Recent research has found ginger to have
various pharmacological properties due to a variety of active constituents, including shogoals and gingerols. It is a member
of zingiberaceae family originated in Southeast Asia and has been introduced to many parts of the globe where it
proliferates in suitable environment. Ginger contain constituents with anti-inflammatory properties. The fresh and dried
ginger both contains active 6 — gingerol and gingerdion along with other resinous pungent principle, extracted with n-
hexane and methanol that are responsible for inhibition of inflammatory metabolite's production by lipooxygenase and
cyclooxyganse. The present paper aimed to determine anti- inflammatory effects of Zingiber officinale extract in
experimental animals .The anti-inflammatory activity was assessed by using carrageenan it showed that the plant extract
has anti-inflammatory effect in rats by using acetic acid model. The present paper indicated that plant extract has analgesic
activity in dose dependent pattern.

Keywords:

Acetic acid, Analgesic effect, Anti-inflammatory effect, Carrageenan, Zingiber officinale.

today in many areas of the world including Africa ,Brazil ,China
1. INTRODUCTION and ,Mexico. Ginger has introduced to Europe and other areas
by Dutch, Portuguese Arab and Spanish explorers or traders

Gi Zingiber officinale) i dicinal plant that has b
inger (Zingiber officinale) is a medicinal plant that has been from around the 13th to 16th centuries.

widely used in Chinese, and Tibb Unani herbal medicines all

over the world, since antiquity, for a wide array of unrelated Constituents. 1.Carbohydrates: starch is major constituents up to
ailments that include muscular aches, sore throat, constipation, 50%. 2. Oleo-resin: gingerol homologues (major, about 33%)
arthritis, indigestion, vomiting and infectious diseases. include derivatives with methyl side chain, shogaol
Currently, there is a renewed interest in ginger, and several homologues (dehydration products of gingerols), zingerone
scientific investigations aimed at isolation and identification of (degradation product of ginger0|s) ,1- dehydrogingerdione and
active constituents of ginger, scientific verification of its 6- gingersulfonic acid?. 3. Lipids 6-8%: They include free fatty
pharmacological actions and of its constituents, and verification acids e.g palmitic acid, oleic acid, linoleic acid, caprylic acid,
of the basis of the use of ginger in several diseases and capric acid, lauric acid, myristic acid, pentadecanoic acid,
conditions. Ginger grows best in tropical and subtropical areas, heptadecanoic acid, stearic acid, linolenic acid, arachidonic acid
which have good rainfall with hot and humid conditions during triglycerides, phosphatidic acid, lecithins and gingerglycolipids
the summer season. It is a member of zingiberaceae family A, B and C°. 4. Volatile oil: They constitute 1-3% they are
originated in Southeast Asia and has been introduced to many Comp|ex predominate|y Hydr(_)(';arb(_)nsl Zingiberene (major
parts of the globe where it proliferates in suitable environment. components) and B-bisabolene. Other sesquiterpenes include
Belief in the medicinal properties of ginger existed in ancient  zingiberol, zingiberenol. 5. Other constitutes: Include amino
Indian and oriental cultures where ginger has been used alone or acids as arginine, aspartic acid, cystine, glycine, isoleucine,
as a component in herbal remedies. This practice continues leucine, serine, threonine and valine. Proteins constitute about
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9%.Diterpenes (galanolactone), vitamins especially nicotinic
acid (niacin) and vitaminA as well as minerals are also
present*®.

The aim of present paper to study analgesic and anti-
inflammatory effects of Zingiber officinale (ginger extract ) in
rodents.

2. METHODOLOGY

A. Experimental animals :

Albino mice of either sex weighing 20-30 g, and male Wistar
strain rats , weighing 200-250 g were maintained in the animal
house of Faculty of Medicine — Al Arab Medical University,
The mice and rat were rats were bred in the faculty animal
house. All animals were housed in standard polypropylene
cages (48x35x22 cm)Benghazi, Libya and kept under
controlled room temperature (20+5 °C; relative humidity 60-
70%) in a 12 h light-dark cycle. The animals were given a
standard laboratory diet and free water . Food was withdrawn
12 h before and during the experimental hours.

B. Preparation of Zingiber officinale extract:

Maceration method: In this method fresh ginger rhizome was
cut into small pieces , dried, and then pulverized into coarse
powder and weighing about400 g of powder. It was macerated
in 1000 ml hydroalcoholic solution (70% Ethanol, 30% distilled
water) for seventy two hours The extract was then shaken,
filtered by using filter paper and the solution was evaporated in
a rotatory evaporator under reduced pressure until dryness.
Evaporation and removal of the solvent give hydroalcoholic
extract of ginger out of 400 g of crude plant, 8 g of
hydroalcoholic extract of ginger were obtained and kept for use
in pharmacological experiments®.

