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COLORECTAL CANCERS 
 AND MEDICINAL HERBS 

Ayşe ÖZDEMIR

Introduction
Cancer is the most common disease suffered by patients and for which a com-

mon treatment is sought all over the world. While death cases related with cardi-
ac diseases continue to decrease in young and elderly individuals, life expectancy 
has not yet increased in cancer patients (Jemal A, 2010). Since cancer cells can 
grow and reproduce rapidly, they use aerobic glycolysis for energy need as well as 
for metabolic activities such as TCA (Tricarboxylic Acid) cycle and biosynthesis of 
macromolecules like nucleic acids, proteins and lipids. As reported in a study, most 
cancer cells may use glutamine, in addition to glucose, as energy fuel (Yalçın, G. T. 
2013). In recent years, around 300 biomarkers that may provide insight into the 
progress in colon cancer therapy have been detected. It has been discovered that 
these bio-indicators are produced by intestinal microflora (Fei Li 2015 ).

Mechanism of Tumorigenesis in Colorectal Cancer 
Colorectal cancer is one of the most common cancer types and ranks third 

among the causes of death around the world. In spite of the early detection col-
orectal cancer is chiefly a disease of high income countries. (Thyagarajan, A. and 
et all. 2010) Colon carcinogenesis is a multiple process involving the agglomer-
ation of genetic mutations, including both the loss of tumour suppressor genes 
(TSG)  and the activation of oncogenes. It is thought that colon cancer develops as 
a result of specific genetic mutations (such as P53 protein deletion or mutation) 
as well as non-genetic factors such as fecal mutagens, red meat consumption, 
bile acid, diet and microflora. Genetic predisposition was detected especially in 
mutant genes such as adenomatous polyposis coli (APC) genes and in individuals 
with hereditary nonpolyposis colorectal cancer (HNPCC), however, the connec-
tion between the genetic factors of carcinogenesis and intestinal factors is not 
clearly understood. Colon cancer is generaly diagnosed in the later grade of the 
cancer (Fei Li, 2015, Sedef-Hande-ENFEZ,2010; Yasushi Nakamura, 2014).

 Angiogenesis in Colorectal Cancer
Angiogenesis is a phenomenon expected in the endometrium during men-

strual cycle, in physiological events for the growth and development of organs 
and organisms during embryogenesis, as well as  in tissue regeneration during 
wound healing. Angiogenesis is also observed in inflammatory bowel diseases 
such as cancer, rheumatoid arthritis, ulcerative collitis and in pathological cas-
es such as degenerative maculopathy. Vascular structures formed as a result of 
physiological and pathological angiogenesis are different. Physiological angio-
genesis occurs in order to maintain the integrity of organism, while in blood 
vessels formed via pathological angiogenesis, the number of endothelial cells 
per lumen may increase and tumoral cells with vascular structures exhibiting a 
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heterogeneous pattern may be seen in endothelial layer. Following the release of 
substances from the tumor cell formed in order to retrieve the nutrients required 
by the tumor cell to reach a volume of 1-2 mm³, for its spread and for distant 
organ metastasis, angiogenesis is stimulated for the formation of new vessels  
(.Davis, D W.,2003). In the event of no angiogenesis, the cells are fed through dif-
fusion from the tissue surrounding the tumor and can grow up to only 0.5-1cm³ 
in volume. Angiogenesis occurs from the cells in media such as monocyte and 
fibroblast or via the microvascular-level coordination of many pro-angiogenic 
and anti-angiogenic factors forming during the destruction of collagen matrix. 
Angiogenesis is usually disrupted pro-angiogenically, i.e. in favor of stimulants, 
in the tumor (Sedef-Hande-ENFEZ 2010; Demirer, E.,2014). 

Potent Stimulating Factors in Colorectal Cancer
Vascular endothelial growth factor (vasculotropin: angiogenic growth factor, 

VEGF), one of the most potent stimulating factors in tumor angiogenesis,  is a ± 
45 kDa homodimeric glycoprotein acting specifically on vascular endothelium 
(Sedef-Hande-ENFEZ 2010; .Demirer, E.,2014). Known as vascular permeabili-
ty factor (VEPF) initially, this factor is now called VEGF-A. Angiopoietins (Ang), 
which have been found in the last decade during the discovery of VEGF-A, are 
called growth factor family and their greatest activity is in vascular maturation 
and stabilization steps. They have 4 types, the most important of which are An-
giotensin 1 and 2. While Angiotensin 1 is released in greater amounts in a normal 
tissue, Angiotensin 2 release, which is considered to be the main step in angio-
genesis, takes the lead in a tumorous tissue. In a tumorous tissue, Angiotensin 
2 enables the vascular destabilization in the presence of VEGF-A, and supports 
neovascularization by stimulating the nitric oxide release of VEGF-A and increas-
ing permeability (.Demirer, E.,2014). Therefore, VEGF is the most important 
angiogenesis activator. Angiogenesis activity is ensured by inhibiting the VEGF. 
Eicosanoids synthesized from arachidonic acid are found in all bodily cells and 
fluids and contain prostaglandins (PG), prostacyclins, leukotrienes and lipoxins. 
Two enzymatic pathways known as cyclooxygenase (COX) and lipoxygenase are 
required for the synthesis of eicosanoids. COX-2 enzymes synthesize prostaglan-
dins, prostacyclins and thromboxanes responsible for vasoconstriction, vasodi-
latation, platelet aggregation, fever reaction and pain sensation (Kıyak,R2012). 
Cytochrome P-450 system in the liver inhibits the production of carcinogens by 
increasing the oxidative reactions. In the colon, however, the number of cyto-
chrome P-450 enzymes is low and foreign substances are oxidized to carcinogens 
due to the peroxidase activity of COX. The abnormal course of COX/PG activation 
in human neoplasia, especially the excessive increase of COX-2 in colon cancer 
cases, is an interesting finding. Programmed cell death, also known as apoptosis, 
is an active process that contributes to the prevention of cancer development by 
eliminating the damaged or mutated cells. COX-2 increases PG synthesis and also 
develops a great resistance to apoptosis. In a recent study, fecal COX-2 and MMP-
7 mRNA levels have been found to be high in colorectal cancer cases. Not found in 
normal colonic mucosa, COX-2 is demonstrated to increase in 85% of colorectal 
adenocarcinomas. COX-2, known as the metastasis factor of angiogenesis, was 
shown to indicate a poor prognosis and, in recent cell culture studies, was re-
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ported to play a vital role in angiogenesis associated with neoplastic tumor cells. 
In protection against colorectal cancer, long-term use of non-selective COX-1 and 
COX-2 inhibitors is known to be effective. In animal studies on colon cancer, this 
effect of angiogenesis was eliminated with non-steroidal anti-inflammatory drug 
treatment and a marked reduction up to 80-90% was detected in the tumor mass. 
Aspirin treatment is recommended following tumor diagnosis particularly in co-
lon cancer cases with excessive COX-2 increase (7Kıyak, R 2012,  Akın, İ.,2008). 
Chemokines are cytokine-like proteins regulated by leukocytes, produced during 
inflammation and act as a significant regulator of chemicals in cell exchange and 
adhesion. They enable the movement of lymphocytes towards the relevant tis-
sue as if they were interlocked with one another. Although over 50 chemokines 
have been detected, they are categorized into 4 main groups which are CXC (α), 
CX3C, CC (β) and C. Many chemokines bind randomly to form multiple chemo-
kine bonds such as CXCR, CCR, XCR and CX3CR. About 20 G protein-coupled re-
ceptors (GPCRs) give cell migration ability to chemokines. Several chemokines 
not only enable the normal immune function development of signaling pathways, 
but also have a vital role in cell migration in abnormal cases such as inflamma-
tory diseases, HIV infection, cancer development and cancer metastasis. CXCL12 
/ CXCR4 / CXCR7 plays a significant role in normal development or abnormal 
cell formation, and in metastasis as a biomarker of tumor behavior. CXCL12, 
also known as SDF-1 (Human stromal-cell derived factor-1), is an α-chemokine 
with the same receptor as CXCR4 and a primitive chemokine that regulates the 
exchange of normal and malignant cells and plays a significant role in the de-
velopment of secondary tumors. CXCR4 leads to a regulation in malignant cells 
via several mechanisms. CXCL12, CXCR4 are also the major co-receptors of HIV-
1 (Human immunodeficiency virus) T-tropic (X4) strains, and CXCL12 or SDF-
1 inhibitors inhibit the HIV-1 infection. The vascular endothelial growth factor 
VEGF stimulates the expression of CXCR4  (Hu, T.,2015; .Xueqing Sun 2010; Zlot-
nik,A.,2000;A. Muller,,2001; Kim, J.,,2006;.Rodero, MP.2015;Christopher T.,2008; 
Melvyn T.2014). CXCR4 glioblastoma activated by CXCL12 stimulates the migra-
tion in such cancer types as neck-head, bladder and colorectal cancer. CXCL12 
has a direct effect on the growth of ovarian tumors. CXCR4, on the other hand, is 
a dominant chemokine receptor in ovarian cancer tissue and plays an important 
role in the metastasis of breast cancer by stimulating chemotaxis and invasion. 
In a study using a human breast cancer model, metastatic tumor formation was 
reduced by inhibiting CXCL12 and CXCR4. In colorectal cancer patients, CXCR4 
has the same rate as metastasis, recurrence and survival rate in primary tumor 
cells (.Xueqing Sun 2010;Zlotnik,A.,2000; A. Muller,,2001; Kim, J.,,2006; Rodero, 
MP.2015; Christopher T.,2008; Melvyn T.2014; Cromer WE.,2011). 

Medicinal Herbs and Foods as a Complementary And Alternative 
Medicine (CAM) in Colorectal Cancer 
Plants and diet have played a significant role in maintaining human health. 

Many treatment methods outside scientific methods are generally known as a 
Complementary and Alternative Medicine (CAM) methods. Herbal therapy or 
phyto therapy have been commonly used as a CAM method. CAM is videly among 
cancer patients (range among countries 14.8% to 73.1%; %25 in Uşak in Tur-
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key). Complementary and Alternative Medicine is gaining more popularity.(Mo-
lassiotis  P. 2005;Özdemir A., 2017; Barrie R. 2004; Esther L. Davisa, 2012;.Cathel 
Kerr . 2005;Özdemir A., 2016;Sanjoy Kumar Pal. 2002)

Several phytochemicals and micronutrients in plants may be cancer-chemo-
preventive in several organs, includiug the colon. Astereotypical dietary muta-
gens include cooked meat compounds, N-nitroso compounds and fungal toxins( 
types of dietary:regular consumption of tobacco and alcohol, high meat and sat-
urated fat consumption, and  increasing of obesity). Dietary antimutagens may 
provide a decreasing progression toward cancer. Certain dietary fibres uptake 
appear to reduce mutation as may certain probiotics.(Bandaru S. 1997;Lynnette 
RFerguson, 2004). Colonic microflora or lactobacillus flora are also widely im-
plicated in colorectal cancer etiology. Probiotic and bioactive compounds ob-
tained from fermented milk are considered to be safer than other nutraceuti-
cals obtained from other foods. Probiotics are defined as living organisms and 
demonstrated to provide protection, alone or in combination with prebiotics, in 
colorectal cancer cases in many in-vivo and in-vitro studies. There are very few 
human studies in this field. In a study, however, some risk factors such as DNA 
damage was observed to decrease in colorectal cancer cases as a result of the 
consumption of foods containing probiotics and prebiotics by the volunteers. De-
spite highly limited epidemiological evidence, it is considered that the risk of pol-
yposis coli or colorectal cancer may be reduced by the consumption of fermented 
milk products (Grishina, A.,2011, , Guzel-Seydım,ZB.,2011) Kefir is a viscous bev-
erage containing a small quantity of alcohol, known to take its origins from the 
Caucasian region of Russia and produced in many countries around the world to-
day, notably in France, Turkey, Portugal, Taiwan, Argentina, and called with such 
names as kiafur, kefer, knapon, kepi and kipi. Kefir and other fermented products 
such as miso and natto consumed by the Japanese are used quite frequently due 
to their probiotic properties (Farnworth, ER,2005;Ahmed, Z 2013 ). Kefir is a 
well-known unique fermented milk product made from initial kefir grains and 
its fermentation metabolites include amino acids, fatty acids, organic acids, poli-
saccharides and bioactive peptides.  (Guzel-Seydım,ZB.,2011;Chen, Z.,,2015; MEB 
2007 ). Kefir grain has a polysaccharide composition called kefiran that is mainly 
composed of lactic acid bacteria and yeasts as well as milk fat and denatured 
milk proteins. A kefir grain is observed to contain lactic acid bacteria (L.brevis, 
L.kefir, L.acidofilus, L.casei, L.caucasius, L.bugraricus), yeasts (Kluuyveromyces 
maxionus, Torulaspora delbrueckii, Candida kefir, Saccharomyces cerevisia), 
leuconostoc (Leuconostac dextranicum); acetic acid bacteria (Acetobacter aceti, 
A.rasens), streptococci, (Streptococcus lactis, S.durans, S.cremoris, S.citrovorum, 
S.diacetylactis). Kefir grains are 0.5 to 3 cm grains that are white or white-yellow 
in color and resemble hazelnut or wheet seed in size and small cauliflower or 
popcorn in shape(MEB 2007). Kefir grains ferment the milk and can be reused 
many times after filtration at the end of fermentation. An animal study shows that 
kefir intake has no effect on body mass index, organ weights and body weights. 
It has been reported in recent studies that kefir has a good antimicrobial, an-
ti-inflammatory, immunomodulatory, antimutagenic and antiproliferative activ-
ity, improves gastrointestinal and immune system, contributes to decreasing the 
lactose tolerance, reduces cholesterol level and has many functional anticarcino-
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genic properties (Figure 3:Guzel-Seydım,ZB.,2011). Microbial and chemical com-
position of kefir gives a complex probiotic effect to it due to the inherent forma-
tion of yeast and lactic acid. Furthermore, many studies show that kefir is useful 
in many cancer types including colon cancer (Wollowski I,,2001; Brady LJ,2000; 
Kök Taş, T. 2010). Kefir was observed to inhibit the proliferation in human gastric 
cancer cell line (SGC7901) in a study, to have an antioxidant activity in rats with 
abnormal colon formation induced by azoxymethane in another study, and to 
exhibit strong antioxidant properties in a study using kefir and yoghurt super-
natant in colon cancer cell line ( Grishina, A.,2011;.Guzel-Seydım,ZB.,2011; Chen, 
Z.,,2015; Hamedani S.G.,2015).

Nigella was isolated from Nigella Sativa and it grows spontaneously in nature. 
In our country is known black seed, black seed, or black cumin as one of abun-
dance. (Topal A., 2011; Kaya ,MS, 2003). N.  sat iva  seeds  contain  36%–
38% fixed oi ls ,  proteins, alkaloids, saponin and 0.4%–2.5% essential oil. N. 
sativa   seeds contain oils, proteins, alkaloids, saponin .N. sativa is described as 
the Melanthion of Hippocrates (B. H. Ali  Gerald Blunden,  2003). Results of an-
other study indicated that Nigella sativa oil might have a positive effect against 
acoustic trauma. (Belde ÇULHAOĞLU, 2015). The effects of the crude extracts 
of the seeds have been reported include protection against nephrotoxicity and 
hepatotoxicity. It also has found that as a natural radioprotective agent against 
immunosuppressive and oxidative effects of ionizing radiation (B. H. Ali  Gerald 
Blunden,  2003; Mohamed E. Assayed . 2010 http://www.gidahammaddeleri.
com/corekotu) In another study, beneficial effects of Nigella oil have found the 
use of radiotherapy tissue injuries (Cikman, O., 2014). Nigella sativa (NS) have 
been used traditionally for the treatment of diseases for ages.It  has been shown 
to have anticancer , antibacterial, anti-inflammatory, antihyperlipidemic, analge-
sic,antipyretic, antihypercholesterolemic ,antiulcer activities, gastroprotective, 
immunomodulatory and  antioxidant.   (Topal A.,2011; Kaya ,MS 2003;B. H. Ali  
Gerald Blunden 2003;Mohamed Labib Salem , 2005). Nigella sativa (black seed) 
known as an inhibitor of oxidative stress may offer a safe alternative treatment in 
for colon cancer(Norwood AA ,  2007). Although the preventive role

Nigella sativa against the initiation of colon carcinogenesis are not clearly un-
derstood, it can be said to be  protective in the early stages of colon carcinogen-
esis (Al-Johar,D., 2008).

Curcuma Longa (turmeric, Zerdeçal in Turkish name) is very rich in pheno-
lics. Turmeric is Ayurvedic medicine as a anti-Inflammatory. Turmeric constitu-
ents include the three curcuminoids (curcumin, demethoxycurcumin, and bisde-
methoxycurcumin), as well as sugars, proteins, resins, and volatile oils.(Julie S 
Jurenka. 2009; Venugopal P. 2007; B. Joe , 2004;Wilken ,R., 2011;Tuba Ak, 2008). 
Curcumin is an potent lipid-soluble antioxidant.Curcumin inhibits leukocyte 
recruitment. Curcumin (diferuloyl methane) is recognized as a safe compound 
used for the treatment of inflammatory disorders in India and all over the world. 
Curcumin is also known effect of anti-carcinogenic .(Tuba Ak, 2008;Rashmi ,R., 
2003;Wilken ,R., 2011). Curcumin is thought to play a role against such as athero-
sclerosis, cancer, and neurodegenerative disease. Curcumin inhibits platelet-ac-
tivating factor (PAF) (Venugopal P.2007; B. Joe , M. 2004).Curcumin has shown 
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anti-proliferative effect in multiple cancers such as head and neck squamous cell 
carcinoma (Wilken ,R., 2011). It is shown that combination of curcumin and  da-
satinib can be a potential therapeutic option for colorectal cancer ( Nautiyal ,J., 
2011, Julie S Jurenka. 2009; https://www.indiamart.com/proddetail/turmer-
ic-powder-extract-curcumin-95-hplc-10847152788.html)

Flavonoids are polyphenolic compounds that occur generally in foods of 
plant. Flavanone are divided into glycosides  and their aglycones (hesperidin , 
hesperetin, rutin,  and  quercetin ). Flavonoids were  reported  to  possess  strong  
the antioxidant activities.(S. Kuntz, U. 1999; Jaime A. Ya´n˜eza,2008; Dan YangX-
iang-Yu ,2015; I Erlund, 2002; Atsusı Hırata, 2005). It is shown that flavonoids of 
the flavone own antiproliferative effects in different cancer cell line (S. Kuntz, U. 
1999) It is clearly shown that dietary hesperetin , a flavonoid commonly found 
in many herbal medicines and citrus fruits especially such as lemons, oranges 
and grape fruits., own antiproliferative ability against colon tumourigenesis 
(Aranganathan,S., 2013; Yilmaz , OF., 2017; http://www.life-enhancement.com/
magazine/article/3557-hesperidin-combats-aluminum-brain-disorders;A-
myC.2005). (http://www.lifeenhancement.com/magazine/article/3557-hes-
peridin-combats-aluminum-brain-disorders) 

Many fruits and vegetables contain compounds that will protect against 
cancer. Dietary supplementation may provide an alternative approach for can-
cer therapy. It is clearly shown that high consumption of fruits and vegetables 
decreases the risk of colon cancer.(Lynnette RFerguson, 2004; Aranganathan,S., 
2013). Flavonoids have been shown anti-oxidant, anti-hepatotoxic ,hypolipidem-
ic , antihypertensive , antiallergenic , anti-platelet , antiulcerogenic, antiviral, an-
timicrobial , cytotoxic, , antiatherogenic, antiinflammatory, and antineoplastic ac-
tivities ( Jaime A. Ya´n˜eza,2008; Dan YangXiang-Yu ,2015; I Erlund, 2002;Atsusı 
Hırata, 2005). Hesperidin was previously reported to inhibit tumor promotion 
in skin tumorigenesis (Atsusı Hırata, 2005). It is shown (ın vitro) that hespere-
tin inhibits proliferation of breast cancer cell lines. It also another study clearly 
show that hesperetin organize a promising anticancer potential with relation to 
colon carcinogenesis (Aranganathan,S.,2013). 

