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1. INTRODUCTION 

Sheep and goats are susceptible to forestomach diseases, though not as 

frequently as cattle. Among the most prevalent diseases are bloating and 

rumen acidosis. On the other hand, simple indigestion, reticulitis, 

parakeratosis and rumenitis are other uncommon forestomach disorders that 

affect sheep and goats. Bloat is an excessive distention of the rumen 

oreticulum with the fermentation gases. It can be primary or frothy bloat, 

which is a persistent foam mixed with the ruminal contents, or secondary or 

free-gas bloat, which is a free gas separated from the rumen content. The most 

common cause of bloat in Bangladeshi ruminants is nutritional in nature 

(Sutradhar et al., 2000). Consuming bloat-causing legumes and cereal grains 

is the most frequent cause of foamy bloat in calves (Cynthia et al., 2006). 

Clinically, bloat is characterized by considerable abdominal distension, 

dyspnea, and distress. 

Acute acidosis issues in ruminants are brought on by an overabundance of 

fermentable carbohydrates, which lowers pH non-physiologically and 

produces a toxic factor or factors (Minuti et al., 2014). The creation of high 

amounts of volatile fatty acids and other acids as well as concentrates' lower 

buffering ability in comparison to forages  are the causes of the low ruminal 

pH. It is most likely to happen when ruminal pH drops to 5.0 or below and 

glucose builds up. If the ruminal pH is low enough and there are other easily 

fermentable carbohydrates that aciduric bacteria can use in excess, acidosis 

issues should arise without ruminal glucose buildup (Liu et al., 2019). 

Compared to other agricultural grains, wheat appears to be more likely to 

produce acidosis. The ruminal ingesta's free amylase may increase and 

microbial glucose utilization rates may fall once the lower ruminal pHs 

(between five and six) are reached. Lactic acid-forming bacteria and glucose 

buildup in the rumen are caused by a higher rate of glucose generation and a 

lower rate of glucose consumption (Commun et al., 2009). Additionally, free 

glucose prevents the metabolism of lactic acid, and the lactic utilization rate 

is slower probably going to result in even more lactic accumulation and 

absorption in the rumen at first.  

The pathophysiology, clinical signs, diagnosis, treatment, and preventative 

measures of forestomach disorders seen in sheep and goats will all be covered 

in this article. 
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2. BLOAT 

Bloat occurs when the rumen's microbial fermentation fails to eructate the 

gasses it produces. The most frequent reason eructation fails is that the gas 

stays trapped in the rumen ingesta as tiny bubbleshy (Navarre and Pugh, 

2009). Depending on the animal's class and the sort of diet they are fed, this 

type of bloat can also be frothy or slimy. The buildup of unbound gas within 

the rumen combined with a simultaneous inability to eructate is known as free-

gas bloat. One instance is when an alien entity enters the esophagus and 

interferes with eructation (Navarre, 2007). 

Although sheep have more selective eating habits and a propensity to choose 

legumes over grasses, which would encourage the occurrence sheep are less 

likely than cattle to exhibit bloat. (Mgasa et al., 1994). Compared to cattle, 

sheep are more resilient to increases in intraruminal pressure and to 

nonscabrous diets. The nature and frequency of patterns of ruminal 

contractions that cause eructation in sheep are rapidly altered by dramatic 

increases in intraruminal pressure, which encourages the evacuation of 

intraruminal gas, while goats are less likely than sheep to experience it 

(Raghuvanshi et al., 2024). 

Animals grazing on bloat-causing forages frequently experience acute, foamy 

bloat. Unlike forages like birds-foot trefoil, crown vetch, and sainfoin that are 

more bloat-resistant, they include alfalfa, clovers, and several cereal grains. 

Bloat is most dangerous in fields that permit fast vegetative growth and 

legume ingestion during the vegetative (prebud) stage, while it can also 

happen on dry forage and during full bloom (Navarre and Pugh, 2009).  

Forages that cause bloat are vulnerable to quick cell disintegration and 

destruction, this causes soluble proteins and other substances to be released. 

In the rumen, the highly soluble plant protein ribulose-1,5-bisphosphate 

carboxylase/oxygenase is especially important for the formation of stable 

foam. The main cause of foamy bloat is this gas being trapped in the contents 

of the rumen. Eructation is hampered by the stable foam, which stops gas 

bubbles from coalescing and the cardia from clearing (Mandawat et al., 2024). 

High-grain diets with little roughage can also cause frothy bloat. Higher stem 

to leaf ratios, plant lipids, and condensed tannins are plant components that 

reduce bloat. 

The development of a persistent foam in the rumen, which inhibits eructation, 

is a comparable pathophysiology to the appearance of slime bloat in feedlot 
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circumstances (Choudhary et al., 2023). A surplus of mucopolysaccharides 

and other components are released by rumen bacteria and protozoa when 

significant quantities are fed corn or other cereal grains. This causes a stable 

slime to form by changing the viscosity of the rumen fluid. A decrease in the 

quantity of saliva that contributes to the rumen fluid as a result of less 

rumination on diets deficient in fiber exacerbates the problem (Hanif et al., 

2016). Normally, saliva restricts the development of a stable foam by acting 

as a buffer. Additionally, changes in the patterns of rumen motility and the 

emergence of free-gas bloat can be caused by periods of ruminal acidosis, 

which are frequently seen on high-grain diets (Tan et al., 2025). 

There are several reasons why animal with free-gas bloat fail to eructate. Bloat 

can range from mild to severe ruminal tympany depending on the extent of 

physical obstruction of the esophagus caused by intraluminal foreign bodies 

or extraluminal compression of the esophagus. Eructation may be hampered 

by rumen wall diseases that mechanically disturb regular motility patterns 

(Colvin and Backus, 1988). Eructation can be hampered by endotoxemia, 

electrolyte abnormalities, discomfort, systemic illnesses, and injury to the 

nerves that innervate the esophagus and forestomach. Alpha2-agonist use can 

change eructation by reducing reticulorumen motility. 

Compared to bloat brought on by rumen wall or systemic disorders, the 

clinical manifestations of foamy bloat and free-gas bloat caused by physical 

esophageal blockage can be more severe and potentially fatal. The left 

paralumbar fossa has ruminal tympany, which can extend above the dorsal 

midline (Rahman et al., 2016). The animal may exhibit signs of colic, a stiff 

abdominal wall, and an agitated appearance. In animals with a lot of fur, 

changes in the shape of the abdomen can be modest and hard to notice. There 

are two types of rumen motility: hypomotile and hypermotile. Respiratory 

distress characterized by open mouth breathing, nose flaring, and a change in 

posture is frequently caused by compression of the lungs and diaphragm. If 

treatment for ruminal tympany is not received, death may occur quickly 

(Colvin and Backus, 1988). 

Because bloat is a medical emergency, the animal must be stabilized and the 

rumen decompressed before a comprehensive workup is conducted. It is 

possible to pass an orogastric tube if the animal is not in imminent risk of 

dying (Navarre and Pugh, 2009). The majority of free-gas bloat instances are 

resolved by tube passage. To ascertain the cause of the free-gas bloat, a 

comprehensive history and physical examination are next recommended. If 
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passing an orogastric tube does not alleviate the bloat, the tube should be taken 

out and checked for froth. Dioctyl sodium sulfosuccinate (DSS) (28 mL [1 

ounce]) or polxalene (44 mg/kg) administered via orogastric tube can be used 

to alleviate frothy bloat (Raghuvanshi et al., 2024). When the pH falls below 

5.5 and the frothy bloat is caused by high-concentrate feeding, poloxalene 

and/or mineral oil (100 mL, PO) may be used to treat the condition. Other 

surfactants and detergents, such as vegetable oil (100–200 mL), peanut oil 

(20–50 mg/kg), and hand soap (10 mL), may be tried in emergency cases 
(Navarre and Pugh, 2009). 

A trocar or big needle should be inserted entering the paralumbar fossa of the 

rumen if the animal is experiencing significant respiratory distress. An 

emergency rumenotomy is recommended if the gas is not released or if froth 

is observed emerging from the trocar (Hanif et al., 2016). When some animals 

in a pastured group exhibit bloat, the entire group ought to be removed from 

the pasture and reintroduced gradually following a period of acclimatization. 
The healthy animals can stay on the offending pasture if there are only one or 

two instances of bloat, but feeding should be restricted to allow for progressive 

acclimatization (Navarre, 2007). 

It is best to restrict access to problematic pastures and feedstuffs and introduce 

them gradually over a two- to three-week period. Goats and sheep should be 

fed coarse roughage until they are satisfied before being introduced to 

irritating pastures or feedstuffs. 

Using antifoaming chemicals and managing pastures are two ways to prevent 

foamy bloat. Based on the prevalence of bloat, the percentage of bloating 

legumes on pasture might have to be lowered to less than 25 to 30 percent 

(Navarre and Pugh, 2009). Cultivated pastures should be sown to grass-

legume mixtures, and fertilization and grazing management should maintain 

50% or less of pastured bloated legumes. Depending on the region and the 

necessary carrying and nutritional capacity of the pastures, non-bloating 

legumes may be utilized in grass mixes (Gawai et al., 2019). The usage of 

legumes designed to reduce the risk of bloat can be combined with exposure 

management techniques  under intense grazing conditions. Because tannins 

combine with legume proteins to produce insoluble complexes that aid in the 

breakdown grazing legumes with high levels of leaf tannins and stable foam 

in the rumen —such as arrowleaf clover and kudzu—are typically safer. The 

effects on plant growth have to be taken into account when monitoring pasture 

conditions and identifying meteorological events that affect the occurrence of 
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bloat. Avoiding grazing in the morning and evening when there is a lot of dew, 

recent heavy rains, and frost are a few examples (Ermilio and Smith, 2011).  

When used as directed, both natural and synthetic surfactants can effectively 

prevent bloat. Although the dose needed in sheep may be larger per unit of 

bodyweight (BW) than in cattle and its management is more erratic, 

poloxalene is used extensively in cattle and seems to be effective in sheep. 

Poloxalene can be added to concentrate feed mixes as a pelleted premix or as 

a top dressing (Navarre and Pugh, 2009). In other nations, water-soluble 

formulations that are administered through metered according to reports, 

water sources are useful in grazing sheep. Another option is to use it in mineral 

supplements. However, under conditions of large grazing, it can be 

challenging to make sure appropriate intake of poloxalene from mineral 

blocks and water sources; blocks are most helpful in small pastures. These 

applications' economic viability and effectiveness have not been adequately 

investigated in the field in tiny ruminants (Ermilio and Smith, 2011).  Copper 

levels in minerals meant for cattle usage should be utilized with caution when 

applied to small ruminants. Products containing poloxalene ought should be 

utilized for a week or two prior to transferring animals to pastures that cause 

bloat. 

3. SIMPLE INDIGESTION 

The most common cause of simple indigestion, a moderate disruption of 

reticulorumen function, is a change in diet. This can involve changing the 

energy source, like changing how grain is processed, or abruptly adding 

addition of grain or other dietary concentrates (Asin et al., 2021). Simple 

dyspepsia can also be brought on by hay and pasture changes, the consumption 

of moldy grain or hay, or poisonous plants. Clinical symptoms range from 

decreased feed intake to mild symptoms including diarrhea, bloat, and 

anorexia that usually go away in one to two days (Morgante, 2004). 

Depending on the cause, there might not be any change at all. in the properties 

of rumen fluid. The majority of mild episodes of uncomplicated dyspepsia go 

away on their own. If the cause can be found, appropriate action should be 

done (Navarre and Pugh, 2009). 

4. RUMEN ACIDOSIS 

Ruminal fermentation can be drastically altered and ruminal acidosis can arise 

from eating carbs and sugars that ferment quickly, including corn and small 

cereal grains, as well as bread, candies, apples, and fruits (Minuti et al., 2014). 
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A popular term for this condition is "grain overload." By making the feed 

particles smaller, the grain processing method enables rumen bacteria to 

ferment more quickly. Excessive ingestion of offending feedstuffs, sudden 

dietary changes that prevent the rumen microbiota from adapting, irregular 

ration administration, or mixing mistakes are frequently followed by rumen 

acidosis (Commun et al., 2009). The feed's composition, particle size, quantity 

consumed, and time spent adjusting to the diet all affect how severe the 

condition is. 

Under typical circumstances, the rumen contains a small amount of lactate, 

which is quickly broken down by lactate-utilizing organisms such 

Megasphaera elsdenii and Selenomonas ruminantium (Liu et al., 2019). Lactic 

acid builds up and ruminal fermentation becomes imbalanced when high-

concentrate meals containing quickly fermentable sugars and carbohydrates 

are introduced. First, the excess fermentable carbohydrates raise the rate at 

which all bacteria proliferate, which causes the rumen's pH to drop and more 

volatile fatty acids to be produced. Because Streptococcus bovis and other 

bacterial species are more tolerant of lower ruminal pH, they produce more 

lactate than other bacterial species (Aschenbach et al., 2009). The rumen pH 

gradually drops as the concentration of lactate rises, until it reaches a point 

where gram-negative bacteria and protozoa die. Furthermore, only extremely 

acid-tolerant lactate-producing Lactobacillus species prevail, and S. bovis's 

growth is impeded. In extreme situations, the pH of the rumen may drop to 

less than 5 and even to 4 (Slyter, 1976). The generation of lactate (L- and D-

isoforms) keeps rising. When the osmolality of the rumen fluid increases, fluid 

is taken into the rumen from the interstitium and systemic circulation. Mucosal 

injury, reticulorumen motility stasis, and the peripheral circulation's 

absorption of lactic acids, inflammatory mediators, germs, and endotoxins are 

the outcomes (Tufani et al., 2013). Clinical outcomes include metabolic 

acidosis, rapid inflammatory reaction, hypovolemic shock, and dehydration 

(Liu et al., 2019). Thiamine deficiency and the onset of 

polioencephalomalacia (PEM) can happen depending on how severe the 

metabolic disturbance is. Laminitis, mycotic ruminitis, and occasionally liver 

abscessation are either recurring bouts of subacute ruminal acidosis or the 

aftermath of severe ruminal acidosis; the latter is much more prevalent in 

cattle than in small ruminants (Aschenbach et al., 2009). 

The kind and amount of feed ingested, together with how long it has been 

since ingestion, influence the clinical signs. Clinical symptoms, which include 

anorexia, sadness, decreased  nasal discharge, rumen motility, and diarrhea, 
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initially show up 12 to 36 hours after ingesting the offending meal 

(Voulgarakis et al., 2024). Animals experiencing circulatory shock and severe 

metabolic disturbances may exhibit weakness, ataxia, or recumbency. 

Evidence of toxemia, such as tachycardia, elevated body temperature, scleral 

vessels, and inflamed mucous membranes, is typically present along with 

severe dehydration (Pupin et al., 2017). Abdominal auscultation and 

percussion show a fluid-filled rumen, ventral abdominal distension, and 

rumen stasis. Abdominal discomfort symptoms can include bruxism, 

stretching, and belly kicking. Osmotic diarrhea is a common occurrence that 

can exacerbate dehydration. When whole grain or corn is present, diarrhea can 

vary from watery, soupy diarrhea to pasty stools (Liu et al., 2019). Thiamine 

deficiency PEM can cause endotoxemia, other metabolic disturbances, and 

neurological deficits such as seizures, opisthotonus, head pressure, blindness, 

ataxia, and other anomalies. 

Rumen fluid should be analyzed when ruminal acidosis is suspected. Rumen 

fluid has a lower pH (below 5.5), is milky in hue, and smells bad and acidic 

(Tufani et al., 2013). There are fewer protozoa of both type and quantity, and 

their motility is either nonexistent or very low. In most situations, the 

methylene blue decrease time is noticeably longer (> 9 minutes). Gram-

positive rods (Lactobacillus spp.) predominate, changing the proportion of 

gram-positive to gram-negative bacteria is 60:40. (Navarre and Pugh, 2009).  

The rumen has a higher lactic acid content. Hemoconcentration, prerenal 

azotemia, and metabolic acidosis—which is typified by a negative base 

excess, low blood pH, and low blood bicarbonate concentration—are 

examples of clinicopathologic laboratory data. After 12 hours, renal 

compensation causes a rise in the specific gravity of urine and the formation 

of acidic urine (Aschenbach et al., 2009). Depending on how bad the problem 

is, elevated liver and muscle enzymes may be the result of dehydration, poor 

tissue perfusion, and an overwhelming flow delivering endotoxins and 

inflammatory mediators to the liver. Leukogram and acute-phase protein 

changes, which can range from a left shift that is normal to degenerative and 

include elevated haptoglobin, ceruloplasmin, and decreased albumin 

concentration, are indicative of an acute inflammatory response (Voulgarakis 

et al., 2024). An animal's active thiamine status can be ascertained by 

performing a transketolase test on peripheral blood. Sheep have been shown 

to exhibit increases in total protein and leukocyte counts in their cerebrospinal 

fluid (CSF). 



13 

Treatment objectives include dehydration, metabolic acidosis, toxemia, shock, 

and the removal or neutralization of the offending feedstuff. (Voulgarakis et 

al., 2024).  It is recommended to deliver IV isotonic crystalloids supplemented 

with bicarbonate. Although serum biochemistry analysis is the ideal basis for 

bicarbonate supplementation, an estimated base deficit can nevertheless serve 

as an empirical basis. In some cases, adding calcium (as calcium gluconate) 

to the IV fluids may be necessary (Pupin et al., 2017). The clinician should 

refrain from combining sodium bicarbonate and calcium salts. In order to 

reduce pain and increase toxemia, parenteral NSAIDs should be used. Given 

the significant risk of bacterial translocation and bacteremia, parenteral 

antibiotics are usually recommended. Given that the most likely harmful 

organisms are anaerobes, penicillin is the preferred systemic antibiotic 

(Navarre and Pugh, 2009). Because oral fluids impede fluid absorption and 

can exacerbate rumen distention and abdominal pain, using them to regain 

hydration is not advised and will not help. In moderate situations, using 

medications like magnesium hydroxide to neutralize the rumen pH may be 

adequate. These two alkalinizing chemicals will only be effective temporarily, 

though, if a significant amount of the food remains in the rumen (Voulgarakis 

et al., 2024). Since oral antibiotics negatively impact the beneficial rumen 

microbiota's ability to develop again, their usage is probably ineffective. 

Because oral antibiotics have a low bioavailability, they should not be used. 

Until appetite and rumen motility are restored, the animal should be 

transfaunated every day using a healthy donor's rumen fluid, if it is available. 

To reduce fermentation, it is more beneficial to remove the offending feedstuff 

as soon as possible (Aschenbach et al., 2009). When ruminal acidosis is 

severe, rumenotomy is recommended to remove the offending diet. It is 

advantageous to transfaunate the sheep or goat with ½ to 1 L of an animal 

donor's rumen fluid once the pH of the rumen has been adjusted. Thiamine 

supplementation is crucial for animals exhibiting clinical indications 

suggestive of PEM and is recommended until rumen function is recovered 

(Navarre and Pugh, 2009). When rumen motility resumes, supportive care 

should also include water and grass hay to avoid excessive ruminal distention. 

With aggressive therapy, the short-term survival outlook is favorable. 

Inappropriate management techniques that put animals at risk for developing 

ruminal acidosis must be addressed as part of prevention, particularly for 

classes of sheep and goats given high-grain rations. Along with enough 

feeder/bunk space, a balanced meal that includes enough forage and fiber 

should be prepared, blended, and fed routinely (Navarre and Pugh, 2009). At 
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least 20% of the diet's total digestible nutrients (TDN) should come from crude 

fiber. The lowest amount of crude fiber that is permitted, for instance, is 15% 

if the TDN is 75%. If the rumen is appropriately acclimated, crude fiber levels 

below this can be fed for brief periods of time, although issues could still arise 

(Pupin et al., 2017). To allow the rumen bacteria to adapt, sheep and goats that 

are not used to high-concentrate feeds should be gradually introduced to 

increasing rates of inclusion over a period of weeks. Rumen modifiers such 

buffers, yeasts, and direct-fed microbials can be used in addition to a well 

planned ration. Rumen buffers have the potential to boost feed intake, milk 

output, and growth rate (Tufani et al., 2013). The most often used buffer is 

most likely sodium bicarbonate, which can be given freely or added to food 

one percent of the dry matter intake. The feed may also contain magnesium 

oxide, calcium carbonate, or limestone. No more than 0.5 to 0.8% of the intake 

of dry matter should contain magnesium oxide (Navarre and Pugh, 2009). 

5. RUMENITIS, RETICULITIS, AND PARAKERATOSIS 

The mucosal lining of the reticulorumen may be damaged chemically or 

mechanically, leading to reticulitis and ruminitis. Rumen acidosis is the most 

frequent cause of chemical damage in sheep and goats (Bayne and 

Edmondson, 2020). Ingesting foreign objects or rumen bezoars might cause 

mechanical harm. Viruses like infectious bovine rhinotracheitis and bovine 

viral diarrhea can infect the rumen wall of cattle (Buergelt et al., 2018). Goats 

and sheep have not yet been found to have similar viruses. Bacteria or fungi 

may cause a secondary infection after the mucosa has been injured. Animals 

who have previously received oral antibiotic treatment may be more 

susceptible to rumen wall fungal infections, particularly if the mucosa is 

already compromised (Masih and Bhat, 2020). The rumen wall is rarely 

impacted by tuberculosis, actinomycosis, or actinobacillosis. There have also 

been reports of rumen wall tumors. While not all of these causes of reticulitis 

and ruminitis have been documented in sheep, and goats, they are all possible 

issues. 