C. Study of analgesic activity of Zingiber officinale (ginger)
extract in mice

Hydroalcoholic extract of ginger was evaluated for its analgesic
activity in albino mice, weighing 20-259. The animals had
access to water and food, but they were deprived of food 12
hour before experimentation. Mice were divided into six groups
each consisting of five mice All animals were individually
weighed and the doses of extract and control material were
calculated accordingly. The investigation of analgesic activity
by chemical method was performed by recording the number of
writhes induced by i.p. injection of 0.1 ml/10 g of 1% acetic
acid in mice

Groupl: given normal saline with 0.5 % Tween-80 (1ml i.p) —ve
control.

Group2: given acetic acid in a dose of 0.1ml/10g.

Group 3: given hydroalcoholic extract of ginger in a dose of 150
mg /kg (i.p)

Group4: given hydroalcoholic extract of ginger in a dose of
300mg /kg (i.p)

Group 5 : given hydroalcoholic extract of ginger in a dose of
450mg /kg (i.p)

Group 6: given acetylsalicylic acid in a dose of 150mg/kg (i.p)
All groups (except —ve control) were injected by acetic acid 40
min after receiving different treatment. Acetic acid (i.p) caused
pain sensation with constriction of abdomen, turning of trunk
and extension of hind legs’. This contraction of the body is
termed as writhing. Any substance that has analgesic activity is
supposed to reduce the number of writhes in mice within a
given time and with respect to the control group. Five minutes
after the administering acetic acid, the number of writhes was
counted for fifteen minutes for each mouse The writhes = (The

150

mean for every different group/control mean) x100. Also, the
percentage dose- effect of the extract on writhes was calculated
as follow: Dose-effect (%)= (Total writhes per dose (T)/ Total
writhes for control group (C) x100. And the % of inhibition of
writhes was calculated. % inhibition =100- (T/Cx100) The
values were all compared statistically with normal saline control
group.

D. The hydroalcoholic extract of ginger was evaluated for
anti- inflammatory effect. of extract by as:

Rats were divided into three groups each consisting of 5 rats.

1. Control group: given normal saline containing 0.5 % Tween -
80 in a dose of (1 ml (i.p)

2. Extract group: given hydroalcoholic extract of ginger in a
dose of 400mg/kg (i.p)

3. Indomethacin group: given indomethacin in a dose of 5mg/kg
(i.p)

Zero time, the volume of right and left paws were measured in
all group by using a plethysmometer .Then after 1 hour
inflammation was induced by carrageenan sodium gel 1%in a
dose of 0.1 ml (s.c) in sub plantar region of the right hind paws
at zero time. The volume of the injected paws and contra-lateral
paws were measured at 0-30min-1hr-2hr-3hr-4hr-5hr post
administration of carrageenan using plethysmometer. Swelling
was determined by subtracting the volume of left paw from the
right hind paw.

3. DATA AND RESULTS

The analgesic effect of Zingiber officinale are presented in the
table (1). The percentage inhibition of writhes are 51.36%,
71.36% , 77.84% and 82.5% in the animals treated with 150
mg/kg, 300 mg/kg, 450 mg/kg of zingiber officinale extract and
acetylsalicylic acid respectively.

The data shows that a 50% inhibition obtained at 150 mg/kg and
% inhibition increase by increase the dose. By using one way
ANOVA and Post Hoc indicated that150mg/kg treated group
shows highly significant decrease in the number of writhes
(p<0.001) compared to acetic acid treated group, and there is
highly significant increase (p<0.001) in the number of writhes
compared to control. In addition ginger extract at 150 mg/kg
shows highly significant (p<0.001) compared to extract at 450
mg/kg and acetylsalicylic acid groups.

The data in the table (1) reveals that 300 mg/kg treated group
shows a highly significant reduction in the number of writhes (
p<0.001) compared to acetic acid treated group, and there is a
high significant increase (p<0.001) in the number of writhes
compared to control group. And the effect of extract at 300
mg/kg is non-significant (p>0.05) compared to acetylsalicylic
acid group .At dose of 450 mg/kg there was a high significant
reduction (p<0.001) in the number of writhes compared with
acetic acid treated group and increase in the number of writhes
compared to control. In addition extract at a dose of 450mg/kg
shows significant (p<0.05) compared to extract at 150 mg/kg
and non-significant (p>0.05) compared to acetylsalicylic acid
group.