Colocasia esulenta Lin. ,(Gölevez in Turkey or Taro in Hawaii) (Family: Arace-
ae) is an annual plant of usage in traditional medicine (Rakesh Prajapati, 2011). 
Its leaves contain fibers, minerals (calcium phosphorus, etc.), calcium oxalate,  
and starch, vitamins ( A, B, C, thiamine, riboflavin and niacin.) Phytochemically, 
these also contain flavones, apigenin , luteolin, and anthocyanins. It is shown that 
its  leaves have  the flavonoids. It may be used to arrest arterial hemorrhage. Leaf 
juice is stimulant, expectorant, astringent, appetizer. It also have been shown 
against otalgia, alopecia, laxative, demulcent, anodyne, galactagogue and as a folk 
medicine to cure diarrhea (Rakesh Prajapati, 2011; Lewu, M. N. , 2009). Hawai-
ians tend to have lower incidence of colo-rectal cancer and this may be due to 
their consumption of poi made from the taro plant. Taro can inhibit the prolifer-
ation of colon cancer cells and also stimulates the immune system. And it is said 
that the anti-cancer effect of taro on colon cancer cells may also be mediated by 
its effects: 
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 1. phytochemicals,
 2. dietary fiber content,
 3. pH influences, 
 4. potential probiotic properties, and/or 
 5. unknown factor(s). (Şen,M., 2001; Brown, AC., 2005; Amy C. Brown 2005)
Taro cell walls (dietary fibre) may protect against colorectal cancer. It is clear-

ly shown that poi or taro(Colocasia esulenta L) may have anti-cancer activitie (PJ 
Harris,1992; Amy C. Brown  2005).

Coriander (Coriandrum sativum L.: a member of the Umbelliferae  family) , 
also called as ‘‘cilantro” is among most considerably used medicinal plant for the 
treatment of various disorders in the folk medicine systems of many societies . It 
is an annual plant which originated from the Mediterranean region but is largely 
planted in Central Europe, North Africa and Asia. Its leaves commonly known 
as food flavoring. Coriander or cilantro has been used as flavoring agent in per-
fumes, cosmetics and food products (Bochra Laribi , 2015;Chithra, V. Leelamma, 
2000; S.SreelathaaP.R. 2009; Kamel Msaada, 2007; https://www.henriettesherb.
com/galleries/photos/c/co/coriandrum-sativum-5.html)

Coriander has a good digestion activity.  It  used to against nausea, hyperglyce-
mia and dysentery .  Coriander leaves stimulate appetite (Bochra Laribi, 2015; Chi-
thra, V. Leelamma, 2000; S.SreelathaaP.R. 2009). Results of another study indicated 
that Coriandrum sativum L. (C. sativum is used as an anti-diabetic agent (some coun-
tries like Saudi Arabia, Jordan and Morocco) . Coriandrum sativum L. (C. sativum) 
plant as a traditional diuretic has been reported in Moroccan. It also might have a 
positive effect against  hyperlipidemia (Bochra Laribi , 2015). Coriander is among 
most considerably used medicinal plant for the treatment of arthritis and other 
inflammatory disorders. Coriander has been used as an anticonvulsant and sed-
ative hypnotic activities,  antiseptic, antimicrobial for ages. (Bochra Laribi , 2015; 
Maryam Eidi,  2009; George A. 2009; A.F.Begnami, 2010; Kamel Msaada , 2007). It 
has been reported in another study that Coriander extract efficiently works on the 
liver to keep it minimizing cell membrane disturbances (S.SreelathaaP.R. 2009). 
The Coriandrum sativum L. are widely used in folk medicine. The Coriandrum sa-
tivum L. plays a protective role in lipid metabolism in colon cancer (experimental) 
(Laribi B, 2015; Mandal S., 2015, Chithra, V. 2000).

Mentha arvensis, M. longifolia, M. spicata and M. viridis are members of the  
Labiatae family.  Mentha S. L. contains chemicals such as phenolic substances, flava-
noid,  terpenoids, mentol, carvon, and essential oil. The plant Mentha spicata or pep-
permint generaly used in the treatment of common cold, sinusitis,  bronchitis, fever, 
nausea and vomiting, loss of appetite and indigestion as a herbal medicine for ages 
(Özdemir,A, 2016). A study indicated that Mentha arvensis, M. longifolia, M. spicata 
and M. viridis may use in developing anticancer agents. Theirs extracts can inhibit 
the proliferation of colon cancer (Sharma, Vikas Hussain, 2014). Spearmint (Mentha 
spicata), and peppermint are advised for their antiemetic and antispasmodic effects 
on the colon and gastric lining (Z Tayarani-Najaran 2013; Bandaru S. Reddy,1997). A 
another  study indicated that  extract from spearmint leaves exhibited anticarcino-
genic properties in human colon cancer cells(YasushiNakamura, 2014).
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All these studies suggest that in cancer, a malignant disease considered to occur 
as a result of uncontrolled cell proliferation as well as slowed apoptosis, angiogen-
esis also plays a vital role in the growth of tumor up to a certain size, and the stop-
page or prevention of angiogenesis may affect the development of tumor. In this 
respect, angiogenesis draws attention in many diseases described as malignant. 
Several methods are attempted in order to avoid this and to increase survival rates 
from cancer. Angiogenesis inhibition is now used in colorectal cancer cases con-
comitantly with other basic treatments such as surgery, chemotherapy, immuno-
therapy and radiotherapy (5Davis, D W2003.;Kosova, F.,2011; Nicholls, D. G.,2010; 
Gürbüz, V.,2011; George, M. L.,2000; Kulmacz, R.J.,,1983; Nguyen Hoang,AT, 2010; 
Zeybek, Ü.,2010; de Moreno de Leblanc A,2007; Khoury N,20017 ). Most cancer 
cells are known to use glutamine as energy fuel in addition to glucose (Yalçın, G. 
T. 2013). However, very little is known about metastatic bioenergetic profiles of 
colon cancer cells. Although the regulation of hormone and cell polarity linked to 
calcium signals via homeostatic regulator AMP-kinase is associated with bioener-
getic signals, the potential relationship between cell metabolism and chemotaxis 
has not yet been discovered. Cultured cells use the lactate obtained from glycolysis 
as a proton source. Since the measurement of lactic acid released on the extracel-
lular site surrounding the cell creates an acidic environment, oxygen consumption 
rate measurements are important for assessing the measurement of extracellular 
acidification rate and the physiological states of and the changes in cells (Zeybek, 
Ü.,2010).  The use of glutamine by tumor cells as energy fuel as well as the low- or 
high-molecular-weight protein composition of the plasma thiol pool indicate that 
thiol-disulfide metastasis is significant in cancer cases (Yalçın, G. T. 2013). Erel,O.,S 
Neselioglu ,S., 2014,). Although some studies aiming to show the relationship of 
colon cancer and phytochemicals (de Moreno de Leblanc A,2007; Khoury N,20017; 
Grishina A,2011; Cenesiz S,2008 ; Özdemir, A., 2016) it is not clear yet how sever-
al phytochemicals and  probiotics added to the treatment alternatives following 
cancer formation interact with each other and whether they will have inhibitory 
effect on cancer development, and what their role is in the stoppage or prevention 
of angiogenesis. Further studies will be required to discuss whether the use of kefir 
use by a healthy individual provides protection against cancer. Perhaps more data 
will be attained by performing studies regarding the regular use of probiotics on 
cases in polyposis coli formation stage or on subject animals.
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THE ANALYTICAL PROBLEMS IN CLINICAL 
BIOCHEMISTRY

Ayşe ÖZDEMIR

INTRODUCTION
Clinical biochemistry laboratories are an important milestone for the provi-

sion of healthcare services. Clinical biochemistry laboratories provide an indis-
putable support in the maintanence of a healthy and vigorous lifestyle, diagnosis 
of diseases, monitoring the efficacy of treatments, epidemiological studies and 
achievement of reliable and high-quality results, that is, in diagnosis, monitoring, 
treatment and protection from diseases (Figure 1, Gaw et al., 2008).  

 
Figure 1. Clinical Biochemistry Laboratory (Demir, 2008; Guder and Buttner, 1997; Gaw 

et al.,2008

In laboratories, each step must be implemented meticulously without any er-
rors with a view to obtaining accurate and reproducible results (Demir, 2008; 
Guder and Buttner, 1997; Raimondo and Van der Pal 2001). Therefore, a special 
effort should be exercised in organization and management of laboratories, use 
of laboratory equipment and materials and provision of high-quality and afford-
able services (Erbil, 2007). A good quality control program should be an exten-
sive program consisting of both internal and external factors. Only in this manner 
can laboratories evaluate themselves objectively. If laboratories can attain fast, 
reproducible, sensitive, specific, precise and reliable results, then they can sat-
isfy the expected needs. Even though automation and modern information tech-
nology have greatly improved the precision, reproducibility, speed and costs in 
clinical laboratories, a significant number of  problems still occur (Schleicher, 
2006). Although all laboratory tests are assessed based on specific cases, certain 
laboratory test profiles have been created. 

CHAPTER 
2
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In laboratories, the same design logic is used in all measurements performed 
whether manually or by using an autoanalyzer (Demir, 2008). The design comprises:

1. Identification of the sample to be analyzed, 
2. Sample preparation, 
3. Sample processing,
4. Preparation of reagents and reaction conditions,  
5. Arrangement of blind, standard and sample study groups, 
6. Distributing and mixing the solution
7. Blending the sample and solution, 
8. Waiting for the incubation period to come to an end, 
9. Performing measurements and making calculations to convert the  

 result to concentration or  activity, 
10. Performing the quality control and approving the results and
11. Reporting the results to the clinician. 

In addition, clinical laboratories must be organized according to the qualita-
tive and quantitative demands of clinicians and patients. However, needs usu-
ally contrast with financial conditions; therefore, many conflicts occur between 
medical and financial responsibilities (Schleicher, 2006; Demir, 2008; Gaw et 
al., 2008). Clinical biochemistry laboratories provide clinicians with informa-
tion and thus contribute to and interpret the diagnosis, treatment, scanning and 
monitoring of diseases. Therefore, laboratory results must be accurate, reliable 
and reproducible. Clinical biochemistry process in medical profession consists 
of a series of steps ranging from making maximum use of laboratory to selecting 
the suitable test option and ensuring that the clinician receives the test report 
and uses it to the patient’s benefit (Schleicher, 2006; Gaw et al., 2008; Emekli et 
al.,2016). In Figure 2, the process of transport of samples from patient to labora-
tory, analyis of samples and sending the results to doctor/patient is demonstrat-
ed.  All these test processes are carried out together with the patient (Kohn Linda 
et al. 2000; Gaw et al., 2008).

 
Figure 2. Clinical Biochemistry process (Kohn Linda et al. 2000; Gaw et al., 2008).
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Depending on what is necessary for diagnosis and treatment, the clinician sub-
mits a request for laboratory tests including the identification of patients or sends 
the request electronically along with the patient’s sample. Barcodes are generally 
used for this purpose. Then,  requests and suggestions are sent to the laboratory. 
After samples arrive in the laboratory, the analysis procedure begins. If an auto-an-
alyzer is used, the barcode reader reads the code and, in correspondence with the 
central computer, the required analysis starts. If the analysis must be performed 
manually, barcode readers must also be installed at the site of the analysis. Iden-
tification of the sample to be analyzed in this manner allows the samples to be 
identified and found at any time at any position during the analytic process, thus 
reducing errors like mixing up samples. After having analyzed the samples, the re-
sults are sent to the central computer (Schleicher, 2006; Gaw et al., 2008) . 

The technician checks the results for analytical problems. For example, s/he 
assesses the quality control by using suitable computer-based programs and if 
the results appear to be valid, they are sent back to the requesting unit (Schleich-
er, 2006; Gaw et al., 2008). Although transition to automated systems, advanced 
analytical techniques and increased use of information technologies in clinical 
biochemistry laboratories have greatly improved the precision, reproducibility, 
speed and costs of analyses, many studies show that a significant number of er-
rors occur in clinical biochemistry laboratories and various problems may be 
observed in pre-, intra- and post-analytical phases during the analysis of samples 
(Figure 3) (Plebani and Carraro, 1997; Schleicher, 2006; İren Emekli et al. 2016; 
Dağlıoğlu, 2009; Fırat Oğuz et al. 2017).

Six Sigma which refers to the improvement of processes permits achieving 
global standards and identifying the number of defects per million. An inverse 
correlation exists between the sigma level and the number of errors, that is, a 
high sigma means there are less errors in the service process. While a sigma is 
insignificant per se, its comparison with another sigma value increases its sig-
nificance level (Dağlıoğlu, 2009; İren Emekli, 2016). Six Sigma method has been 
used in many sectors and successful results have been attained. The primary 
area where this methodology can be easily applied is clinical laboratories. The 
overall test phase is comprised of 3 sub-processes. The overall test phase may 
change depending on these sub-phases. The Overall Test Phase is shown in Fig-
ure 3   (Emekli et al., 2016). These sub-phases are: 

1. Pre-analytical phase: the phase until the analysis outside and within the 
laboratory; 

2. Analytical phase: the phase in which the test or measurement is conducted; 
3. Post-analytical phase: the phase in which the test result is put into the 

report to be delivered to the patient and clinician interprets the report 
result to the patient’s benefit (Dağlıoğlu, 2009; İren Emekli, 2016).  

In clinical laboratories, during the clinical process divided into pre-analyti-
cal, analytical and post-analytical phases, the highes number of problems may 
occur in pre-analytical and post-analytical phases (Bonini et al. 202; Turkish Bio-
chemical Association, 2015:5; Dağlıoğlu,2009; İren Emekli, 2016; Fırat Oğuz et 
al. 2017; Kiriş Satılmış et al., 2015).
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Figure 3. Overall Test Process and Error Sources in Clinical Biochemitry 
Laboratory (Plebani and Carraro, 1997; Turkish Biochemical Association, 

2015:5, Schleicher, 2006; İren Emekli et al. 2016; Dağlıoğlu, 2009; Fırat Oğuz et 
al. 2017; Kiriş Satılmış et al. 2015  ).

Laboratory Errors Classification System (LECS) established by the Ministry of 
Health presents a standard system for the analysis of errors in order to maintain 
the safety of patients. Furthermore, thanks to this system, laboratory errors are 
standardized by creating a common language among laboratories (Ministry of 
Health, 2016; LECS List 2016)

It is highly important to create this common language considering that most 
of the medical decisions during Medical Diagnosis and Treatment services are 
based on laboratory data. To this end, 5 code sequences were generated to pre-
vent making errors before causing harm to the patient and measure our errors 
by establishing the Laboratory Errors Classification System (LECS). These code 
sequences are the Relevant Process, Place, Person, Time and Error Type. The 
following primary codes were identified to these code sequences: PR for the 
main parameter pre-analytical phase, AN for the analytical phase and PO for the 
post-analytical phase. Similarly, the primary codes identified for places are KL for 
clinic, YB for Intensive Care Unit and LA for laboratory.  The persons were codi-
fied as DR for doctor, HM for nurse and TE for technician, while time frames were 
divided into 7 primary codes of 4-hour intervals and unknown time. All errors in 
the laboratory were compiled and 59 primary codes including the errors starting 
with L (since they are made in the laboratory) as well as the other types of errors 
were released (Tarhan, 2016, Ministry of Health, 2016). 

An example of laboratory error: A process with the PR.LA.TE.Z4.L08  error 
code is dechiphered as follows (Figure 1). 
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PR LA TE Z4 L08
RELEVANT 
PROCESS 

PLACE PERSON TIME ERROR

The error occurring 
in pre-analytical 
phase

The error 
occurring in 
the laboratory

The technician 
making the 
error 

The error occurred 
within the time frame 
of 12:00-16:00

The lost 
sample

Figure 4. Example of a Deciphered Error Code

If the error occurred in a clinic and the clinic’s name is required, then a sub-
code must be added (Tarhan, 2016, Ministry of Health, 2016).

Pre-analitical Problems
It is attempted to record and monitor all errors in all laboratory processes of 

pre-analytical, analytical and post-analytical phases and thus improve the prob-
lems related with them in accordance with ISO 15189:2012 Medical laboratories 
- Requirements for quality and competence. Pre-analytical phase is defined in 
ISO 15189:2012 as processes that start with the clinician’s request and include 
the test request, patient’s diagnosis and preparation, collection of the primary 
blood sample or other samples and end with the beginning of analysis process. 
Also, the initial stage of pre-analytical phase is defined as pre-pre-analytical 
phase (Plebani et al. 2014; Laposata and Dighe, 2007).

Since pre-analytical errors occur prior to the analysis as a result of many fac-
tors, they are difficult to detect. Furthermore, analyte concentration in the sam-
ple obtained at the end of analysis may not reflect the actual concentrations and 
this may lead to very serious errors (Turgut, 1995; Schleicher, 2006; Gaw et al., 
2008; Özcan et al., 2012). During pre-analytical phase, analyte concentrations 
may be affected from many factors such as the patient’s age, gender, pregnancy, 
diet, hunger and exercise. Therefore, these variables must definitely be consid-
ered while interpreting the laboratory results (Watson et al., 1983; NCCLS, 1991; 
Schleicher, 2006). The most frequent pre-analytical errors result from the tests 
selected (Raimondo, 2001; Özcan et al., 2012). The site of the sample taken for 
analysis may also affect the laboratory test results. For example, applying a tour-
niquet while performing phlebotomy i.e. taking a venous blood sample or mas-
saging the site while taking capillary blood sample changes the concentration of 
many analytes (Watson et al., 1983; NCCLS, 1991). While taking blood samples 
from pediatric patients, on the other hand, it is clear that particularly sampling 
stages and infant’s age hold an importance among pre-analytical variables. Due 
to the difficulty of sampling, dilution-induced erroneous results may be obtained 
or interference may occur in bilirubin measurements as a result of hemolyzed 
and especially insufficient amount of samples (Fırat Oğuz, 2017). Not only the 
sampling techniques but also failure to cooperate with the patient or learn the 
application fundamentals of a new technique may also hinder high-quality sam-
pling (Aykal et al., 2016). Or coagulation test results may be critically affected in a 
blood sample taken via a catether contamined with heparin (Watson et al., 1983; 
NCCLS, 1991; Schleicher, 2006; Kiriş Satılmış et al., 2015). Another pre-analytical 
error source is the type of sample material. There are considerable differences 
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between serum and plasma. For instance, potassium concentrations and protein 
content are different for both sample types. Therefore, the reference values used 
for interpreting results are different for plasma, serum and whole blood. The ana-
lyte concentrations in plasma or serum may change after taking samples. Lysis of 
red blood samples during sampling results in the release of intracellular proteins 
in the sample and erroneous high results may be observed. This is particularly 
true in some enzymes. Thus, serum/plasma samples must be monitored after 
the centrifugation for the control of hemolysis presence. The transport of sample 
taken for analysis to laboratory is also one of the significant sources of error. 
Increased transport time of sample to laboratory is important not only in terms 
of the clinicians’ achievement of results and but also because the analyte concen-
trations may change. Although many substrates and enzymes are stable in blood 
samples, some proteins/peptides rapidly degrade in whole blood. This problem 
may occur if the sample is not analyzed within a very short time, the transport time 
to laboratory increases or analytical test repetition is required (Schleicher, 2006; 
Gaw et al., 2008; Kiriş Satılmış et al., 2015; Grecu et al., 2014). Since pre-analytical 
errors usually occur outside the laboratory and without the control of laboratory 
personnel, it is difficult to detect and block them. These errors made anywhere in 
the healthcare center are generally detected by laboratory specialists or staff and 
may threaten the patient safety unless an effective precaution is taken. Manuals 
prepared to prevent these errors in the clinic are an indispensable part of profes-
sional quality systems and healthcare applications are also standardized through 
compliance with these systems (Aykal, G. 2015). Although automatic transport sys-
tems are used in many hospitals, it must be remembered that the quality of results 
will be affected and the patients’ safety will be threatened if samples are not trans-
ported at a proper time with a proper method.  