These disorders have ambiguous clinical symptoms. Clinical symptoms may 

be limited to anorexia and hypomotility of the forestomach. 

It could also be challenging to confirm a diagnosis of certain conditions. 

Rumen fluid samples may only exhibit anorexia-related abnormalities 

(Navarre and Pugh, 2009).  On slides of rumen fluid stained with Romanowski 

(Diff-Quick), fungal species can occasionally be observed. In these situations, 
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fungal ruminitis should be diagnosed. To find foreign masses or bodies, an 

exploratory laparotomy and rumenotomy can be necessary (Buergelt et al., 

2018). Dark, thickened, and clumped rumen papillae are a hallmark of rumen 

parakeratosis. It is primarily observed in lambs raised in feedlots that eat 

pelleted or finely ground feed. Due to their fragility and susceptibility to harm, 

parakeratotic rumen papillae can raise the chance of developing rumenitis 

(Bayne and Edmondson, 2020). 

The instigating factor determines the course of treatment. Dietary adjustments 

should be attempted to improve fiber intake and decrease energy density. With 

patience and supportive care, mild ruminitis may go away. When available, 

oral thiabendazole at a dose of 25–44 mg/kg can be used to treat fungal 

rumenitis (Navarre and Pugh, 2009).  Serious alterations could result in lasting 

rumen function impairment and scarring. 
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ABSTRACT 

 

Phenotypic and genotypic methods are used for the typing of bacteria 

in routine diagnostic and research laboratories. Phenotypic identification 

methods are insufficient in some cases. In recent years, genotyping methods 

have been frequently used to obtain information about the epidemiology of 

infections. Multiple-Locus Variable Number Tandem Repeat Analysis 

(MLVA) is a PCR-based genotyping method that reveals the genetic 

relationship between bacterial strains. This method, which is used in the 

typing of many bacteria, determines the number of tandem repeats or copy 

units at a specific locus in the bacterial genome. MLVA is a low-cost, easily 

applicable and highly discriminative genotyping method. In this review, the 

working principle of MLVA, its advantages and disadvantages, and studies on 

MLVA in Türkiye and around the world are discussed. 

 
Keywords: Bacteria, Epidemiology, Genotyping, MLVA. 

 

INTRODUCTION 

Bacterial typing is very important for the diagnosis and control of 

infectious diseases. The methods used in bacterial typing are classified into 

two categories as phenotypic and genotypic methods (Ramadan et al., 2022:2). 

Phenotypic methods have been used since the early 1900s. However, since the 

1980s, genotypic methods have been frequently preferred for bacterial typing, 

either alone or in combination with phenotypic methods. Each typing method 

has its own advantages and disadvantages. However, genotypic methods are 

more reliable and have greater discriminatory power (Ramadan et al., 2022:2; 

Blanc, 2004:194). Phenotypic methods are based on the determination of 

morphological, cultural, physiological, serological and biochemical 

characteristics of bacteria. Phenotypic methods are labor intensive and time 

consuming. The main phenotypic methods are biotyping, serotyping, phage 

typing, antibiogram-based typing and proteomic typing (Matrix-Assisted 

Laser Desorption Ionization Time-Of-Flight Mass Spectrometry, MALDI 

TOF MS) tests (Rennie and Duncan 1974:534; Dworzansky and Snyder, 

2005:864). Genotypic or molecular methods are methods that detect changes 

in the genetic structure of bacterial isolates and reveal the clonal relationship 

of strains within the same species. Clonally related isolates are considered to 

originate from a common source. Important epidemiological data on 

outbreaks are obtained by determining the clonal relationship. With these data, 

data banks of national and international epidemics are created (Durmaz, 

2007:173). The main genotypic methods are Pulsed-Field Gel Electrophoresis 

(PFGE), Plasmid Profile Typing, Ribotyping, Restriction Fragment Length 

Polymorphisms (RFLPs) Analysis, Random Amplification of Polymorphic 

DNA (RAPD), Arbitrarily Primed Polymerase Chain Reaction (AP-PCR), 

Repetitive-Element Polymerase Chain Reaction (rep-PCR), Multiple-Locus 
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Variable Number of Tandem Repeat Analysis (MLVA),  Amplified Fragment 

Length polymorphism PCR (AFLP-PCR), Microarrays, Single-Locus 

Sequence Typing (SLST), Multi-Locus Sequence Typing (MLST)  and Single 

Nucleotide Polymorphism (SNP) typing. It is reported that PFGE method is 

the gold standart method for genotyping bacterial strains. MLVA is a PCR-

based typing method that is widely used in bacterial typing, has high 

discrimination power and is cheaper, less labor-intensive and results are 

obtained in a shorter time compared to PFGE method (Ramadan et al., 2022:3; 

Tang et al., 2019:2 Shokoohizadeh, 2016:5). In this review, the working 

principle, advantages and disadvantages of MLVA and previous studies on 

MLVA are discussed. 

 

MLVA GENOTYPING 

 

The genome of many bacteria contains variable number of 

tandem repeat (VNTR) regions that can range from a few bp to 100 bp 

in length. Multiple-Locus Variable Number of Tandem Repeat 

Analysis (MLVA) is a fast, inexpensive and easy-to-apply PCR-based 

genotyping method for subtyping bacteria based on the number of 

tandem repeats at multiple loci (Shokoohizadeh, 2016:5; Top et al., 

2004:4503). Tandem repeats are regions in the microbial genome that 

control gene expression. These repeats can differ between 

microorganisms and these differences are called VNTR loci. VNTR 

loci can contain 2-10 alleles in a population and can be used to assess 

genetic relatedness. The number of tandem repeats within loci can vary 

between strains of the same species and, accordingly, the size of the 

locus amplified by PCR can vary. Loci of isolates from epidemically 

unrelated sources differ in size and number of tandem repeats. In 

epidemic-associated strains from the same lineage, the number of 

tandem repeats is conserved (Ranjbar et al., 2014:1; ,Durmaz, 2011:93). 

MLVA was first used for the typing of Haemophilus influenzae 

strains (Van Belkum et al., 1997:5017). Since its first use for typing 

bacteria, MLVA has proven to be a high-resolution method for the 

differentiation of many bacteria. It is now recognized as the reference 

typing method for many bacterial species. Compared to PFGE, the gold 

standard test for bacterial genotyping, MLVA has better discrimination 

power and requires a small amount of DNA. Due to the rapid evolution 

of VNTR loci in the bacterial genome, MLVA has the same or greater 

discrimination power than most other typing methods. In MLVA, 

primers labeled with fluorescent dyes bind to non-repeating sequences 

adjacent to the tandem repeats, multiplex PCR amplifies the selected 

VNTR locus, and capillary electrophoresis is used for the amplicons. 
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Using special software, all loci can be recognized by their color in the 

electropherograms. Therefore, the number of repeats at each MLVA 

locus is automatically determined according to the size of the 

amplicons. The number of repeats of a bacterial isolate at VNTR loci 

(alleles) is determined. This produces an allelic profile corresponding 

to the number of repeat units at each MLVA locus, which can be easily 

compared with reference databases over the internet (Chiou et al., 

2010:5; Ramadan, 2022:7). 

• Tandem Repeats (TR) 

 
Repeat units are highly conserved regions of 1-10 base pairs (bp) 

(microsatellite) and 10-100 bp (minisatellite) in length, and play an important 

role in transcriptional and translational control during gene expression. 

Tandem repeats are found in regions that control gene expression and in “open 

reading frame” regions (Dal, 2022:326) (Figure 1). 

 

 

 
 

Figure 1. Examples of 2 different strains of an organism. Repeated sequences are 

shown in frames. In locus 1 of strain A, four bases (ACGC) are repeated 3 times, 

while in locus 2, 8 bases (AAACTGGG) are repeated 2 times. In locus 1 of strain B, 

four bases (ACGC) are repeated 4 times, while in locus 2, 8 bases (AAACTGGG) 

are repeated 3 times. 

In some bacterial species (Bacillus anthracis, Yersinia pestis, 

Francisella tularensis) no variation in the DNA sequences of the ordered 

repeat units is observed. In these microorganisms, diversity is associated with 

the copy number in TRs. In other species (e.g. Staphylococcus aureus), there 

are differences in repeat units, so the structure and copy number of repeat 
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sequences need to be compared. The most likely variation in consecutive 

repeat regions is replication slippage. In backward replication slippage, there 

is an increase in the number of repeats during replication as a result of the 

misfolding of DNA polymerase at the sites of consecutive repeats. Forward 

replication shift is observed when there are a large number of repeats. In this 

case, during replication, the repeat region forms a loop and the number of 

repeats decreases as DNA polymerase skips this looped region (Dal 

2022:326). 

• VNTR Loci 
 

The number of repeated units at a particular locus can vary among 

strains, and these loci are called VNTR loci. Mutation rates of VNTRs vary 

among organisms. The differences in mutation rates among VNTRs cause a 

wide allelic diversity. Therefore, VNTRs are suitable markers for assessing 

genetic relatedness among strains that emerged during a certain time period 

(Dal 2022:327) (Figure 2). 

 

Figure 2. VNTR Loci 

STEPS OF THE MLVA METHOD 

• Selection of VNTR Loci  

 
The first step in the development of an MLVA method involves the 

selection of VNTR loci for inclusion in the protocol. Initial VNTR locus 

finding and identification is performed by querying whole genome sequences 

using specialized software. When selecting loci, the shorter the repeat unit, the 

more variation in copy numbers is determined. However, due to limitations in 

sizing reproducibility on capillary electrophoresis, repeat units shorter than 

five bp should not be included in the subtyping system It is reported that low-

level variation between repeated units generally does not have a negative 

impact as long as the unit length is consistent, only loci with flanking 

sequences that are 100% conserved in the target organism should be included 

(Li et al., 2009:897; Nadon et al., 2013:3). 
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• Primer Design 

 
Once the loci have been identified, primers are designed for their 

amplification by PCR. First, primers should be placed as close as possible to 

the VNTR sequence, as the projected fragment size should not exceed 600 bp, 

which is the upper limit of reproducible sizing on most capillary 

electrophoresis. Second, the intended region of the primer should be targeted 

to fall 80-150 bp away from the repeat region. Third, primers for all VNTR 

loci should have the same binding temperature to facilitate amplification of 

targets in PCR reactions. Fluorescently labeled primers that amplify at least 

four different VNTR loci are used (Nadon et al., 2013:3; Dal, 2022:327). 

 

• Amplification of VNTR Loci by PCR 
 

Multiplex PCR is performed using fluorescently labeled primers 

targeting the conserved flanking regions of the VNTR loci (Nadon et al., 

2013:5) (Figure 3). 

 

 

Figure 3. Primers used in MLVA. Forward primers are fluorescently labeled. 

 

• Separation and Sizing of PCR Products by Capillary 

Electrophoresis 
 

Multiplex PCR primers are used to amplify genome regions 

containing VNTRs, and the repeat unit is then evaluated by separation of 

fluorescently labeled amplicons on agarose gels or, more often, using capillary 

electrophoresis (Ramadan et al., 2022:7) (Figure 4). 
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Figure 4.   Application scheme of MLVA method. 
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• Calculating the Number of Tandem Repeats  

 
The total size of the PCR product of each VNTR locus is determined. 

The size of the flanking regions is subtracted from the total PCR product size 

and the net size of the repeat region is found. The obtained value is divided by 

the size of the repeat unit and the number of repeats is found. For example, if 

the total PCR product is 302 bp, the left ‘flank’ is 50 bp, the right ‘flank’ is 70 

bp and the repeat unit is 36 bp, 302-(50+70)=182 bp. The result is calculated 

as 182/36=5 repeats (Ramadan et al., 2022:7; Dal, 2022:327). 

• Determination of MLVA Profiles and Creation of Minimum 

Spanning Tree(MST) 

The MLVA profile is determined for each isolate according to the 

number of repeats. The resulting repeat size defines the number of repeated 

copies; therefore, the allele type for each locus ultimately determines an 

MLVA type. MLVA types can be grouped and the data can be compared with 

world data. MST is created according to the MLVA profiles. UPGMA 

(unweighted pair group method with arithmetic mean) algorithm and 

categorical distance can be used in cluster analysis. “Spanning tree” and 

cluster dendogram are created with the help of tools in the genetic diversity 

(Hunter-Gaston diversity index [HGDI]) and confidence intervals 

(www.hpabioinformatics.org.uk/cgibin/DICI/DICI. pl) website programs 

(Dal, 2022:329). 

 
ADVANTAGES AND DISADVANTAGES OF MLVA TYPING 

METHOD 

 
 The suitability of a typing method for laboratory based surveillance 

and outbreak detection is assessed according to several criteria. These criteria 

are: typability, reproducibility, discriminatory power and epidemiological 

relevance.  Additional criteria for assessing the feasibility of the method 

include speed, efficiency, cost, ease of use, objectivity, versatility and 

portability. No single method can have perfect performance when evaluated 

against all criteria, while MLVA is reported to perform well overall. It is 

reported to perform well against several key criteria, including discriminative 

power, robustness, portability, objectivity and efficiency. In addition to its 

resolving power, MLVA is a method with advantages in terms of high 

efficiency, data portability and shareability, ease of interpretation and 

compatibility with epidemiological data. Another advantage is that it is a PCR 

(Polymerase chain reaction)-based approach that requires a small amount of 

DNA and does not require a live bacterial isolate. The limitations of the 

MLVA method include the need for trained and skilled personnel, the use of 



27 

a special protocol for each pathogen, and the fact that it can only be used to 

differentiate the most common pathogens into subtypes (Nadon et al., 2013:8; 

Dal, 2022:328). 

CONCLUSION 

There are many methods available for genotyping bacteria. However, 

each has its own strengths and weaknesses that make it useful in certain 

studies but limiting in others. Genotyping has been shown to be more effective 

and discriminatory than phenotyping. The decision on which genotyping 

method to use generally depends on the type, scope, size, and urgency of the 

study, as well as cost, equipment availability, and skill level. MLVA is a 

molecular subtyping and phylogenetic analysis tool that is specialized for 

specific bacterial species, highly efficient, highly discriminatory, easy to 

apply, and inexpensive. 

MLVA GENOTYPING STUDIES CONDUCTED IN THE WORLD IN 

RECENT YEARS  

 
Since its first use to type bacteria, MLVA has been used to genotype 

bacteria in many countries. Mycobacterium tuberculosis in Japan (Hirai et al., 

2025:1), Brucella melitensis in Iran (Dadar and Alamian, 2025:1), 

Mycoplasma hyopneumoniae in the Midwestern United States (Betlach et al, 

2025:1), Chlamydia trachomatis in Ethiopia (Hartel et al., 2024:5), Listeria 

monocytogenes in South Africa (Gana et al., 2022:1251), Coxiella burnetii in 

Great Britain (Hemsley et al., 2023:3), Bordetella parapertussis in China (Fu 

et al, 2024:3), Bacillus anthracis in Indonesia (Yudianingtyas et al. 2022:953), 

Salmonella Enteritidis in Belgium (Bertrand et al., 2015:3), B. anthracis in 

Kazakhstan (Shevtsov et al, 2021:3), methicillin-resistant Staphylococcus 

aureus in the Netherlands (Schouls et al., 2023:1), Chlamydia abortus in Iran 

(Barati et al., 2022:3), Salmonella Typhimurium in Australia (Ford et al., 

2018:285) were genotyped by MLVA method. 

MLVA GENOTYPING STUDIES IN TURKIYE 

 
MLVA has been used for genotyping some bacteria in Türkiye. In the 

study conducted by Özmen et al. (2023:1), 416 Brucella strains isolated from 

humans and animals between 2018-2021 were genotyped by MLVA. Strains 

with 95% band similarity were evaluated as a clonally related cluster. It was 

reported that B. abortus strains formed 30 different clusters and B. melitensis 

strains formed 37 different clusters. In a study conducted by Malal and 

Türkyılmaz (2021:172) in the Marmara region, it was reported that 87 C. 
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abortus isolates isolated from aborted ruminants were divided into 4 

genotypes by MLVA and the most common genotype was genotype 2 

(93.1%). In a study covering seven geographical regions of Türkiye, Akar and 

Erganiş (2022:1) reported that 46 different genotypes were obtained in the 

genotyping of 50 B. melitensis strains isolated from sheep, goat and cattle 

abortion samples taken from different farms between 2009 and 2017 

according to MLVA 16, 30 of which matched the profiles in the database 

exactly, the remaining 20 were not previously present, 93.3% of the 30 isolates 

matching the profiles in the database were the same as the human isolates in 

the database, and Genotype 43 was the most common isolate profile. In a study 

conducted by Özgen et al. (2022:1), they reported that 106 C. burnetii samples 

obtained from animals and humans in the Northeastern Anatolia and Black 

Sea regions belonged to 16 genotype groups, and the most common genotype 

among the genotype groups was genotype XVI. Özgen (2023:35) evaluated 

2313 B. anthracis MLVA genotype profiles belonging to 49 countries in the 

MLVA Bank for Genotyping Microbes database and reported that the profiles 

were distributed in 402 genotypes and 24 clonal groups, the highest number 

of genotypes (31%) from Türkiye were located in the XXIV clonal group, and 

Türkiye genotypes were closely related to genotypes reported from many 

countries. In the study conducted by Aslan et al. (2023:206), it was reported 

that 17 B. abortus strains isolated from ruminant abortion cases were separated 

into 4 genotypes by PFGE method and 5 genotypes by MLVA method. In the 

study conducted by Durmaz et al. (2012:2783), it was reported that a total of 

251 B. anthracis isolates originating from humans (93), animals (155) and the 

environment (3) were separated into 12 genotypes by MLVA8 genotyping 

method and 86.8% of the isolates were clonally related.  
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ABSTRACT 

This chapter explores the critical role of emotional intelligence (EI) in shaping 

organisational behaviour (OB), highlighting its influence on leadership, 

teamwork, decision-making, and organisational culture. Drawing on both the 

ability and mixed models of EI, the chapter discusses how emotionally 

intelligent individuals contribute to enhanced communication, conflict 

resolution, and employee engagement. Empirical studies underscore EI's 

positive impact on job performance, psychological safety, and organisational 

effectiveness. The chapter also addresses key challenges in EI application, 

including definitional ambiguities and measurement limitations. Practical 

interventions such as training and coaching are proposed to foster EI 

development in the workplace. Ultimately, emotional intelligence emerges as 

a vital competency for cultivating adaptive, collaborative, and high-

performing organisational environments. 

Keywords: Emotional Intelligence (EI), Organisational Behaviour, Leadership, Team 

Dynamics, Workplace Culture, Job Performance. 

 

INTRODUCTION 

 

Emotional Intelligence (EI) is a critical factor in understanding and shaping 

organizational behaviour (OB). Defined as the ability to recognize, 

understand, manage, and influence emotions in oneself and others (Goleman, 

1995), EI significantly impacts various aspects of organizational life, 

including leadership, teamwork, decision-making, and organizational culture. 

As organizations face increasing complexity and interpersonal demands, the 

role of EI in facilitating effective functioning and positive work environments 

has become increasingly important. 

At the core of effective leadership is emotional intelligence. Leaders with high 

EI are adept at managing their own emotions and understanding those of 

others, which enhances their ability to lead with empathy, motivation, and 

individualized attention (Barling, Slater, & Kelloway, 2000). These 

transformational leadership qualities are linked to higher team performance, 

greater employee satisfaction, and overall organizational success (Goleman, 

1998). Emotionally intelligent leaders are not only better equipped to navigate 

challenges, but also to inspire resilience and adaptability within their teams. 

Equally, EI plays a crucial role in shaping team dynamics. Teams comprised 

of emotionally intelligent individuals tend to have superior conflict resolution 

skills, improved communication, and enhanced collaborative problem-solving 

abilities (Jordan & Troth, 2004). These teams are more likely to create an 

environment of psychological safety, where open communication and mutual 
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trust thrive, ultimately contributing to higher levels of performance and team 

cohesion (Reilly, 2022). 

The influence of EI extends to decision-making processes within 

organizations. Emotionally intelligent individuals excel in processing 

emotional information, which aids in making balanced, thoughtful decisions 

(Carmeli, 2003). Their ability to manage stress, ambiguity, and complex 

emotional dynamics further enhances their decision-making capabilities. 

Moreover, EI fosters ethical decision-making by promoting empathy and 

considering the perspectives of others, thereby contributing to more inclusive 

and responsible leadership (Mayer, Salovey, & Caruso, 2004). 

Organizational culture is another area where EI plays a pivotal role. Leaders 

who embody emotionally intelligent behaviours foster a culture of openness, 

mutual respect, and inclusivity. This kind of culture not only enhances 

employee engagement but also increases job satisfaction and organizational 

commitment, leading to greater overall organizational effectiveness 

(Goleman, 1998; Paredes-Saavedra et al., 2024). As such, EI is integral to 

creating an organizational climate that supports both individual and collective 

success. 

To fully leverage EI, organizations can invest in training programs that target 

key emotional competencies such as self-awareness, emotional regulation, 

and social skills. Research shows that EI training reduces workplace stress, 

boosts employee morale, and enhances overall performance (Slaski & 

Cartwright, 2003). Additionally, coaching and feedback mechanisms provide 

ongoing support for reinforcing these skills and fostering long-term 

behavioural change (Boyatzis, 2019). 