Acetylsalicylic acid cause highly significant decrease in the
number of writhes (p<0.001) compared to acetic acid group.
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Table (1): Analgesic Effect Of Different Dose of Zingiber officinale
Extract and Acetylsalicylic Acid on Acetic Acid —Induced Writhing

Groups Number % of Dose- (% Of
of \Writhes [effect |inhibition
\Writhes %

Control 0 0 0 100

Acetic acid |37 100 100 [0

Ginger extract *18** 48.64 48.64 [51.36

150mg/Kg

Ginger extract [10.6** [28.64 [28.64 |[71.36

300 mg/kg

Ginger extract 8.2**  [22.16 22.16 |[77.84

450mg/kg

Acetylsalicylicp.5**  [17.56 [17.56 [82.5

acid 150

mg/kg

**_Significant different from acetic acid treated group
*-- Significant different from ginger extract at 450mg/kg and
acetylsalicylic acid 150mg/kg
Anti-inflammatory effect of Zingiber officinale on carrageenan
— induced inflammation in rats

Results in figure (3) shows no significant change in paw edema
produced in paw of rats in (Zingiber officinale +carrageenan
treated (groups at all tested times compared to the zero time.
The data reveals no significant change in the edema on the paw
of rats in (indomethacin+ carrageenan) treated groups at all
tested times compared to the zero time. The data also shows a
significant increase in the edema in the paw of rats in
carrageenan treated group at all tested times compared to the
zero time this change is significant (p<0.05 ) at 3 hours. The
data reveals a significant reduction (p<0.05) in the edema
produced in the paw of rats in (Zingiber officinale +carrageenan
treated) groups at 3 hour and 5 hour, and there is a significant
reduction (p<0.05) in the edema produced in the paw of rats in
(indomethacin + carrageenan treated group) at 2, 3, 4 hours
compared to (carrageenan treated) group at same time.
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Figure 1: Effect of ginger extract on acetic acid — induced writhes in

mice
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Figure 3: Anti-inflammatory effect of ginger extract on oedema on
paw of rat induced by carrageenan

4. DISCUSSION

On the basis of the common uses of this plant in traditional folk
medicine the analgesic effect of the rhizome extract of Zingiber
officinal was evaluated using acetic acid- induced writhing in
mice. The abdominal constriction response induced by acetic
acid is a sensitive procedure to establish peripherally acting
analgesia. This response is thought to involve local peritoneal
receptors, the nociceptive activity of acetic acid- induced
writhing is due to the release of tumor necrosis factor alpha
(TNF- alpha), interleukin | beta and interleukin 8 by resident
peritoneal macrophage and mast cells®. This is in accordance
with previous studies® who demonstrated analgesic effect of
Zingiber officinale extract by using acetic acid. Ginger extract
in (150mg/kg, 300mg/kg, and 450mg/kg i.p) reduced the
number of writhes induced by acetic acid and that the analgesic
activity of the extract was increased in dose dependent pattern.
methods in mice. Zingiber officinale extract (50- 800 mg/kg i.p)
produced dose — dependent analgesic effect against chemically
induced nociceptive pain in mice . Young in 2005 studied the
analgesic activity of 6- gingerol®®, which is the pungent
constituent of ginger. Intraperitoneal administration of 6 —
gingerol (25mg/kg- 50mg/kg) produced an inhibition of acetic
acid induced writhing response and formalin — induced licking
in the late phase. Furthermore, Mahmmood et al, 2004
illustrated that methanol extract of rhizome of Curcuma
xantorrhiza' (member of zingiberaceae family) showed
significant analgesic activity at an oral dose of (300 mg/kg b.w)
with 50.50% inhibition of acetic acid — induced writhing in
mice. Whereas at a dose of (150mg/kg b.w ), the extract showed
moderate activity with 33.22% inhibition of acetic acid —
induced writhing. The mechanism of analgesic effect of ginger
is thought to be related to one of its constituents known as
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shagoal. This substance has inhibitory effect on the release of
substance p, a neurotransmitter that is used by sensory neurons
involved in perception of intense pain'2. Essential oils
constituents such ass(-) — linalool antagonize different pain
response elicited by exposure to a chemical stimulus such as
acetic acid —induced writhing™. The present paper showed that
hydroalcoholic extract of Zingiber officinale rhizomeat adose of
450mglkg (i.p) inhibited carrageenan — induced edema in rats.
This is in agreement with previous studies** (Kottarapat et al,
2013). Who investigated the anti-inflammatory effect of
Zingiber officinale essential oils in rats. In this study oral
extract at 200mg/kg and 500mglkg reduced significantly the
exudate volume. Many substance have been proposed as
inflammatory mediator released locally at site of inflammation
and having properties that cause or enhance the signs and
symptoms of inflammation®®. Carrageenan- induced edema is a
biphasic response. The first phase is mediated through the
release of histamine, serotonin and kinin whereas the second
phase is related to the release of prostaglandin and slow reacting
substance which peak at 3 hours. All mediator appear to be
dependent upon an intact complement system for their
activation and release®®. It has been shown by Perper et al, 1974
That in the early phase of edema the predominant cells are
polymorph nuclear whereas in advanced stages mononuclear
cells predominant’. In further support of the present results a
study was done in Mahhad University of medical science Iran
by Hasssanbad et al, 2005, For anti-inflammatory effect of
aqueous extract of ginger root in diabetic mice . In this study
addition of Zingiber officinale to drinking water reduced
inflammation , she found that that anti-inflammatory effect of
ginger was not dose related and oral consumption of ginger
(200mg/100ml) is as effective as nitric acid synthase
inhibitor.NG- nitro-arginine methyl ester hydrochloride. The
mechanism of anti-inflammatory effect of ginger may be due to
presence of gingerols, shogaols, and diarylheptanoide which
may inhibit inflammatory prostaglandins. These substance are
dual inhibitor of eicosanoid synthesis .Furthemore ginger
extract and ibuprofen were significantly more effective than
placebo in the symptomatic treatment of osteoarthritis. They
concluded that ginger could be used as alternative to
nonsteroidal anti-inflammatory drugs and as supplement drug in
patients with osteoarthritis®. The anti-inflammatory effects of
ginger essential oil were evaluated in streptococcal cell wall-
induced rheumatoid arthritis model in female Lewis arthritis.
Daily Intraperitoneal injection of 28 mg/kg ginger essential oil
inhibited the chronic joint inflammation without any effects in
initial acute phase of joint inflammation or granuloma formation
at the site of streptococcal cell wall deposition in liver. Ginger
essential oil acts as phytoestrogen without any in vivo effect on
estrogen target organ®.