Intra-analytical Problems
Although early studies state that laboratory errors mostly occur in analytical 

phase (Pilebani,2006), pre-analytical errors are relatively more common now 
due to the internal and external quality control methods, standardized clinical 
laboratory applications and auto-analyzers coupled with early warning mecha-
nisms (Özcan et al., 2012; Kiriş Satılmış et al., 2015). For analytical methods to 
produce accurate results for patients, highly advanced devices and consumables 
are used in laboratories. Various devices and equipment used in laboratories use 
different working principles and thus produce different test results. By creating a 
common language among laboratories, errors are minimized and thus the quality 
of processes and results are kept under control with specific standards. Standard-
ization has become a must both for the quality of results and for increasing the 
reliability of patients’ results (Tarhan, 2016, Ministry of Health, 2016). Analytical 
or intra-analytical phase errors are considered as errors occurring in a laboratory 
environment and often include errors made by the laboratory personnel, mismea-
surement by an automatic pipette, degragation or expiration of reagents used in 
machines and errors resulting from devices in the laboratory. Determination of the 
concentration range of the analyte occurring in healthy and diseased states is nec-
essary for the range of a measurement. This may be a very narrow range as in the 
case of electrolytes or a very broad range as in the case of inflammation markers. 
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Problems may arise when samples are diluted, because results are corrected with 
dilution factor. Standardization of analytical measurements is an important issue 
in clinical chemistry. Although reference methods with well-defined standards are 
available for many methods, different methods may yield different results even 
though both of them are calibrated with the same standard. Interference factors 
are endogeneous or exogeneous substances that interfere with analytical method, 
leading to false results. There are 4 major sources of endogeneous interference in 
patient samples: hemolysis, lipaemia, bilirubinaemia and paraproteins. The most 
significant exogeneous interferents are drugs and their metabolites and anticoag-
ulants. These can interfere with the quantification of an analyte, therefore, the cor-
rect sample material is needed to determine each analyte (van der Woerd-de Lange 
et al., 1983; Schleicher, 2006; Gaw et al., 2008). 

Post-analytical Problems
Laboratories can satisfy the needs if they can provide reliable results. Analyt-

ical quality is characterized by the precision, accuracy and long-term stability of 
the laboratory method. This is only possible with quality control and thus quali-
ty control and management becomes an important need of clinical laboratories. 
In the past, it was considered that performance measurements were based on 
the safety of analytical phase and that errors arose from this phase. Advanced 
quality control programs have revealed that more errors occur in post-analyti-
cal phase in addition to the pre-analytical phase (Bonini et al., 202; Turkish Bio-
chemical Association, 2015:5; Dağlıoğlu, 2009; İren Emekli, 2016; Fırat Oğuz et 
al. 2017; Kiriş Satılmış et al. 2015; Sciacovelli et al. 2016). In order to detect both 
pre-analytical and post-analytical phase errors, performance measurements, a 
good performance care safety as well as a comprehensive testing process are 
needed. In post-analytical phase, the flow of information is ensured regarding 
the timely exchange of results between laboratory personnel and clinicians, the 
reporting of abnormal results and the delivery of comments on laboratory re-
sults and other information (Sciacovelli et al. 2016; Laposataa and Dighea, 2007). 
One of the most significant methods in the control of the accuracy of laborato-
ry results is reviewing the test results and sharing with the clinician whether 
they are compatible with the patient’s clinical state. Many post-analytical errors 
arise from the improper interpretation and use of laboratory results (Raimondo, 
2001: Bio-Rad Laboratories, 1998; Laposataa and Dighea, 2007). Not reporting 
a critical result immediately or delaying the process is one of the errors during 
the post-analytical phase. Wrong or negative reporting is significant in terms of 
the patient’s health and treatment. Prior to the laboratory test cycle, an accurate 
interpretation must be made and accordingly an accurate action must be tak-
en. The primary action is actually to ensure the online communication between 
laboratory and services rather than the communication between laboratory and 
clinicians (Bonini et al. 2002). As this communication is becoming increasing-
ly important each year, post-analytical phase must be kept under strict control. 
Quality control in clinical laboratories regulates the systems in which each result 
can be validated by laboratories and  diagnostic and therapeutic decisions can be 
safely made by clinicians. Quality control procedures run with analytical errors; 
they try to detect any errors that may render the medical benefits of laboratory 
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results invalid. In practice, many quality control procedures run with control re-
sults and compare the expected range of values obtained in previous tests with 
the results of current tests. The purpose of controls is to ensure the accuracy of 
analytical processes and detect the potential problems in the analytical system 
that consists of reagents, kits or devices. Accuracy test for patients is a useful 
mechanism to make a distinction between analytical system performance and 
control performance (Raimondo, 2001: Bio-Rad Laboratories, 1998). Also, stan-
dard deviation, the control limits which were previously very commonly used, 
caused the incorrect rejection of test results to a significant extent and a great 
number of tests to be performed in laboratories to correct the wrong results. 
To this end, Westgard Rules emerged with reference to the principle “instead of 
running more controls, run more rules and prove the validity of tests complying 
with these rules.” Thanks to this rule, laboratories have been run more efficiently 
and more cost-effectively for more than 30 years. Although it may now seem that 
laboratory devices and equipment have highly developed and and the need for 
Westgard rules has lessened, some laboratories still use them (Westgard, 1981). 
The reliability of results must be close to the actual values, they must be repro-
ducible and given with the uncertainty values. Furthermore, obtained results 
must be comparable for traceability in international platforms (Çelebiler et al., 
2011)

CONCLUSION
In conclusion, high-quality healthcare services can be provided as a result 

of obtaining fast, reproducible, sensitive, specific, precise and reliable results in 
the laboratory, performing accurate diagnosis and treatment and applying the 
scientific methods meticulously. Both internal and external quality control ap-
plications are commonly used in clinical biochemistry laboratories. The provi-
sion of healthcare service which has human life at its center is possible with the 
highest quality of laboratory services for accurate diagnosis and treatment. This 
lays a significant responsibility on laboratory services and clearly emphasizes 
the importance of proper performance of these services. Moreover, a safe and 
high-quality laboratory service can only be possible if we evaluate laboratory as 
a process. However, it is thought that the more frequent use of quality control 
practices in the laboratory of every healthcare service facility will contribute to 
the increase in analysis performance significantly.
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FUNDAMENTALS OF NUTRITIONAL 
SUPPORT IN ADULTS

Nural ERZURUM ALIM,  
Rahime Evra KARAKAYA

ASSESSMENT OF NUTRITIONAL STATUS
Malnutrition is an acute or chronic state of nutrition leading to overnutrition 

or undernutrition with or without inflammation that changes body composition 
and diminishes function. It is a crucial factor that increases the risk of mortality 
and morbidity in hospitalized patients and deteriorates with hospital stay (AS-
PEN, 2010). The prevalance is approximately 25-30% of the patients in hospi-
tal. Nutritional status is one of the factors that triggers malnutrition. Nutrition 
care process is comprised of nutrition screening, assessment, and intervention 
in malnourished patients (Erdem & Gümüşel, 2011).

Nutrition Assessment: Registered Dietitians (RDNs) collect information to 
diagnose nutrition problems using medical, history, nutritional behavior, physi-
cal examination, anthropometric measurements, and biochemical tests.

Diagnosis: RDN names the nutrition problem.
Intervention: RDN decides the approptiate nutrition intervention that re-

duces the signs and symptoms of the diagnosis.
Monitoring/Evaluation: RDN determines if the intervention is achieved or 

not (Skipper, 2008). 
Nutrition screening helps to identify malnourished patient or who is at risk 

for malnutrition whereas nutrition assessment helps to diagnose nutrition prob-
lems and provides advanced recommendations for enhancing nutrition status or 
recreening in following nutrition intervention (ASPEN, 2010; Durfee et al., 2006).

Nutrition assessment should be a simple, fast, easy and controlled with sub-
jective and objective parameters.

Methods used in the assessment of nutritional status
There are several methods used in the assessment of nutritional status and all of 

which are used in evaluation of malnutrition. These methods are: (1) Patient histo-
ry, (2) Physical examination, (3) Anthropometric data, (4) Biochemical parameters, 
(5) Combined nutritional assessment methods (Prognostic Nutritional Index (PNI), 
Nutritional Risk Index (NRI), Maastricht Index (MI)), (6) Screening Tests (Subjective 
Global Assessment (SGA), Malnutrition Universal Screening Tool (MUST), Nutrition-
al Risk Screening 2002 (NRS 2002), Mini Nutritional Assessment (MNA)).

1. Patient history
Patient’s complaints and medical history help to determine risk of malnutri-

tion or inflammation. Psychosocial factors, past and current use of medications, 

CHAPTER 
3
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presence of disaeses, surgical procedures, functional disabilities should be ques-
tioned (ADA, 2009). 

2. Physical examination
Physical examination for muscle depletion, decrease in functional capacity, alter-

ations on skin, edema, hepatomegaly, macro-micronutrient deficiency symptoms can 
reveal the underlying disease or condition of malnutrition (Soeters & Schols, 2009).

3. Assessment of food intake
Nutritional history is a key factor in the assessment of nutritional status. 

Dietary recall, food frequency questionnaire, dietary record and diet history 
are main methods for obtaininig information about nutrition consumption. Al-
terations in weight and food consumption, gastrointestinal system complaints, 
presence of acute or chronic diseases and side effects should be examined in this 
phase (White et al., 2012; Shim et al., 2014).

4. Anthropometric measurements
Anthropometric measurements could detect growth, development and the 

change of body composition in assessment of the nutritional status (Shrivastava 
et al., 2014). Methods that are used frequently are body weight and height, free 
fat mass, and fat mass measurement.

Body weight and height measurement
Body weight is an indirect indicator of protein mass and energy reserve. How-

ever, it is not an appropriate measurement as it can be affected in such cases: 
trauma, burns, infection or sepsis, tumor development, or organ growth. Loss 
of body weight with >10% in 6 months or less is indicative of inadequate nutri-
tion (Baysal, 2002). Body weight can be assessed through height weight tables, 
relative weight and height weight indices. Height weight tables are defined by 
reference values that have been developed by National Health Statistics (NHS) 
for people aged 20 years and older. Although they are convenient, quick and easy 
to use, some limitations make other alternatives more useful (NHS, 2008).

Among weight height incidences methods, relative weight is a person’s actu-
al weight expressed as a percentage. It is calculated as (actual weight/reference 
weight) x 100. A relative weight within the range of 90% to 120% is considered 
acceptable. Recent changes in weight are a better indicator of nutritional status 
which of them is the percentage of usual weight and calculated as (current weight/
usual weight) x 100. In addition, percentage of weight change is assessed by [(usu-
al weight – current weight) / usual weight] x 100] equation (Lee & Nieman, 2013). 

Height and weight measurements in disabled and bedridden patients are ap-
plied with several methods. Body weight and height are computed from knee height; 
whereas knee height, calf circumference, midarm circumference, and subscapular 
skinfold thickness are used to estimate body weight (Chumlea et al., 1987). 

Fat mass measurement
Skinfold measurement: Triceps, subscapular, suprailiac, and biceps skinfold 

thickness measurements help to estimate the size of the subcutaneous fat depot 
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(Gibson, 2005). Data obtained from skinfold thickness measurements should be 
compared with NHS reference values (NHS, 2008).

Waist circumference: This measurement indicates abdominal fat content and is 
more strongly associated with total body fat rather than waist hip ratio.

Waist hip ratio (WHR): The measurements by WHR estimate mainly subcutane-
ous or visceral fat depot. Cut off points with regard to waist circumference are given 
as: >94 cm for men, >80 cm for women are at increased risk, <102 cm for men and 
>88 cm for women are at substantially increased risk. WHR cutt off points are identi-
fied as substantially increased risk for men ≥0.90 and for women ≥0.85 (WHO, 2011).

Quetelet’s index (Body Mass Index): The most common used weight height in-
cidences is body mass index (BMI) and it is calculated by division of weight (kg) 
by height (m) squared. It has a relatively high correlation with body fatness and 
is an indicator of several diseases like cardiovascular diseases, high blood pres-
sure, osteoarthritis, diabetes and some cancer types. Classification of overweight 
and obesity by BMI is identified as underweight (<18.5), normal (18.5-24.9), 
overweight (25.0-29.9), class I obesity (30.0-34.9), class II obesity (35.0-39.9), 
and class III obesity (≥40.0) (WHO, 2000).

Waist-to-height ratio: This index is a good proxy for central obesity. Patients 
should follow the action steps according to obtained data. Action steps for waist-
to-height ratio are identified as: Take care (<00.4), OK (0.4-0.5), Consider Action 
(0.5-0.6), and Take Action (>0.6) (Ashwell, 2014).

Free fat mass measurement
Mid-upper arm circumference (MUAC) (cm): MUAC is used to define chronic en-

ergy deficiency and is a decisive of mortality in acutely hospitalised patients. Ob-
tained data is compared with reference values from NHS (Madden & Smith, 2016).

Mid-upper arm muscle area (cm2): It is used as an index of lean tissue or mus-
cle in the body. Arm muscle size is used to represent muscle protein reserves 
(Frisancho, 1981). The equation for mid upper arm muscle area is given as:

[MUAC- (Triceps skinfold x π)]2 / (4π) - correction factor.

Mid-upper arm muscle circumference (cm): It is an indicator of muscle mass 
in the body and is less changeable than muscle area in malnutrition (Erdem & 
Gümüşel, 2013). It is calculated as follows: MUAC – (Triceps skinfold x π).

Skinfold measurement: Sum of triceps, subscapular, suprailiac, and biceps 
skinfold thickness measurements help to estimate free fat mass in cases like up-
per extremity burns, edemea, amputation, or immobilization. Muscle mass and 
muscle circumference measurements may be assessed using several equations 
(Baysal, 2002).

Estimation of body composition by laboratory methods
Body composition measurements are performed in several laboratory meth-

ods. These are listed as:
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Dual Energy X-Ray Absorptiometry (DEXA): Fat mass, free fat mass and miner-
al measurements.

Bioelectrical impedance (BI): Fat mass, free fat mass and total body water 
measurements.

Computed Tomography (CT) and Magnetic Resonance (MR): Fat and muscle 
mass measurements.

Isotope Dilution Technique: Total body water measurement.
Neutron Activation: Mineral and free fat mass measurements.
Infrared Radiation: Subcutaneous fat thickness measurement.
Hand Dynamometer: Hand and forearm muscle strength measurements (Lee 

& Nieman, 2013; Erdem & Gümüşel, 2013).

5. Biophysical and functional methods

Functional abilities and structural defects of the tissues are detected in as-
sessing nutritional status. These defects are indicators of malnutrition and are 
determined with several tests like dark adaptation, taste loss, measurement of 
capillary fragility, measurement of muscle and nerve coordination, hand grip 
strength, immunologic functions, delayed hypersensitivity, and total lymphocyte 
count (ESPEN, 2017; Gibson, 2005). Hand grip strength test represents muscle 
function and is a dynamic indicator of muscle mass, whereas nitrogen balance 
estimates protein intake and free fat mass. In addition, malnutrition results in 
reduced immunity, lymphocyte count and delayed hypersensitivity (Soeters & 
Schols, 2009).

6. Biochemical Tests

Biochemical tests include measurement of a nutrient or its metabolite in 
blood, feces, or urine. These tests are more objective and provide quantitative 
data in assessing nutritional status. Assessment of protein status is applied with 
several biochemical tests (Lee & Nieman, 2013).

Evaluation of static protein status: Static protein status is the body’s somat-
ic protein found within skeletal muscle. Urinary creatinine, nitrogen balance, and 
3 methyl histidine methods are used to detect somatic protein status.

Urinary creatinine: Urinary creatinine is derived from the catabolism of a me-
tabolite present in muscle called creatinine phosphate. 24-h urine sample of ex-
creted urine represents a constant weight of about 18-20 kg muscle mass (Gibson, 
2005). Another method for assessing the degree of protein loss is creatinine-height 
index (CHI). CHI is calculated as: CHI (%): 24-hr urine creatinine (mg) x 100 / Ex-
pected 24-h urinary creatinine. A CHI of 60% to 80% is considered as indicative 
of mild protein depletion; 40% to 60% reflects moderate protein depletion; and a 
value under 40% represents severe depletion (Medhat et al., 2016). 

Nitrogen balance (NB): It is a measure of total body protein and identified as 
the difference between nitrogen intake and excretion from urine, feces, skin or 
miscellaneous losses (IOM, 2002). Positive NB represents  anabolic state, where-
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as negative NB represents catabolic state like starvation, inadequate protein in-
take, stress, trauma, cancer and etc. It is estimated that 1 gram of nitrogen equals 
to 6.25 grams of protein and nitrogen balance is found by the given formula 
(Dickerson, 2005): 

NB: (Protein intake (g/d)/6.25)-urinary urea nitrogen (g/d)-4.

3-methyl histidine: It is found in the myofibril proteins and is excreted in the 
urine as a result of protein catabolism. Its excretion increases with acute phase 
of hunger, sepsis, trauma, and stress (Kochlik et al., 2018). 

Evaluation of plasma protein status: Plasma proteins are  components of 
viseral proteins which are essential to tissue function, oncotic pressure, enzy-
matic process and immunological function. They are useful in assessing protein 
status as their serum concentration decrease due to alterations in liver function. 
Serum albumin, transferrin, prealbumin (transthyretin) and retinol binding pro-
tein (RBP) concentrations are commonly used markers of protein status. Also, 
acute-phase reactants (APRs) are associated with viseral protein concentrations 
(Pupim et al., 2013).

Serum Albumin: Depletion of protein status is indicated by albumin level. As 
for its long half-life (14 to 20 days), it can cause a slow respondence to nutritional 
change in serum levels. Albumin catabolism increases in acute phases of stress, 
tumour, injury, and infection (Friedman & Fadem, 2010).

Transferrin: Serum transferrin is sensitive indicator of nutritional changes 
with a 8-10 day of half life (Neyra et al., 2000). 

Prealbumin (transthyretin): Prealbumin, also known as transthyretin and thy-
roxinebinding prealbumin, is a carrier protein for thyroxine (T4). It is a more 
sensitive indicator of protein status than albumin with short half life (2-3 days). 
Serum prealbumin levels decrease in catabolic states like liver disease, sepsis, 
surgery, and trauma (Caccialanza et al., 2013).