Despite its many advantages, the application of EI in organizational contexts 

faces certain challenges. Criticisms have been raised about the definitional 

ambiguities and inconsistencies in measuring EI, which complicate its 

widespread implementation (Landy, 2005). Furthermore, some studies 

question the incremental validity of EI, suggesting that other personality traits, 

such as conscientiousness, may account for its perceived effects (Locke, 

2005). These challenges highlight the need for continued empirical research 

to refine EI's conceptualization and measurement. 

As organizations evolve, emotional intelligence has emerged as an essential 

construct in promoting adaptive, resilient, and high-performing environments. 

Its influence on leadership, team dynamics, decision-making, and culture 

cannot be overstated. This chapter delves into the significance of EI within the 

context of organizational behaviour, drawing from empirical evidence and 

theoretical insights to explore its implications and applications for 

organizational success. 
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2. Theoretical Foundations of Emotional Intelligence 

Emotional Intelligence (EI) has been conceptualized through various models, 

each offering unique perspectives on how emotional competencies influence 

individual and organizational outcomes. Two prominent frameworks are the 

Ability Model and the Mixed Model, developed by Salovey and Mayer 

(1990) and Goleman (1995), respectively. 

2.1 The Ability Model of Emotional Intelligence 

The Ability Model, introduced by Salovey and Mayer in 1990, defines EI as 

a set of four interrelated abilities essential for processing emotional 

information and navigating the social environment. These abilities are: 

1. Perceiving Emotions: The capacity to accurately recognize and 

interpret emotions in oneself and others. 

2. Facilitating Thought: The ability to use emotions to enhance 

cognitive processes such as problem-solving and creativity. 

3. Understanding Emotions: The skill to comprehend the causes and 

meanings of emotions, including the ability to recognize transitions 

between emotions. 

4. Managing Emotions: The proficiency in regulating emotions in 

both oneself and others to promote emotional and intellectual 

growth. 

 
 

 
 

This model posits that EI is a form of intelligence that can be developed and 

measured through standardized assessments, such as the Mayer-Salovey-

Caruso Emotional Intelligence Test (MSCEIT) . The Ability Model 
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emphasizes the cognitive aspects of emotional processing and its role in 

effective functioning across various contexts.  

2.2 The Mixed Model of Emotional Intelligence 

Daniel Goleman's Mixed Model, presented in his 1995 book Emotional 

Intelligence: Why It Can Matter More Than IQ, expands the concept of EI 

by integrating emotional competencies with personality traits and social 

skills. This model delineates EI into five key domains:  

1. Self-Awareness: Recognizing and understanding one's own 

emotions and their effect on thoughts and behavior. 

2. Self-Regulation: Managing or redirecting disruptive emotions and 

impulses, and adapting to changing circumstances. 

3. Motivation: Harnessing emotions to pursue goals with energy and 

persistence. 

4. Empathy: Understanding the emotional makeup of other people and 

treating them according to their emotional reactions. 

5. Social Skills: Managing relationships to move people in desired 

directions, whether in leading, negotiating, or working as part of a 

team. 

 

 
Goleman argues that these competencies are critical for leadership 

effectiveness and organizational success. His model has been widely adopted 

in organizational research and practice, influencing leadership development 

programs and emotional intelligence training initiatives .  



38 

While the Ability Model focuses on the cognitive processing of emotions, 

the Mixed Model provides a broader perspective by incorporating emotional 

competencies and personality traits, thereby offering a comprehensive 

framework for understanding and developing emotional intelligence in 

organizational settings. 

 

 

3. Emotional Intelligence and Leadership 

Emotional Intelligence (EI) is a crucial aspect of leadership 

development, influencing various facets of personal and professional growth. 

Several tools are available to assess and enhance EI, including resources from 

Harvard University, TalentSmartEQ, and Daniel Goleman. These assessments 

focus on key components such as self-awareness, composure, and 

interpersonal interactions, which are vital for effective leadership. For 

instance, Harvard's Emotional Intelligence in Leadership program emphasizes 

the importance of self-awareness and understanding one's impact on others. 

Similarly, tools like the Emotional Intelligence Appraisal by Bradberry and 

Greaves, and the Emotional and Social Competence Inventory (ESCI) by 

Goleman, provide frameworks for evaluating and developing EI skills. 

Key Areas for Leadership Development 

Leaders often benefit from focusing on specific EI competencies: 

1. Self-Awareness: Understanding one's emotions and their effect on 

others is foundational. Journaling can be an effective method for 

enhancing self-awareness. 

2. Composure: Maintaining calm under pressure is vital. Recognizing 

emotional triggers and employing techniques like pausing before 

reacting can improve composure. 

3. Interpersonal Interactions: Leaders' emotional states influence their 

interactions. Prioritizing personal well-being, including adequate rest 

and stress management, enhances relational effectiveness. 

Implementing EI Development 

Integrating EI assessments into team evaluations can promote continuous 

development. Regular focus on EI in team meetings encourages a culture of 

emotional awareness and growth. 
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3.1 The Influence of Emotional Intelligence on Leadership Styles 

 

Emotional Intelligence (EI) significantly shapes leadership approaches by 

enhancing leaders' ability to understand and manage their own emotions, as 

well as perceive and influence the emotions of others. Leaders with high EI 

are more adept at adopting transformational leadership styles, characterized 

by inspiring and motivating followers, fostering an environment of trust and 

respect, and encouraging innovation and change. This style has been 

associated with increased employee satisfaction, engagement, and 

performance (Mandell & Pherwani, 2003). 

 

In contrast, leaders with lower EI may struggle with emotional regulation and 

interpersonal relationships, potentially leading to transactional leadership 

styles that focus more on supervision and performance-related rewards and 

punishments. While effective in certain contexts, transactional leadership may 

not inspire the same level of commitment and creativity as transformational 

leadership. Therefore, EI plays a crucial role in determining the leadership 

style and its effectiveness in various organizational settings. 

 

3.2 The Role of Emotional Intelligence in Leadership Effectiveness 

 

Emotional Intelligence is a critical factor in leadership effectiveness, 

influencing various aspects of leadership performance. Leaders with high EI 

are better equipped to navigate complex interpersonal dynamics, resolve 

conflicts, and inspire their teams, thereby enhancing overall organizational 

performance (Goleman, 1998). A meta-analysis by Hongjiang (2018) found a 

moderate positive correlation (r = 0.39) between leaders' EI and leadership 

effectiveness, indicating that EI is a significant predictor of leadership success. 

 

Furthermore, EI contributes to effective decision-making by enabling leaders 

to manage stress and ambiguity, consider diverse perspectives, and make 

balanced decisions that align with organizational goals. In addition, EI fosters 

a positive organizational culture by promoting empathy, communication, and 

collaboration among team members. Leaders who demonstrate high EI are 

more likely to create an inclusive and supportive work environment, leading 

to increased employee engagement and retention. 
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4. Emotional Intelligence in Team Dynamics and Collaboration 

Emotional Intelligence (EI) is a critical component in shaping effective team 

dynamics, influencing how team members interact, communicate, and resolve 

conflicts. By fostering an environment of emotional awareness and regulation, 

teams can enhance collaboration, build trust, and achieve collective goals 

more efficiently. 

Key Aspects of EI in Team Dynamics: 

1. Emotional Awareness and Regulation: Teams with high EI can 

recognize and manage their own emotions and those of others, leading 

to a more harmonious work environment.  

2. Effective Communication: Emotionally intelligent teams 

communicate openly and empathetically, ensuring that all members 

feel heard and valued.  

3. Conflict Resolution: High EI enables teams to approach conflicts 

constructively, focusing on problem-solving rather than personal 

grievances.  

4. Building Trust and Cohesion: By understanding and respecting 

each other's emotional needs, teams can build stronger interpersonal 

relationships, leading to increased trust and cohesion.  

5. Adaptability to Change: Emotionally intelligent teams are better 

equipped to handle change and uncertainty, maintaining performance 

and morale during transitions.   

 

Source: FasterCapital. (n.d.). Emotional intelligence case studies: The 

Power of Emotional Intelligence: Case Studies in Business Innovation.  
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Incorporating EI into team dynamics not only improves interpersonal 
relationships but also enhances overall team performance, making it an 

essential focus for organizations aiming to foster effective and resilient teams. 

 

4.1 Emotional Intelligence and Teamwork 

 

Emotional Intelligence (EI) plays a pivotal role in enhancing team dynamics 

by fostering improved communication, trust, and collaboration among team 

members. Teams composed of individuals with high EI  

are better equipped to navigate interpersonal relationships, leading to more 

cohesive and effective teamwork. Druskat and Wolff (2001) emphasize that 

emotionally intelligent teams establish norms that promote emotional 

awareness and regulation, which are essential for building trust and group 

efficacy. These norms enable team members to express emotions 

constructively, leading to a collaborative environment where members feel 

valued and understood. Such an environment not only enhances team 

performance but also contributes to individual satisfaction and commitment 

to team goals. 

 

4.2 Conflict Resolution through Emotional Intelligence 

 

Conflict is an inevitable aspect of team interactions; however, the presence of 

EI within team members significantly influences the manner in which 

conflicts are managed and resolved. Individuals with high EI possess the 

ability to recognize and understand their own emotions and those of others, 

allowing them to address emotional undercurrents that may lead to conflict. 

Mayer, Salovey, and Caruso (2004) suggest that emotionally intelligent 

individuals are adept at regulating their emotions, which enables them to 

approach conflicts with empathy and composure. This emotional regulation 

facilitates constructive dialogue, reduces the likelihood of escalation, and 

promotes solutions that are acceptable to all parties involved. Consequently, 

EI contributes to maintaining a positive team dynamic and ensures that 

conflicts serve as opportunities for growth and improvement rather than 

sources of division. 
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5. Impact of Emotional Intelligence on Organisational Culture 

5.1 Building a Positive Workplace Culture 

Emotional intelligence (EI) significantly influences the development of a 

positive workplace culture. Organisations that prioritise EI foster 

environments characterised by open communication, mutual respect, and 

psychological safety. Leaders with high EI demonstrate empathy, self-

awareness, and effective interpersonal skills, setting a tone that encourages 

collaboration and trust among employees. For instance, leaders who actively 

listen and respond thoughtfully to team members' concerns can create a 

supportive atmosphere that enhances employee engagement and satisfaction 

(Goleman, 1998). 

5.2 EI's Role in Shaping Values and Norms 

Emotional intelligence also plays a crucial role in shaping organisational 

values and norms. Leaders exhibiting high EI model behaviours such as 

empathy, ethical decision-making, and social responsibility, which in turn 

influence the broader organisational culture. By consistently demonstrating 

these qualities, leaders set expectations for conduct and interaction within the 

organisation. For example, a leader who navigates conflicts with emotional 

awareness and fairness can establish norms that prioritise respectful dialogue 

and integrity (Goleman, 1998). 

6. Emotional Intelligence and Job Performance 

6.1 Correlation Between EI and Job Performance 

Extensive empirical research has established a significant positive correlation 

between emotional intelligence (EI) and job performance across various 

industries and roles. A comprehensive meta-analysis by O'Boyle et al. (2011) 

examined 69 studies encompassing over 7,000 participants and found that 

individuals with higher EI consistently demonstrated superior job 

performance. This relationship held true across different EI measurement 

models, including ability-based, self-report, and mixed models. The study 

highlighted that emotionally intelligent employees are more adept at 

managing stress, adapting to organizational changes, and collaborating 

effectively with colleagues, all of which contribute to enhanced performance 

outcomes.  

 

For instance, in high-pressure environments such as healthcare, employees 

with elevated EI levels are better equipped to handle the emotional demands 

of patient care, leading to improved patient satisfaction and reduced burnout 
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rates among staff. Similarly, in sales-driven industries, emotionally intelligent 

professionals can navigate client interactions more effectively, resulting in 

higher sales figures and customer retention rates. 

 

6.2 EI’s Influence on Employee Productivity and Well-being 

Beyond performance metrics, EI significantly impacts employee productivity 

and psychological well-being. Devonish (2016) conducted a study focusing 

on the role of EI in workplace health management and found that employees 

with higher EI levels reported greater job satisfaction, lower stress levels, and 

increased resilience. These factors collectively contribute to enhanced 

productivity, as emotionally intelligent individuals are better equipped to cope 

with workplace challenges and maintain focus on their tasks.  

 

For example, in organizations that have implemented EI development 

programs, employees often exhibit improved interpersonal relationships and 

a more collaborative work environment. Such positive workplace dynamics 

not only boost individual productivity but also foster a culture of mutual 

support and continuous improvement. 

 

7. Challenges in Applying Emotional Intelligence in Organisations 

7.1 Definitional Ambiguities of Emotional Intelligence 

Emotional Intelligence (EI) has garnered significant attention in both 

academic and organizational contexts. However, its conceptualization varies 

across different models, leading to definitional ambiguities that pose 

challenges for researchers and practitioners alike. 

7.1.1 Divergent Models of Emotional Intelligence 

The primary models of EI include the ability model, the trait model, and the 

mixed model, each offering distinct perspectives: 

• Ability Model: Proposed by Mayer and Salovey, this model defines 

EI as the capacity to perceive, use, understand, and manage emotions 

to facilitate thinking and achieve goals. It emphasizes cognitive 

abilities related to emotional processing (Mayer, Salovey, & Caruso, 

2004). 

• Trait Model: This model conceptualizes EI as a constellation of 

emotional self-perceptions located at the lower levels of personality 

hierarchies. It focuses on behavioral dispositions and self-perceived 

abilities (Petrides & Furnham, 2001). 
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• Mixed Model: Popularized by Goleman, this model combines 

cognitive abilities with personality traits and social skills, 

encompassing a broader range of competencies such as motivation, 

empathy, and social skills (Goleman, 1998). 

The coexistence of these models leads to varying interpretations of EI, 

complicating its definition and application. 

7.1.2 Overlap with Other Psychological Constructs 

EI's conceptual boundaries often overlap with other psychological constructs, 

leading to concerns about its distinctiveness: 

• Personality Traits: Some components of EI, particularly in the trait 

and mixed models, align closely with established personality traits, 

raising questions about whether EI offers unique predictive value 

beyond existing personality frameworks (Harms & Credé, 2010).  

• Social Intelligence: The ability to navigate social situations and 

understand interpersonal dynamics, central to EI, also features 

prominently in the concept of social intelligence, further blurring the 

lines between these constructs (Landy, 2005). 

This overlap challenges the discriminant validity of EI and its utility as a 

standalone construct. 

7.1.3 Implications for Organizational Practice 

The lack of a unified definition of EI has practical implications: 

• Assessment and Measurement: Divergent definitions lead to the 

development of varied assessment tools, each based on different 

underlying models, making it difficult to compare results across 

studies or apply findings consistently in organizational settings 

(Mayer, Salovey, & Caruso, 2008). 

• Training and Development: Without a clear understanding of what 

EI encompasses, designing effective training programs becomes 

challenging, as the targeted competencies may differ depending on 

the adopted model (Cherniss, 2010).  

These issues underscore the need for a more standardized approach to defining 

and operationalizing EI in organizational contexts. 
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7.2 Measurement Limitations of Emotional Intelligence 

Assessing Emotional Intelligence (EI) presents several challenges due to the 

complexity of the construct and the diversity of measurement tools. These 

challenges can be categorized into the following subheadings: 

7.2.1 Variability in EI Models and Definitions 

The lack of a universally accepted definition of EI leads to inconsistencies in 

measurement approaches. Different models conceptualize EI in varying ways: 

• Ability Model: Proposed by Mayer, Salovey, and Caruso, this model 

views EI as a set of cognitive abilities related to processing emotional 

information (Mayer, Salovey, & Caruso, 2004). 

• Trait Model: Introduced by Petrides and Furnham, this model 

considers EI as a constellation of emotional self-perceptions located 

at the lower levels of personality hierarchies (Petrides & Furnham, 

2001).  

• Mixed Model: Popularized by Goleman, this model combines mental 

abilities with personality traits and competencies (Goleman, 1998). 

Here is a comprehensive table that delineates the various models of 

Emotional Intelligence (EI), highlighting their definitions, key 

components, measurement tools, and associated limitations. This 

structured comparison aims to clarify the conceptual distinctions and 

practical considerations inherent in each model. 

Table: Comparative Overview of Emotional Intelligence Models 

Model 

Type 

Definition Key 

Components 

Measurement 

Tools 

Limitations 

Abilit

y 

Model 

Defines EI 

as the 

capacity to 

perceive, 

use, 

understand, 

and manage 

emotions to 

facilitate 

thinking and 

achieve 

goals. 

Perceiving 

emotions, 

facilitating 

thought, 

understandin

g emotions, 

managing 

emotions. 

Mayer-

Salovey-

Caruso 

Emotional 

Intelligence 

Test 

(MSCEIT). 

• Scoring based 

on consensus 

may not 

reflect actual 

ability. 

• Cultural 

context can 

influence 

interpretation 

of emotions. 

• May not 

capture 

habitual 

behavior in 
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real-life 

situations. 

Trait 

Model 

Views EI as 

a 

constellation 

of emotional 

self-

perceptions 

located at 

the lower 

levels of 

personality 

hierarchies. 

Well-being, 

self-control, 

emotionality, 

sociability. 

Trait 

Emotional 

Intelligence 

Questionnair

e (TEIQue). 

• Self-report 

measures are 

susceptible to 

social 

desirability 

bias. 

• Overlaps with 

established 

personality 

traits, 

questioning 

distinctiveness

. 

• May not 

accurately 

predict actual 

emotional 

abilities. 

Mixed 

Model 

Combines 

cognitive 

abilities with 

personality 

traits and 

social 

competencie

s to define 

EI. 

Self-

awareness, 

self-

regulation, 

motivation, 

empathy, 

social skills. 

Emotional 

Competence 

Inventory 

(ECI), 

Emotional 

Quotient 

Inventory 

(EQ-i). 

• Broad scope 

can lead to 

conceptual 

ambiguity. 

• Difficult to 

isolate 

specific EI 

components 

for targeted 

development. 

• Measurement 

tools may 

conflate 

distinct 

psychological 

constructs. 

The divergence in these models complicates the development of standardized 

assessment tools, as each model emphasizes different aspects of EI.  

7.2.2 Limitations of Self-Report Measures 

Self-report instruments, such as the Emotional Quotient Inventory (EQ-i), rely 

on individuals' self-assessment of their emotional abilities. These tools are 

susceptible to social desirability bias, where respondents may answer in a 

manner they perceive as favorable rather than truthful (O'Connor et al., 2019).  
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Example: An employee might overstate their empathy levels on a self-report 

questionnaire to align with organizational expectations, leading to inflated EI 

scores that do not accurately reflect their actual interpersonal skills. 

7.2.3 Challenges with Ability-Based Assessments 

Ability-based tests like the Mayer-Salovey-Caruso Emotional Intelligence 

Test (MSCEIT) aim to objectively measure EI through performance tasks. 

However, these assessments face criticisms regarding their scoring methods 

and real-world applicability. 

• Consensus Scoring: MSCEIT uses consensus scoring, where an 

individual's responses are compared to those of a normative sample. 

This method assumes that the majority's response is the correct one, 

which may not always be valid (Mayer, Salovey, & Caruso, 2002). 

• Contextual Limitations: The scenarios presented in ability-based 

tests may not capture the complexity and nuance of real-life emotional 

situations, limiting their ecological validity (Maul, 2012). 

Example: An individual may perform well on a test scenario involving conflict 

resolution but struggle to apply those skills effectively in a dynamic workplace 

dispute. 

7.2.4 Cultural and Contextual Biases 

Many EI assessments are developed within specific cultural contexts, 

potentially leading to biases when applied across diverse populations. Cultural 

norms influence emotional expression and interpretation, which can affect 

how individuals respond to assessment items (O'Connor et al., 2019). 

Example: A question assessing assertiveness may be interpreted differently by 

individuals from collectivist cultures, where indirect communication is 

valued, compared to those from individualistic cultures that emphasize 

directness. 

8. Practical Strategies for Enhancing Emotional Intelligence in 

Organizational Settings 

8.1 Implementing Structured Emotional Intelligence Training and 

Development Initiatives 

Organizations can foster emotional intelligence (EI) by integrating structured 

training and development programs aimed at improving employees' emotional 
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and social competencies. These initiatives often encompass workshops, 

interactive seminars, and experiential learning sessions that cultivate core EI 

components such as self-awareness, emotional regulation, empathy, and social 

skills. For instance, a multinational corporation may conduct a series of EI 

workshops where employees engage in role-playing exercises to enhance their 

ability to manage workplace conflicts and communicate empathetically. 

Research indicates that targeted EI training can lead to higher job satisfaction, 

better teamwork, and reduced occupational stress (Clarke, 2010). Such 

programs not only improve individual performance but also contribute to 

creating a more cohesive and emotionally resilient workforce. As Goleman 

(1998) emphasized, the development of EI is essential for success in both 

personal and professional domains, particularly in roles requiring 

collaboration and leadership. 