5. CONCLUSION

Ginger is a perennial plant that grows in India, China, Mexico
and several other countries. The rhizome is used as both spice
and in herbal medicine and is common added to Food
preparation. Carrageenan —induced rat paw edema is a valuable
test used in predicting the value of anti-inflammatory agents
acting by inhibiting the mediator s of acute inflammation and
acetic acid is used as chemical substance for pain induction in
mice .The present paper revealed that ginger extract has
analgesic activity against acetic acid induced writhing in mice
and anti-inflammatory action against carrageenan induced
inflammation in rat.
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Abstract

Background: Special needs patients (SNPs) are one of the underserved dental patient worldwide. A compromised oral
health condition amongst SNPs has been associated with shortage of skills of dental professionals in management.
Objective: to determine the level of knowledge, attitudes and behaviors of Libyan dentists towards caring for SNPs.
Methods: A cross sectional study including Libyan dentist in public and private dental clinics in Benghazi. Data were
collected from a representative sample by using a modified questionnaire. Results: In the total sample (234), 32.1% of
participants were males and 67.9% were females. More than half of them lacking knowledge about dealing with severely
mentally disabled patient while more than 63% of dentists know major barriers in treating SNPs and more than 66% of
respondent consider lecture as main source of their knowledge about special care dentistry.

Most of them do not believe that all mental disabled patients need sedation before treatment, majority of respondent believe
that the communication between dentist and special needs patients will be effective in treatment, and most of dentists did
not feel confident in providing care for them. 90.2% of respondent use non-pharmacological method of behavior control
rather than sedation and general anesthesia .Around 90% of participants cannot manage mentally disable patients in their
clinics with around 70% did not have the facilities for treating SNPs at their dental clinics.

Conclusion: Dentists were lacking knowledge about dealing with severe mentally disabled patients, meanwhile they had a
good knowledge regarding major barriers in treating SNPs. They had a positive attitude that they believe not all mental
disabled patients need sedation before treatment and the communication between dentist and special needs patient will be
effective in treatment while they had a negative attitude that they did not feel confident in providing care for them, they
cannot manage mentally disable patients in their clinics. There is a good issues that dentists use of non-pharmacological
methods to prepare them for dental visits.