Retinol binding protein (RBP): RBP is a carrier protein for retinol and binds 
noncovalently to prealbumin. Due to its short half life with approximately 12 
hours, it responds quickly to protein-energy deprivation. Serum levels can de-
crease with vitamin A deficiency, acute catabolic states, and hyperthyroidism. It 
is not as frequently used as prealbumin concentration due to difficulty of its mea-
surement (Baeten et al., 2004).

Serum protein concentration levels in assessment of malnutrition is given in 
Table 1 (Lee & Nieman, 2013).

Table 1. Serum protein concentration levels in assessment of malnutrition

Serum proteins

Malnutiriton level

Normal Mild depletion Moderate 
depletion

Severe 
depletion

Albumin (g/L) 3.5-5.0 3.0-3.4 2.4-2.9 <2.4
Prealbumin (mg/dL) 16-40 10-15 5-9 <5
Transferrin (mg/dL) 200-400 150-200 100-149 <100
RBP (mg/dL) 2.1-6.4 - - -
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7. Combined nutritional assessment methods

Several screening tools are developed in assessing malnutrition risk. PNI, NRI 
and MI are the most preferred methods among them and recommended by sev-
eral guidelines (Mueller et al., 2011).

Prognostic Nutritional Index (PNI): The PNI assessing the relation between risk 
of operative morbidity or mortality and nutritional status is calculated as follows: 

PNI(%)=158-16.6x(albumin)-0.78x(TSF)-0.20x(transferrin)-5.8x(delayed 
cutaneous hypersensitivity).

Malnutrition risk according to PNI is classified as: high risk (≥50%), interme-
diate risk (40-49%) and low risk (<40%) (Buzby et al., 1980). 

Nutritional Risk Index (NRI): NRI is modified from PNI and is easier to use. It 
is calculated as:

NRI:1.519x(albümin)+[41.7xpresent weight/ideal weight].

Also, obtained value is classified for patients as: borderline malnourished 
(>97.5-100), mildly malnourished (83.5-97.5), and severely malnourished 
(<83.5) (VATPNCSG, 1991). 

Maastricht Index (MI): Maastricht index is calculated as follows:

MI:20.68-0.24x(albumin)-19.21x(transthyretin)- 1.86x(lymphocytes)-0.04x (ide-
al weight).

Obtained value above 0 refers to malnutrition risk (Naber et al., 1997).

8. Screening Tests

Nutrition screeening tools are detailed nutrition assessment methods in 
identifying people at risk of malnutrition.  

Subjective Global Assessment (SGA): SGA is a simple, low cost and safe clini-
cal technique in assessing the nutritional status. It includes patient’s history and 
physical examination. This method is more reliable in detecting postoperative 
complications. Obtained score is evaluated as well nourished (A), moderately 
malnourished (B), and severely malnourished (C) (Detsky et al., 1987). In ad-
dition, patient-generated-subjective global assessment (PG-SGA) is developed 
from SGA and used in patients with cancer (Bauer et al., 2002).

Malnutrition Universal Screening Tool (MUST): MUST is a tool in assessing 
malnutrition in hospitals or community. It contains 5 steps and includes ques-
tions on BMI, unplanned weight loss and acute effects of disease. Scoring of mal-
nutrition is determined as: low risk (0), medium risk (1), and high risk (2 or 
more) (Todorovic et al., 2003). 

Nutritional Risk Screening 2002 (NRS 2002): NRS-2002 tool helps to detect the 
risk of development of malnutrition in hospitalized patients. BMI, weight loss, 
alterations in diet, and severity of illness are investigated in the tool. According to 
the obtained score patients are classified as : at malnutrition risk (≥3) or require 
weekly rescreening (<3) (Kondrup et al., 2003). 
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Mini Nutritional Assessment (MNA): MNA screening method helps to detect 
malnutrition in elderly. It consists of examination about anthropometric mea-
surements, loss of appetite, weight loss, mobility, physical stress, and neurophy-
schological problems. Obtained score is evaluated for patients as well-nourished 
(≥24 points), at malnutrition risk (17-23.5 points), and malnourished (<17 
points) (Guigoz et al., 2006). In addition, a shorter form is developed for more 
practical examination in geriatric patients (Kaiser et al., 2009).

IDENTIFYING NUTRITIONAL REQUIREMENTS IN ADULTS
Acute and chronic diseases lead to increased catabolism in nutritional status 

resulting in increased morbidity and mortality. Following nutritional screening, a 
patient who is at risk of malnutrition should be detected. At least one criteria should 
be provided for defining severe malnutrition risk: >10–15% weight loss in the last 6 
months, <18.5 kg/m2 BMI level, SGA Grade C or NRS≥3, and <30 g/l serum albumin 
level  (Lochs et al., 2006).

Clinical nutrition provides prevention, diagnosis and management of nutrition 
related to acute and chronic diseases. Fot this reason, nutrition support is recom-
mended for malnourished patients (Grade C) (ASPEN, 2011). The first step after 
nutrition status assessment is to identfy patient’s nutritional needs. Each patient’s 
individualized nutritional requirements and preferences should be identified and 
provided by their body composition and functional capacity with consideration of 
physiologic and pathophysiologic conditions (Grade B) (Howard et al., 2006). Pro-
vision of energy requirement is important for protection and development of body 
functions and weight loss. Negative energy balance leads to increased lean body 
mass with fat mass resulting in organ and muscle tissue loss in malnourished pa-
tients. In addition, glycolysis is increased in conditions like stress, trauma, infection 
and yet oxidative metabolism doesn’t increase in same rate. In this case, the large 
glucose load may cause additional stress. Also, lipids are essential structural com-
ponents of cells. In stress, lipid clearence deteriorates leading accumulation. Addi-
tionally, oncotic pressure is affected causing increase or decrease in fluid require-
ment. Therefore electrolyte concentrations may alter (Cederholm et al., 2017). Vi-
tamin and mineral requirements vary for each disease specifically (Sobotko, 2013; 
Skipper, 2008). In general; daily energy, macro and micronutrient requirements of 
adult malnourished patients are determined as: 25–35 kcal/kg of energy, 0.8–1.5 g 
protein/kg, 30–35 ml fluid/kg, adequate electrolytes, minerals, micronutrients, and 
fibre if appropriate (D[GPP]) (NICE, 2006). Energy and fluid requirements should 
be determined by indirect calorimetry or calculation by certain equations (Ceder-
holm et al., 2017). However, diseases with severe infection, burn or injury require 
specific needs. Some of  these conditions are mentioned below (ESPEN, 2018).

Hepatology: Alcoholic steatohepatitis, liver cirrhosis, transplantation and sur-
gery  requirements of energy is 35–40 kcal/kg/d and 1.2–1.5 g/kg/d for protein 
(Grade C). Oral BCAA supplementation can be used in advanced cirrhosis (Grade 
B). Carbohydrate should be given as 50–60% of non-protein energy requirements 
(Grade C) (Plauth et al., 2006).  In a study with cirrhotic patients, intervention with 
35 kcal/kg/d, protein intake of 1.0–1.4 kg/d, and supplementation with branched 
chain amino acid was applied for 48 weeks resulting in improvement of survival of 
the patients (Kitajima et al., 2018).  
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Intensive care unit (ICU): Energy requirement in acute phase is 20–25 kcal/
kg/d whereas 25–30 kcal/kg/d should be given in anabolic phase (Grade C). 
Protein requirement  is  1.3–1.5 g/kg/d (Grade B). Intravenous lipid emulsions 
can be provided as 0.7-1.5 g/kg/d (Grade B). Enteral formula including arginine, 
nucleotides, omega 3 fatty acids are recommended in elective upper GI surgical 
patients (Grade A), mild sepsis (APACHE II<15) (Grade B), trauma (Grade A), and 
acute respiratory distress syndrome (ARDS) (Grade B). Trace elements such as 
Cu, Se and Zn should be administered to burned patients (Grade A). L-glutamine 
with 0.2–0.4 g/kg/d  is recommended in burned and trauma patients (Grade A) 
(Kreymann et al., 2006; Singer et al., 2009). On the other hand, Canadian Clini-
cal Nutrition Guideline does not recommend diets enriched with glutamine, ar-
ginine, fiber and other nutrients in ICU patients (CCPG, 2015). In a study with 
non-septic mechanically ventilated critically ill patients, protein intake with 1.2 
to 1.5 g/kg was associated with lower mortality (Weijs et al., 2014).

Cancer: Energy intake with 25-30 kcal/kg/d (Grade A)  and protein require-
ment with 1.0-1.5 g/kg/d (Grade A) is recommended. Increase in fat/CHO ratio 
in cancer patients with insulin resistance should be considered (Grade A). Vi-
tamin and minerals should be supplemented approximately equal to the RDA 
(Grade A).  In upper GI cancer patients undergoing surgical resection oral/enter-
al immunonutrition is recommended (Grade A) (Arends et al., 2017). In a study 
with prostate cancer patients, restriction of carbohydrate resulted in prostate 
cancer growth when low carbohydrate (<20 g) or low fat diet (<%30) groups 
were compared (Mavropoulos et al., 2014).

Renal Failure: Energy of ≥30–35 kcal/kg/d should be provided for better ni-
trogen balance (Grade A). Carbohydrate recommendation is given as 3–5 (max. 
7) g/kg/d and 0.8–1.2 (max. 1.5) g/kg/d for fat. Protein, mineral, and water solu-
ble vitamin requirements differ from dialysis treatment and they should be con-
sidered specific for each renal disease patient. (Cano et al., 2006). In a case re-
port, improvement in nutritional status was observed in a hemodialysis patient 
with mild protein energy wasting after treatment with 1.2 g/kg/d protein and 
30–35 kcal/kg/d of energy (Sarav & Kovesdy, 2018).

ADMINISTRATION OF NUTRITION SUPPORT
Nutirion support is the nutrition therapy for those who cannot achieve di-

etary management by normal diet alone.   It involves the provision of oral nutri-
tional supplements (ONS), enteral nutrition (EN) and parenteral nutrition (PN). 
Oral nutiriton therapy and EN are delivered via gastrointestinal tract whereas 
PN is the provision of nutrients  via peripheral or central vein. Nutrition support 
is recommended in patients whose oral intake cannot be achieved more than 5 
days [D(GPP)] (NICE, 2006).

Oral nutrition therapy: Oral nutritional supplements provide energy and nu-
trient dense solutions. Liquids, cremes or powder supplements are given as a 
drink or enriched food (Cederholm et al., 2017). They should be considered in 
malnourished people who can swallow (A) (NICE, 2006). 

Enteral nutrition (EN or enteral tube feding): When adequate nutrition meets 
are not met, EN is a success to achieve nutritional requirements. Administration 
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of nutrients is provided with a tube, catheter, or stoma from the gastrointestinal 
tract to the oral cavity. The main indication for EN is a functional gastrointestinal 
tract (Bankhead et al., 2009). Although EN is the first option for artificial nu-
trition, it can be contraindicate in such conditions: gastrointestinal dysfunction, 
intestinal obstruction, intestinal fistula, hemodynamic instability, diseases asso-
ciated with ileus (trauma, peritonitis), diverticular abscess, early stages of short 
bowel syndrome, and severe malabsorption (Seron-Arbeloa et al., 2013).  

Routes of Enteral Nutrition

Routes of EN differ with respect to determination of the optimal device and 
its location.  Estimation of EN device is ensured by patient’s disease state, age, GI 
surgery history, gastrointestinal motility, and length of therapy. Enteral feedings 
should be started especially postoperatively, reaching the goals in 24-48 hours. 
Isotonic formulas are recommended for initial feeding regimen. Nasal and oral 
routes are used with enteral access devices in short term (less than 4 weeks) 
hospitalized patients.  Enteral tube could be inserted via nasogastric (NG), naso-
jejunal (NJ), or nasoduodenal (ND) tube feeding (Bankhead et al., 2009).

NG feeding is provided with a tube through the nose into the stomach. It is safe, 
cost-effective and less invasive than other tube feeding methods. Primary con-
cern in NG patients is the risk of reflux with bronchopulmonary aspiration. Due 
to risk of aspiration, gastric residuals should be monitored frequently, and tube 
placement should be checked radiographically. NJ feeding is the insertion of tube 
through the nose into the jejunum whereas ND feeding reaches into the duodenum 
(Wireko & Bowling, 2010; NICE, 2006). NJ feeding is not recommended if gastric 
feeding intolerance is not present (Grade A) (Bankhead et al., 2009). Nasally placed 
tubes may lead to complications if appropriate size and matter (polyurethane or 
silicone) is not selected. In addition to complications related to tube, also gastro-
intestinal (diarrhoea, nausea and vomiting, reflux) and metabolic complications 
(refeeding syndrome, electrolyte disturbances) are likely to occur (ASPEN, 2002).

While determining long-term access (more than 4 weeks), the length of ther-
apy, the patient’s disposition, GI motility should be taken into consideration 
(Bankhead et al., 2009). Gastrostomy is the most common method as it eliminates 
nasal irritation and need for an infusion pump. It can be located endoscopically 
(percutaneous endoscopic gastrostomy-PEG), radiologically (RIG), or surgically. In 
addition, patients that require jejunal feedings could either be acessed by  percu-
taneous endoscopic jejunostomy (PEJ) or percutaneous endoscopic gastrojejunos-
tomy (PEGJ). In patients with high risk of aspiration, PEGJ tube placement is rec-
ommended (NICE, 2006). EN feeding can be supplied as bolus or continuous ways. 
The feedings may be initiated with 60-120 mL of increase in every 8-12 hours with 
respect to tolerance. Dilution is not necessary for EN formulas like isotonic, poly-
meric, or elemental. During pump-assisted feedings isotonic, high osmolality, or 
elemental products could be given in every 8-12 hours with increase of 10-20 
mL/h with respect to tolerance (Bankhead et al., 2009).  

Parenteral Nutrition (PN):  Nutrients are administered by PN with a central 
or peripheral vein. The route of administration depends on the length of therapy, 
nutrient requirements, vascular access and fluid requirements (ADA, 2009). Use 
of PN is appropriate if  EN is contraindicated or not tolerated. High osmolarity PN 
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mixtures are administered through central venous access, whereas low osmolar-
ity PN mixtures are used for peripheral venous path (Pittiruti et al., 2009). Paren-
teral formulas are composed of dextrose, protein, lipids, multivitamins and trace 
elements. Dextrose solutions provide carbohydrate and available in 5%, 10%, 
20%, 50% and 70% concentrations. Protein is provided from amino acids and is 
available in 3%, 7%, 8.5%, 10% and 15% concentrations. Also, essential fatty ac-
ids like linolenic and linoleic acids are provided by lipids and they are available in 
10%, 20% and 30% concentrations (Cederholm et al., 2017; ADA, 2009). Energy 
and nutrient requirements should be considered individually for each disease. 
Also, thrombophlebitis, catheter related sepsis, and refeeding syndrome are the 
most common complications of PN (ADA, 2009).

CONCLUSION
Malnutrition is a risk factor that increases morbidity and mortality. Nutrition care 

process in the assessment of nutrition status, nutritional evaluation, intervention 
and monitoring aids to detect malnutrition. Taken all into consideration, nutrition 
support pathway is explained by an algorithm given in Figure 1 (Alvarez, 2008).

Nutrition Assessment
Previous nutrition status, actual requirements, primary disease, prognosis, treatment, 

estimated duration of nutritional support

Inadequate Intake
Indication for nutritional support

>75% of 
Nutritional need 

is met

EN is not possible 
or not sufficient

>50% of 
Nutritional need 

is met

75%-50% of 
Nutritional need 

is met

Normal diet & Diet 
counselling

Parenteral 
Nutrition

Enteral Nutiriton-
Tube Feeding

Enteral Nutiriton-
Oral Supplement

< 7 days > 7 days < 4-5 weeks > 4-5 weeks

Peripheral PN Central PN Nasogastric
Nasoenteric

Gastrostomy
Jejunostomy

Figure 1. Nutrition Support Therapy Algorithm

To this respect, a detailed screening of nutritional status and administration 
of adequate nutrition support with suitable route should be provided to ensure 
patient’s life quality by decreasing the risk of malnutrition. 
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MALARIA DIAGNOSIS

Serhat SIREKBASAN

INTRODUCTION
Malaria was first defined in 2700 B.C. and is one of the ancient diseases 

known. It still exists as an important cause of morbidity and mortality in many 
areas of the world (CDC, 2018; WHO, 2018). It is estimated that over 500 million 
cases are seen as malaria infections caused by protozoon parasites from the Plas-
modium family in the world, and nearly 1-2 million of these end up with mortal-
ity (Tangpukdee et al., 2013).

Fast and accurate diagnosis is extremely important in malaria infections which 
have high mortality rates in all over the world. Because late and inaccurate diagno-
sis may cause delay in treatment and may end up with not being able to control it.

CLINICAL DIAGNOSIS OF MALARIA
Clinical diagnosis of malaria depends on the findings obtained during phys-

ical examination and the symptoms of the disease. Fever, shaking, headache, 
weakness, myalgia, qualm, vomiting, stomach-ache and vertigo are among the 
symptoms of malaria. It must be kept in mind that the patients who have travel 
history to endemic regions are under higher risk, and the existence of fever must 
remind clinicians of malaria (Unat et al., 1995).

LABORATORY DIAGNOSIS OF MALARIA
Although diagnosis is possible in some cases by referring only to clinical find-

ings, definite diagnosis is only possible with laboratory tests. Many methods are 
used in laboratories for the diagnosis of malaria. In selecting from among these 
methods, sensitivity, specificity, cost-effectiveness, the time and effort spent 
must be considered. 

Microscopic Diagnosis
Microscopy is considered as the gold standard due to its being cost-effective 

and with its easy availability. 

The slides that are prepared as Thick Blood Smear and Thin Blood Smear are 
stained with Giemsa and are examined under light microscope. Although it is a 
cheap, specific and sensitive method, it requires effort and is time-consuming. 
The most important point here is the taking sample front and examining it under 
microscope by eyes that are familiar to seeing malaria parasite before starting 
treatment at a proper time (Mukry et al., 2017).

Quantitative Buffy Coat (QBC) technique
The QBC technique was designed as a method to ensure that the blood is 

viewed in a bigger volume for the purpose of determining parasites in a micro-
scopic way. This method is used to determine the existence of a parasite under 
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fluorescent microscope by using fluorescent stains derived from acridine orange 
that stains the DNA of the Plasmodium parasite in a haematocrit tube. Although it 
is a simple and versatile method, it requires special equipment and is more expen-
sive when compared with the classical light microscopy (Clendennen et al., 1995).

Culture Methods
Plasmodium has a complex lifecycle which is characterized with sexual re-

production in mosquitoes, and asexual reproduction in vertebrate hosts like 
humans. In order to reproduce the parasite in culture, conditions that resemble 
the lifecycle of its vectors and hosts must be ensured successfully. This is mostly 
difficult and costly. For this reason, culture method is used as a research method 
rather than for routine diagnosis purposes (Schuster, 2002).

Rapid Diagnostic Tests
Many simple, easy and fast diagnosis tests that do not require special equip-

ment were developed to detect the existence of malaria parasites. Nearly all of 
these tests have been developed in the form of immunochromatographic strip 
technique. This technique is based on detecting the malaria antigen in the blood 
that is flowing through a membrane covered with specific antibodies. There are 
at least 200 commercial fast diagnosis tests throughout the world. The diagnostic 
sensitivity and specificity rates of these tests vary at a great deal. It is recom-
mended that these tests are used together with other test methods because the 
results of studies conducted in non-endemic areas are fewer than those conduct-
ed in endemic areas, and due to some limitations like the differences in the active 
parasite at species level (Wilson, 2012).