8.2 Utilizing Executive Coaching to Support Emotional Intelligence 

Growth 

Executive and personal coaching serve as powerful tools for cultivating 

emotional intelligence in the workplace. Coaching sessions typically offer a 

one-on-one, confidential environment where employees can receive 

personalized feedback, engage in reflective practices, and develop tailored 

action plans for EI growth. This individualized approach allows employees to 

explore their emotional responses, strengthen self-management strategies, and 

enhance interpersonal effectiveness. 

For example, a mid-level manager undergoing leadership coaching may use 

real-time scenarios to practice emotionally intelligent responses to employee 

concerns or team challenges. Studies have shown that coaching interventions 

significantly improve emotional competencies, particularly in enhancing self-

awareness and empathy (Grant, 2007; Boyatzis et al., 2006). Through 

continuous support and constructive dialogue, coaching fosters sustainable 

behavioral changes that align with both personal development goals and 

organizational objectives. 

9. Concluding Insights: The Strategic Importance of Emotional 

Intelligence in Organizational Success 

Emotional intelligence (EI) has emerged as a vital determinant of positive 

organizational behavior and long-term success. It significantly shapes how 

leaders inspire and guide others, how teams interact and collaborate, and how 



49 

decisions are made within complex and dynamic workplace environments. 

High levels of EI contribute to healthier communication, stronger 

interpersonal relationships, and the ability to navigate workplace stress and 

conflict effectively. 

Although defining and accurately measuring EI remains a subject of scholarly 

debate, the practical advantages of integrating emotional intelligence into 

organizational frameworks are increasingly evident. From enhancing 

leadership impact to strengthening team cohesion and resilience, EI acts as a 

catalyst for fostering a more empathetic, adaptive, and performance-oriented 

organizational culture. 

Organizations that prioritize the cultivation of emotional intelligence—

through targeted training, coaching, and supportive policies—position 

themselves to thrive in today’s fast-paced and emotionally demanding work 

environments. Ultimately, the strategic development of EI competencies 

among employees and leaders alike can lead to more engaged workforces, 

improved organizational climate, and sustained competitive advantage. 
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ABSTRACT 

Interproximal enamel reduction, commonly known as orthodontic 

stripping, is a widely used technique to manage tooth size discrepancies, 

alleviate mild to moderate crowding, enhance dental aesthetics, and stabilize 

occlusion post-treatment. Initially introduced in 1944, its use has expanded 

to include both adults and younger patients. Stripping can be an alternative 

to extractions in borderline cases and is also used for reshaping teeth and 

eliminating black triangles caused by gingival recession. 

Despite its utility, stripping can lead to complications such as dentine 

sensitivity, caries, and periodontal concerns. However, studies show that 

these effects are usually transient or preventable. Sensitivity typically 

diminishes over time, and when enamel thickness is respected and protective 

measures are taken, the risk to pulp and periodontium is minimal. 

Various methods—mechanical, chemical, or a combination—are 

employed for stripping. The mechanical approach includes rotary 

instruments and abrasive strips, while chemical stripping uses agents like 

hydrochloric or phosphoric acid. Regardless of the method, polishing post-

stripping and applying remineralizing agents like fluoride or casein 

phosphopeptide-amorphous calcium phosphate (CPP-ACP) significantly 

reduce enamel roughness and subsequent caries risk. 

Given the increased plaque retention in orthodontic patients, enhanced 

oral hygiene and preventive strategies are crucial. These include the use of 

fluoride toothpaste, mouth rinses, varnishes, and routine professional 

monitoring. Overall, with proper technique, careful patient selection, and 

preventive care, interproximal stripping remains a safe and effective method 

in modern orthodontics. 

Keywords – Interproximal stripping, orthodontic crowding, enamel reduction, caries 

prevention, tooth Morphology 

1. INTRODUCTION 

Interproximal stripping is a frequently employed method in 

orthodontic practice. This technique allows clinicians to achieve better 

levelling and a more stable occlusion (Bolton 1958). Stripping, which 

successfully eliminates tooth mass discrepancies, was introduced in 1944 

(Ballard 1944). In the following years, stripping was recommended for 

resolving late secondary crowding cases and for preventing relapse through 

the long-term stabilisation of dental contacts (Boese 1980, Tuverson 1980, 
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Philippe 1991, De Harfin 2000). Furthermore, it has been presented as an 

alternative to orthodontic treatment involving extractions in borderline cases. 

Other application areas of stripping include reshaping tooth contours to 

eliminate black triangles in patients with periodontal gingival recession and 

modifying canines to resemble lateral teeth in cases of congenital lateral 

incisor absence, where the canines will be used as lateral teeth. Until 

recently, stripping was mostly used in adults (Philippe 1991, De Harfin 

2000). However, its usage has now become widespread regardless of age. 

Some complications following stripping have been reported in the 

literature, such as the formation of caries, induction of periodontal disease 

and dentine sensitivity, etc.. Currently, it is understood that dentine 

sensitivity resulting from stripping is short-lived, and its persistence in the 

long term is very rarely observed (Zachrisson and Mjör 1975, Zachrisson et 

al. 2007, Sikorska-Bochinska 2009, Zachrisson et al. 2011). Additionally, it 

has been argued that the mesiodistal reduction of the tooth crown and the 

resulting approximation of roots is not a predisposing factor for periodontal 

breakdown (Artun et al. 1987). It has been documented that the cancellous 

bone between adjacent tooth roots persists when the inter-root distance is at 

least 0.5 mm. It has also been reported that even when the distance is less 

than 0.3 mm, adjacent root surfaces share the same healthy periodontal 

ligament (Heins and Wieder 1986). 

Like any abrasive intervention on enamel, the stripping procedure 

increases surface roughness. Rough tooth surfaces are more prone to 

microbial dental plaque accumulation, and plaque accumulation reaches 

much higher levels in orthodontic patients (Klukowska et al. 2011). It has 

been proven that bacterial adhesion due to surface roughness is a 

predisposing factor for dental caries. In addition to the increased cariogenic 

factors in orthodontic patients, the rate of demineralisation of the reduced 

amount of enamel should also be considered (Gorelick et al. 1982, Øgaard 

1989).In vitro studies have found a high rate of enamel demineralisation 

after stripping (Giulio et al. 2009, Twesme et al. 1994). However, in vivo, 

the rate of enamel demineralisation following stripping is balanced by 

natural remineralisation within a nine-month period (El-Mangoury et al. 

1991). Furthermore, when a microhardness test was applied to stripped teeth, 

it was found that the mineral density of the enamel did not change (Arman et 

al. 2006). 

In this context, a thorough evaluation of the potential complications 

associated with interproximal stripping, along with the presentation of 

evidence-based preventive strategies, is essential for ensuring long-term 

clinical success. This chapter aims to critically examine the adverse 

outcomes that may arise from stripping procedures and to discuss 
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contemporary preventive approaches that can mitigate these risks within the 

scope of orthodontic practice. 

1.1. General Information 

Stripping is a clinical procedure that involves the mesiodistal abrasion 

of permanent teeth, their anatomical reshaping, and/or the protection of 

distal enamel surfaces (Peck and Peck 1972).The stripping method has 

become quite popular among orthodontists in recent years. Especially in 

cases of minor crowding, the less invasive stripping method has begun to be 

used instead of extractions. It is also a method used to stabilise the occlusion 

established after treatment and to reduce the possibility of relapse. With the 

increasing popularity of this method, different techniques have been 

developed by many authors (Jadhav et al. 2011). 

1.1.1. Indications 

Stripping has various indications in orthodontics. These include 

resolving mild to moderate crowding, correcting Bolton discrepancies, 

shaping interproximal contact points, and adjusting the dental arch. 

1.1.1.1. Tooth Size Incompatibility 

In cases with Bolton discordance, the existing discordance can be 

corrected by mesio-distal abrasions on the teeth. In his study covering 500 

cases, Ballard (1944) found discordance greater than 0.5 mm in 408 teeth 

and greater than 0.25-0.5 mm in 40 teeth. It has been suggested that if this 

discordance is not corrected, it may lead to problems such as rotation and 

contact fractures in the teeth. 

1.1.1.2. Improving tooth shape and providing dental aesthetics 

Stripping is a helpful method in achieving a more aesthetic shape for 

some teeth. Thus, a more aesthetic result will be obtained at the end of 

orthodontic treatment. Peck and Peck (1972) indicate a significant 

connection between the shape of mandibular incisors and mandibular incisor 

crowding.Although stripping is not applied in every case of macrodontia, it 

should be considered in crowding situations where the teeth are larger than 

normal (Zachrisson et al. 2011, Jadhav et al. 2011). 
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1.1.1.3. Resolving Mild to Moderate Crowding 

Stripping was first recommended to provide sufficient space to resolve 

crowding in the mandibular incisor region and to prevent secondary 

crowding (Hudson 1956).In cases where the amount of arch length 

discrepancy is less than 4 mm, crowding can be resolved by abrasion of the 

interproximal surfaces instead of tooth extraction. Sheridan, however, 

reported that moderate crowding up to 8 mm can be corrected solely by 

stripping without extraction or excessive expansion (Sheridan 1985, 1987). 

Stripping can also be performed on patients with mild to moderate crowding 

in the mixed dentition period (Bishara et al. 1987).Stroud et al. stated in their 

studies that stripping can be performed to resolve mild to moderate crowding 

in individuals with a balanced profile and Class I occlusion, and in 

developed individuals with half a unit Class II occlusion (Stroud et al. 

1998).In cases where the curve of Spee is very deep, a few millimetres of 

space are needed to flatten it. In such situations, obtaining this space without 

extraction is possible with the stripping method (Jadhav et al. 2011, Phulari 

2011).If compensation treatment is preferred in Class III cases, stripping can 

be performed in the mandibular anterior region to achieve overjet. It has 

been reported that it can also be used in Class II compensation cases, along 

with the extraction of upper premolars, for the correction of crowding in the 

mandibular anterior region and the adjustment of incisor inclination (Jadhav 

et al. 2011). 

1.1.1.4. Stabilisation of the Dental Arch 

Abrasions made on the interproximal surfaces are widely used to 

ensure the stabilisation of dental arches after orthodontic treatments. 

Rossouw and Tortorella (2003) and Joseph et al. (1992) stated in their 

studies that the long-term stabilisation of tooth alignment can be increased 

by making the interproximal contact points surfaces through abrasion. 

1.1.1.5. Improvement of Gingival Contours and Elimination of Black 

Triangle Areas 

Black triangle areas can be seen in the interproximal spaces of teeth, 

especially in adult patients due to gingival recession. In cases where there is 

no gingival recession, black triangle areas may exist due to the triangular 

shapes of the teeth. This problem can be eliminated with stripping (Joseph et 

al. 1992). 

1.1.2. Contraindications 
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Applying stripping to resolve all crowding in the presence of severe 

crowding (more than 8 mm) is an incorrect treatment choice. In such a 

situation, the risk of excessive enamel loss and tooth sensitivity may occur 

(Jadhav et al. 2011).Stripping should be avoided in the presence of poor oral 

hygiene and/or a weak periodontal environment. It should definitely not be 

applied, especially in the presence of active periodontal disease (Jadhav et al. 

2011).Great care should be taken when performing stripping in cases where 

the mesiodistal dimensions of the teeth are narrow. Mesial stripping of these 

teeth can completely eliminate the enamel (Jadhav et al. 2011).If the tooth to 

be abraded has existing hot/cold sensitivity, the stripping procedure may 

increase this sensitivity (Jadhav et al. 2011).If caries susceptibility is 

observed when examining the overall hygiene of the mouth, the stripping 

procedure should be performed with caution (Jadhav et al. 2011). 

1.1.3. Amount of Abrasion and Determination Methods 

It is important to determine how much enamel will be abraded before 

performing stripping. Since the dentine follows a straight line from the 

cervical line, the enamel thickness can be determined by drawing a 

perpendicular line from the cervical line to the occlusal plane (Jadhav et al. 

2011). Researchers have stated that while enamel thickness is less than 1 mm 

in anterior teeth, it increases distally from the canines (Frindel 2010). 

Enamel thickness is slightly thinner on the mesial surface compared to the 

distal surface, and there is no correlation between tooth shape and enamel 

thickness (Florman et al. 2005).When deciding on the amount of abrasion, it 

is recommended to examine the enamel thicknesses and root-crown widths 

of the teeth by taking periapical and bite-wing radiographs before stripping 

(Diapolo and Boruchov 1971). Otherwise, the dentine may be exposed 

(Bravo 1994).Measurements made on a model before performing stripping 

in the mouth can help in determining the amount to be abraded. Ideally, a 

model set-up should be made, and the final position of the teeth should be 

evaluated (Zhong et al. 2000).The amount of enamel to be removed by 

stripping depends on the thickness of the existing enamel. As a general rule, 

many researchers recommend that no more than half of the total thickness of 

the interproximal enamel should be removed (Diapolo and Boruchov 1971, 

Boese 1980). Accordingly, Sheridan (1985) stated that 0.4 mm of stripping 

can be performed on posterior teeth and 0.25 mm on anterior teeth.Tuverson 

(1980) recommended 0.3 mm of abrasion from each surface of the lower 

incisors and 0.4 mm from the canines.Frindel (2010) emphasized that the 

upper incisors should be abraded no more than 0.3 mm, the upper posterior 

teeth no more than 0.6 mm, the lower incisors no more than 0.2 mm, and the 

interproximal surfaces of the lower posterior teeth no more than 0.6 

mm.According to Chudasama and Sheridan (2007), maxillary lateral incisors 

and mandibular incisors have weaker interdental enamel, hence the contact 
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sites should only be abraded by 0.5 mm.Sheridan and Ledoux reported that 

6.4 mm of space can be gained by abrading a total of eight surfaces of 

premolars and molars (Danesh et al. 2007).Zachrisson (1986) did not specify 

a particular figure for the amount of abrasion but reported that the amount of 

abrasion is closely related to tooth morphology, adequate cooling during 

abrasion, and obtaining smooth, self-cleansing surfaces. 

1.1.4. Stripping Procedure 

Before stripping, the teeth, gingiva, and alveolar bone should be 

carefully examined. Firstly, there should be no other spaces in the dental 

arch (Paskow 1970). Secondly, the patient must have good oral hygiene and 

especially no interproximal caries. Thirdly, stripping should be performed on 

the teeth for the first time. In addition, periapical radiographs can be taken to 

evaluate enamel thickness, the convexity of the proximal regions, the 

presence of caries, the number of fillings, and the amount of bone between 

the roots (Philippe 1991).It is important for rotated teeth to be levelled 

before stripping to allow easier access to contact points and more accurate 

abrasion. If possible, separation 3-4 days before stripping is recommended. 

Coil springs, wedges, and separators not only create space but also increase 

visual and mechanical access and depress the dental papilla to reduce trauma 

(Jarvis 1990, Chudasama and Sheridan 2007). 

If rotated teeth are to be abraded before levelling, plaster models can 

be used since tooth contours may not be very clear on radiographs. Abrasion 

on rotated teeth must be performed from the anatomical proximal surfaces. 

The amount of stripping should be minimal, just enough to provide a convex 

contact and prevent excessive root approximation. 

If the potential amount of stripping is greater than the arch length 

discrepancy, another treatment method should be considered. Stripping 

should not be performed in more distal regions, including the distal of the 

first molars, as it will both shorten the arch length and reduce anchorage 

(Jadhav et al. 2011). 

To protect the interdental tissues, a 0.020-0.030" brass or steel 

indicator is placed gingivally to the contact point. The risk of interproximal 

gingival lesions is minimised by the obstruction of the metal separator or 

wedge. Also, the use of rubber dam both isolates the working area and 

protects the remaining tissues (Sheridan 1985).Zachrisson (2004) 

recommended using a tongue and lip retractor when performing stripping 

with a rotary diamond disc, and a four-handed approach to protect the tongue 

if working without a retractor.Zhong et al. (2000) concluded that performing 
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stripping with a vibrating perforated diamond-coated disc eliminates the 

need for a lip or cheek protector. 

1.1.5. Stripping Methods 

Various methods have been proposed by different authors. Generally, 

they can be examined in 3 main groups: 

1. Mechanical stripping 

2. Chemical stripping 

3. Mechanical + chemical stripping 

1.1.5.1. Mechanical Stripping 

Mechanical stripping can be performed manually using metal 

stripping strips or with rotary instruments using stripping discs, O-Drive, 

Profin system, abrasive strips (Ortho Strips), ERS (Electric Rotor 

Slenderization), and ARS (Air Rotor Stripping) developed by Sheridan. 

The surface of the sandpaper used for manual stripping is coated with 

diamond particles and has a flexible structure that allows easy abrasion 

between teeth. Various studies have indicated that it would be beneficial to 

use a specially designed holder for metal stripping sandpaper to position the 

sandpaper properly between the teeth and apply a standard force (Florman et 

al. 2005, Germeç and Taner 2008).O-Drive, one of the rotary instrument 

stripping methods, operates by rotating at a 30° angle instead of 360°, unlike 

the stripping disc. With its specially designed shape and different working 

mechanism, this system minimises soft tissue damage. It is used with a 

special contra-angle handpiece attached to a micromotor (Danesh et al. 

2007).OrthoStrips, one of the rotary instrument stripping methods, performs 

abrasion on interproximal surfaces with a forward and backward vibration 

motion when attached to a special contra-angle handpiece connected to a 

micromotor. These diamond-coated stripping strips have 5 different diamond 

particle sizes: 90 µm, 60 µm, 40 µm, 25 µm, and 15 µm. They are used for 

stripping, shaping, contouring, and polishing procedures according to their 

particle sizes (Danesh et al. 2007).Profin, one of the rotary instrument 

stripping methods, can be used for stripping in addition to shaping 

interproximal fillings. It provides a safe working environment in 

interproximal and subgingival areas. It is used with a special contra-angle 

handpiece attached to a micromotor. With its special design, it prevents hard 

and soft tissue damage (Danesh et al. 2007).ARS, one of the rotary 

instrument stripping methods, is a stripping technique described and 

developed by Sheridan (1985). It is inspired by and based on the natural 

interproximal abrasion of teeth and can be applied to the interproximal 
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contact points of both anterior and posterior teeth using various specially 

developed burs. In ARS, it is necessary to first place a 0.020" thick indicator 

wire under the interproximal contact point. This prevents the ARS burs from 

cutting the interdental tissues. This wire also guides the ARS burs by 

preventing the formation of protrusions on the interproximal enamel walls. 

In ARS, the burs must be used in the appropriate sequence. It should first be 

done using a 699L cross-cut fissure carbide bur. Water spray must be used 

during abrasion to prevent heat build-up from the use of the bur. Abrasion is 

done by moving the bur in an occlusal or incisal direction and continued 

until the guide wire can be removed from the interproximal space. This 

abrasion process takes approximately 30 seconds and is quite comfortable 

and painless for the patient. After the initial abrasion and removal of the 

indicator wire, the interproximal surfaces need to be polished. For this 

purpose, polishing discs, hand sandpaper, or diamond finishing burs can be 

used. It is also stated that applying topical fluoride after polishing the 

abraded surfaces would be beneficial. With ARS, due to the shape of the 

burs used in this technique, a total of 1 mm of abrasion can be performed 

interproximally on posterior teeth and 0.75 mm on anterior teeth when 

stripping is done from occlusal to gingival. The amount of abrasion done 

with ARS can be measured with commercially available gauges (that can 

measure a distance of 0.1 mm). The 'Sheridan interproximal space measuring 

gauge' can also be used for this purpose. This gauge can measure distances 

between 0.75 and 3 mm (with 0.25 mm intervals). With the help of this 

gauge, measurements parallel to the proximal walls can be easily 

made.Sheridan et al. (2008) also explained the features of safe-ended ARS 

burs in their review. These burs prevent the formation of grooves on the 

proximal walls due to their rounded ends. The use of these burs is safer 

compared to traditional square-ended ARS burs.Another stripping method is 

known as ERS (Electric Rotor Slenderization). Florman (2005) placed a disc 

used for stripping by attaching a special tip to an electric micromotor used in 

endodontics that operates at high torque and low speed. In this way, 

stripping can be performed quite safely and effectively at a very low speed 

like 100 rpm and high torque. 

1.1.5.2. Chemical Stripping 

There are various studies in which 18% hydrochloric acid has been 

used to remove 'white spot' lesions for cosmetic reasons. Bishara used the 

hydrochloric acid technique for the conservative treatment of enamel stains 

that occur after orthodontic treatment and for removing lesions up to 100 

microns deep. Natural remineralisation occurs 6 months after chemical 

stripping (Bishara 1987). A disadvantage of the 18% hydrochloric acid 

abrasion method is that this method requires the use of rubber dam due to the 

damaging effect of the acid on the tissues. 
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Chemical stripping can also be done with 37% phosphoric acid. This 

method does not require the use of rubber dam. However, the use of 

'Oralseal' as a protective gel is recommended to isolate the gingiva. 

Controlled decalcification of the enamel surface is achieved in this way. It is 

a particularly helpful method in bleaching treatments for pathological tooth 

discolourations (Cate 1977). 

1.1.5.3. Mechanical + Chemical Stripping 

In this method, 37% orthophosphoric acid gel is first applied to the 

enamel surface, followed by mechanical stripping. After abrasion, the acid 

on the tooth surface is removed with an air-water spray. Joseph et al. (1992), 

Piacentini et al. (1996), and Arman et al. (2006) used this method in their 

studies.Joseph et al. (1992), in their research, stated that mechanical + 

chemical stripping creates a smooth surface and that this method increases 

the possibility of remineralisation. 