Keywords: Special needs patients, Special Needs Dentistry, knowledge, attitudes and behaviors of Libyan dentists .
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1. INTRODUCTION

The provision of high quality dental care for children with
special needs (CSN) presents a challenge for the dental
profession.1 The Commission on Dental Accreditation (CODA)
defines dental patients with special needs as those patients
whose medical, physical, psychological, or social situations
make it necessary to modify normal dental routines in order to
provide dental treatment for that individual.2

A disabled person presents challenges that requires special
preparation before the dentist can provide acceptable care. In
addition parental anxiety concerning the problems associated
delays dental care until significant oral disease has developed .3

Facilitating access to dental services for the person with
disability requires support at levels, including locating
appropriate care providers, assisting with transportation or
arranging for mobile dental services, determining availability of
financial resources, and overcoming fear and anxiety. 4 It is
also influenced by knowledge, attitude and behavior among the
dental team.5 Greater efforts to improve access to dental care
for poor and more disabled patients with special health care
needs are more specifically needed.6

Special Needs Patients (SNPs) have also demonstrated a higher
prevalence of oral disease and greater un-met dental needs
compared to the general population.7

The majority of dentists revealed lacking of clinical skills
contributes to the challenges while treating SNPs. This can also
be due to the insufficient training during undergraduate course.
Successful treatment for those patients depends on the dentist’s
ability to manage the patient with appropriate behavior
management techniques as cooperation is often lacking in
individuals with severe disability.8

The dentists who reported being prepared to treat individuals
with Developmental Disabilities (DD) had more positive
attitudes toward their educational experiences and their
instructors’ behavior in the treatment of individuals with DD,
compared to dentists who reported not being prepared to treat
individuals with DD.9

It has shown that professional attitudes towards SNPs, and
willingness to treat them, increase with training in this field. At
present, this training has a low priority in many dental
schools.10

Furthermore, Special Needs Dentistry (SND) can be defined as
a branch of dentistry that deals with the oral health and related
problems of individuals severely affected by physical or
intellectual disability or by profound psychiatric or complex
medical issues.11

Dentists traditionally have been reported as being hesitant to
provide services to people with disabilities, the reasons for this
hesitancy are numerous and range across physical barriers in
their practices, and lack of education, however identification of
such barriers can be the first step in addressing the
deficiencies.12

Furthermore treatment of disabled persons is very difficult and
time consuming. It requires a special psychological approach
and often pre medication. If the necessary cooperation is not
achieved conscious sedation or, in serious cases, general
anesthesia can be used .13

Given the access to care problems for many SNPs, it seems
crucial to revise dental curricula and provide more informative
and clinical education concerning the treatment of SNPs.14

2. Methodology

A cross-sectional survey was conducted from September 2017
to January 2018 including public and private oral health clinics
of dentists in Benghazi city. Proportional stratified random
sampling was used to choose participants from each clinic
which was estimated by a sample size calculation according to
Krejcie—-Morgan.15 and found to be 234 Data collected using
predesigned questionnaire, first part was for respondent‘s socio-
demographic background as age, gender, experience, degree,
specialty and clinic. The Second part aims to gather
respondents' knowledge of dentists about special needs patients
on eight statements. The attitude of dentists concerning the
special needs patents on eight statements, the last dimension of
behavior of dentists with special needs patents on ten
statements. Chi-square test of proportions was used to compare
differences in proportions between the groups, all analyses were
performed by Microsoft Excels2010, and using SPSS version 23
statistical significance was set as a =0.05.

Result: It is important to introduce the background of
respondents participating in the survey to understand the level
of the respondents (figures 1, 2, 3).

mFemale mMale

H %67.9

Figure 1: Gender distribution of the participants.

3.4%
15.8%

@ PhD
M Master
u“BDS

Figure 2: Degree groups' distribution of the participants.
*BDS = Bachelor Dental Science, *Ph.D. =Philosophies Doctor.
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Figure 3: Clinic type distribution of the participants.

Knowledge of dentists concerning the special needs patients

Table 1: Descriptive statistics related to dentist’s knowledge

Questions Classification Number Percentage
As normal patient 62 26.5
As a normal patient with special 77 329
1. Dealing with severely mentally disabled patient precautions '
Using sedation 64 27.4
Under general anesthesia 31 13.2
- Communication difficulty 45 19.2
2.Major barriers in treating special health care needs | Facilities availability 22 9.4
patient Financial barrier 19 8.1
Combination 148 63.2
Lectures 155 66.2
. . Training 30 12.8
3. Source of knowledge about special care dentistry Internet 25 107
Combinations 24 10.3
Attitude of dentists concerning the special needs patients
Table 2: Descriptive statistics of dentist’s attitude concerning SNPs.
SO Agree Neutral | Disagree St_rongly Mean Std.
Items Agree Disagree
1.You think that all mentally disabled 25 54 41 40 74 264 1.405
patients need sedation before treatment. 10.7% 23.1% 17.5% 17.1% 31.6% ' )
2 .You believe that the communication
between dentist and special needs patient 50 83 48 37 16 349 1187
could affect treatment outcome. 21.4% 35.5% 20.5% 15.8% 6.8% ' '
3. You feel confident in providing care for 37 42 49 51 55 314 1392
SNPs 15.8% 17.9% 20.9% 21.8% 23.6% ) )
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Behavior of dentists concerning the special needs patients