Serological Tests
The serological methods used in the diagnosis of malaria are generally based 

on detection of antibodies that are formed against the parasite. Although the tests 
like ELISA and immunofluorescent antibody tests that are included among these 
tests are extremely sensitive, their sensitivity depends on the antibody used. These 
tests provide information on having met the disease factor before rather than the 
diagnosis of the acute infection. For this reason, they are useful in screening poten-
tial blood donors and in epidemiologic research (She et al., 2007).

Molecular Diagnostic Methods
The existing molecular diagnostic methods developed to determine the ma-

laria parasites include the following ones; Polymerase Chain Reaction (PCR), 
Loop-Mediated Isothermal Amplification (LAMP), Microarray and Laser Desorp-
tion Mass Spectrometry (LDMS) (Taylor et al., 2011; Polley et al., 2010; Rathod et 
al., 2002; Demirev, 2004).

PCR-based methods have been used in molecular diagnosis of malaria since 
1990 together with different detection techniques. These methods are extremely 
specific and sensitive in cases which have mixed infection and low parasitaemia. 
They enable clinicians to determine the drug resistance and monitor the therapeu-
tic response (Taylor et al., 2011; Morassin et al., 2002; Chotivanich et al., 2006).
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LAMP Technique is a diagnosis technique based on amplification reaction on 
the target DNA under isothermal conditions. It is claimed that this technique is 
cheaper, faster, more sensitive and easier than PCR (Polley et al., 2010; Oriero et 
al., 2015; Poon et al., 2006).

It is possible to screen multiple gene targets in one single experiment in Mi-
croarray Chip System. Despite this property, the use of it is limited due to high 
costs and technical difficulties. New generation cost-effective microarrays that 
are easy to use are designed by researchers in order to increase the applicability 
of this technique, which has been used in malaria examinations for decades (Ra-
thod et al., 2002; Kafsack et al., 2012).

The diagnosis of malaria with LDMS has been developed recently as a sen-
sitive method (10 parasites/µl of blood). This system, which is automatized, is 
enabled to make the analysis of samples in less than one minute of time. Im-
provements on its high cost and technological equipment it requires will make 
this method become practical in the future (Demirev, 2004; Scholl et al., 2004).

CONCLUSION
Microscopy is still the gold standard in diagnosing malaria although its spec-

ificity and sensitivity vary in the face of recent technological developments and 
although it is time-consuming and tedious. Molecular methods are more suitable 
to define the Plasmodium type that is the cause of the disease, to determine the 
drug-resistant agents, and for research purposes. 

As a result, clinical findings, travel history, history of previous disease, geo-
graphical area and similar data are important as well as laboratory methods in 
diagnosing malaria. A good clinical prediction and a strong communication be-
tween the clinician and the laboratory will make efforts in the fight against ma-
laria become extremely valuable.
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EVALUATION OF EXPOSURE TO RISK 
FACTORS FOR WORK-RELATED 

MUSCULOSKELETAL DISORDERS IN 
COMBINE HARVESTER OPERATORS

Emre Özgür BULDUK

INTRODUCTION
Work-related musculoskeletal disorders (WMSDs) include a wide range of 

inflammatory and degenerative conditions affecting most commonly the body 
regions; the low back, neck, shoulder, forearm and hand. WMSDs are common 
health problem which affect workers in many occupations (Szeto & Lam, 2007; 
Punnett & Wegman, 2004). 

The World Health Organization (WHO) defines ‘work-related disorder’ as a 
multifactorial phenomenon significantly associated with physical, psychosocial 
and sociological factors presenting at the workplace (Aptel, Aublet-Cuvelier, &  
Cnockaert, 2002). Workplace risk factors for WMSDs include physical job de-
mands such as awkward positions, heavy and repetitive lifting, forceful exer-
tions of the body (pushing/pulling), long duration stooped postures and using 
of vibrating tools. Psychosocial work stressors like; job dissatisfaction, high wor-
kloads and lack of social support have been recognized as additional risk fac-
tors for WMSDs (Eatough, Way, & Chang, 2012; Southard et al., 2007). WMSDs 
are a leading cause of reducing productivity, rising costs of wage compensation 
and medical expenses and lowering quality of life (Kee & Karwowski, 2007). 
Agriculture is reported as one of the most unsafe sectors in both the developing 
and developed worlds. Agriculture activities which range from the plantation 
and harvesting by manual tools to usage of other mechanized vehicles, create 
musculoskeletal risk factors (Naeini et al., 2014). WMSDs are prevalent among 
harvesting machine operators. This is due to the agricultural machinery imposes 
excessive physical loads on the operators. Harvesting operation is a highly repe-
titive task which requires force to operate pedals, bilateral hand-intensive work 
in constrained body postures and whole-body vibration exposures at the driver 
seat (Østensvik et al., 2008; Ghaderi, Maleki, & Dianat, 2014; Seidel, 2005). After 
the daylong operation the harvester operators resulting in physiological and 
psychological fatigue. Such fatigue strecthed over a period of months and years 
may cause musculoskeletal disorders (Tiwari & Gite, 2006). There are number of 
ergonomic assessment tools to evaluate the ergonomic risk factors for WMSDs. 
Quick Exposure Check (QEC) is composed of an observational protocol and a qu-
estionnaire which allows the assessment of ergonomic risks factors especially 
those of biomechanical nature (Comper, & Padula, 2013) The objectives of this 
study were to investigate the exposure to risk factors for work-related musculo-
skeletal disorders among combine harvester operators in Konya Province (Tur-
key) by using QEC and to recommend preventive strategies.
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MATERIALS AND METHODS

Subjects
Konya is the largest province of Turkey and approximately 2 million hectares are 

used for agriculture. The study was carried out at Konya Plain (inner Anatolia, Tur-
key). The study sample included 72 combine harvester operators, randomly selected 
from the several villages of the Konya Plain. They work approximately 8-12 hours 
per day with limited number of breaks. Combine harvester operators were informed 
as to the purpose of the study. Combine harvester operators completed the survey 
voluntary. The level of their education was at elementary school without any voca-
tional training.  All participants were male and aged between 36 to 66 and above. 

Task
QEC was developed by Li and Buckle in 1998 and modified by David, Woods 

and Buckle in 2003. Evaluation of the inter-user reliability, validity and usability 
of QEC were determined in two phases of development, with participation of 206 
practitioners (David et al. 2005). This technique has been previously applied to 
combine harvester operators and includes assessment of four areas of the body, 
namely the back, shoulder/arm, wrist/hand and neck, with regards to postures 
and repetitive movements. A combination of exposures between different risk fac-
tors is shown in a scoring table. The exposure levels for back, shoulder/arm, wrist/
hand and neck are categorised into four exposure categories: low, moderate, high 
and very high. The range of score for back (static) is 8 to 15 for low, 16 to 22 for 
moderate, 23 to 29 for high and 29 to 30 for very high. The range of score for back 
(moving), shoulder/arm and wrist/hand is 10 to 20 for low, 21 to 30 for moderate, 
31 to 40 for high and 41 to 60 for very high. Exposure scores of the neck range from 
4 to 6 for low, 8 to 10 for moderate, 12 to 14 for high and 16 to 20 for very high. 
Finally, QEC analysis also checks the exposure levels of categories including; driv-
ing, vibration, work place and work stress. These exposure scores, ranging from 
1 to 4, correspond to low, moderate, high and very high risk levels respectively. 
The reliability of the turkish translation of the QEC was investigated by Özcan and 
colleagues and they suggested that, QEC is a useful and sensitive observational 
technique for assessing exposure to risk factors for WMSDs (Özcan et al., 2007). 
Possible questions about socioeconomic status of the combine harvester operators 
could not be included as being too sensitive and intrusive of privacy. The study was 
carried out in compliance with the Helsinki Declaration. 

Statistics
Direct contacts were established between the researchers and combine har-

vester operators.  The Study was briefly described to combine harvester opera-
tors whose participation was voluntary. No names were attached to the question-
naires that were carefully administered by the researchers.

Statistical analysis was performed with SPSS (version 15.0). The Student’s 
t- test was used to identify the relationship of the musculoskeletal disorders be-
tween drivers’ age and duration of service. P values < 0.05 were considered sta-
tistically significant. 



Emre Özgür BULDUK 51

RESULTS
Table 1. Characteristics of the study subjects 

             Age (years)                                                                 Number                                     %

36-45 26 36.11
46-55 28 38.90
56-65 16 22.22
66 and above 2 2.77

Working Experience 
(in Years)

Total: 72
Number                           

100.00
%

3-7 30 41.60
8-12 28 38.90
13-17 12 16.60
18 and above 2 2.80

    Total:  72                                       100.00

Table 2. Exposure level standards for back, shoulder, wrist and neck (David et al. 2005)
Exposure Level

Score Low Moderate High Very High
Back (static) 8-15 16-22 23-29 29-40

Back (moving) 10-20 21-30 31-40 41-56
Shoulder/Arm 10-20 21-30 31-40 41-56

Wrist/hand 10-20 21-30 31-40 41-56
Neck 4-6 8-10 12-14 16-18

      Table 3.  Exposure level (Quick exposure check)
Back 

(moving)
Back 

(static)
Shoulder/
Arm

Wrist/
hand Neck

Score 33.4±6.8 23.1±2.4 43.2±3.1 46.5±5.2 17.1±1.4
Exposure 
Level HIGH MODERATE VERY HIGH VERY 

HIGH
VERY 
HIGH

Table 4. Exposure level standards for other factors
Exposure Level

Score Low Moderate High Very High
Driving 1 4 9 -

Vibration 1 4 9 -
Work Pace 1 4 9 -

Stress 1 4 9 16

Table 5. Exposure level for other factors
Score Driving Vibration Work Pace Stress

N % N % N % N %
1 13 18.05 4 5.50 - - - -
4 24 33.34 31 43.10 33 45.83 3 4.17
9 35 48.61 37 51.40 39 54.17 21 29.17

16 - - - - - - 48   66.66
Total 72 100.00 72 100.00 72 100.00 72 100.00
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Table 6. Relationship between risk factors for musculoskeletal disorders and age
                               Risk factors for musculoskeletal disorders

(Age) Years       N                         Available                                Not Available
                                                         N              %                                N                   %
36-45                  26                        20          76.92                           6                23.07
46-55                  28                        26          92.85                           2                  7.15
56-65                  16                        16         100.00                          -                     -  
66 and above     2                          2           100.00                          -                     -

      t-  -1.136     p<0.05

A total of 72 combine harvester operator participated in this study. The age 
of the combine harvester operators and their work experience in years are sum-
marized in Table 1. The exposure score standards of QEC analysis for back (stat-
ic), back (moving), shoulder/arm, wrist/hand and neck are given in Table 2. As 
shown in Table 3, the QEC analysis revealed that among the drivers, the score 
of risk exposure was 23.1 ± 2.4 (high) for back (static), 33.4 ± 6.8 (high)  for 
back (moving), 43.2 ± 3.1 (very high) for shoulder/arm, 46.5 ± 5.2 (very high) for 
wrist/hand and 17.1 ± 1.4 (very high) for neck. Standards of the exposure scores 
for the other factors like; driving, vibration, work pace and stress was shown in 
Table 4. In 48.61 % and 33.34 % of the combine harvester operators, the driving 
scores were high and moderate respectively but in 18.05 % of the combine har-
vester operators the driving scores were low. Vibration scores in 51.40 % and 
43.10 % of the combine harvester operators were high and moderate respective-
ly. While the working pace scores of the combine harvester operators in 54.17 % 
were high, the scores were moderate in 45.83 % of them. In 66.66 % and 29.17 
% of the combine harvester operators stress scores were very high and high re-
spectively (Table 5). In Table 6, there was a significant association between the 
prevalence rate of musculoskeletal problems and the increase in the ages of the 
combine harvester operators (p<0.05).

DISCUSSION
The main purpose of this study was to investigate the exposure to risk factors 

for WMSDs in combine harvester operators. This study based on QEC method, 
a validated tool, which allowed to perform an exposure to risk factors of both 
upper and lower parts of the musculoskeletal system. This study had two limi-
tations. First, self reported nature of all outcome measures. The findings based 
on the respondents’ own perception of their work environment factors. The er-
gonomic assessment tools typically calculate the probability of problems related 
to the musculoskeletal system. But those tools do not consider the loads applied 
in all body segments . (Rebelo, Silva, & Karwowski, 2012). On the other hand, 
direct measurements are very time-consuming and could not have been feasi-
ble in this study. Second, the lack of evaluation of the lifestyle factors including 
eating and smoking habits, alcohol consumption and chronic health problems of 
the combine harvester operators. The results of our study indicated that combi-
ne harvester operators had very high scores of risk exposures for shoulder/arm 
(43.2 ± 3.1) for wrist/hand (46.5 ± 5.2 ) and very for neck (17.1 ± 1.4). The risk 
exposures for back (static) and back (moving) were found high (23.1 ± 2.4), (33.4 
± 6.8) respectively. Kolstrup (2012) investigated the work-related musculoskele-
tal discomfort of 66 dairy farmers and 37 employed workers. The results showed 
the most frequently reported WMSDs in farmers and farm workers were located 



Emre Özgür BULDUK 53

in lower back (50 % and 43 % respectively) and the shoulders (47 % and 43 % 
respectively) (Kolstrup, 2012). Rosecrance, Rodgers, & Merlino (2006) investi-
gated the low back pain and musculoskeletal symptoms among farmers. They 
found that the low back was the anatomical area with the highest prevalence of 
self-reported work related pain (37.5 %), followed by the shoulders (25.9 %), 
knees (23.6 %) and neck (22.4 %) among 266 farmers (Rosecrance,  Rodgers, 
& Merlino, 2006) It is important to note that climate differences, growing con-
ditions may cause different environmental conditions and physical demand. As 
a result, farmers and farm workers experience high exposure to risk factors for 
WMSDs (Davis & Kotowski, 2007). 

According to the literature, driving of  mechanical farm vehicles cause exposure 
to combination of potential physical risk factors like; whole-body vibration, pro-
longed sitting and twisting (Holmberg et al., 2003;  Toren et al., 2002; Hartman et 
al., 2005; Walker-Bone and Palmer, 2002). WMSDs are so common among farmers 
and farm workers. The results of the measurements obtained from these studies 
showing similarities with our findings. There are numerous types of WMSDs are 
reported in agriculture. These include disorders of neck, back, nerve entrapment 
syndromes, tenosynovitis, tendinitis, epicondylitis and muscle tenderness (Singh 
& Arora, 2010). The use of programmed rest breaks can reduce the musculoskel-
etal discomfort among workers (Faucett et al., 2007). Neil (2002) searched the in-
cidence of lower extremity injuries in a group of 100 farmers. The results of this 
study revealed that lower extremity injuries occurred in almost all farmers (Neil, 
2002). Brumitt et al. (2011) investigated a total of 287 Latino vineyard workers for 
self-reported musculoskeletal pain. They reported that the back was the prima-
ry region of musculoskeletal disorders in workers. Potential risk factors for back 
injury associated with works including lifting/carrying heavy loads, maintaining 
postures for prolonged periods during repetitive tasks and driving (Brumitt et 
al., 2011). Ojha & Kwatra (2014) searched the causation of discomfort related to 
working postures and to assess the WMSDs among 60 agricultural workers. Ac-
cording to the results, agricultural workers suffered from pain in low back, knees, 
shoulder, neck and hand. Because of prolonged work activities, high repetitiveness 
and remaining in awkward posture for a long period of time (Ojha & Kwatra, 2014). 
The design and manufacturing of agricultural machinery should be made based 
on the actual users in order to prevent from musculoskeletal problems. Correct 
sitting posture and ergonomically well-designed seats and cabins will improve the 
working conditions of the combine harvester operators (Ghaderi, Maleki, & Dianat, 
2014). Based on our findings, there are significant correlation between our study 
and the published papers found in the literature. 

CONCLUSION
In summary, the present research was planned to investigate the exposure to 

risk factors for WMSDs among combine harvester operators. The results showed 
the exposure risks to musculoskeletal disorders were high or very high in com-
bine harvester operators. Awkward posture, prolonged sitting, repetitive move-
ments, stooping, continuous vibration are the risk factors for WMSDs in combine 
harvester operators. Development and teaching of practical interventions like 
regular breaks, getting back supports and avoiding from stressful conditions are 
essential to reduce musculoskeletal disorders and increase the productivity of 
the combine harvester operators. 
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THE APPLICATION OF SOFT TISSUE 
LASERS IN PERIODONTAL AND  

PERI-IMPLANT TISSUES

Eser ELEMEK

The use of lasers in dentistry started with Therodore H. Maiman in 1960. He 
developed ‘Ruby laser’ which has been extensively used for both research studies 
and clinical applications and described ‘’laser’’ as an acronym for ‘’light ampli-
fication by stimulated emission of radiation’’. When it is applied to the tissues, 
interactions such as absorption, reflection, transmission and scattering of the 
laser light can occur due to the wavelength of the laser and characteristics of 
the tissue (Maiman, 1960). Soon after its popularity, it was concluded that ruby 
laser caused a severe thermal damage to the tooth due to the scattered radiation 
(Taylor et al., 1965). An alternative to ruby laser, the Neodymium :yttrium-alu-
minum-garnet (Nd:YAG) laser was also discovered but it was not the choice of 
dental clinicians for a long period of time. 

It was untill 1990’s that the use of dental lasers were quite few and thought 
to be unsuccessful. However, after the approval of US Food and Drug Adminis-
tration (FDA) in 1987, especially Nd:YAG lasers started becoming popular again. 

The name of dental lasers come from the active medium that is stimulated. 
It can be a gas (carbon dioxide, argon etc.) or a solid crystal such as Nd:YAG and 
Erbium:yttrium-aluminum-garnet (Er:YAG) or semmiconducter diode lasers. 
The atoms within active mediums may be excited to energy level generated by 
a source. In addition to active medium, all lasers include a pumping mechanism 
that develops a population inversion in the active medium. The other component 
of the lasers is optical resonator which amplifies and collimates the laser beam. 

Lasers have two emission modes; continuous and pulse. The use of a laser 
with continuous mode allows clinicians to save time. On the other hand, the ben-
efit of pulsed mode is the tissue relaxation although it increases treatment time. 

Power density is the concentration of photons in the related area and mea-
sured as watts (W)/cm2. However, the amount of energy that is applied to the 
surface is determined by the fibers with different sizes measured in microns 
(200,400,600 etc.). The lasers can be used in contact and noncontact mode the 
latter enabling less ablation. 

Lasers that are used in dentisry are soft (Nd:YAG, diode etc.) and hard (Er:YAG, 
Er,Cr:YSGG) tissue lasers. From diagnosis to treatment, lasers are used wide-
spread in dental applications such as;

- Detection of pulp vitality
- Removal of caries
- Root canal disinfection
- Recontouring of bone

CHAPTER 
6



Academic Studies in Health Sciences58

- Frenectomy, Gingivectomy and Gingivoplasty
- Treatment of aphthous ulcers 
- Coagulation
- Operculectomy
- Bleaching

Among different types of lasers used in several procedures, Nd:YAG and diode 
lasers used for soft tissue procedures are going to be discussed here in detail. 