1.1.6. Complications 

It has been reported that excessive stripping can cause hot/cold 

sensitivity (Singh 2007, Phulari 2011), irreversible damage to the pulp 

(Kanoupakis et al. 2011), increased plaque accumulation (Zachrisson et al. 

2007, Zachrisson et al. 2011, Singh 2007, Rossouw and Tortorella 2003, 

Danesh et al. 2007), caries formation (Singh 2007, Phulari 2011, Rossouw 

and Tortella 2003), and damage to periodontal tissues.Sensitivity due to 

temperature changes depends on the patient's age (Jadhav et al. 2011, Singh 

2007, Phulari 2011), the severity of crowding (Jadhav et al. 2011, Phulari 

2011, Rossouw and Tortorella 2003), pathological tooth wear (Phulari 

2011), pre-treatment sensitivity (Jadhav et al. 2011), and the amount of 

enamel abraded (Chudasama and Sheridan 2007, Rossouw and Tortorella 

2003, Sheridan and Armbruster 2005).Iatrogenic injuries on the proximal 

enamel surface can be a predisposing factor for periodontal disease and 

caries (Baysal et al. 2007) because interdental enamel becomes more 

susceptible to demineralisation.Even if polishing is done after stripping, 

fissures remain present in the interdental enamel (Arman et al. 2006) and 

therefore plaque accumulation becomes more intense (Frindel 2010). For 

these reasons, patients who have undergone stripping must pay great 

attention to their oral hygiene and be examined regularly for caries. It has 

been reported that the smoothest enamel surface that can be obtained after 

stripping is achieved by using a diamond-coated disc followed by polishing 

with Sof-Lex (3M), while the roughest surface results from chemical 

stripping and air rotor stripping (Rao et al. 2011, Gupta et al. 2012). 
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1.1.6.1. Periodontal Health 

Stripping is also a beneficial method for gingival health as it helps in 

the ideal alignment of teeth (Betteridge 1981). Crain and Sheridan (1990), 

Rossouw and Tortorella (2003), and Zachrisson et al. (2007) have claimed 

that periodontal disease does not occur after stripping. Frindel (2010) argued 

that periodontal damage can occur if the cementoenamel junction is 

damaged during stripping in non-triangular shaped teeth. Fillion (1993) 

reported that stripping does not have any negative effects on the 

periodontium and can even increase the bone's resistance to disease under 

certain conditions. 

1.1.6.2. Heating (Pulp Damage) 

Frictional heat generated when using rotary instruments is one of the 

side effects of the stripping procedure. A temperature increase of more than 

5.5°C from the existing temperature can lead to irreversible structural 

changes in the pulp (Zach and Cohen 1965).Trauma to the pulp and dentine 

originates from the speed of the instrument used, the bur design, and the type 

of coolant. Air or water spray is one of the most effective cooling methods 

and limits the temperature rise in the pulp chamber (Baysal et al. 

2007).Studies evaluating the short-term (Zachrisson and Mjör 1975) and 

long-term (Thodarson et al. 1991) results after stripping have reported that 

stripping can be safely performed even on excessively abraded teeth with 

exposed dentine, provided that air and water cooling is used and the prepared 

tooth surfaces are smooth.Baysal et al. (2007) found a significant increase in 

heat when using tungsten carbide and emphasised the need for simultaneous 

coolant application. They reported that the highest rate of irreversible pulp 

damage occurs in lower incisor teeth and when a tungsten carbide bur is 

used. Sheridan (2008) recommended the use of water spray during the ARS 

technique to reduce pain and dissipate the generated heat.Zachrisson (2011) 

recommended using cooling for better visibility and optimal results when 

extra-fine discs are used in stripping.Various authors (Sheridan et al. 2008, 

Pinheiro 2002) have recommended using new instruments each time to avoid 

unwanted thermal consequences. When stripping is done without cooling, 

odontoblast aspiration occurs in the dentinal tubules, which is a sign of 

dental damage. It promotes plaque accumulation, caries development, and 

inflammatory cell infiltration in the pulp (Zachrisson and Mjör 1975). 

1.1.6.3. Risk of Caries 

It was incidentally found that the stripping stages predispose to future 

caries cavities (Zachrisson and Mjör 1975). Initial caries lesions, albeit 

minimal, have been encountered in the interdental enamel after stripping 
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(Zachrisson et al. 2011, Zachrisson et al. 2007, Kanoupakis et al. 2011, 

Rossouw and Tortorella 2003).Iatrogenic enamel fissures formed during the 

stripping procedure facilitate plaque accumulation. It has been reported that 

fissures persist even one year after the completion of orthodontic treatment, 

increasing susceptibility to caries (Radlanski et al. 1988).However, it has 

been reported that after stripping, soft and hard tissues adapt to the new 

situation without problems, and even the abraded enamel becomes more 

resistant to caries (Chudasama and Sheridan 2007, Sheridan and Armbruster 

2005).Zachrisson et al. (2011) investigated the risk of caries after stripping 

on 278 surfaces. At the end of clinical and radiographic evaluation, a 1st-

degree caries lesion was found in 2.5% (in 3 of 43 patients).In a caries 

evaluation with Diagnodent 18-24 months after stripping in fifty-three 

patients, an initial caries lesion was found in 4.7% (Kanoupakis et al. 

2011).El-Mangoury et al. (1991) examined the enamel surface with SEM 

after stripping in the posterior segment. They claimed that stripping in the 

posterior region does not cause pathological caries and that spontaneous 

remineralisation of the hard tissue occurs within 9 months.Forty individuals 

who underwent air rotor stripping were followed up for 1-6 years, and initial 

caries lesions were found on 3 of 376 surfaces (Jarjoura et al. 2006).In 

another study conducted on sixty-one individuals, stripping was performed 

in the mandibular anterior region with an air-cooled diamond disc. When 

checked after ten years, no new caries lesions were found. Gingival 

recession in the labial region was detected in only 3 patients (Zachrisson et 

al. 2007).Conflicting results have been found in studies with a follow-up of 

at least 5 years after the completion of treatment (Zachrisson et al. 2007, 

Zachrisson et al. 2011, Crain and Sheridan 1990, Jarjoura et al. 2006). The 

rates of newly formed interproximal caries were observed to be between 0-

4.6% (Crain and Sheridan 1990, Zachrisson et al. 2007).The risk of caries 

formation after stripping is also closely related to the methods used. It has 

been reported that air-rotor stripping can make proximal enamel surfaces 

more susceptible to demineralisation (Twesme et al. 1994).Some authors 

have recommended the combined use of chemical and mechanical stripping 

to obtain a smoother surface. It has been reported that when the mechanical 

stripping procedure is combined with chemical agents (37% phosphoric 

acid), enamel surfaces can heal spontaneously if fluoride and 

remineralisation solution are applied to the stripped surface (Joseph et al. 

1992).Piacentini and Sfondrini (1996) compared mechanical (bur) and 

chemical (phosphoric acid) stripping in human teeth extracted for 

orthodontic and periodontal reasons. According to SEM images, it was 

reported that it is not possible to treat the enamel fissures formed after using 

a diamond disc or bur, or a 16-bladed tungsten carbide bur. However, it was 

reported that a smooth surface could be obtained when an 8-straight-bladed 

carbide bur was used and then polished with Sof-Lex discs. These authors 
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claimed that even if the enamel is very well polished after abrasion, it is very 

difficult for it to be smoother than an untreated enamel surface. 

It has been reported that the best result in terms of roughness is 

obtained when stripping is started with tungsten carbide and polished with a 

series of Sof-Lex discs (Piacentini and Sfondrini 1996).Previous studies 

(Artun and Brobakken 1986, Mizrahi 1982, Wenderoth et al. 1999) have 

revealed that demineralisation is seen at a higher rate in orthodontic patients 

compared to normal patients. In vitro studies have found a high rate of 

enamel demineralisation after stripping (Twesme et al. 1994). The rough 

surfaces of brackets, bands, wires, and other attachments increase plaque 

retention, make tooth cleaning difficult, and limit the natural cleansing 

properties of tissues such as saliva and cheeks (Rosenbloom and Tinanoff 

1991). This situation, in the presence of fermentable carbohydrates, 

increases plaque accumulation and maturation, causes a decrease in plaque 

pH, and an increase in the number of cariogenic bacteria such as S. mutans 

(Gorelick et al. 1982, Mitchell 1992, Mizrahi 1982, Øgaard et al. 1988, 

Rosenbloom and Tinanoff 1991). Studies have observed an increase in the 

colonisation of Streptococcus mutans with the placement of fixed 

orthodontic appliances in the mouth, and consequently an increased risk of 

caries (Attin et al. 2005, Corbett et al. 1981).It is known that all stripping 

methods create a rougher surface with cracks and grooves in the enamel 

compared to untreated enamel surfaces (Joseph et al. 1992, Arman et al. 

2006, Piacentini et al. 1996). Polishing can relatively eliminate enamel 

roughness but does not completely remove it (Zachrisson et al. 2007, Arman 

et al. 2006, Jarjoura et al. 2006). This can be clearly seen in SEM images 

taken after 1 year. In light of this information, plaque accumulation can be 

expected in these areas even if dental floss is used (Sheridan et al. 1989).The 

roughness of intraoral surfaces increases initial bacterial adhesion and plaque 

retention (Joseph et al. 1992, Arman et al. 2006).Some in vitro studies 

(Randlanski et al. 1988, Twesme et al. 1994) or short-term in vivo studies 

(12 weeks) (Radlanski et al. 1988) have observed that caries and periodontal 

breakdown can occur after stripping. Conversely, long-term in vivo studies 

(10 years later) have found no association between stripping and caries risk 

(Zachrisson et al. 2007, Jarjoura et al. 2006, Crain and Sheridan 1990, El 

Mangoury et al. 1991).Twesme et al. (1994), in their study with SEM 

morphological evaluation, found more demineralisation on the abraded 

surfaces. While a primary level of interprismatic tissue loss was observed 

after exposing normal enamel surfaces to acid, more dissolution and severe 

disruption of the enamel prism core integrity were observed in abraded and 

acid-exposed surfaces. Furthermore, the removal of the outer surface of the 

enamel makes the enamel less resistant to dissolution. 
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1.1.7. Enamel Structure 

Enamel is an acellular tissue. 80-90% of its structure is composed of 

calcium hydroxyapatite crystals (Ca10(PO4)6OH2). The organic proteinaceous 

structure makes up the remaining 10–20%. The existence of different enamel 

surface morphologies is related to the non-homogeneous arrangement of 

these structures (Elliott 1997). Enamel prisms are typically formed by the 

assembly of 1000 hydroxyapatite crystals.  The enamel prisms and enamel 

crystals are oriented parallel to each other's long axis.  The distribution of 

enamel's organic and inorganic constituents is complicated.  In general, the 

density of biological stuff rises toward the dentine, whereas inorganic 

substances are more concentrated in the enamel's surface layer (Boyde 

1989).A hydroxyl (OH) ion is at the center of the mineral composition's 

stoichiometric arrangement, with calcium and phosphate ions at the corners 

of a triangle that encircles it and calcium ions in a hexagonal shape at the 

outermost portion (Robinson et al. 1995). Certain exogenous ions interact 

with enamel crystals.  These ions are magnesium, carbonate, and fluoride 

(Young 1975).  As is well known, fluoride works by either replacing or 

filling the hydroxyl ion gaps in the hydroxyapatite structure.  The calcium 

ions in the apatite crystal structure are quite similar to the fluoride ion in 

terms of their symmetrical characteristic and high energy density.  

Consequently, the crystal structure provides efficient stabilization. The 

structure of the generated fluorapatite crystals is less soluble in acid.  In 

order to prevent and control dental caries, this is becoming increasingly vital 

(Young 1975). 

Both phosphate and hydroxyl ions can be substituted by carbonate.  

Crystals of carbonate apatite run along the prisms' long axis from the dentine 

to the enamel surface.  A less stable crystal structure that is more readily 

soluble against acids is produced by the ions' poor molecular compatibility 

with one another (Robinson et al. 2000).One characteristic of magnesium is 

that it may replace a small percentage of calcium ions (on average, 0.3%).  

They can be found independently or in the crystal structure.  Magnesium has 

a less stable and acid-labile structure, just like carbonate. There are studies 

showing that magnesium and carbonate synergise with each other to develop 

a more acid-resistant structure (Terpstra and Driessens 1986).Minerals like 

sodium and chloride have minute interactions with the structure of enamel.  

The apatite structure is believed to become unstable when exposed to sodium 

(Robinson et al. 2000). 

1.1.8. Definition and Pathogenesis of Dental Caries 

Dental caries is a disease characterised by the progressive destruction 

of dentine and cementum tissues, starting with microbial activity on the 
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tooth surface (Silverstone et al. 1981). Various theories have been proposed 

on the formation of dental caries, including proteolytic, acidogenic, 

proteolysis-chelation, auto-immunity, and sucrose-chelation. Among these, 

the acidogenic theory is the most widely accepted today (Silverstone et al. 

1981, Newburn 1989).At the beginning of caries, plaque bacteria ferment 

dietary carbohydrates to produce acid. Plaque pH repeatedly drops below 5 

for a period of 1-3 minutes. This situation can cause the demineralisation of 

sensitive areas on the tooth surface and the start of caries (Kidd and Joystan-

Bechal 1987).Microbiological studies have shown that the microorganism 

groups that play the most significant role in the formation of caries are oral 

streptococci, lactobacilli, and actinomyces (Krasse et al. 1968).Thylstrup and 

Fejerskov (1986) considered S. mutans and S. sobrinus from the 

streptococcal group as primarily responsible for caries formation, while they 

mentioned lactobacilli, which are seen in every carious lesion, as 

secondary.Soet et al. (1996), in their studies evaluating the acid-producing 

abilities of oral streptococci, reported that S. mutans produced higher acid 

levels than sobrinus and mitis species and was the most important etiological 

factor in the formation of dental caries.Stralfors (1950) reported that 

lactobacilli and streptococci were the only microorganisms that could 

produce acid that could lower the plaque pH to 4.5.S. mutans is a member of 

the mutans streptococci group, which is most commonly isolated from saliva 

and dental plaque (Holbrook and Beighton 1987). Studies have shown that 

the presence of more than 2 x 105 S. mutans bacteria per milliliter of saliva 

poses a risk for caries development (Maltz et al. 1985).S. mutans is sensitive 

to ampicillin, penicillin, erythromycin, cephalothin, methicillin, and other 

antimicrobial agents. In addition to these, it is suppressed by vancomycin, 

kanamycin, bis-guanidine, fluoride, surfactants, and chlorhexidine (Stanley 

1989). 

1.1.9. Effect of Orthodontic Treatment on Dental Caries 

Retentive areas of solid surfaces are preferred colonisation sites for S. 

mutans (Carlson et al. 1969). They are predominantly found in plaque flora 

in carious areas, pits, and fissures (Meiers et al. 1982). While interdental 

regions in the posterior area of the dental arch are frequently seen as infected 

areas, smooth tooth surfaces can often remain uninfected (Keene et al. 

1981).By forming new retentive zones and complicating oral hygiene 

practices, the implantation of fixed orthodontic equipment in the oral cavity 

results in iatrogenic adverse effects.  The percentage of carbohydrates and 

the number of bacteria in each milligram of dental plaque both rise as the 

amount of plaque increases. This increase in carbohydrate content leads to 

an increase in plaque adhesiveness and a decrease in the effective washing of 

tooth surfaces by saliva; therefore, the neutralisation of the formed acid by 

saliva decreases, and a more acidogenic plaque forms (Balensefien and 
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Madonia 1970).Chatterjee and Kleinberg (1979) reported that the increase in 

bacterial levels in individuals undergoing orthodontic treatment develops as 

a result of the increase in low pH level or carbohydrate content. Studies 

indicate that the number of S. mutans and lactobacilli in the dental plaque of 

patients undergoing fixed orthodontic treatment is higher during treatment 

compared to before and after treatment (Balensefien and Madonia 

1970).Sakamaki and Bahn (1968) reported a significant increase in the 

number of lactobacilli on the tooth surfaces of patients who had bands and 

arch wires placed for orthodontic treatment.Bloom and Brown (1969) 

reported an increase in the facultative microbial population, such as 

streptococci, lactobacilli, and staphylococci, after the placement of 

orthodontic bands and archwires.Svanberg et al. (1984) investigated the 

effects of materials used in fixed orthodontic treatment on the level of S. 

mutans in plaque; they found that plastic brackets caused a greater increase 

in the amount of S. mutans in plaque compared to metal 

brackets.Rosenbloom and Tinanoff (1991) evaluated the level of S. mutans 

in saliva before, during, and at the end of orthodontic treatment and found 

that the level of S. mutans increased significantly during treatment and 

decreased to the same level as the control group during the retention period 

of treatment. 

The early appearance of dental caries is dull white lines or greenish 

white dots. White lesions are due to changes in the enamel structure due to 

surface demineralization. After removal of orthodontic appliances, the 

formation of white lesions will cease due to the elimination of the cariogenic 

environment. Some inactive carious lesions may regress and become less 

obvious. However, if the remaining scar tissue is extensive, it may cause 

esthetic problems (Artun and Thylstrup 1968).Some studies have indicated 

that teeth with fixed orthodontic appliances are more susceptible to dental 

caries (Zachrisson and Zachrisson 1986).In a study conducted by Taylor et 

al. (1993) on 280 orthodontic patients, untreated caries lesions were found in 

one out of five patients; it was stated that more than half of the patients had 

poor oral hygiene and consequently a high risk of caries.Today, the general 

consensus is that the rate of caries occurrence does not always increase in 

patients undergoing orthodontic treatment (Hollender and Rönnerman 1978). 

Nevertheless, there are differences in the distribution of lesions between 

treated and untreated individuals, and some patients may develop more 

caries than others (Lundstrom et al. 1980).It has been shown that cemented 

bands protect the approximal surfaces from caries during the treatment 

period (Zachrisson and Mjör 1975, Wisth and Nord 1977). On the other 

hand, it can be expected that the frequency of caries in approximal regions 

will be higher during the treatment period because these regions are not 

covered by the appliance (Wisth and Nord 1977).O’Reilly and Featherstone 

(1987) stated that measurable demineralisation can be seen 1 month after the 
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placement of fixed orthodontic appliances.Zachrisson (1986) stated that the 

frequency of new approximal caries is low in treatments with multibonded 

appliances; he observed new vestibular demineralisation in 7 of 46 

patients.Gorelick et al. (1982) examined white caries lesions in the gingival 

region after the removal of bonded brackets and found lesions in at least one 

tooth in only 49.6% of 121 patients. It was particularly reported to affect 

mandibular premolars and maxillary lateral incisors and canines.Ulukapı and 

Koray (1997) observed that salivary flow rate significantly increased in 

orthodontic patients and stated that fixed orthodontic treatment is not the 

only factor that increases the risk of caries. Many methods have been 

proposed to maintain effective oral hygiene and increase the resistance of 

enamel to decalcification in orthodontic patients.Studies have shown that the 

use of chlorhexidine varnish significantly reduces the level of S. mutans and 

caries incidence in orthodontic patients (Madlena et al. 2000).Pascotto et al. 

(2004) stated that the use of glass ionomer cement in the bonding procedure 

reduces caries development around brackets. 

Topical fluoride applications have been shown to result in the 

formation of calcium fluoride on tooth surfaces, which contains phosphate 

ions both on the surface and within the crystal. It has been shown that this 

phosphate-containing calcium fluoride provides a higher rate of fluoride 

release compared to pure calcium fluoride (Brantley and Eliades 

2001).Kleber et al. (1999) stated that the brushing or topical application of 

remineralising fluoride-containing toothpastes accelerates the 

remineralisation process.The study by Doherty et al. (2002) indicated that 

fluoride-releasing elastomeric ligatures did not show a significant level of 

anticariogenic effect in orthodontic patients but could affect the local 

environment around the bracket.After white spot lesions form during 

orthodontic treatment, it is very difficult, even impossible, to achieve 

complete remineralisation. Immediate fluoride application after treatment 

traps the lesions and causes staining over time. Applying fluoride some time 

after the treatment allows saliva salts to precipitate at the base of the lesion, 

making the lesion base resistant to caries (Kleber et al. 1999).Gelgör and 

Büyükyılmaz (2003) proposed a practical microabrasion technique for the 

treatment of white spot lesions that occur in individuals undergoing fixed 

orthodontic treatment. The researchers applied a mixture of 18% 

hydrochloric acid, pumice, and glycerine to the tooth surface with an electric 

toothbrush for 3-5 minutes and stated that mild lesions disappeared 

completely with this technique, while severe lesions reached an acceptable 

colour. This study also eliminated brown-yellow stains and achieved smooth 

enamel surfaces. 
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1.1.10. Caries Prevention 

Various strategies have been proposed to prevent caries after 

stripping. Some researchers have recommended the application of 8% 

stannous fluoride for four minutes, the use of fluoridated mouthwash for 45 

days, and daily use of 0.05% neutral sodium fluoride mouthwash, while 

others have recommended the professional application of 1.23% acidulated 

phosphate fluoride for 4 minutes along with daily regular use of fluoridated 

toothpaste (Twesme et al. 1994). Other researchers have proposed casein 

phosphopeptide-amorphous calcium phosphate (CPP-ACP) tooth mousse for 

the remineralisation of the subsurface layers of enamel (Giulio et al. 2009). 