Table 3: Descriptive statistics related to dentist’s behaviour

Questions Answers Number Percentage
1. Do you use non-pharmacological method of behavior control rather than - Yes 211 90.2
sedation and general anesthesia? - No 23 9.8
2. Can you manage mentally disabled patient in your dental clinic? - Yes 31 13.2
- No 203 86.8
3. Are the facilities for treating SNPs available at your dental clinic? - Yes 73 31.2
No 161 68.8
Demographic characteristics association with knowledge
Table 4: Dealing with severe mentally disabled patient according to gender
Gender As normal patient ASEIL el patient s Using sedation SIRler gengral Total
special percussions anesthesia
40 62 35 22 159
Female
25.2% 39.0% 22.0% 13.8% 100%
22 15 29 9 75
Male
29.3% 20.0% 38.7% 12.0% 100%
62 77 64 31 234
Total
26.5% 32.9% 27.4% 13.2% 100%
p-value =0.011  df=3 11.220=2y
Table 5: Major barriers in treating special health care needs patient according to clinic type
Clinic . - Facilities Financial L
type Communication difficulty availability Barrier Combination Total
Private 17 1 9 38 65
26.2% 1.5% 13.8% 58.5% 100.0%
Public 28 21 10 110 169
16.6% 12.4% 5.9% 65.1% 100.0%
Total 45 22 19 148 234
19.2% 9.4% 8.1% 63.2% 100.0%
X2 =12123 df=3 p-value = 0.007
Table 6: The source of knowledge about special care dentistry according to age group
Age Group Lectures Training Internet Combination Total
25 4 4 11 44
26-30 year 56.8% 9.1% 9.1% 25.0% 100.0%
41 3 3 5 52
31-35 year 78.8% 5.8% 5.8% 9.6% 100.0%
29 8 2 2 41
36-40 year 70.1% 195% 4.9% 4.9% 100.0%
41year or more 60 15 16 6 97
Y 61.9% 15.5% 16.5% 6.2% 100.0%
Total 155 30 25 24 234
66.2% 12.8% 10.7% 10.3% 100.0%
p-value = 0.004 df =9  24.408=2y
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Demographic characteristics association with attitude

Table 7: All mentally disabled patients need sedation before treatment according to clinic type

Clinic Type Strongly agree Agree Neutral Disagree Strongly Disagree Total
Private 8 9 6 11 31 65

12.3% 13.8% 9.2% 16.9% 47.7% 100.0%

. 17 45 35 29 43 169
public 10.1% 26.6% 20.7% 17.2% 25.4% 100.0%

Total 25 54 41 40 74 234
10.7% 23.1% 17.5% 17.1% 31.6% 100.0%

p-value = 0.006 df =4 14.425 =2y

Table 8: The effectiveness of communication between dentist and special needs in treatment according to gender

Gender ST 17 Agree Neutral Disagree St_rongly Total
agree Disagree
Female 36 51 35 30 7 159
22.6% 32.1% 22.0% 18.9% 4.4% 100.0%
| 14 32 13 7 9 75
Male 18.7% 42.1% 17.3% 9.3% 12.0% 100.0%
Total 50 83 48 37 16 234
21.4% 35.5% 20.5% 15.8% 6.8% 100.0%
p-value=0.045 df=4 =90.764 2y
Table 9: Feeling confident in providing care for SNPs according to Degree
. Strongl
Degree Strongly agree Agree Neutral Disagree Disagge}é Total
BD.S 24 35 40 43 49 191
T 12.6% 18.3% 20.9% 22.5% 25.7% 100%
Master 11 4 7 8 5 35
31.4% 11.4% 20.0% 22.9% 14.3% 100%
Ph.D 2 3 2 0 1 8
T 25.0% 37.5% 25.0% 0.0% 12.5% 100%
Total 37 42 49 51 55 234
15.8% 17.9% 20.9% 21.8% 23.5% 100%
y2= 13584 df=8 p-value =0.093

Demographic characteristics association with behavior

Table 10: Use of non-pharmacological method of behavior control rather than sedation and general anesthesia according to experience