ND:YAG LASER:
The Nd:YAG laser is a solid crystal laser with a yttrium and aluminum. The 

energy that is produced by Nd:YAG laser allows wavelenghts to be shorter and 
near infrared which has a nonionzing effect on tissues making it nonmutagenic. 
It has a good hemostatic property and the energy delivered through fiber optic 
allows for cutting and coagulation of the soft tissue. It is highly absorbed in pig-
mented tissues that makes it more efficient in dark coloured areas. In dentistry, 
the colour of bacteria that cause infection is mostly dark (such as black pigment-
ed bacteria) which makes Nd:YAG laser the choice of treatment. It is used instead 
of scalpel and electrosurgery resulting in less bleeding and better healing with 
more comfort.

One of the disadvantages of Nd:YAG lasers (1064 nm) is having a penetration 
depth of approximately 2-3 mm (Romanos, 2015). The laser energy is absorbed 
by the tissue and converted into heat causing the increase of the temperature. 
A temperature increase of more than 100C can compromise bone vitality (Gem-
iniani et al. 2012). Therefore, because of deep penetration, tissues around the 
related area may be exposed to overheating and finally necrosis. 

DIODE LASER:
The semiconductor diode laser is a solid laser that allows the flow of ener-

gy in one direction through different layers. Diode lasers (from 635 nm to 980 
nm) are used for soft tissue procedures such as reduction of bacteria and cutting 
of soft tissue. As absorbed in melanin and hemoglobin, they have the ability to 
differentiate the diasesed and healthy tissue. They have nonionzing effect on tis-
sues and so are nonmutagenic like Nd:YAG lasers. Having less thermal effects as 
compared to Nd:YAG lasers, diode lasers are most widely used in dental practice.

THE USE OF SOFT TISSUE LASERS IN PERIODONTAL TISSUES:

Reduction of bacteria:
The purpose of periodontal treatment is to avoid microbial biofilm that im-

pairs host response and causes the disease. When periodontal disease  occurs, 
mechanical debridement by means of nonsurgical and/or surgical treatment is 
applied together with good oral hygiene in order to eliminate the disease. How-
ever, it is not always possible to get rid of all the bacteria by conventional proce-
dures. As an adjunct, the use of lasers in periodontal tissues for their bactericidal 
and detoxification effects is proposed by several researchers (Moritz et al., 1998, 
Aoki et al., 2004, Romanos, 2015) 
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Nd:YAG laser was shown to reduce the levels of Porphyromonas gingivalis and 
Prevotella intermedia microorganisms that are found highly in inflamed peri-
odontal soft tissues (Neil and Mellonig 1997). Caruso et al. applied diode laser 
in addition to nonsurgical treatment in terms of scaling and root planing in 19 
patients and found that additional treatment with diode laser may lead to a slight 
improvement in clinical parameters (Caruso et al., 2008). In 2011, The Ameri-
can Academy of Periodontology asserted that the use of a laser in nonsurgical 
periodontal therapy conveyed no advantage. A few years after, a systematic re-
view by Slot et al. showed the adjunctive effect of a diode laser following nonsur-
gical periodontal treatment only with respect to bleeding scores among other 
clinical parameters (Slot et al., 2014). Another systematic review indicated that 
adjunctive use of Nd:YAG or diode laser may provide some additional benefits 
in 6 month studies (Roncati and Gariffo 2014). With respect to different results 
deriving from studies, one can say that both clinical and microbiological effects 
of adjunctive use of soft tissue lasers still remain a question.

Elimination of pocket epithelium:
Healing after periodontal therapy occurs by the rapid apical migration of 

epithelial cells resulting with long junctional epithelium. In order to prevent 
it and lead the formation of a new connective tissue attachment, regeneration 
techniques have been developed by the use of bone grafts and membranes. An 
alternative to the conventional regeneration treatment has been studied by soft 
tissue lasers with their ability to remove pocket epithelium and pioneer connec-
tive tissue attachment onto the root surface as desired healing.

In an animal model, Romanos et al. compared the conventional curettes vs. 980 
nm diode laser for the removal of pocket epithelium and showed that instrumenta-
tion of soft periodontal tissues with a diode laser (2 W) leads to a complete epithe-
lial removal in comparison to conventional treatment with hand instruments (Ro-
manos et al., 2004). Similar findings were found with Nd:YAG laser (2 W) demon-
strating the feasibility of ablating pocket epithelium with complete removal of it 
observed histologically (Ting et al., 2014). When used as an adjunct to mechanical 
debridement, diode lasers were also shown to eliminate infection in periodontal 
tissues more as compared to scaling and root planing alone (Moritz et al. 1998).

Romanos proposed a principle called ‘laser-assisted guided tissue regener-
ation’ (Romanos 2015). It involves a technique to remove epithelium from the 
inner part of periodontal pocket both with a nonsurgical or surgical approach 
and prevent apical migration by applying soft tissue lasers from the outer part 
in every 7-10 days as much as needed. By this method, stable connective tissue 
attachment without gingival recession can be maintained. However, more histo-
logical and clinical studies are needed to confirm this phenomenon.

Removal of gingival pigmentation:
Melanin is a brown pigment located in the basal and suprabasal layers of gingi-

val epithelium (Dummet 1976). It plays a crucial role in physiologic pigmentation 
which is mostly determined by the genes. However, endocrine glands, ultraviolet 
radiation, smoking and medication can also cause melanin hyperpigmentation 
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(Houshmand et al. 2017). For removal of this hyperpigmentation several tech-
niques have been studied such as rotary instruments, scalpel, electrosurgery and 
lasers. Among them, diode lasers are widely used for depigmentation as they 
have no deep penetration to underlying tissues such as Nd:YAG laser. 

In a split mouth randomized study, Suragimath et al. compared the effective-
ness of scalpel technique and 980 nm diode laser. They found both procedures 
to be successfull in removing pigmentation after one year but laser treated sites 
showed reduced pain experienced by the patient (Suragimath et al., 2016). In 
a recent study, 810 nm diode laser was used at 1,3 W for depigmentation and 
complete healing was observed in all patients at 12 weeks (Elemek 2018). In an 
another study, Nd:YAG laser at 6 W was used for depigmentation and 3-4 weeks 
after the procedure, hyperpigmented gingiva appeared healthy, pink and firm 
(Atsawasuwan et al. 2000).  

THE USE OF SOFT TISSUE LASERS IN PERI-IMPLANT TISSUES:
Dental implant is a titanium material that is placed in alveolar bone to support 

fixed or removable prosthetics. Peri-implant tissues consist of peri-implant muco-
sa and underlying bone. The success of an implant depends on the prevention of 
progression of a disease in peri-implant tissues as well as successful osseointegra-
tion. Peri-implant diseases occur because of the accumulation of microbial biofilm 
around an implant after successful osseointegration with bone. Among peri-im-
plant diseases, peri-implant mucositis is the inflammation of only mucosa whereas 
peri-implantitis is characterized by loss of supporting bone together with clinical 
signs of inflammation in soft tissues (Zitzmann and Berglundh 2008). According 
to 11th Workshop on Periodontology, estimated mean prevalence of peri-implant 
mucositis is 43% and peri-implantitis 22% (Derks and Tomasi 2015).

The indication for the use of soft tissue lasers in peri-implant tissues is limited 
with removal of soft tissue for second stage surgery (uncovering) and decontami-
nation of infected implant surface (Romanos et al., 2015). Park et al. analyzed the 
surface alterations after application of Nd:YAG laser on implant surface and ob-
served damage in all areas (Park et al. 2005). Similar to these findings, Nd:YAG 
laser application was shown to alter all titanium surfaces even at the lowest power 
setting of 2 W. However, it was not the same for 980 nm diode laser which should 
be of value when uncovering submerged implants and treating peri-implantitis 
(Romanos et al. 2000). The use of diode laser was also found to be safe and useful 
for treating peri-implantitis around different types of implant surfaces analyzed by 
scanning electron microscope (Kreisler et al. 2002, Castro et al., 2007) . 

Summary:
Soft tissue lasers have been used for so many years in periodontal tissues for 

reduction of bacteria, elimination of pocket epithelium and removal of gingival ep-
ithelium and in peri-implant tissues mainly for uncovering and decontamination 
of implant surfaces. Studies ranged from monotherapy to adjunctive use of lasers 
yielded different results which make it difficult to interpret between them. How-
ever, the use of diode lasers is increasing day by day especially due to their cost 
effectiveness and for that reason studies about periodontal and peri-implant soft 
tissues should mostly focus on their effect on treatment and healing in soft tissues. 
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NON-PHARMACOLOGICAL TREATMENT 
APPROACHES IN FIBROMYALGIA

Emre Özgür BULDUK

INTRODUCTION
Fibromyalgia (FM) is a non-articular rheumatic disease characterized 

by chronic widespread musculoskeletal pain that is often associated to addition-
al symptoms such as sleep and intestinal disorders, anxiety, persistent fatigue, 
depression and poor quality of life [1, 2]. FM is generally considered to be the 
second most common “rheumatic” disorder behind osteoarthritis. The preva-
lence in the population ranges from 2% to 8%, predominantly in women aged 
30-35 years [3,4].  FM characterized by central sensitization in which the pain 
is mediated by both ascending neural projections from the dorsal horn of spinal 
cord to thalamo-cortico-thalamic circuits and descending inhibitory pathways 
projecting into periphery [5]. Chronic widespread musculoskeletal pain lasting 
more than 3 months in combination with tenderness to palpation at a total of 18 
points distributed over the body. According to the American College of Rheuma-
tology (ACR), the individuals diagnosed with FM have tenderness to palpation at 
a minimum of 11 points. The symptoms are often aggravated by sedentary life-
style, poor physical conditions and negative emotions. Several pharmacological 
and non-pharmacological treatment approaches are used to provide pain relief 
and to restore functionality. Pharmacological therapies are non-steroidal anti-in-
flammatory drugs, antidepressants and analgesics. On the other hand, physio-
therapy, alternative medicine, psychological and behavioural therapies are com-
monly used as non-pharmacological treatments [6-9]. It is well documented that 
rheumatic diseases increase disability, mortality and reduce quality of life [10]. 

In this article, we reviewed the literature concerning non-pharmacological 
treatment approaches in FM.

MATERIALS & METHODS
The search strategy for this review was focused on non-pharmacolog-

ical treatment approaches for FM. Relevant literature was found by searching 
the PubMed, Science Direct, Google Scholar databases.

RESULTS

Physiotherapy 
Physiotherapy treatment approaches are often used in FM. It was shown in 

the studies that exercise programmes including stretching, strength mainte-
nance, moderate/high–intensity exercises, pool exercises, electrotherapy, hydro-
therapy, superficial heat applications and manual therapies are helpful in reduc-
ing pain and other FM symptoms. These techniques have been proved to be used 
in various randomized and controlled studies. [11-13]. 

CHAPTER 
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Exercise has been suggested as a treatment for FM. In 1976 Moldofsky first 
demonstrated that the fit people were less likely to develop FM. Regular exercises 
promote mood and cognition [14]. Exercises can range from whole body exercise 
to cycling. Strength exercises improve muscle strength. Some anaerobic activities 
examples used in FM treatment are weight lifting, isometric exercises and resis-
tance bands. Flexibility training programme include a thorough warm-up period 
for loosen muscles followed by a systematic series of stretching exercises. Aerobic 
exercises consist of physical activity performed at a minimum level of moderate 
intensity over an extended period of time. Aerobic exercises for FM treatment in-
clude walking, running, cycling, swimming and dancing [15]. Altan et al. [16] in-
vestigated the effects of pilates exercises on pain functional status and quality of 
life in FM. They found that pilates exercises improved the physical performance, 
flexibility and pain relief. It is known that exercises help to break the vicious cycle 
of pain-immobility pain by activation of the endogenous opioid system.

Transcutaneous electrical stimulation (TENS), laser, interferential current 
and ultrasound are the best known electrotherapy methods. TENS promotes an-
algesia by blocking pain potentials in the dorsal horn of the spinal cord. The ma-
jor advantage of TENS is its applicability to a home program and the patient can 
control the treatment schedule. Interferential current is medium frequency wave 
and acting as TENS. 

Cold laser (low level laser) is a non-thermal therapy which has a direct ef-
fect on lymph vessels, reducing interstitial fluid at the site of inflammation. It 
produces pain relief by collagen proliferation, peripheral nerve stimulation and 
enhances the local circulation. Ultrasound therapy can heat deeper structures 
and increases angiogenesis in ischemic tissue repair. In a study, it was found that 
combined therapy with pulsed ultrasound and interferential current provided 
an effective pain treatment with consequent sleep improvement in FM [17, 18]. 

The application of hydrotherapy for the treatment of FM is a natural choice. 
Hot water has been used for thousands of years as a treatment for musculoskel-
etal aches and pains. Water immersion causes an increase in the levels of circu-
lating opioid peptides. Bathing in mineral water and mud packing reducing joint 
swelling, anxiety and inducing mental relaxation [19]. According to the results of 
a recently published study, mud pack and hot pool treatment combined with pa-
tient education had more beneficial effects in patients with FM as compared to 
patient education alone [20]. A pilot study was conducted in order to assess the 
effectiveness of a pool-based exercise using deep water running (DWR) as part of 
a multimodal physiotherapy programme for FM patients. It was found that this 
multimodal programme incorporating DWR was safe and effective intervention for 
FM [21]. Kurt et al. [22] evaluated the effects of balneotherapy, exercise, and the 
combined use of balneotherapy and exercise, on total myalgic score (TMS), sleep 
quality, health status, and signs of depression among 120 female subjects. They 
found that the combined treatment of balneotherapy and aerobic exercise was 
more effective and demonstrated longer duration of effects on clinical parameters 
in patients with FM.

Manual therapy techniques are composed of variety of application directed at 
the musculoskeletal structures. The subcategories including mobilization, man-
ual traction, manipulation and connective tissue massage. In a recent study, man-
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ual therapy techniques were found to be effective in the treatment of FM [23].    

Cryotherapy
Whole body cryotherapy (WBC) is peculiar physical therapy known to relieve 

pain and inflammatory symptoms through the regulation of the cytokine expres-
sion. WBC consists of a brief exposure (2 to 3 min) to very cold air (-110 to -140 
oC) in special temperature-controlled cryochambers, Exposure to WBC is usually 
for 2 minutes, but in some protocols it lasts 3 minutes. WBC induces anti-inflam-
matory response. It was found that FM patients treated with cryotherapy report-
ed a more pronounced improvement of the quality of life [24, 25].    

Complementary and alternative medicine (CAM)
CAM is commonly used in FM. Acupuncture is one of the most commonly used 

complementary medicine modalities worldwide. Acupuncture can be defined as 
the insertion of needles into specified points on the body regions for therapeu-
tic purposes. Acupuncture points can also be stimulated by electricity which is 
known as electro-acupuncture. It has been reported that midbrain monoamines, 
especially serotonin and norepinephrine are involved in acupuncture analgesia, 
not for surgical procedures but for the treatment of chronic musculoskeletal 
pains. Despite scepticism in western cultures, researchers from multiple inde-
pendent investigations concluded that acupuncture is an effective treatment 
modality for FM patients. Moxibustion, in which burned moxa made from dried 
mugwort is applied directly or indirectly onto the body, is widely used in East 
Asia for treating various diseases. It has no effect on blood chemistry. Moxibus-
tion is used to help patients who are exhausted improve their energy and sense 
of well-being. Moxa increases the stimulation of the acupuncture point and the 
bioelectrical circulation along the acupuncture meridians. Both Acupuncture and 
moxibustion treatments are helpful in treating somatoform disorders.

Cupping therapy (which involves applying suction by placing a vacuum, usu-
ally by fire or cup on affected body surfaces for inducing local hyperaemia) is also 
an effective treatment technique for fibromyalgia, chronic pain and psychoso-
matic gastrointestinal disorders [26-30].

Relatively a new complementary treatment modality used by physicians is 
dry needling. Dry needling is a term used to differentiate “non-injection” nee-
dling from the practice of “injection needling”. It is minimally invasive, cheap and 
easy to learn. By using dry needling specific reactions occur in the target tissues. 
FM patients treated with dry needling experienced a rapid increase in plasma 
levels of met-enkephalin. Dry needling is effective in the management of FM [31]. 
CAM includes a number of exercise modalities such as tai chi, qigong, yoga and a 
variety of lesser-known movement therapies. Many studies reported that these 
exercises were efficacious for FM pain [32].  

Cognitive Behavioural Therapy (CBT)
CBT can involve a number of interventions from both cognitive and behaviour 

therapies. The patient must be helped to understand that primary aim of the pro-
gramme is not to “cure” but help to cope better with FM. Cognitive therapy based 
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on errors in thinking such as magnifying negatives and minimizing positives are 
challenged and replaced with more realistic and effective thoughts. Behavioural 
techniques including behavioural activation, graded exercises, activity pacing, 
sleep hygiene and learning relaxation techniques to lower stress. Meta-analyses 
have shown that CBT have significant supports for its effectiveness in decreasing 
FM symptoms. [33-35].  

CONCLUSION
In this paper, a review of non-pharmacological treatment modalities com-

monly used in FM was conducted. Fibromyalgia is a syndrome characterized by 
widespread musculoskeletal pain with fatigue, anxiety, sleep disorder and irrita-
ble bowel syndrome. The treatment of FM is difficult and cannot be standardized 
because of the unknown aetiology of FM. Patients with FM should be instructed 
about the treatment strategies available to them. It can be concluded that mul-
tidisciplinary treatment approaches including physical and medical therapeutic 
interventions should be individualised for FM patients based on the symptoms.
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ALVEOLAR SOCKET  
PRESERVATION

Eser ELEMEK

INTRODUCTION
The presence of alveolar process depends on the teeth as it forms with the de-

velopment and eruption of the teeth and gradually regresses when teeth are lost. 
Furthermore, the morphologic characteristics of alveolar process are related to the 
size and shape of the teeth. After tooth extraction, size of the alveolar ridge becomes 
markedly reduced, not only in the horizontal but also in the vertical direction. 

Pietrokovski & Massler investigated the amount of tissue that was lost after 
unilateral tooth extraction and used plaster cast models for dimensional assess-
ments. The authors concluded that buccal bone plates both in maxilla and man-
dible were resorbed considerably more than the corresponding palatal/lingual 
bone walls and that the center of the ridge, as a consequence, shifted palatally/
lingually (Pietrokovski & Massler, 1967). Schropp et al. have demonstrated that 
marked alterations of the height and width of alveolar ridge will occur following 
single or multiple tooth extractions (Schropp et al., 2003). Confirming the asser-
tion of Pietrokovski & Massler, they also observed the healing process following 
tooth removal apparently resulting in more pronounced resorption on the buccal 
than on the lingual/palatal aspects of the ridge.

Araujo & Lindhe proposed two reasons why buccal bone resorbs more (Arau-
jo and Lindhe, 2005); 

- Prior to tooth extraction marginal 1-2 mm of the crest of buccal bone wall 
was occupied by bundle bone. Only a minor fraction of the crest of lingual wall 
contained bundle bone which is a tooth dependent tissue and will gradually dis-
appear after tooth extraction. Thus, since there is relatively more bundle bone in 
the crest region of buccal than of the lingual bone, hard tissue loss will become 
most pronounced in the buccal wall.

- The lingual bone wall of the socket is markedly wider than that of the buc-
cal bone. It is well known that flap elevation and seperation of periosteum from 
bone tissue will result in bone resorption which will cause more vertical height 
reduction of thin buccal wall than of the wider lingual bone wall.