Applying fissure sealant for 20 seconds is another approach, but the fissure 

sealant may not last for a long time (Sheridan and Ledoux 1989, Philippe 

1991). 

1.1.10.1. Improvement of Oral Hygiene 

Reducing the amount of plaque on the tooth surface is an effective 

method in preventing caries formation (Van der Veen et al. 2007It is 

important to increase oral hygiene habits and regularly evaluate plaque 

control. Removal of dental plaque is possible with mechanical and chemical 

methods. Tooth brushing is a frequently used method for mechanical plaque 

control. It is stated that electric toothbrushes are 20%-47% more effective 

than manual ones (Lussi et al 1999). Mouthwashes that provide plaque 

control by chemical means are effective agents that reduce bacteria by 

99.9% without damaging the surrounding tissues in the mouth.  

Whichever method is used, correct, effective and regular use is 

important in ensuring complete oral hygiene (Mitchell 1992). 

1.1.10.2. Fluoride Agents 

Fluoride is the ionic form of the element fluorine. It is a negatively 

charged ion. It can interact with positively charged ions such as calcium and 

sodium to form calcium fluoride and sodium fluoride complexes. Due to its 

high affinity for calcium ions, it interacts with calcified tissues such as bones 

and teeth in humans (Blaney and Tucker 1948). Fluoride application is a 

commonly used method in reducing the susceptibility of enamel to 

demineralisation. Its effectiveness in preventing the formation and 

progression of dental caries has been proven. It was first used in 1945 in the 

United States and Canada by being mixed into drinking water (Hutton et al. 

1951). The concentration of fluoride ions in saliva and plaque plays a role in 

the prevention of demineralisation and the formation of remineralisation 

(Koulourides 1990). Organic acids formed by cariogenic bacteria cause a 
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decrease in plaque pH, and in response to this situation, fluoride diffusion 

occurs from plaque and saliva into the enamel. By replacing hydroxyl ions in 

the enamel structure, fluorapatite is formed. This newly formed crystal form 

exhibits a more resistant structure against acids (Chow 1990). Fluoride also 

prevents caries formation by affecting the activities of cariogenic bacteria. 

Laboratory studies show that low concentrations of fluoride ion cause S. 

mutans to produce less acid (Bowden 1990). Saliva is an important topical 

fluoride carrier. However, most of the fluoride is stored in the salivary 

glands, so it is secreted in small amounts. This rate is 0.016 ppm in areas 

where drinking water is fluoridated and 0.006 ppm in areas where fluoride is 

not added to drinking water. This concentration of fluoride is insufficient in 

reducing cariogenic activity. Therefore, it is possible to increase the fluoride 

concentration in saliva by 100 to 1000 times with applications such as 

fluoridation of drinking water and mixing fluoride into toothpastes (Oliveby 

et al. 1990). 

Depending on patient compliance, ongoing fluoride supplementation 

is necessary since fixed orthodontic equipment result in high caries activity.  

According to Øgaard (2008), topical fluoride agents in the form of varnish, 

solution, and gel are therefore advised.As a result of topical fluoride 

applications, calcium fluoride (CaF2)-like reaction products are formed on 

the enamel surface, which constitute the first step in the caries prevention 

mechanism (Øgaard et al. 1991). CaF2 is described as 'loosely bound 

fluoride' on the surface. According to a study, it is stated that the reason why 

'tightly bound fluoride' such as fluorapatite cannot be detected after fluoride 

solutions are applied to enamel is that CaF2 may be formed as the last 

product (Cruz et al. 1991).The reason for the low dissolution rate of CaF2 in 

oral fluids is that it is coated with salivary proteins and phosphate at neutral 

pH. At lower pH levels in cariogenic environments, the binding dissolution 

inhibition of phosphate and proteins disappears, and the solubility of calcium 

fluoride increases. For this reason, the function of CaF2 as a fluoride 

reservoir is a pH-dependent property and occurs in cariogenic environments 

where the pH reaches values lower than 6 (Rølla and Øgaard 1986).The 

distribution of fluoride within and on the surface of the enamel shows a non-

homogeneous structure. The fluoride concentration on the enamel surface 

decreases dramatically as it goes deeper. Fluoride mineral with low 

solubility tends to accumulate on the enamel surface. Fluoride ions filling 

the porous spaces on the surface cannot penetrate deeper (Koulourides 

1990).In one study, fluoride was applied to a white lesion created 

experimentally at a depth of 100 μm for 3 months, and it was observed in the 

sections examined at the end of 3 months that fluoride ions could only reach 

a depth of 50 μm. Low-dose fluoride application is recommended for 

fluoride ions to reach deeper into the lesion more easily. Studies show that 

remineralisation can be achieved with low-dose fluoride application in 
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lesions shallower than 60 μm (Lagerweij et al. 1997).Using the correct 

amount of fluoride helps in the prevention and control of caries. Using 

excessive amounts of fluoride during the development of dental enamel 

causes fluorosis. Especially in children under 8 years of age, the amount of 

fluoride in drinking water, the use of toothpastes, fluoride-containing 

nutritional supplements, and dental materials constitute risk factors for 

fluorosis (Heller et al. 1997). In the United States, it was reported that the 

prevalence of fluorosis among school children (9-17 years) was 23% 

between 1986-87 (Pendrys et al. 1994).The dissolution rate of calcium 

fluoride at different pHs is controlled by phosphates and proteins (Chatterjee 

and Kleinberg 1979). The amount of CaF2 on enamel increases greatly as 

the pH of the fluoride solution decreases. Since CaF2 is less soluble than 

fluoroapatite, a continuous layer of small CaF2 particles forms to protect the 

enamel against the more prevalent acid (Øgaard et al. 1988). 

Titanium tetrafluoride (TiF4) solutions are significantly more 

effective than traditionally prepared solutions in lesions associated with 

fixed orthodontic appliances (Øgaard 2008). The caries prevention 

mechanism of TiF4 is most likely due to its retention on the applied surface, 

its richness in titanium and its coating like a glaze on the tooth. Titanium 

bonds to oxygen atoms in the phosphate group on enamel surfaces at low pH 

(Büyükyılmaz et al., 1994). Following the application of a TiF4 liquid 

solution, -Ti-O-Ti-O- chains develop on the tooth surface, and titanium 

covered the tooth surface via covalent bonding. Thus, titanium and 

hydroxyapatite produce a strong combination.  The surface coating is 

resistant to assaults in both basic and acidic environments (Büyükyılmaz et 

al. 1994). 

Stannous fluoride is an additional agent that can be employed.  Apart 

from its anti-caries properties, stannous fluoride also inhibits the formation 

of plaque (Øgaard 2008).  The plaque-inhibiting action is caused by the tin 

ion, not the fluoride ion.  The tin ion stops plaque bacteria from absorbing to 

the enamel by binding to the phosphate polymer lipoteichoic acid found on 

the surface of gram-positive bacteria (Øgaard 2008).Stannous fluoride also 

inhibits plaque acidogenicity (Øgaard et al. 1980). Tin bound to the bacterial 

surface inhibits the entry of sucrose into the cell and acid formation. 

Stannous fluoride is beneficial not only against caries but also in the 

prevention of gingival diseases caused by plaque during orthodontic 

treatment (Øgaard et al. 1991). 

Fluoridated toothpastes are fundamental in preventing all types of 

caries that may occur in the mouth. Most toothpastes contain sodium 

fluoride, monofluorophosphate, stannous fluoride, or amine fluoride (Øgaard 

2008). Dose-dependent effective fluoride response has been shown in 
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toothpastes, and fluoride concentrations below 0.1% are not recommended 

for orthodontic patients (Øgaard 2008). Lee Linton (1996) claimed that a 

mouthwash containing 50 ppm F is more effective in the remineralisation 

process than one containing 250 ppm F.According to the results of a double-

blind, randomised clinical trial published by Willmot (2004), low-dose F-

containing mouthwashes and toothpastes do not have an additional 

remineralisation effect compared to their F-free counterparts. Therefore, it is 

stated that the ability of fluoride ion to create remineralisation is less than its 

ability to prevent demineralisation.The caries-preventive potential of 

fluoridated toothpastes is generally higher than what is shown in clinical 

studies. This is because fluoride, which gradually becomes active, has a 

beneficial influence on remineralization.  Better dental hygiene will greatly 

strengthen its caries-preventive impact.  As a result, orthodontic patients 

need to practice proper dental hygiene far more than non-orthodontic 

patients (Uysal et al. 2009).O’Reilly and Featherstone (1987) reported that 

toothpastes cannot inhibit the development of lesions in orthodontic patients.  

Therefore, they suggested the use of fluoride mouthwash (0.05% NaF) in 

addition to fluoridated toothpaste for orthodontic patients.  Fluoridated 

mouthwashes have been demonstrated to have a good caries-preventive 

impact in both clinical and experimental orthodontic caries models (Geiger 

et al. 1992).Rinsing the mouth with fluoride requires patient cooperation. 

Geiger et al. (1992) showed that only 15% of orthodontic patients who were 

recommended to use daily fluoride mouthwash followed the instructions. 

Fluoride-containing varnishes were developed in the late 1960s as a 

product that could remain in contact with the tooth for a longer period 

(Seppa 1991). Fluoride varnishes (Duraphat) contain 5% sodium fluoride. 

They can remain in close contact with the tooth surface for hours (Øgaard et 

al. 1983). To maintain their caries-preventive effect, they need to be applied 

at certain time intervals. The most effective application method is to repeat it 

every 3 months (Vivaldi-Rodrigues et al. 2006). When a varnish containing a 

high concentration of fluoride is applied to the tooth surface, calcium 

fluoride accumulates on the tooth surface as the main product. Calcium 

fluoride acts as a reservoir for the fluoride ions necessary for the formation 

of fluorapatite crystals during remineralisation (Øgaard et al. 1992). Many 

studies show that varnish application reduces caries formation by 18% to 

77% (Bruyn et al. 1988).The exact mechanism of the caries-preventive effect 

of fluoride varnish is not fully understood. Resin-based varnish is a sticky, 

enamel-coating, saliva-hardening, yellowish-brown substance. There are 

findings that toothpastes and varnishes neutralise each other's effects. The 

patient is told not to brush their teeth for 4 hours after application (Retief et 

al. 1985). A few days after the patient brushes their teeth, the varnish will 

wear away and come off the teeth. Fluoride ions separate from the varnish 

when teeth are brushed and join saliva, pellicle, plaque, and under 
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appropriate conditions, calcium and phosphate ions. The ions convert to 

fluoridated hydroxyapatite and less soluble fluorapatite (Staley 2008).It is 

well known that topical fluoride causes a substance that resembles calcium 

fluoride (CaF2) to develop in plaque, on the enamel or dentine of teeth, and 

in early lesions.  When the pH falls during caries attacks, CaF2 serves as a 

reservoir to release fluoride ions (Øgaard 1990). 

Meta-analyses of controlled clinical trials of fluoride-containing 

varnish Duraphat (DPT) have confirmed its clinical effectiveness in 

preventing dental caries (Staley 2008). It has been reported that applying it 

three times weekly for one year or four times each year is effective (Seppa 

2004). It has also been stated that two applications per year can be equally 

effective.According to Øgaard (1988), the constant presence of fluoride in 

the plaque fluid reduces caries more effectively than fluoride concentrations 

on the enamel surface.  In order to provide fluoride ions that aid in enamel 

remineralization, Øgaard claimed that poorly soluble deposits of CaF2-like 

material generated by topical fluoride treatments on the enamel surface 

permeate the plaque fluid (Staley 2008).Compared to traditional fluoride, 

fluoride gel containing antibacterial agents such chlorhexidine (CHX) has a 

caries-preventive effect in orthodontic caries models (Øgaard 2008).Long-

term daily use of CHX is often not recommended due to tooth and tongue 

staining and leaving a metallic taste in the mouth. Long-term CHX varnish 

use increases the effect of fluoride in WSLs and reduces cariogenic activities 

(Øgaard et al. 2001). Instead of increasing fluoride exposure, other strategies 

(such as better dental hygiene, antimicrobials, and acid-resistant compounds) 

could be employed to decrease attacks if caries activity persists after using 

toothpaste and topical fluoride (Øgaard 2008). 

1.1.10.3. Casein Phosphopeptide Amorphous Calcium Phosphate 

It is known that milk and dairy products have an anti-caries effect 

(Çetin et al. 2011). However, they need to be consumed in very large 

quantities to show this effect. For this reason, researchers have focused on 

studies aimed at separating the protective factors in milk and using them in 

personal products to prevent caries (Çetin et al. 2011). As a result, casein 

phosphopeptide (CPP), the protective factor in milk, was obtained by 

enzymatic hydrolysis of casein with trypsin using a selective precipitation 

method (Reynolds 1998). The protein sequence of casein (-Ser(P)-Ser(P)-

Glu-Glu) is present in casein phosphopeptide (CPP) (Çetin et al. 2011, 

Reynolds 2009).  According to Çetin et al. (2011), CPP can stabilize calcium 

phosphate by forming the CPP-amorphous calcium phosphate (ACP) 

complex. 
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Casein is a phosphoprotein that is present in high amounts in milk as 

particles with a diameter of 30-300 nm and constitutes approximately 80% 

of the total protein (Azarpazhooh and Limeback 2008, Çetin et al. 2011). In 

its natural state, casein particles contain a high amount of calcium and 

phosphorus, while containing less magnesium and citrate, and are frequently 

referred to as caseinate phosphate and calcium phosphocaseinate particles 

(Çetin et al. 2011). In both neutral and alkaline environments, milk caseins 

stabilize calcium and phosphate ions, making them accessible to the infant.  

Phosphopeptides with phosphorylated serine clusters are produced by tryptic 

digestion of caseins from their N-terminal polar regions.  It has been 

suggested that the interaction between calcium and phosphate that results in 

the synthesis of casein and casein micelles is caused by these phosphoserine 

clusters (Cross et al. 2005). 

These casein phosphopeptides (CPP) containing multiple 

phosphoserine units stabilise calcium phosphate in a nanocomplex structure 

in an amorphous calcium phosphate (ACP) solution. As a result of this 

multiple phosphoserine structure, CPP binds to ACP in a stable solution, 

thereby preventing molecular growth and the formation of poorly soluble 

crystalline calcium phosphate (Reynolds 1998).The anticariogenic 

mechanism of CPP-ACP can be summarised as increasing the calcium 

phosphate level in plaque, reducing enamel demineralisation, and increasing 

remineralisation (Reynolds and Black 1987). CPP-ACP releases ACP from 

the complex even when exposed to acid. The released calcium and 

phosphate ions buffer the acidic environment, balancing the plaque pH. This 

helps prevent demineralisation (Reynolds 1997). The increased calcium 

phosphate level in plaque has a supportive effect on the activity of free 

calcium and phosphate ions. The increased ion supersaturation in the part of 

the plaque close to the tooth makes this region more resistant. CPP is found 

with 24 Ca and 16 P bound to each molecule (Reynolds 1998).Studies 

employing rat caries models have demonstrated the anticariogenicity of 

CPP-ACP nanocomplexes (Reynolds et al. 1995).A study by Reynolds et al. 

(1995) investigated the ability of casein phosphopeptide amorphous calcium 

phosphate complex (CPPCP) to reduce caries activity using streptococcus 

sobrinus-inoculated specific pathogen-free rats. The animals were fed a diet 

consisting of sucrose and gluten, which did not contain dairy products. One 

group was administered CPP-CP (0.1, 0.2, 0.5, 1.0w/v) solution (twice daily 

to molar teeth), while the other group was administered 500 ppm fluoride. In 

a dose-response relationship, CPPCP dramatically decreased caries activity.  

Similar to a 500 ppm fluoride solution, 1% CPP-CP reduced smooth surface 

caries activity by 55% and fissure caries activity by 46% (Reynolds et al. 

1995). 
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In another study, a solution containing 1.0% CPP, 60mM CaCl2, 

36mM sodium phosphate, and 500 ppm Fluoride was prepared, and its pH 

was adjusted to 7 (Reynolds 1998). It was observed that half of the fluoride 

ions in the solution interacted with ACP stabilised by CPP. This new 

compound was named amorphous calcium fluoride phosphate (ACFP) 

(Reynolds 1998).It is stated that the combination of CPP-ACP and Fluoride 

(ACFP) creates a synergistic effect in preventing caries. The increased 

anticariogenic effect occurs as CPP-ACP and fluoride interact in the form of 

ACFP on the tooth surface (Reynolds 1997).Caries formation starts with the 

demineralisation of the dental enamel surface. Calcium and phosphate ions 

are lost from the enamel surface. Surface lesions develop as a result of this.  

When calcium and phosphate ions are remineralized into the surface lesions, 

early caries lesions can be reversed and the lost structure restored (Reynolds 

2006).  It is possible to stop enamel demineralization and encourage 

remineralization by using CPP-stabilized calcium phosphate ions (Clarkson 

et al. 1991).Studies have shown that CCP-ACP inhibits demineralisation 

while increasing remineralisation (Shen et al. 2011, Reynolds 1997, 

Reynolds 2006). 

Clarkson et al. (1991) predicted in their studies that the presence of 

soluble phosphoproteins from dentine inhibits the remineralisation of root 

caries. The decrease in soluble phosphoprotein, possibly in the complex 

calcium phosphate solution in the remineralisation solution, reduces the 

activity of calcium and phosphate ions, which in turn inhibits 

remineralisation.Reynolds et al. (1997) reported in their studies that CPP-

stabilised calcium phosphate solutions remineralised subsurface lesions in 

third molar teeth.Rahiotis et al. (2007), in their study investigating the effect 

of CPP-ACP agent (Tooth Mousse) on the demineralisation and 

remineralisation of dentine, prepared 40 dentine samples with a hard tissue 

microtome and divided the samples into 4 groups (A, B, C, D). Micro 

multiple reflectance infrared spectroscopy (micro MIR-FTIR) was used to 

analyze the samples' surfaces.  Group A received Tooth Mousse, but Group 

B received no agent. Both groups were maintained in demineralization 

solution for seven days.  Group C received Tooth Mousse, whilst Group D 

received no treatment. Both groups were maintained in an artificial saliva 

solution for seven days.  In contrast to the others, teeth treated with the CPP-

ACP-containing compound exhibited more remineralization and less 

demineralization. 

In a research, Rahiotis et al. (2008) investigated the oral film's 

characteristics when CPP-ACP was present.  Comparing the morphological 

appearance and content of intraoral molecules on germanium (Ge) crystals 

with and without widely available CPP-ACP agents was the goal of this 

investigation. An impression of the maxillary arch was taken from each 
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patient participating in the study, and a removable orthodontic appliance was 

prepared. Intraoral administration of Germanium (Ge) crystals was done for 

30 minutes, 8 hours, 24 hours, and 1 week.  The CPP-ACP agent was 

administered intraorally to the research group for the same amount of time.  

Consequently, under light microscopy, a delay in biofilm growth was seen 

on the Ge surfaces treated with CPP-ACP.  Biofilm development was 

delayed in the presence of CPP-ACP, and calcium phosphate crystallization 

and nucleation—possibly in the form of apatite—in mature biofilm 

increased.Brochner et al. (2011) found that white lesions seen after 40 

orthodontic treatments were reduced by 58% with CPP-ACP and 26% in the 

fluoride group.Caruana et al. (2009) showed in a study that CPP-ACP can 

affect pH changes in plaque.A study by Sudjalim et al. (2007) compared the 

effectiveness of 1% CPP-ACP paste and 9000 ppm NaF in preventing 

demineralisation around orthodontic brackets. It was found that their 

separate and combined use significantly prevented demineralisation, but 

combined use was more effective in preventing demineralisation. 

Mayne et al. (2011), in a study, investigated the effect of CPP ACFP 

on iatrogenic damage to enamel during the removal of orthodontic 

adhesives. The study's findings indicate that when adhesives are removed 

using a slow-speed tungsten carbide bur, demineralized enamel experiences 

a large loss in comparison to sound enamel.  The affected area and depth of 

enamel damage were reduced when 1% CPP-ACFP solution was used to 

remineralize white lesions surrounding orthodontic brackets prior to bonding 

and adhesive removal with tungsten carbide.  By restoring mineral loss in 

white lesions, CPP-ACFP enhanced surface lesions' appearance and gave the 

lesion a translucency akin to that of healthy enamel. Yamaguchi et al. (2006) 

reported that applying a 1% CPP-ACP-containing paste twice daily to 

enamel prevented enamel demineralisation as measured by ultrasonic 

devices.Oshiro et al. (2007) also confirmed the results of this study with 

scanning electron microscope (SEM) images.Pai et al. (2008) examined the 

effect of CPP-ACP-containing paste on remineralisation using SEM and 

quantitative laser fluorescence (QLF). It was demonstrated that applying a 

paste containing CPP-ACP to demineralized enamel samples for 14 days 

greatly increased remineralization when compared to the control group.  

CPP-ACP-containing paste has been demonstrated in a small number of 

trials to both improve dentine remineralization and inhibit demineralization 

(Oshiro et al. 2007, Rahiotis and Vougiouklakis 2007, Yamaguchi et al. 