Experience Group Yes No Total
<5 years 19 2 21

90.5% 9.5% 100%
78 8 86

5-10 Years 90.7% 9.3% 100%
54 z 58

11-15 Years 93.1% 6.9% 100%
31 z 35

16-20 Years 88.6% 11.4% 100%
29 5 34

21+ 85.3% 14.7% 100%
Total 211 23 234

90.2% 9.8% 100%

2=1.60 df=4 p-value = 0.808
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Tablell: Management of mentally disabled patient in dental clinic according to gender

Gender Yes No Total
Female 15 144 159
9.4% 90.6% 100.0%
Male 16 59 75
21.3% 78.7% 100.0%
Total 31 203 234
13.2% 86.8% 100.0%
p-value=0.012 df=1 6.279 =27
Table 12: Facilities for treating SNPs according to clinic type
Clinic type Yes No Total
private 26 39 65
40.0% 60.0% 100%
public 47 122 169
27.8% 72.2% 100%
Total 73 161 234
31.2% 68.8% 100%
=325 df=1 p-value = 0.07
3.  Discussion indicates that the differences observed in the dentists according

Knowledge, attitude and behaviors of dentists have been
identified as the three most important objectives in the treating
people like SNPs. This study measured these three components
of dentists in Benghazi city toward management of special
needs patients. Internationally, it has been noticed that there is a
lack of clinical training in the management of people with
special needs at both undergraduate and postgraduate levels.
Also lack of education regarding the Special Needs Dentistry
(SND) which consider to be the greatest barrier to achieving
oral health outcome for this group.

Provision of oral health care to SNPs requires specialized
knowledge. The results of this study revealed that the dentists
lacking knowledge about how to deal with severe mentally
disabled patient with regard to treatment selection according to
gender. It can be seen that 77 (32.9%) of dentists select the
option as normal patient, while 62 (26.5%) select the option as a
normal patient with special precautions. The dentists' selected
using sedation were 64 (27.4%) and a small number of dentists
selected under general anesthesia 31 (13.2%), which considered
as the correct answer. This result indicates that most of the
dentists have less than half percentage of dealing with the issue
of how treated severely mentally disabled patient. Therefore, it
can be inferred from Chi square test results indicates that the
differences observed in the dentists according to gender is
statistically significant (p-value 0.011). It can be concluded that
females were having less knowledge than males of chosen the
correct options. This Disagree with result of study conducted by
(Bindle et al, 2015)8

The source of knowledge about special care dentistry come
from several ways, among age groups of dentists in this study, it
has been found that the main source of knowledge about special
care dentistry come from lectures of about 155 (66.2%), while
only 30 (12.8%) from training followed by 25(10.7%) from
internet and 24(10.3%) from all of these sources. This reflects
that most of the dentists of all ages have interested in lectures
than any other source of knowledge. The Chi square test results
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to age groups is statistically significant (p-value =0.004) with
association of about CC=0.307 more observed in age group (31-
35 years). This leads them to becoming highly dependent on
lectures knowledge about special care dentistry while majority
of them not depending on other sources of knowledge like
training or internet among all age groups of dentists .This is in
consistent with what was found by( Casamassimo et al 2004)16

A comparison among private and public clinic regarding
knowledge about major barriers in treating SNPs revealed that
17(26.2%) of private clinic dentist select communication
barriers as major cause of barrier in treating SNPs compared
t028 (16.6%) of public clinic. While 1 (1.5%) of private clinic
dentist select facilities availability compared t021 (12.4%) of
the public dentist. About financial barrier was selected by 9
(13.8%) of private clinic compared to 10 (5.9%) of public.
Combination of all these barriers were selected by 38 (58.5%)
of private dentist compared to 110 (65.1%) of public dentist.
The results suggest that there were statistical significance (p-
value = 0.007). This was similar to study of (Edwards and
Merry 2002)12, and was inconsistent to the findings of (Milano
and Seybold 2002)17 who reported that the financial barrier is
the major obstacle.

In the present study the attitude of dentist towards certain issues
in dental practice with SNPs, revealed that most of the dentists
in both types of clinics have highest disagreement about the
statement that all mental disabled patients need sedation before
treatment. In comparison of the different opinions or attitudes
according to clinic type, it is found that 31(47.7%) of private
clinic dentist strongly disagreed versus 43(25.4%) of public. It
can be inferred from Chi square test results indicates that the
differences observed in the dentists according to clinic type is
statistically significant (p-value = 0.006). This is the same as
what was reported by ( Mochizuki et al 2007)18 .While it is not
matched with study conducted by (Pantucek et al 2008)13

Good communication of dentists is very effective in treatment
of SNPs. Majority of dentists in this survey agreed that the