Alveolar tissue reduction seemed to be more pronounced during the initial 
phase of wound healing than during later periods after tooth removal. Schropp 
et al., studied soft and hard tissue volume changes that took place during a twelve 
month period following extraction of single premolars and molars. It was ob-
served that the buccal-palatal/lingual dimension during the first 3 months was 
reduced about 30% and after 12 months the edentuolus site had lost at least 
50% of its original width. They stated that approximately two thirds of this re-
duction including the width of the alveolar ridge occurred within the first three 
months after tooth extraction (Schropp et al., 2003).

CHAPTER 
8
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Socket healing after tooth extraction:
Immediately after tooth extraction, blood from the severed blood vessels fills 

the cavity and a blood clot (a coagulum) is produced. Neutrophils and macrophages 
migrate into the wound, engulf bacteria and damaged tissue and clean the site. 
Within a few days after the tooth extraction, the blood clot will start to break down 
and the process of fibrinolysis is initiated. The transition of the provisional connec-
tive tissue into bone tissue occurs along the vascular structures. Osteoprogenitor 
cells differentiate into osteoblasts that produce a matrix of collagen fibers which 
takes on a wowen pattern and the first type of newly formed bone, the woven bone 
with its poorly organized collagen matrix is produced. The woven bone is gradually 
replaced with lamellar bone and bone marrow. It will take several months untill 
all woven bone in the extraction socket has been replaced with lamellar bone and 
marrow. Besides, the formation of a hard tissue cap that will close the marginal 
entrance to the socket, the process called corticalization occurs (Araujo and Lindhe 
2005). Cardaropoli et al., studied bone modelling and remodelling that occurred 
within the extraction socket following removal of the distal root of mandibular 
premolars. From the examination of mesio–distal sections it was observed that; 
woven bone filled the extraction socket after one month, a cortical ridge includ-
ing woven and lamellar bone had been formed after 3 months and at the end of 6 
months, woven bone was gradually replaced with lamellar bone and marrow.

Socket preservation techniques:
Different techniques have been developed for socket preservation such as; 

grafting with autogenous, allogeneic, xenogeneic and alloplastic bone substitutes 
with or without membranes. Another approach is focused on the use of biologi-
cal mediators mainly derived of platelet rich plasma (PRP) by changing the cen-
trifugation and preparation protocol. In addition to PRP, platelet rich fibrin (PRF) 
and plasma rich in growth factors (PRGF) are also studied.

In a study, 36 maxillary anterior teeth were extracted in nine patients. Nineteen 
extraction sockets received Bio-Oss® graft material, seventeen sockets received no 
osteogenic material. At the end of 90 days, sockets treated with Bio-Oss® demon-
strated a loss of less than 20% of the buccal plate in 15 out of 19 test sites (79%). 
In contrast, 12 out of 17 control sites (71%) demonstrated a loss of more than 20% 
of the buccal plate leading to the conclusion that a patient has a significant benefit 
from receiving grafting materials at the time of extraction (Nevins et al., 2006).

Fickl et al., investigateded bone changes in beagle dogs with the use of only 
Bio-Oss Collagen®, Bio-Oss Collagen® and free gingival graft and single blood clot. 
Results showed that the use of only Bio-Oss Collagen® has only limited effect on 
biologic process with particular respect to the buccal bone plate. However, stabi-
lizing the extraction socket with a combination of Bio-Oss Collagen® and free gin-
gival graft has the potential to limit the volume shrinkage occurring after tooth 
extraction. A marked resorption occurred during 4 months of healing in particu-
lar at the buccal bone plate. The pronounced alterations found even without de-
taching the periosteum convey that destroying the biologic unit of the periodon-
tium (bundle bone, Sharpey-fibres and root cementum) is a determining factor 
for inducing the resorption process of the extraction socket (Fickl et al., 2008). 
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One year later, the same group evaluated whether an additional hard or soft 
tissue overaugmentation of the buccal bone plate at the time of socket preser-
vation is able to achieve superior ridge dimensions when compared with socket 
preservation alone (Fickl et al., 2009). In group 1, socket was filled with Bio-
Oss Collagen® and covered with a free gingival graft from the palate. In group 
2, buccal bone plate was augmented using the guided bone regeneration (GBR) 
technique, socket was filled with Bio-Oss Collagen® and covered with a free gin-
gival graft. In group 3, buccal bone plate was forced into a buccal direction using 
a manual bone spreader, socket was filled with Bio-Oss Collagen® and covered 
with a free gingival graft from the palate. In group 4, socket was filled with Bio-
Oss Collagen® and a combined free gingival/connective tissue graft was used 
to cover the socket and for buccal tissue augmentation. It was shown that after 
socket preservation, a mean vertical resorption of the buccal bone plate of up to 
3,2 mm can be expected. Vertical alterations varied between 1,6 mm and 3,5 mm 
for the test and control groups, indicating that no treatment was able to maintain 
the buccal bone plate in its original height (Fickl et al., 2009).

In another study by the same group, alterations of the ridge contour after 
socket preservation and buccal overbuilding were volumetrically assessed by 
digital image analysis at baseline, 2 weeks and 4 months post-operatively (Fickl 
et al., 2009). As a result, four months after tooth extraction, no statistically sig-
nificant differences with regard to the buccal volume per area could be assessed 
among treatment groups. They concluded that surgical techniques to overbuild 
the extraction socket at the time of tooth extraction might be regarded as an ad-
ditional trauma and it might be stated that any manipulation of the buccal bone 
plate at the time of tooth extraction seems to be contraindicated.

Effect of Bio-Oss® in socket preservation:
In their previous short term studies Araujo & Lindhe observed that while the 

placement of biomaterial in alveolar sockets may promote bone formation and ridge 
preservation, the graft may in fact also delay healing. So, they aimed to evaluate 
more long-term effect (6 months) studies on hard tissue formation and the amount 
of ridge augmentation that can occur by the placement of a xenogeneic graft in ex-
traction sockets of 5 beagle dogs (Araujo and Lindhe 2009). The third mandibular 
premolars were hemi-sected and a graft consisting of Bio-Oss Collagen® was placed 
in one socket while the contra-lateral site was left without grafting. In test group, 
they observed reduction in dimensions of marginal ridge portion (about 12%) after 
6 months of healing. These results were in accordance with the findings of another 
6 month follow-up study which they used the combination of Bio-Oss® and porcine 
collagen matrix (Maiorana et al., 2017). The degree of reduction at the grafted sites 
was much smaller than that of the non-grafted sites. Bio-Oss® was not actively in-
volved in the turnover of the hard tissue and elimination of this biomaterial was slow 
or even that Bio-Oss® may remain unchallenged in bone tissue. It can be concluded 
that the placement of Bio-Oss Collagen® in fresh extraction socket served as a scaf-
fold for tissue modeling but did not enhance new bone formation.

With regard to their findings from previous studies, Araujo & Lindhe, decid-
ed to analyze processes involved in the incorporation of Bio-Oss Collagen® in 
host tissue during healing following tooth extraction and grafting (Araujo and 
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Lindhe, 2010). Distal roots of four premolars in the mandible of five beagle dogs 
were removed and fresh extraction sockets were filled with Bio-Oss Collagen®. 
The mucosa was mobilized and the extraction site was closed with interrupted 
sutures. It was observed that biomaterial occupied between 20,5% (2 weeks) 
and 16,9% (4 weeks) of the socket volume. The amount of bovine bone mineral 
remained unchanged (about 20% of socket volume) in the socket area during 
the entire four weeks period of healing, whereas collagen portion was rapidly 
removed. The amount of new bone increased between 1 and 2 weeks as well as 
between 2 and 4 weeks (from 15,3% at 1 week to 29,7% and 45,1% at 2 and 4 
weeks, respectively). Putting them altogether, they summarized the effect of Bio-
Oss® in extraction wound as;

(i)	 innate inflammation,
(ii)	 formation of granulation tissue and provisional matrix,
(iii)	 surface resorption of the graft material and eventually 
(iv)	 de novo bone formation and hard tissue integration of the biomaterial.

Effect of autologous graft in socket preservation:
To promote better alveolar socket wound healing, researchers have been in-

vestigated the effect of bone grafts alone or with the combination of membranes 
under the name of socket preservation. However, different techniques and bio-
materials used did reveal only limited effect to prevent bone reduction both in 
horizontal and vertical direction. Thus, studies shifted towards the use of autolo-
gous materials to preserve the alveolar socket.

Araujo & Lindhe evaluated whether grafting of alveolar socket with autol-
ogous bone might counteract ridge resorption that occurs following tooth ex-
traction (Araujo and Lindhe 2011). In five beagle dogs, the distal roots of the 
third and fourth mandibular premolars were removed. In one quadrant, bone 
chips harvested from the buccal surface of the mandible and packed into the 
fresh sockets (autograft). In the contralateral quadrant, a xenograft Bio-Oss Col-
lagen® was placed in a similar manner. In biopsy specimens three months later, 
sockets grafted with autologous bone exhibited a healing pattern that had many 
features in common with those previously described for non-grafted post-ex-
traction sites (Cardaropoli et al., 2003, Araujo and Lindhe 2005, Araujo et al., 
2008). They also noted that in sites grafted with autologous bone, there was pro-
nounced resorption of buccal bone wall and also a marked reduction (25%) of 
the marginal portion of the ridge. The autograft material used apparently failed 
to enhance healing and/or to stimulate hard tissue formation in the socket.

In comparison with sockets that had been filled with autologous bone, the 
Bio-Oss Collagen-grafted sites exhibited a delayed healing pattern. Thus, in xeno-
graft-treated sites, there was less mineralized bone (43,5% vs. 57,2%), a smaller 
proportion of bone marrow (16% vs. 38,3%) and a substantial amount of re-
maining provisional connective tissue (14% vs. 0%). Overall, they concluded that 
autologous bone chips placed in fresh extraction socket will neither stimulate 
nor retard new bone formation and not prevent ridge resorption that occurs 
during healing following tooth extraction. Additionally, harvesting an autograft 
will cause additional surgical procedures with more treatment time.
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Autogenous demineralized dentin matrix (ADDM) or in other words AutoBT 
has also been recently used in alveolar sockets due to its osteoinductive and os-
teoconductive capacity (Kim et al., 2014). It is harvested from an extracted tooth 
by the help of Smart Dentin GrinderTM and after demineralization process, placed 
back to the alveolar socket. The chemical compositions of dentin and bone are 
quite similar (65% inorganic substance and 35% organic substance) with the 
presence of 90% type I collagen in the organic substance of dentin and cemen-
tum (Kim et al., 2003). In histological studies, ADDM was found to induce bone 
formation (Gomes et al., 2002). 

Calvo-Guirado et al., histologically evaluated new bone formation with the use 
of AutoBT in beagle dogs. After the extraction of teeth, smart dentin grinder was 
used to obtain tooth particles as graft material. At 30 and 90 days significant new 
bone formation was observed in grafted areas as compared to nongrafted sockets 
(Calvo-Guirado et al., 2018). Pang et al., also compared the effect of AutoBT and 
Bio-Oss® graft material in 33 extraction sockets of 24 patients. Six months after 
the procedure biopsy specimens were harvested during implant placement. They 
found no statistically significant difference between two groups regarding to the 
new bone formation and vertical dimensions of alveolar bone, suggesting that au-
togenous tooth graft material is a viable option for alveolar bone augmentation 
after tooth extraction (Pang et al., 2017). Confirming the results of previously men-
tioned studies, a recent meta-analysis showed that autologous bone resulted the 
most likely effective when width remodelling was considered (Iocca et al., 2017).

Effect of autologous platelet concentrates in socket preservation:
Studies regarding socket preservation mainly focused on hard tissue heal-

ing. For that reason, biomaterials and different surgical techniques have been 
investigated for years. However, the healing process in extraction sockets starts 
first with the healing of soft tissue which shifted researchers toward the use of 
biomaterials that mediate and enhance soft tissue healing. Platelet rich plasma 
was first introduced in dentistry by Marx et al. (Marx et al., 1998). The use of PRP 
or its derivatives such as PRF and PRGF for the purpose of socket preservation 
mainly targets the enhancement of alveolar healing with the high proportions of 
biological mediators mostly take role in soft tissue healing.

Anitua et al., in a randomized controlled clinical trial (RCCT) study evaluat-
ed the effect of PRGF on 60 alveolar socket healing during 10-12 weeks. They 
found PRGF associated with enhanced healing of extraction sockets (Anitua et al., 
2015). In an another RCCT, out of 23 extraction sites, some were treated by PRF 
with or without mucosal flap elevation and control sites left untreated. According 
to biopsy specimens at week 8, socket filling with PRF together with minimally 
traumatic extraction achieved preservation of hard tissue (Hauser et al., 2013). 
Temmerman et al., investigated the use of leucocyte and platelet-rich fibrin 
(L-PRF) in socket preservation in 22 patients needed bilateral tooth extractions. 
In each patient, L-PRF was placed in one socket and the other socket was left 
to natural healing as control. As a result, L-PRF was found to be beneficial in 
terms of reduction in horizontal and vertical ridge dimension (Temmerman et 
al., 2016). 
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Simon et al., analyzed if extraction sites treated with PRF matrix exhibit en-
hanced healing compared to sites treated with non-viable materials. Twenty 
eight extraction sockets in four dogs were treated individually with PRF only, PRF 
and membrane, Demineralized Freeze-Dried Bone Allograft (DFDBA) and mem-
brane, PRF and DFDBA and some left untreated as control. Healing was more rap-
id in PRF alone and PRF and membrane sites with osseous fill at 3 weeks. Sites 
containing DFDBA had little new bone at 6 weeks. At the end of 12 weeks, those 
sockets covered with osseous fill but DFDBA particles were still noted in coronal 
areas. The prolonged presence of growth factors in healing sites may be the most 
significant factor that causes much more rapid healing in the extraction sockets 
(Simon et al., 2009). Parallel to the findings of studies discussed, a recent system-
atic review concluded that platelet concentrates may be advantageously used in 
extraction sites, mainly to improve soft tissue healing (Annunziata et al., 2018).

Socket preservation using implants placed into extraction sockets:
Today, with the application of socket preservation procedures, most of the 

clinicians aim to protect soft and hard tissue dimensions especially for future im-
plant placement together with esthetics in anterior region. Thus, an alternative 
to socket preservation techniques, immediate placement of an implant into fresh 
extraction sockets has been developed.

Araujo et al., placed immediate implants in an animal model and compared 3 
months histological results with extraction sites left to natural healing (Araujo 
et al., 2005). They showed that the placement of an implant in fresh extraction 
site obviously failed to prevent remodelling occurred within the socket wall. No 
significant difference was observed in terms of ridge height suggesting that the 
resorption of socket walls that occurs following tooth removal must be consid-
ered in conjunction with immediate implant placement.

Trying to find an answer to the question if type and morphology of an implant 
affect the alveolar healing, Sanz et al., developed an RCCT study to determine 
the amount of buccal/palatal bone loss that occured during 16 weeks of healing 
following implant installation (AstraTech®) into fresh extraction sockets (Sanz 
et al., 2010). After 101 tooth extractions in maxilla within the region of 15–25 in 
95 patients, the site was randomly allocated to receive either a cylindrical (group 
A) or a tapered implant (group B). Removal of single tooth and immediate place-
ment of an implant resulted in marked alterations of the dimension of the buccal 
ridge, 43% and 30% for cylindrical and tapered implants, respectively. Similar to 
the findings of Araujo et al. (2005), placement of an implant in fresh extraction 
socket failed to prevent the buccal–lingual ridge contractions that apparently al-
ways take place following tooth loss. The reduction of the ridge that occurred 
following tooth extraction was apparently independent of the geometry of the 
implants used to substitute for the tooth. 

The same group identified factors that may influence ridge alterations occur-
ring at buccal aspect of the extraction site following immediate implant place-
ment and concluded that,

(i)	 the location where the implant was placed (anterior/posterior) 
(ii)	 the thickness of the buccal bone crest and
(iii)	 the size of the horizontal buccal gap	
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significantly influenced the amount of hard tissue alteration that occurred 
during a 4-month period of healing (Ferrus et al., 2010). At implant sites in the 
premolar segment, the fill of the horizontal gap was more pronounced than in the 
incisor–canine segment, while the vertical crest reduction was significantly small-
er. Furthermore, at sites where the buccal bone wall was thick (>1mm) and where 
the horizontal gap was large (>1 mm), the degree of gap fill was substantial.

In addition to the aim of preserving ridge dimensions, studies have also inves-
tigated the effect of immediate implant placement together with provisional res-
torations mainly on soft tissue healing around implants. In a recent study, plat-
form switching and non platform switching implants were placed in 56 patients 
with or without regenerative procedures and provisional restorations were pre-
pared (Saito et al., 2018). Platform switched implants, in conjucntion with im-
mediate implant placement and immediate provisional restoration, were found 
to be associated with a significantly greater stability of ridge dimension after 12 
months. These results were in accordance with the study which they placed im-
mediate platform switched implants together with provisional restorations with 
a 12 to 36 month follow-up (Canullo and Rasperini 2007).

CONCLUSION
Studies discussed here showed that more resorption occurs on buccal bone 

than lingual after tooth extraction. As explained by Araujo & Lindhe, the bun-
dle bone is a tooth dependent tissue and will gradually disappear after tooth ex-
traction. Thus, together with its relatively thin morphology, since there is more 
bundle bone in the crest region of the buccal than of the lingual bone, hard tissue 
loss will become most pronounced in the buccal wall. For that reason, different 
techniques, biomaterials and autologous grafts have been studied under the 
name of socket preservation in order to prevent the reduction of alveolar crest 
with particular interest in buccal bone. Platelet concentrates and its derivatives 
were found beneficial mainly to improve soft tissue healing. Having promising 
results, autogenous demineralized dentin matrix deserves particularly more in-
terest for further long term studies. Additionally, immediate placement of plat-
form switched implants in fresh extraction sockets together with provisional res-
torations seems to provide more stable soft and hard tissues. 
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INTRODUCTION
In parallel with the growing population and need for animal products since 

the mid-20th century, the fishery and aquaculture sector has developed rapidly 
in the world. The flourishing marketing and distribution channels have helped 
increase the consumption of fishery and aquaculture products. World per capita 
fish consumption increased from 9.9 kg in 1960 to 20.3 in 2016 (FAO, 2018).

In Turkey, the demand for fish is met by fisheries and farming activities. Both 
coastal fishing and commercial fishing (seine and trawl fishing) are carried out 
in inland waters and seas. Anchovy, sprat and sardine are the most common cap-
ture fishery species. The culture fishery species raised in net cages include trout, 
sea bream and sea bass. Trout and carp are widely produced in pools, net cages 
installed in dam lakes and inland waters.

In Turkey, 52.2% of 578,323 tons of aquatic food products were obtained 
through capture fishery and 47.8% through culture fishery in 2017. 52.38% 
of the capture fishery production is anchovy, 11.25% sprat, 7.76% sardine and 
28.61% other species (pearl mullet, haddock, horse mackerel, etc.) (TURKSTAT, 
2018). As to the shares of the species in the total culture fishery production of 
276,502 tons, 39.66% is trout, 36.16% sea bass, 22.09% sea bream, and 2.09% 
other species such as carp, sturgeon, catfish, two-banded sea bream, blue-spot-
ted sea bream, dentex and red sea bream (BSGM, 2018).