2006).In a study investigating the effect of CPP-ACP-containing paste and 

fluoride applications on enamel hardness after bleaching, it was observed 

that the enamel hardness levels in the group where CPP-ACP-containing 

paste was used alone or in combination with fluoride were significantly 

higher than in the other groups where fluoride was used alone (Bayrak et al. 

2009).Kumar et al. (2008), in their study comparing the effectiveness of 
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CPP-ACP-containing paste and fluoridated toothpastes on the 

remineralisation of initial caries, reported that CPP-ACP-containing paste 

created significant remineralisation but that the degree of remineralisation 

increased when used with fluoridated toothpaste.In a study investigating the 

effects of CPP-ACP on abraded enamel, it was reported that the 

demineralisation occurring in abraded enamel could be significantly 

prevented by the application of CPP-ACP (Giulio et al. 2009).Laboratory, 

animal, and human studies have proven that CPP-ACP nanocomplexes have 

anticariogenic potential (Reynolds 1998, Shen et al. 2001, Reynolds et al. 

1995) and can be used for caries prevention in high-risk patients 

(Azarpazhooh and Limeback 2008). 

1.1.11. Caries Detection Caries Evaluation Methods 

1.1.11.1. Clinical Observation 

Visual evaluation methods have been used in many studies (Tüfekçi et 

al. 2011) to detect demineralisation before, during, and after treatment due to 

their ease of access and lack of requirement for any equipment. 

1.1.11.2. Macroscopic Methods 

White spot lesions can be diagnosed with optical devices. The 

diagnosis of caries with optical devices is based on the principle of detecting 

how much of the photon light reaching the enamel is reflected back. When a 

light photon enters the enamel, it travels approximately 0.1 mm before being 

scattered without being reflected back (ten Bosch et al. 1984). A large 

portion of the light passes through the enamel to reach the dentine and is 

reflected back from there. Therefore, dentine is more effective in clinically 

determining the colour of the tooth. Sound, healthy enamel reflects very little 

of the incoming light. When demineralisation occurs, the enamel exhibits a 

more porous structure due to mineral loss. This situation leads to less 

displacement of the light photon in demineralised or carious enamel 

compared to healthy enamel. In demineralised enamel, the beam is reflected 

before it can reach the dentine, and this causes the lesion to appear white 

(Øgaard 2008). 

1.1.11.3. Photographic Evaluation 

Orthodontic treatment records intraoral and extraoral photographs of 

patients before and after treatment by many clinicians. It has been stated that 

these photographic records obtained from patients can be used for the early 

evaluation of enamel demineralisation (Hollender and Ronnerman 1978). 
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1.1.11.4. Transverse Microradiography 

It is a technique for determining mineral loss by taking 

microradiographs of transverse sections taken from teeth and examining 

these radiographs with various computer software and defined formulas. 

Arends and ten Bosch (1992) stated in their study that transverse 

microradiography evaluation is an effective and practical method for 

determining the mineral content of enamel. 

1.1.11.5. Acid Biopsy 

The acid biopsy technique, introduced by Brudevold et al. (1968), is 

used to determine the fluoride content of enamel. These studies have shown 

that the method can be a reliable method for determining the amount of 

fluoride in dental enamel. The method is based on taking a biopsy from the 

enamel surface using perchloric acid. After the biopsy is taken, the amounts 

of fluoride, calcium, and phosphate in the dissolved liquid are determined to 

find the average dissolution amount of the enamel. 

1.1.11.6. Fibre-Optic Transillumination (DIFOTI) 

Compared to sound tooth tissue, carious tooth structure has a lower 

light transmission index and therefore refracts light more strongly. The FOTI 

system uses the different light refraction properties of sound and 

demineralised enamel lesions. When FOTI is applied to a carious tooth, the 

carious area appears as a black region in the direction of the dentinal tubules 

(Davies et al. 2001). 

1.1.11.7. Quantitative Light-Induced Fluorescence (QLF) 

The light emission (irradiation) process known as fluorescence 

happens when a longer-wavelength photon is emitted in response to 

molecule photon absorption in cold substances.  Heat or vibrations in 

molecules are the result of the energy differential between the absorbed and 

released photons. When light of the appropriate wavelength is used, 

molecules move to higher energy levels. Light can be emitted when 

molecules return from high energy levels to low energy levels. Light 

reflection occurs depending on the difference between the two energy levels 

(Stookey 2005). Dental hard tissues have their own natural fluorescence, 

called autofluorescence (Kuhnisch and Heinrich-Weltzien 2004). QLF uses 

the inherent fluorescence of the teeth. This is the yellow-green spectrum of 

visible light. When the tooth is exposed to blue light, the fluorescence in its 

structure is stimulated, and green fluorescence occurs (AngmarMansson and 

ten Bosch 2001).With demineralisation, the fluorescence in the tooth 
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structure disappears. This situation causes the fluorescence values detected 

by QLF in a caries lesion to be lower compared to sound tooth tissues, and 

the demineralised areas appear as dark regions (Angmar-Mansson and ten 

Bosch 2001). QLF's computer programme, which can detect the change in 

fluorescence, allows us to make quantitative measurements (Kuhnisch and 

Heinrich-Weltzien2004). 

1.1.11.8. Diode Laser Fluorescence (Diagnodent) 

The first foundation of the studies on the use of laser fluorescence 

method in caries diagnosis was laid in the early eighties. Bjelkhagen and 

Sundström (1981) compared sound and carious human enamel with 488 nm 

blue green argon laser light using the laser fluorescence method and stated 

that the differences between sound and carious enamel could be easily 

observed with this method. In the studies conducted in the nineties, it was 

found that red light creates fluorescence at the infrared limit and using 655 

nm wavelength laser light as an exciter, fluorescence signals were obtained 

at high wavelengths with the help of 680 nm filters and it was revealed that 

the sensitivity of caries to fluorescence increases as the caries progresses. 

These studies formed the basis of the laser fluorescence device called 

Diagnodent (Kavo, Biberach, Germany) (Lussi et al. 2004) 

As previously mentioned, the fundamental working principle of the 

device is that the laser beam is absorbed and dispersed differently by the 

carious lesion than by the surrounding healthy tissue.  The fluorescent light's 

reflection rises with the severity of the caries.  With the aid of a specially 

made tip, the red diode laser beam with a wavelength of 655 nm is applied to 

the surface of the device by passing through the fiber bundle. The beam that 

is absorbed by the tooth is reflected back as fluorescent photons, and the 

various fiber bundles at the same end of the device filter, collect, and 

measure these signals.The intensity of the collected fluorescent light is 

directly proportional to the depth of the lesion. The collected signal is 

monitored on the device's display with a numerical value between 0 and 99, 

and it is accepted that the probability of caries increases as the numerical 

value increases. The manufacturer has scored the carious lesions as follows 

according to the obtained values; 

5–25: Initial lesion, 

26–35: Early dentin caries, 

35+: Advanced dentin caries.  
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In vivo and in vitro studies have shown that Diagnodent is a device 

that can provide safe and reproducible results. In a study comparing 

Diagnodent measurements with microradiographic-histopathological 

examinations (Shi et al. 2001), it was stated that Diagnodent is an effective 

device in identifying flat surface caries lesions and provides reproducible 

measurements. In an in vitro study examining 49 permanent molars, Alwas-

Danowska et al. (2002) demonstrated that Diagnodent is a successful method 

in detecting small caries lesions. In another study comparing Diagnodent and 

Diagnodent pen, it was shown that both devices have high reliability and 

accuracy in terms of both intra-examiner and inter-examiner agreement 

(Aljehani et al. 2007). 

1.1.11.9. Microhardness Test 

Microhardness is the ability of a material to resist continuous force 

application. Hardness measurements are a widely used method in the 

classification and comparison of the properties of materials. Hardness 

measurements are defined at macro, micro, or nano levels depending on the 

applied forces and the size of the resulting indentation shape (Herrmann 

2011).Microhardness usually consists of static indentations created with 

loads not exceeding 1 kg. Due to the small size of the indentations left, their 

measurement requires a microscope. Microscopes used to measure 

indentations usually have ×500 magnification and measure with an accuracy 

of ± 0.5 of a micrometre. At the same time, measurements can be made with 

a difference of ± 0.2 of a micrometre with the same observer. Micro 

indentation occurs by pressing a very fine tip onto a sample, and the applied 

force, indentation depth, and duration are continuously measured (Herrmann 

2011). Kouluorides first used the microhardness method in 1966 in in-situ 

demineralisation and remineralisation studies. In microhardness 

measurement, a diamond tip is applied to the sample with a specific load for 

a specific period, and an indentation is formed. The length of the indentation 

left by the diamond tip is measured as “µm” (micron, 10-6) with a 

microscope. It is a highly sensitive test and allows for repeatable 

measurements. Measurements can be taken before and after the procedure to 

be applied to the samples. 

Microhardness provides indirect impacts of mineral gain or loss 

during demineralisation or remineralisation.  The tissue has lost mineral if 

the indentation length is longer, and it has acquired mineral if the indentation 

size is smaller (Herrmann 2011). 
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ABSTRACT 

This study explores functional anomalies in orthodontics and the 

corresponding treatment approaches. The craniofacial system is a dynamic 

entity in which various skeletal structures operate in synchrony, attaining their 

optimal dimensions and positions throughout the growth and development 

process. Precisely identifying the origin of anomalies is essential for 

formulating an appropriate treatment strategy. Functional anomalies may arise 

from dentoalveolar or skeletal sources, necessitating an accurate diagnosis for 

a successful treatment plan. The harmony between the jaws can be affected 

by both genetic and environmental factors. If functional irregularities in the 

jaws are left untreated, they may lead to malocclusion, resulting in more 

complex orthodontic conditions in later stages. Harmful oral habits, especially 

those occurring in childhood, can disrupt growth and development, leading to 

skeletal and dental anomalies. Early identification and intervention in habits 

such as thumb sucking, mouth breathing, and nail biting play a crucial role in 

preventing severe orthodontic disorders. The treatment of functional 

anomalies aims not only at correcting the positioning of the teeth and jaws but 

also at establishing a balanced relationship between the upper and lower jaws. 

Functional appliances that cover both jaws and apply controlled forces are 

utilised to enhance intermaxillary harmony and regulate muscle function. 

These appliances support the natural development of jaw and muscle 

structures, thereby helping to prevent unwanted orthodontic complications. 

Keywords – Functional anomalies, Functional appliances, Malocclusion, 

Oral habits, Orthodontic treatment 

INTRODUCTION 

The jaws and face form a balanced system in which skeletal structures 

function in harmony with each other. During the growth and development 

process, this balance can be disrupted by various factors. Correctly identifying 

the changes in occlusion caused by functional disorders and determining the 

appropriate treatment plan are fundamental aspects of the orthodontic 

approach. The aim of this study is to provide comprehensive information 

about functional anomalies and their treatment methods.  

1.Functional Anomalies 

Orthodontic anomalies can occur in conjunction with systemic 

diseases and genetic syndromes, or as hereditary disorders observed alone. 

The craniofacial system is an integrated structure in which different skeletal 

structures function in harmony with each other. The structures within this 

system interact with each other during the growth and development processes, 
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reaching their ideal positions and sizes (Proffit et al., 2019). However, during 

jaw and facial development, the balance between these structures can be 

disrupted by environmental and genetic factors, leading to disharmony. 

Functional anomalies can be skeletal or dental in origin, and correctly defining 

them is crucial for effective orthodontic treatment planning (Graber et al., 

2023). 

1.1. Functional Anomalies in the Sagittal Dimension 

1.1.1. Functional Class II, Division 1 Malocclusion 

The prevalence of Class II, Division 1 malocclusions ranges between 

12% and 49% of all orthodontic anomalies. In these cases, the molars present 

in a Class II relationship, while a marked overjet is observed in the anterior 

region (Bakhtiari and Sadry, 2019). In morphological Class II, Division 1 

anomalies, the lower jaw is positioned distally both at rest and during 

occlusion (Ülgen, 2015a). In functional Class II, Division 1 malocclusions, 

the upper dental arch is narrow, while the lower dental arch is broad. This 

situation can be compared to placing a large foot into a narrow slipper. When 

attempting to fit a wide foot into a narrow slipper, a gap appears at the front; 

similarly, the narrowing of the upper dental arch leads to the development of 

overjet in occlusion (Reichenbach and Brückl, 1962). To determine whether 

the anomaly is functional or morphological, the position of the lower jaw at 

rest should be assessed. During the examination, the patient should be 

positioned with their head neither tilted forward nor backward, gazing straight 

ahead in a neutral position. The muscles should be relaxed, and the patient is 

asked to count from 80 to 100. Once the counting is completed, the patient 

should maintain their position, and the distance between the upper and lower 

teeth is assessed. In the resting position, the amount of the occlusal gap, 

known as the freeway space, is an important criterion for determining the 

vertical and sagittal positions of the lower jaw. In functional Class II, Division 

1 malocclusions, the lower jaw is in a neutral occlusion position at rest, but 

during closure, due to the narrow upper dental arch, primary contact points 

often occur at the deciduous canine teeth, forcing the lower jaw into a distal 

closure (Ülgen, 2015a). This phenomenon was first described by Prof. R. 

Hotz, who coined the term "forced distal closure" (Hotz, 1974).  

In the treatment of functional Class II, Division 1 anomalies, the 

expansion of the upper dental arch can alleviate the forced distal closure of 

the lower jaw. However, the treatment of morphological Class II, Division 1 

anomalies is more complex and challenging (Hotz, 1974). 

1.1.2. Functional Class II, Division 2 Malocclusion 
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Angle defined Class II, Division 2 malocclusions as a malocclusion 

characterised by an increased deep bite and retroclined upper incisors. In Class 

II, Division 2 anomalies, no significant narrowing of the upper dental arch is 

observed. The primary cause of the functional backward displacement of the 

lower jaw during occlusion in this anomaly is the retroclined position of the 

upper incisors, resulting in the formation of primary contact points between 

the upper and lower incisor. As a result of the retroclination of the upper 

incisors, the lower jaw, which is in a neutral occlusion position at rest, is 

directed backwards during the transition to closure, leading to a forced distal 

closure. In morphological Class II, Division 2 anomalies, the lower jaw is 

positioned distally both at rest and during closure. The treatment of functional 

Class II, Division 2 anomalies involves relieving the forced distal 

retroclination of the lower jaw by moving the upper incisors forward into a 

protrusive position (Ülgen, 2015a). 

1.1.3. Functional Class III Malocclusion (Functional Anterior Crossbite) 

 

In functional Class III malocclusions, the lower jaw is forced into an 

anterior position due to various factors. However, if the incisors align in an 

edge-to-edge position when the lower jaw is repositioned posteriorly, this 

indicates a functional anomaly. Early intervention is recommended when 

diagnosed during the primary dentition stage (Patti and D’Arc, 2008).   

In the resting position, the upper and lower incisors exhibit an edge-

to-edge occlusion, while the lower jaw remains positioned posteriorly, with 

the condylar head maintaining its physiological position within the condylar 

fossa. However, during the transition to closure, primary contact points 

between the upper and lower incisors cause the lower jaw to shift anteriorly, 

leading to a mesial forced closure. In this process, the condylar heads also 

move forward (Ülgen, 2015a).   

Anterior crossbite is an anomaly in which the upper anterior teeth are 

positioned lingually relative to the lower anterior teeth (Chow, 1979). 

Detecting anterior crossbite in the early dentition stage provides a significant 

clue in predicting that one or more upper incisors will be positioned palatally 

relative to the lower incisors in centric occlusion (Rapeepattana et al., 2019). 

Various factors contribute to the development of anterior crossbite, including 

lingual eruption of the upper incisors, trauma to primary teeth, dental 

anomalies, space deficiency, mouth breathing, lip biting, and nail-biting habits 

(Rosa et al., 2012). Particularly in childhood, early treatment of dental and 

functional anterior crossbite cases is crucial (Fleming, 2017). The treatment 

approach for anterior crossbite varies depending on the patient's age, the type 

of anomaly, and the jaw from which it originates (Chang et al., 2006).   

Early intervention is critical in functional anterior crossbite cases. 

Bone growth may occur to facilitate adaptation in the condylar heads. 

Consequently, there is a risk that a functional anomaly may gradually 
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transform into a morphological anomaly over time (Ülgen, 2015b). During the 

transition to closure, the contact between the incisal edges of the upper 

incisors and the inclined plane of the lingual surfaces of the lower incisor 

crowns causes the lower jaw, and indirectly the condylar head, to move 

anteriorly. Prof. R. Hotz referred to this condition as "mesial forced closure" 

(Hotz, 1974).   

In morphological Class III malocclusions, the lower jaw is positioned 

mesially both at rest and during closure, resulting in a crossbite between the 

upper and lower incisors. In such cases, attempting to reposition the lower jaw 

posteriorly does not result in a positional change (Ülgen, 2015a).  

 

1.2. Functional Anomalies in the Vertical Dimension 

 

1.2.1. Functional Deep Bite (Functional Increased Overbite) 

 

In cases where the mandible is in its resting position, an increase in 

the interocclusal space between the upper and lower molars, accompanied by 

a reduction in overbite, indicates the presence of a functional deep bite. 

However, if an increased overbite persists even in the resting position, this 

condition is classified as a non-functional, morphological deep bite. In both 

cases, an excessive overbite is observed, and both conditions require 

treatment. However, the treatment approaches and prognoses for functional 

and morphological deep bite cases differ significantly. 

In functional deep bite cases, treatment is achieved by extruding the 

upper and lower molars from the alveolar bone, and the results obtained 

through this method are permanent. In contrast, if the same method is applied 

to morphological deep bite cases, extrusion of the molars must exceed the 

available interocclusal space, as this space does not naturally increase in the 

resting position. Consequently, the masticatory muscles will be overstretched 

beyond their normal resting position, leading to a high risk of relapse and 

instability of the corrected overbite. Therefore, in morphological deep bite 

cases, a treatment approach based on molar extrusion is not appropriate. 

Instead, a more effective and lasting approach is the intrusion of the incisors 

into the alveolar bone (Ülgen, 2015a). 

 

1.2.2. Functional Open Bite 

 

Open bite has been defined by Subtelny and Sakuda (1966) as a 

condition characterised by the loss of contact in the buccal region or between 

the anterior teeth, resulting in a vertical gap between the upper and lower 

dentition. The aetiology of open bite includes non-nutritive sucking habits 

(such as dummy and thumb sucking), abnormal swallowing patterns, tongue 

and lip habits, mouth breathing, and skeletal developmental anomalies (Ülgen, 

2015b).   
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In neonates, due to the absence of teeth, the tongue is positioned 

between the upper and lower alveolar ridges during swallowing. This 

physiological process is referred to as infantile swallowing. However, 

following the eruption of primary teeth, the tongue is expected to withdraw 

from this position. In normal swallowing, the tip of the tongue contacts the 

hard palate behind the upper primary incisors, ensuring complete occlusion of 

the upper and lower dentition. During the mixed dentition phase, as primary 

incisors exfoliate before the eruption of permanent incisors, an alveolar gap 

emerges in the anterior region. In this period, the re-establishment of the 

tongue in the alveolar gap is considered a temporary physiological adaptation 

(Proffit et al., 2019; Proffit and Mason, 1975; Subtelny, 1965). 

There are three primary factors contributing to the re-adaptation of the 

tongue into the alveolar gap during the mixed dentition period. Firstly, the 

space created by the exfoliation of primary incisors is naturally occupied by 

the tongue. Secondly, the growth and development of the tongue surpass the 

pace of skeletal system development (Chow, 1979). Thirdly, the lymphatic 

tissues surrounding the oral cavity are approximately twice as voluminous 

during this phase compared to adulthood (Graber et al., 2023). Consequently, 

during mixed dentition, the tongue appears disproportionately large within the 

oral cavity. However, once permanent incisors erupt and establish contact, the 

tongue resumes its adult swallowing pattern, positioning itself against the hard 

palate behind the upper permanent incisors without intervening between the 

dentition (Ülgen, 2015a).   

In individuals with tongue thrust and speech disorders, the tip of the 

tongue remains positioned anterior to the lower incisors during both rest and 

function (Subtelny and Subtelny, 1962). Disruptions in swallowing patterns 

can lead to open bite development. For instance, if the tongue continues to 

interpose between the upper and lower incisors following the eruption of 

permanent teeth, an anterior open bite may occur. The persistent presence of 

the tongue in the anterior region can halt the eruption of teeth, leading to open 

bite formation depending on the tongue's thickness. The primary approach to 

managing this condition involves preventing the tongue from interposing 

between the incisors, thereby allowing the natural eruption process to 

continue, ultimately facilitating the spontaneous resolution of the open bite 

(Chow, 1979; Rapeepattana et al., 2019).   

Open bite has also been associated with bottle feeding, non-nutritive 

sucking habits such as thumb sucking, and upper respiratory tract infections 

(Oliveira et al., 2011). Bottle-fed infants experience reduced suction 

requirements compared to breastfeeding, which may result in insufficient 

development of oral musculature. This imbalance between the internal 

pressure exerted by the tongue and the external pressure from the cheeks can 

lead to the proclination of upper incisors (Tosun, 2003). Consequently, an 

ideal feeding bottle should have a narrow milk flow opening, a teat diameter 
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of approximately 4–5 mm, and be composed of firm rubber to promote 

optimal oral development (Akgün et al., 2012).  