Quality of Root Canal Fillings  Orafi &EIl Fargani.

communication between dentist and SNPs will be effective in
treatment in comparison between male (61.4%) and female
dentists (54.7%) , it seems that male dentists express more
positive attitude towards effectiveness of communication in
treatment of those groups Therefore, it can be inferred from Chi
square-test results indicates that the differences observed in the
communication between dentists and SNPs according to gender
is statistically significant (p-value =0.045). This is in agreement
with (Bindle et al 2015)8

Many dentists have been reported to have low confidence in
their ability to treat patients with special needs. A lack of
confidence amongst dentists leads to a reduction in providing
care to SNPs in practice. In this study 62.5% of PhD dentists,
42.8% of Master group and 30.9% of BDS group were feeling
confident in providing care to SNPs. It can be inferred from
Chi square test results indicates that the differences observed in
the dentists according to degree is statistically not significant (p-
value =0.093).This was supported by studies conducted by
(Smith et al2010)19

The use of sedation and general anesthesia, apart from the extra
cost, also carries some risks which may not be easily managed
by untrained dentists. Majority of dentists surveyed used the
non-pharmacological method of behavior control more
frequently than sedation and general anesthesia. In this study
with regard to the use of non-pharmacological method for
patient behavior control rather than sedation and general
anesthesia according to experience ,it was noticed that 211
(90.2%) of the respondent were using non pharmacological
method while only 23 (9.8%) were not using such methods. In
relation to years of experience (11-15y) group were using this
method (non-pharmacological) by 54 (93.1%). The Chi square
test results indicates that the differences observed in the dentists
according to experience was statistically not significant (p-value
=0.808) this was agree with study conducted by (Oredugba and
sanu 2006) 20

General dentists who were not exposed to SNPs during their
practice were less likely to treat these patients in their clinic
than those with such experience .The dentists’ behavior
regarding management of mentally disabled patient in dental
clinic according to gender. It can be observed that the
percentage of female that cannot manage mentally disable
patients in dental clinic were about 144 (90.6%) compared to 59
(78.7%) of male. This show that the respondents are mostly
unable to manage mentally disable patient in their clinic.
Therefore, it can be inferred from Chi square test results
indicates that the differences observed in the dentists according
to gender is statistically significant (p-value =0.012).This study
consistent with another studies by (Bershadsky and Kane
2010)21 and Casamassimo et al (2004)16

Poor facility accessibility is probably a factor in patient failing
to seek care. In the current study availability of facilities for
treating SNPs were inquired according to clinic type. It can be
seen from data that 39 (60%) of dentists in private clinics
reported that good facilities for treating SNPs were not available
in their clinics compared to 122 (72.2%) of those in public
clinic. It is clear that facilities were less available in public
clinic than private although Chi square test results indicates that
the differences observed in the dentists according to clinic type
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statistically not significant (p-value =0.07).

4. Conclusion:

This study revealed that the dentists had a good knowledge
regarding certain issues like, major barriers in their management
with predominance of dentists in public clinic, meanwhile they
were lacking knowledge about dealing with severe mentally
disabled patients. A significant differences were noticed
between male and female dentists regarding how to deal
correctly with sever mentally disabled patient, females were
having less knowledge than males. Majority of dentists in all
age groups depend upon lectures as the main source of their
knowledge which more observed in age group (31-35 years).

The attitude of the dentists included in this study were positive
in different concerns like the need of using sedation in treatment
of all mentally disabled patient ,the effectiveness of
communication between dentists and mentally disable patient
.The dentists were having negative attitude towards the feeling
confident in providing care to them. Most of the BDS dentists
were not feeling confident in treating SNPs compare to higher
degrees who were feeling more confident with a significant
difference.

Some good behavior of what were recorded in this study like
using of non-pharmacological methods, majority of dentists
with 11-15 years' experience were using non-pharmacological
methods to control behavior. The majority of dentists cannot
manage mentally disabled patients, More than 90% of female
dentists cannot manage mentally disable patient with significant
difference with male dentists. There were lacking of facilities in
the clinics. Most of the dental clinic were lacking the facilities
for treating SNPs with predominance of public dental clinic.

5. Recommendation:

It is hoped that modification of the present undergraduate
curriculum concerning management of special needs patients
might be increase a new dentist’s knowledge, promoting
dentists education and providing training qualified team for
concerning with different types of SNPs undertaking
investigation and inspection and inquiries of any instruments
and equipment’s needs for disable people of dental clinic, future
researchers will be able to carry out the issues highlighted by
present study, ministry of social solidarity support.
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