Trout is a species supplied to the market throughout the year, as it is both caught 
in inland waters and produced in seas, inland waters and dam lakes. Capture and 
culture fishery products are sold to fish markets, supermarkets and restaurants 
via various marketing channels (Arıkan, 2016). The rainbow trout raised in inland 
waters and supplied to the domestic market has an average weight of 200-250 
grams. The trout raised in net cages installed in the seas has an average weight of 
600-1000 grams and is both sold to the domestic market and exported (Doğan, 
2003). The trout raised and caught in fresh waters is on the top of the consump-
tion preferences in the domestic market (Orhan & Yüksel, 2010; Balcı et al., 2016). 
Fresh fish used to be in demand in the past, whereas frozen, dressed and glazed 
fish can be commonly found in the market today (Gökhan, 2010).

Consumers usually prefer capture fishery products to culture fishery prod-
ucts (Claret et al., 2012). As a matter of fact, it is noted that farmed products are 
perceived to be of lower quality than wild products (Kole, 2003; Verbeke et al., 
2007) and that farmed products are subjected to more processes than wild prod-
ucts (Claret et al., 2012).

CHAPTER 
9
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The capture fishery products are sold by auction in wholesale fish markets after 
being brought to the middlemen through the existing marketing channels (Dağtekin, 
2008). The quantity of the captured species and the period of capture play a role in 
price formation. While the price is high in the period during which a captured spe-
cies has been just supplied to the market in the beginning of the season, the price 
of the same product falls in the following periods during which the number of sup-
ply increases. The culture fishery products are also sold via the middlemen at the 
market, although some companies use their own marketing channels. The most sig-
nificant two factors affecting the price formation in the domestic market of culture 
fishery products are the fishing ban and the tourism season. When the closed season 
starts, the increase in domestic demand for culture fishery products is furthered by 
the touristic season. Although the prices generally increase during the closed season, 
they fall when the closed season ends (Arıkan, 2016). While the average retail price 
of captured trout was 9.89 TRY/kg in Turkey in 2017, the farmed trout was sold at 
7.57 TRY/kg in the market (TURKSTAT, 2018).

Price forecasting for fishery and aquaculture products has been the subject 
of many studies applying various approaches with simple to more complicated 
estimation models and using time series.

Floros & Failler (2006) compared the accuracy of the forecasts by Autoregres-
sive (AR), Moving Average (MA) and Autoregressive Moving Average (ARMA) 
time series models using the monthly prices of 12 capture fishery species. Perera 
et al. (2016) explained the price formation of significant sea fish commonly found 
in the Kolombo fish market in Sri Lanka using seasonal autoregressive integrated 
moving average (SARIMA) model. Bloznelis (2018) estimated short-term price 
of salmon using 16 different models, including the ARIMA model, and the weekly 
price data for the period between 2007 and 2014. Guttormsen (1999) estimated 
the weekly producer prices of Atlantic salmon produced in culture farms of Nor-
way using the ARIMA, VAR and Holt-Winter exponential smoothing methods and 
the weekly price data for the period between 1992 and 1997. Jolly et al. (1998) 
estimated the prices of whole and frozen catfish in the U.S. using autoregressive 
conditional heteroscedasticity (ARCH) models and the methods of ordinary least 
squares (OLS), unconditional least squares (ULS), maximum likelihood (ML) and 
generalized autoregressive conditional heteroscedasticity (GARCH). Bukenya 
(2017) developed a model for estimating the producer prices adjusted to sea-
sonal fluctuations in the time series of the prices of catfish in Uganda using the 
SARIMA model and the price data for the period between 2006 and 2013.

Purpose
The purpose of this study is to develop a model for the time series data of the 

prices of trout captured and farmed in Turkey between 2009 and 2017 using 
Box-Jenkins and Winter’s Exponential Smoothing methods and to evaluate the 
forecasts of such models.

METHOD
This study evaluates the forecasts made using the method of AutoRegressive 

Integrated Moving Average (ARIMA) in a time series analysis. SPSS version 25.0 
(SPSS Inc., Chicago, IL, USA) was used for the analysis.
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Data collection tools and process
The research data consist of the retail prices of trout produced by capture and 

culture fishery between 2009 and 2017 (TURKSTAT, 2018).

Time series is a series of observations made at certain time intervals, which 
allows development of an appropriate model using statistical methods to make 
forecasts (Akdi, 2012). However, the series should be stationary so that the future 
potential values of a variable can be estimated better based on its past values. As 
nonstationary series contain highly varying values with lots of ups and downs, 
the margin of error of the estimations based on such series is quite high (Fischer, 
1995; Çiğdem, 2009). “A stochastic process is said to be stationary if its mean and 
variance are constant over time and the value of the covariance between the two 
time periods depends only on the distance or gap or lag between the two time 
periods and not the actual time at which the covariance is computed.” (Gujarati, 
2003). Many tests can be conducted to determine whether a series is station-
ary. Among the most common methods is a review of the ACF (Autoregressive 
Correlation Function) and PACF (Partial Autocorrelation Function) graphs of the 
series and augmented Dickey-Fuller (ADF) unit root test (Dickey & Fuller, 1981).

Box-Jenkins Method (ARIMA)
This method, developed by Box & Jenkins (1970), consists of the combination 

of two different processes. The first process refers to the autoregressive model 
(AR) and the second process refers to the moving average (MA) model. Box-Jen-
kins method is characterized by the ARMA model, the combination of the two 
models. However, the time series should be stationary for the Box-Jenkins meth-
od to be employed. In order to make the series stationary, d difference of the 
series is taken. Then, it is included in the ARMA model to obtain the ARIMA (au-
toregressive integrated moving average) model.  In time series forecasting, this 
model is widely used because of its statistical properties as well as its structure 
(Wickramarachchi et al., 2017).

The essence of the Box-Jenkins method lies in the selection of an ARIMA mod-
el among various model options, which contain a limited but optimum number 
of parameters, depending on the structure of the existing data. Such nonseasonal 
models are denoted by ARIMA(p,d,q). In an ARIMA model, p is the degree of the 
autoregressive model (AR), q is the degree of the moving average model (MA) 
and d is the degree of the nonseasonal differences taken. The ARMA model is as 
given in equation (1) (Özcömert, 2016).

    (1)

Equation (2) is obtained when the first difference of the nonstationary time 
series  is taken.

     (2)

If the time series  is still not stationary, its second difference (d=2) is tak-
en.
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  (3)

If the series is still not stationary, the differencing is repeated until it becomes 
stationary. Thus, the ARIMA (p,d,g) model is obtained (Brockwell & Davis, 2002; 
Özcömert, 2016).

                     (4)

Seasonal Box-Jenkins models are usually denoted ARIMA(p,d,q)(P,D,Q)s. 
Here, P is the degree of the seasonal autoregression (SAR) model, D is the num-
ber of seasonal differences taken, Q is the degree of the seasonal moving average 
(SMA) model, and s is the period (Kadılar, 2009; Irmak et al. 2012).

 (5)

Winters’ Exponential Smoothing Method
It is a method employed when the series has both a trend and seasonality. 

Like trend, seasonality is found in many actual data. This method can be additive 
or multiplicative. Additive and multiplicative model equations are given in equa-
tion (6) and equation (10) (Yaffee & McGee, 2000).

Additive model

     (6)

The updated average equation is given in equation (7).

   (7)

The equation of the updated trend component is given in equation (8).

    (8)

The equation of the updated seasonality component is given in equation (9).

     (9)

Multiplicative Winters’ model has a linear trend and seasonality with multi-
plicative parameters, and is as follows:

                   (10)

The updated average equation is given in equation (11).

                 (11)

The equation of the updated trend component is given in equation (12).

                       (12)

The equation of the updated seasonality component is given in equation (13).
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     (13)

Data
A time series analysis of the prices between 2009 and 2017 was conducted to 

forecast the future prices of trout produced by culture and capture fishery. Time 
series graph of captured and farmed trout prices is given in Figure 1.

Figure 1. Time series graph of captured and farmed trout prices (TRY/month)

Figure 1 shows that the series has an increasing trend, along with some fluc-
tuations. The presence of seasonality and trend in the series suggests that the 
series is not stationary. In order to check for stationarity, ACF and PACF graphs of 
the series are given in Figure 2 and Figure 3. As can be seen, it may be said that 
the series is not stationary since more than one lag is outside the confidence lim-
its. First, the logarithm of the series is taken to reduce the differences between 
the values in the series and thus make the series stationary. However, the series 
did not become fully stationary and the differencing was repeated until achieving 
full stationarity.  As to trend, the series became stationary after taking its first 
difference. ACF and PACF graphs of the series obtained after taking its difference 
are given in Figure 4, Figure 5 and Figure 6.
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Figure 2. ACF graph of the time series of captured and farmed trout prices

Figure 3. PACF graph of the time series of captured and farmed trout prices

 
Figure 4. Graph of the differenced time series of captured and farmed trout prices
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Figure 5. ACF graph of the differenced time series of captured and farmed trout prices

Figure 6. PACF graph of the differenced time series of captured and farmed trout prices

The ACF and PACF graphs in Figure 5 and Figure 6 show that one lag is out-
side the confidence limits and the other two lags are close to the confidence lim-
its.  These are negligible, and it may be said that the series has become stationary. 
Additionally, the series was tested for stationarity using augmented Dickey-Full-
er (ADF) unit root test. According to the result of the ADF test, the series was not 
stationary before taking its difference (t=-2.3547; p=0.654). After differencing, 
the series has become stationary (t=-9.294; p=0.001). Several other models were 
tried to develop the optimum model carrying out such procedures, and it was 
found that the optimum models for the captured trout and farmed trout were 
ARIMA(0,1,4) and ARIMA(0,1,1), respectively.

Table 1. Forecast values of farmed and captured trout prices according to Box-Jenkins 
models (TRY/kg)

Date Month/ 
Year

Forcast 
value 

captured 
trout 

ARIMA
(0, 1, 4)

Lower 
confidence 

limit 
captured 

trout ARIMA
(0, 1, 4)

Upper 
confidence 

limit 
captured 

trout ARIMA
(0, 1, 4)

Forcast value 
farmed trout 

ARIMA
(0, 1, 1)

Lower 
confidence 

limit farmed 
trout

ARIMA
(0, 1, 1)

Upper 
confidence 

limit farmed 
trout ARIMA

(0, 1, 1)

JAN 2018 10,09 9,16 11,02 8,23 7,07 9,53
FEB 2018 10,18 9,13 11,22 8,30 7,09 9,66
MAR 2018 10,19 9,04 11,33 8,37 7,11 9,79
APR 2018 10,32 9,07 11,56 8,44 7,13 9,92
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MAY 2018 10,37 9,10 11,63 8,51 7,15 10,06
JUN 2018 10,42 9,13 11,71 8,58 7,17 10,19
JUL 2018 10,47 9,16 11,78 8,65 7,19 10,32
AUG 2018 10,52 9,19 11,85 8,72 7,22 10,46
SEP 2018 10,57 9,22 11,92 8,80 7,24 10,59
OCT 2018 10,62 9,25 12,00 8,87 7,27 10,72
NOV 2018 10,67 9,28 12,07 8,94 7,29 10,86
DEC 2018 10,72 9,31 12,14 9,02 7,32 10,99
JAN 2019 10,77 9,34 12,21 9,09 7,35 11,13
FEB 2019 10,83 9,37 12,28 9,17 7,38 11,27
MAR 2019 10,88 9,40 12,35 9,25 7,41 11,40
APR 2019 10,93 9,43 12,42 9,32 7,44 11,54
MAY 2019 10,98 9,46 12,49 9,40 7,47 11,68
JUN 2019 11,03 9,49 12,56 9,48 7,50 11,82
JUL 2019 11,08 9,53 12,63 9,56 7,53 11,96
AUG 2019 11,13 9,56 12,70 9,64 7,57 12,11
SEP 2019 11,18 9,59 12,77 9,72 7,60 12,25
OCT 2019 11,23 9,62 12,84 9,80 7,63 12,39
NOV 2019 11,28 9,66 12,91 9,88 7,67 12,54
DEC 2019 11,34 9,69 12,98 9,96 7,70 12,68
JAN 2020 11,39 9,72 13,05 10,05 7,74 12,83
FEB 2020 11,44 9,76 13,12 10,13 7,78 12,98
MAR 2020 11,49 9,79 13,18 10,21 7,81 13,13
APR 2020 11,54 9,83 13,25 10,30 7,85 13,28
MAY 2020 11,59 9,86 13,32 10,39 7,89 13,43
JUN 2020 11,64 9,89 13,39 10,47 7,93 13,58
JUL 2020 11,69 9,93 13,46 10,56 7,96 13,74
AUG 2020 11,74 9,96 13,52 10,65 8,00 13,89
SEP 2020 11,79 10,00 13,59 10,74 8,04 14,05
OCT 2020 11,85 10,03 13,66 10,83 8,08 14,21
NOV 2020 11,90 10,07 13,72 10,92 8,12 14,37
DEC 2020 11,95 10,10 13,79 11,01 8,16 14,53

 

 
Figure 7. Forecast graph of farmed and captured trout prices by months
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Table 1 and Figure 7 shows the forecast values up to month 12 of 2020. Prices 
have an increasing trend.

Table 2. Model fit criteria table

Model
Model Fit statistics Ljung-Box Q(18)

Stationary 
R-squared R-squared RMSE MAPE MAE MaxAPE MaxAE Normalized 

BIC Statistics DF Sig.

Captured 
trout 

ARIMA
(0,1,4)

0,255 0,932 0,470 5,803 0,349 33,744 1,340 -1,378 29,441 16 0,021

Farmed 
trout- 

ARIMA
(0,1,1)

0,363 0,908 0,410 5,786 0,301 23,502 1,603 -1,694 21,238 17 0,022

The goodness of fit criteria of the models obtained is comparatively assessed. 
R2 is a commonly used measure that shows the goodness of fit of the linear mod-
el. It is often called the coefficient of determination. It ranges from 0 to 1, with 
small values suggesting that the model does not fit the data well. Stationary R2 
is a measure that compares the model’s stationary part to the baseline model. It 
should be used when the model has a trend or seasonal pattern. RMSE is the root 
mean square error. It is a measure of variation of the dependent series from its 
model-predicted level. Small values suggest that the model predictions are bet-
ter. MAPE is the mean absolute percentage error. It is independent of the units 
of the series and can therefore be used to compare different series. MAE stands 
for mean average error and is reported in the original series units. MaxAPE is the 
measure of largest forecasted error. It shows the largest error among the fore-
cast values and is expressed as a percentage. Therefore, it is independent of the 
units used. It is useful for imagining a worst-case scenario for the forecasts. MaxAE 
measures the largest forecasted error, expressed in same units as of the dependent 
series. Normalized BIC (Bayesian information criteria) is a general measure of the 
overall fit of a model. It is used to make a comparison between different models for 
a series, with the low values suggesting a better model (Irmak et al., 2012).

The Box-Jenkins models developed for captured and farmed trout prices are 
statistically significant (p<0.05). MAPE value indicates that the series has quite 
usable values.

DISCUSSION AND INTERPRETATION
The amount of production by capture fisheries has been decreasing with each 

passing year due to fishing pressure, negligent fishing practices and continuous 
decline of natural stocks. However, the amount of production by culture fisheries 
in inland waters and seas has been on the rise. The amount of trout production 
by capture fisheries declined from 557 tons in 2009 to 309 tons in 2017. On the 
other hand, the amount of trout production by culture fisheries rose from 81,477 
tons in 2009 to 109,657 tons in 2017 (TURKSTAT, 2018) The production data 
suggest that the amount of trout produced by capture fisheries will continue to 
decrease and the amount of trout produced by culture fisheries will continue to 
increase in the years to come.
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Forecast of product prices in the aquaculture products sector will facilitate 
the decision-making by the managers. Additionally, it will provide substantial 
benefits in the planning of production and resources, thereby enhancing efficien-
cy of planning the activities in the sector. Thus, some of the methods employed in 
the studies on price forecast of wild and farmed fish are presented below.

Floros & Failler (2006) noted that among various forecast models in which 
the monthly prices of 12 different capture fishery species between 1992 and 
2002 were used, the simple ARMA (p, q) models were the best ones to forecast 
the monthly average prices. Perera et al. (2016) attempted to model the seasonal 
fish prices using the monthly retail prices between January 2000 and December 
2013. They concluded that Seasonal Autoregressive Integrated Moving Average 
(SARIMA) models could be used to forecast the fish prices reliably.

Bloznelis (2018) addressed 16 different price forecast model, including the 
ARIMA model, using the weekly prices of farmed salmon from 2007 to 2014. He 
found that the k-nearest neighbors method was the best price forecasting meth-
od among the models developed. In addition, he noted that using a simple trading 
strategy for timing the sales based on price forecasts could increase the net profit 
of a salmon farmer by around 7%. In a study conducted to forecast weekly pro-
ducer prices of farmed salmon, Guttormsen (1999) found that the Classical Ad-
ditive Decomposition (CAD) model forecasted the direction of price movements 
best, whereas the VAR model performed best according to accuracy measures. 
Jolly et al. (1998) forecast prices of whole and frozen catfish using the monthly 
prices in the period from 1986 to 1994. They compared the price forecasting 
models according to the ordinary least squares (OLS) model forecasts. They not-
ed that although autoregressive models had comparable statistics (RMSE, MAE 
and R2), the unconditional least squares (ULS) and maximum likelihood (ML) 
methods produced price forecasts with deviations less than the observed val-
ues. Bukenya (2017) developed a price forecasting model adjusted to seasonal 
fluctuations using monthly catfish real price series from 2006 to 2013. He noted 
that the predictions based on SARIMA (1, 1, 1) (0, 1, 1)12 model suggested that 
the stochastic seasonal fluctuations depicted in the price series were successful-
ly modeled, and that the real prices of catfish, which followed an upward trend, 
could be predicted with a deviation of 4.9%.

CONCLUSION AND RECOMMENDATIONS
This study forecast the monthly prices of trout produced by capture and cul-

ture fisheries in Turkey for the period 2018 to 2020 through time series analysis. 
For the analysis of the time series, Winters’ exponential smoothing method and 
Box-Jenkins method were employed to develop ARIMA(0,1,4) for the captured 
trout model and ARIMA(0,1,1) for the farmed trout model. Among the model fit 
criteria in Table 2, MAPE value suggests that the forecast model developed for 
captured trout has a percentage error of 5.803%, and the forecast model devel-
oped for farmed trout has a percentage error of 5.786%. Forecasts with a MAPE 
value below 10% are considered good forecasts (Temuçin & Temiz 2016). So, it 
may be said that the forecast values obtained from both models developed for 
captured and farmed trout prices have a sufficient level of accuracy. According 
to the models, it is predicted, based on the average prices of 2017, that captured 
trout prices will increase by 5.46% in 2018, 11.83% in 2019 and 18.0% in 2020. 
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Similarly, it is predicted, based on the average prices of 2017, that farmed trout 
prices will increase by 13.87% in 2018, 25.76% in 2019 and 38.97% in 2020.

In conclusion, the prices of captured and farmed trout in Turkey are expected 
to increase in the period from 2018 to 2020 according to the forecast values ob-
tained. Since trout farmers operate with a low margin of profit, their knowledge of 
the future prices will help them better plan their production activities. The price 
forecasts in this study will be useful for those involved in sale of trout with respect 
to prediction of how the trout prices will change in the years to come. Furthermore, 
the study may pave the way for the development of up-to-date data on the supply 
of and the demand for trout as well as provision of reliable market information to 
policy makers and stakeholders of the aquaculture sector. Additionally, it may help 
them gain insight into more appropriate economic and sectoral policies.
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