The use of pacifiers or the development of thumb-sucking habits from 

birth may negatively impact the tooth eruption process. If these habits persist 

during the eruption of the upper and lower primary incisors, the affected teeth 

may temporarily cease their eruption due to constant contact with the pacifier 

or thumb. Consequently, an open bite may develop, corresponding to the 

thickness of the pacifier or thumb. Whether this open bite persists after the 

cessation of thumb-sucking or pacifier use depends on whether the tongue 

continues to interpose between the incisors during swallowing. If tongue 

placement between the incisors is prevented following the discontinuation of 

these habits, the normal eruption process can resume, allowing the open bite 

to resolve spontaneously (Ülgen, 2015a). 

In the treatment of functional open bites caused by abnormal 

swallowing patterns, the primary objective is to prevent the tongue from 

interposing between the upper and lower incisors. Various orthodontic 

appliances are used for this purpose, alongside tongue exercises designed to 

help establish normal swallowing habits without the need for an appliance. 

Since striated muscles operate voluntarily, the tongue muscles can be retrained 

through specific exercises. Swallowing drills and tongue exercises contribute 

to the correction of open bite by modifying the contraction pattern of the 

tongue muscles (Graber et al., 2023). During treatment, the child is 

encouraged to practise these exercises in front of a handheld mirror. This 

method enables the child to observe and learn the correct swallowing 

technique while ensuring that the tip of the tongue contacts the hard palate 

behind the apices of the upper incisors. The child is then instructed to swallow 

while maintaining this tongue position. With regular practice, the child can 

acquire the correct swallowing technique. Parents should also monitor and 

support this process to ensure successful implementation (Ülgen, 2015a). 

 

1.3. Functional Anomalies in the Transverse Dimension 

 

1.3.1. Functional Unilateral Crossbite 

 

At rest, the mandible is positioned normally in the transverse 

direction, with the cusps of the upper and lower molars aligning properly. 

However, during closure, the mandible shifts laterally to the right or left, 

resulting in a forced occlusion. In cases of morphological unilateral crossbite, 

the crossbite is present both at rest and during occlusion (Ülgen, 2015a). 

Crossbites are among the most common occlusal anomalies observed 

in childhood and can occur in both the posterior and anterior regions. Various 

treatment approaches have been developed to address these anomalies (Woon 

and Thiruvenkatachari, 2017). 
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Unilateral crossbite can affect a single tooth or a group of adjacent 

teeth. If only a single tooth is involved, it may be positioned either buccally 

or lingually. When a crossbite occurs in a group of adjacent teeth, there is a 

transverse discrepancy between the upper and lower dental arches, typically 

characterised by a narrow maxilla and a relatively wider mandible (Ülgen, 

2015a). 

Distinguishing between functional and morphological unilateral 

crossbite is of great importance, as the treatment approaches for these 

conditions differ significantly. In functional unilateral crossbite, the maxillary 

dental arch is expanded symmetrically, whereas in morphological unilateral 

crossbite, an asymmetric expansion is required. If a symmetrical expansion is 

applied in morphological unilateral crossbite, the crossbite on the affected side 

may be corrected; however, this may lead to the development of buccal non-

occlusion on the opposite side (Ülgen, 2015a). 

It has been reported that early orthodontic treatments initiated during 

the primary and mixed dentition periods can help prevent anomalies that may 

later require tooth extraction or orthognathic surgery, and that such 

malocclusions can be corrected in a short time with simple mechanical 

approaches. Additionally, early intervention has been found to contribute 

positively to the dentofacial development processes of patients (Starnes, 

1998). The advantages of early intervention include the use of simple 

appliances that require patient cooperation, cost-effective treatment methods, 

and a positive contribution to dentofacial development (Dugoni, 1998). 

Crossbites resulting from premature contacts in primary teeth can be 

treated through selective grinding of the affected tooth or the use of removable 

appliances. If functional anomalies are not treated at an early stage, they may 

progress into morphological anomalies, making treatment more complex and 

challenging. Additionally, untreated cases can lead to asymmetric growth 

patterns. In cases where functional unilateral crossbite remains untreated 

during early development, adaptive bone growth may occur in the mandibular 

condylar head, which can result in a transverse mandibular deviation from the 

midline even at rest (Proffit et al., 2019). 

 

2. Treatment Methods for Functional Anomalies 

 

            Functional treatment aims to correct existing or potential anomalies 

while supporting the harmony between orofacial functions and the dental arch 

structure. Functional appliances stimulate bone growth and development by 

applying mechanical forces (Kim, 1979). The use of these appliances 

contributes to the prevention of irregularities in the dentoalveolar and 

craniofacial complex by utilising forces derived from the individual's own 

physio-anatomical structure. Functional stimuli play a crucial role in guiding 

the development of the jaws, teeth, and condyles, which are fundamental 
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components of the stomatognathic system (McNamara and Bryan, 1987; 

Pfeiffer and Grobéty, 1982). 

  

2.1. Treatments for Sagittal Functional Anomalies 

 

2.1.1. Treatment of Functional Class III Anomalies (Functional Anterior 

Crossbite) 

 

              The treatment of functional anterior crossbite during the primary 

dentition phase involves selective grinding of primary teeth to eliminate 

obstacles that force the mandible forward. In the mixed dentition phase, 

various treatment methods are available. 

              One of the commonly used appliances for treating such crossbites is 

the Bruckl appliance, particularly in cases where multiple anterior teeth are 

affected. The Bruckl appliance consists of a Hawley-type retainer, an inclined 

plane, and a labial arch designed to retract the lower anterior teeth. The 

inclined plane facilitates the forward movement of the maxillary incisors in 

crossbite, while muscle forces provide adequate support for these teeth. When 

the labial arch is activated, there is no acrylic contact on the lingual surface of 

the lower incisors. However, the labial arch applies a retrusive force on the 

lower incisors, contributing to the correction of the anterior crossbite (Tosun, 

2003). 

Chin cap and facemask appliances are also used in the treatment of 

Class III malocclusions. In this anomaly, selectively grinding the primary 

contact points on the primary canines and applying a chin cap are often 

sufficient for correcting the anterior crossbite. Preventing mandibular growth 

in the sagittal direction helps redirect its development (Ülgen, 2015b). 

              A fixed anterior inclined plane is a simple orthodontic appliance used 

in the treatment of functional anterior crossbite. Made of cold-cured acrylic, 

it is bonded to the lower incisors and cannot be removed by the patient. The 

treatment duration is typically 1–2 months; however, it is ineffective in cases 

with insufficient overbite or skeletal components. This appliance works by 

utilising the forces generated by the contraction of masticatory muscles, 

directing the maxillary incisors forward and the mandibular incisors lingually 

to correct the anterior crossbite. The palatal surface of the maxillary incisors 

acts similarly to an anterior inclined plane, helping to reduce open bite. The 

buccal open bite that may develop during treatment gradually resolves as the 

teeth continue to erupt and the alveolar bone adapts. Consequently, functional 

anterior crossbite can be treated effectively and quickly, but this approach is 

not suitable for skeletal anomalies (Hotz, 1974; Ülgen, 2015b). 

  Removable anterior inclined planes are devices manufactured in a 

laboratory and remain passive when placed in the mouth. Initially, an 

impression is taken, and the mandible is repositioned posteriorly with a 3-4 

mm gap. The device is then fabricated using models fixed in an occlusor. 
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When inserted into the mouth, it remains passive as the masticatory pressure 

is distributed across all teeth. However, when the acrylic in contact with the 

occlusal surfaces of the upper buccal teeth is trimmed, the appliance becomes 

active. This modification aids in the forward movement of the upper buccal 

teeth. In the appliance designed with the mandible repositioned posteriorly, 

opposing forces are applied to both the upper and lower teeth. The force from 

the appliance is transmitted to the teeth through the acrylic. While the 

mandible tends to move forward, an opposing force exerted on the maxilla 

creates equal and opposite forces. This mechanism supports the forward 

development of the maxilla while restraining the anterior growth of the 

mandible. This appliance operates based on the fundamental principles of 

functional jaw orthopaedics and aims to facilitate functional orthopaedic 

treatment (Ülgen, 2015b). 

 Another appliance that can be used for anterior crossbite and Class III 

malocclusion is the Class III activator. The mechanism of action of this 

appliance is similar to that of the removable anterior inclined plane. Activators 

may vary in name and shape, but their general working principles remain 

consistent. A commonly used type is the monobloc activator. For the 

fabrication of a Class III monobloc, a wax bite registration is taken, and the 

models are positioned in the occlusor in an inverted manner. Due to the axial 

inclinations of the mandibular premolars and molars, the lingual spaces of the 

teeth are filled with wax to ensure proper appliance fit. The monobloc is 

fabricated from a single piece of acrylic (Ülgen, 2015b). 

              The monobloc contacts the occlusal and lingual surfaces of all 

maxillary and mandibular teeth. It encompasses the alveolar regions of both 

the maxilla and mandible, extending to the mucosal part of the hard palate. 

The appliance features a labial arch passing over the labial surfaces of the 

mandibular incisors. Once placed in the mouth, the monobloc becomes active 

when the patient bites down. When the mouth is open, the monobloc does not 

contact the teeth, keeping the mandible in an anterior position. However, 

during biting, the labial arch directs the mandible posteriorly while exerting 

an anterior force on the maxillary teeth. This interaction applies an anterior 

force to the alveolar arch of the maxilla (Ülgen, 2015b) 

              In cases of functional anterior crossbite, a three-way screw 

appliance is used for treatment. For its fabrication, the mandible is 

repositioned posteriorly, and a wax bite is recorded. Occlusal acrylic plates 

are placed on the buccal teeth, ensuring that the cusps of the mandibular 

buccal teeth fit into the acrylic slots. This setup generates a functional 

orthopaedic effect. When the mandible moves posteriorly, forces are applied 

through the acrylic slots positioned over the buccal cusps, exerting an anterior 

effect on the maxillary dental arch. The three-way screw appliance applies an 

anteriorly directed force on the teeth involved in the anterior crossbite via 

springs. The double-screw system with a Y-shaped slotenables expansion of 

the maxillary arch in both transversal and sagittal directions. This movement 
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facilitates the protrusion of maxillary incisors, thereby correcting the 

crossbite. Once the maxillary incisors have moved forward and the crossbite 

has been resolved, the occlusal acrylic is gradually trimmed to reduce its 

thickness, marking the conclusion of the treatment (Ülgen, 2015b). 

              The Frankel III appliance is another functional appliance used in the 

treatment of Class III malocclusion (Fränkel, 1970). However, it has been 

reported to produce limited anterior movement of the maxilla (Ulgen and 

Firatli, 1994). 

 

2.1.2. Treatment of Functional Class II Anomalies 

 

             The treatment of functional Class II anomalies is generally 

straightforward. In Class II Division 1 anomalies, where the mandible is 

functionally retruded, the treatment process typically begins with the 

expansion of the narrow maxillary dental arch. Once the maxilla is expanded, 

the retruded mandible naturally moves forward (Ülgen, 2015b). In these 

cases, lip exercises, where the lower lip is placed over the upper lip and 

released, can be performed three times a day—morning, noon, and evening—

in two sets of ten repetitions. Depending on the individual's motivation level, 

the number of repetitions can be started at a lower count and gradually 

increased. However, since children often tend to abandon these exercises after 

a few days, using a vestibular plate, which places responsibility on both the 

patient and their family, may be a more effective method (Tosun, 2003). 

The vestibular plate appliance is a myofunctional therapy device used in 

children with sucking habits or lip dysfunction to eliminate these habits and 

ensure proper lip closure. It functions as a habit-breaking appliance and plays 

an important role in the treatment of lip hypotonicity. In individuals with 

a lower lip sucking habit, a lip bumper appliance can be used. This 

appliance prevents the lower lip from being sucked in while directing the 

lower incisors into labioversion under the influence of tongue pressure 

(Keski-Nisula et al., 2008). 

            In the treatment of functional Class II Division 2 anomalies, retruded 

maxillary incisors are brought into protrusion to achieve their ideal position 

(Cleall and BeGole, 1982). Maxillary plates containing protrusion springs are 

used in the treatment of Class II Division 2 anomalies. The anterior flat 

surfaces of the plate facilitate the extrusion of premolars and molars, aiming 

to correct the increased overbite through vertical alveolar bone development. 

Since the maxillary dental arch in Class II Division 2 anomalies is generally 

wide in the transverse direction, additional expansion is usually not required 

(Ülgen, 2015b). 

In 1908, the Activator appliance, initially introduced by Andresen as 

a temporary reinforcement appliance, has proven to be an effective device for 

the treatment of all functional anomalies. This appliance, composed of 

a single-piece acrylic splint, is particularly effective in treating Class II 
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Division 1 anomalies, facilitating the forward and downward positioning of 

the mandible. During the first week, it is recommended to be worn for 1 to 8 

hours per day, while in the second week, the usage time is increased to 12-14 

hours. The Activator's effectiveness is enhanced when worn during nighttime, 

as this coincides with the peak secretion of growth hormone. After two weeks 

of usage, the patient is recalled for necessary adjustments, and 

thereafter, regular follow-ups are scheduled every 6 to 8 weeks. The active 

treatment period with the Activator typically ranges between 9 and 12 

months (Bakhtiari and Sadry, 2019; Graber et al., 1985). 

The Frankel appliance, a tissue-supported functional appliance, is 

another effective option for the treatment of Class II functional anomalies. It 

is used during the early and mixed dentition periods to correct sagittal, 

transverse, and vertical jaw relationships. The Frankel appliance’s primary 

distinction lies in its ability to eliminate muscle pressures from the developing 

jaws and dentoalveolar structures, thereby enhancing its therapeutic effect. 

Additionally, since it leaves the oral cavity unobstructed, it does not 

restrict tongue movements, preventing a decrease in the stimulating effect of 

the tongue on the apical region, thus supporting natural oral functions  (Wahl, 

2006).  

Another functional appliance is the Twin Block appliance, which is 

a passive tooth-supported device. When an expansion screw is incorporated, 

it functions as an active tooth-supported functional appliance. Its working 

principle is similar to other functional appliances. The acrylic components, 

which separate the maxillary and mandibular segments, are designed 

as inclined planes. When the patient closes their mouth, the mandible slides 

forward along these inclined planes, positioning it in a more anterior direction 

(Graber et al., 1985; Wahl, 2006) 

 

2.2. Treatment of Functional Anomalies in the Vertical Dimension 

 

2.2.1. Treatment of Functional Deep Bite 

   

 In cases of deep bite, an upper removable appliance with an anterior 

palatal plane is used for the treatment of increased overbite. This appliance 

contributes to the treatment by facilitating the extrusion of maxillary and 

mandibular premolars and molars. As a result of the treatment, the mandible 

undergoes downward and backward rotation. However, to prevent an increase 

in sagittal distance, the mandible is positioned forward, a wax bite 

registration is taken, and a monoblock appliance is fabricated and applied 

(Ülgen, 2015b). 

 As an extraoral removable appliance, cervical 

headgear modifies maxillary growth and enables the distalization or 

protrusion of maxillary teeth. It is commonly used for anchorage purposes in 

patients with deep overbite. For successful treatment, the headgear should be 
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worn for 8 to 14 hours per day, and a force of 100 to 200 grams should be 

applied to induce tooth movement (Bishara, 2001). 

 The J Hook Headgear, while having extraoral components similar to 

other headgear types, is particularly preferred in cases of excessive vertical 

maxillary growth in the anterior region, such as gummy smile cases. 

Additionally, in cases where premolar extraction is performed, J Hook 

Headgear alone can be used to achieve canine distalization (Jeckel and 

Rakosi, 1991; Samuels and Jones, 1994). 

 

2.2.2. Treatment of Functional Anterior Open Bite 

 

 The primary goal in open bite treatment is to prevent the tongue from 

positioning between the anterior teeth, thereby facilitating proper occlusion. 

Various appliances are used to achieve this objective. 

 The monoblock appliance is a frequently preferred functional 

appliance in the treatment of open bite. The acrylic in the incisor region of this 

appliance is specifically shaped (molded) to avoid hindering the eruption of 

incisors. In contrast, the occlusal surfaces of the posterior teeth are covered 

with thicker acrylic, ensuring that masticatory forces are directed vertically 

onto the molars, thereby restricting vertical alveolar bone growth (Hotz, 

1974). 

Another treatment approach involves the use of a removable upper tongue crib 

appliance. The acrylic part of this appliance extends to the incisal edges of the 

lower incisors, preventing the tongue from positioning itself between the 

upper and lower incisors. During the primary dentition stage, habits such as 

tongue thrusting or thumb sucking can contribute to the development of an 

anterior open bite. If these habits persist during the eruption of permanent 

teeth, the open bite may become permanent. However, once the habit is 

stopped, the teeth may naturally realign, facilitating orthodontic treatment 

(Ülgen, 2015b). 

 The Quad Helix is a fixed orthodontic appliance primarily used 

to expand a narrow maxillary arch. Additionally, it can help eliminate thumb-

sucking habits. The helix components of the appliance act as a mechanical 

barrier, reminding the patient not to suck their thumb. When the maxilla is 

expanded, it also contributes to correcting posterior crossbite. This appliance 

is particularly effective in patients with an active thumb-sucking 

habit  (Graber et al., 1985). 

 A thumb crib appliance can also be used to prevent thumb-sucking 

habits. This appliance physically prevents the placement of the thumb into the 

oral cavity and can also function as a retention appliance in an expanded 

maxillary arch with a Quad Helix. It consists of a lingual arch wire attached 

to bands on the permanent first molars or primary second molars (Graber et 

al., 1985). 



108 

 A vestibular plate is a removable appliance used to correct anterior 

open bite caused by thumb-sucking. However, since the success of removable 

appliances depends on patient compliance, fixed appliances are often 

recommended. Fixed appliances consist of a palatal arch attached to the upper 

molars with bands, along with vertical wires placed anteriorly. In young 

children, alternative methods such as rings, gloves, or finger guards may be 

suggested to deter thumb-sucking habits (Akgün et al., 2012). 

Additionally, mouth breathing habits may contribute to the development of 

anterior open bite by causing continuous tongue protrusion. Therefore, it is 

essential to evaluate whether the habit is associated with airway problems and 

implement the necessary medical and orthodontic interventions (Ülgen, 

2015b). 

 Finally, fixed tongue retainers are used to control the irregular 

pressure exerted by the tongue on the anterior region. These appliances are 

designed to fit bands on the first permanent molars and second primary 

molars, incorporating barriers to restrict tongue movement. They are 

generally used for an average of 4 to 6 months. However, in most 

cases, additional orthodontic treatment is required to fully correct the open 

bite. Tongue crib appliances are particularly effective in children aged 5 to 10 

years (da Silva Filho et al., 1991). 

 

2.2.3. Treatment of Functional Lateral Open Bite 

 

 To prevent the tongue from positioning between the upper and lower 

molar and premolar teeth, a palatal plate is applied to the maxilla. This plate 

is designed to extend to the level of the lower molars, preventing the tongue 

from positioning between the teeth (Ülgen, 2015b). 

 The monoblock appliance is an effective treatment option for lateral 

open bite. Its acrylic structure physically prevents the tongue from positioning 

between the teeth, contributing to the correction of occlusion (Hotz, 1974). 

The activator appliance is a monoblock appliance that encompasses both 

the upper and lower dental arches and is particularly used in the treatment 

of Class II, Division 2 malocclusions. This appliance prevents the tongue 

from shifting laterally, which could lead to the formation of a lateral open bite, 

thereby assisting in the correction of functional anomalies (da Silva Filho et 

al., 1991). 

 

2.3. Treatment of Transversal Functional Anomalies 

 

 The correction of functional lateral crossbite requires the expansion 

of the maxillary dental arch. For this purpose, the "W" arch is used to 

provide symmetrical expansion of the maxilla. This appliance is fixed by 

placing bands on the upper first molars and applied by soldering a W-shaped 

arch on the palatal side. The "W" arch exerts an expanding effect by 
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contacting the palatal surfaces of the canines, premolars, and deciduous 

molars. As a fixed appliance, it not only supports dental expansion but also 

creates an expanding effect on the midpalatal suture (Harberson and Myers, 

1978). 

Another frequently used appliance for maxillary expansion treatment is 

the Hyrax appliance. This tooth-borne expander, which does not contain 

acrylic support, consists of a screw soldered only to the premolar and molar 

bands. It was defined by Biederman (1968) as the "Hygienic Rapid 

Expander". The Hyrax appliance is particularly preferred for rapid maxillary 

expansion (RME) and is widely used in orthodontic treatment (Weissheimer 

et al., 2011). 
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ABSTRACT 

Aging is an irreversible process that leads to structural and functional changes 

in the organism, resulting in a decline in physical, mental, and social functions. 

With the increase in life expectancy, the growing elderly population has led to a 

rise in the prevalence of age-related health problems such as sarcopenia. 

Sarcopenia is characterized by a loss of muscle mass and strength, leading to 

physical disability and a decline in quality of life. This condition develops under 

the influence of genetic, biochemical, and environmental factors and causes an 

imbalance between muscle mass, fat mass, and muscle function with aging. 

Sarcopenic obesity emerges as a consequence of this process, resulting from the 

combination of muscle loss and fat accumulation in the body, and it has adverse 

effects on health. The diagnosis of sarcopenia is based on the evaluation of 

muscle mass, muscle strength, and physical performance. The pathogenesis of 

sarcopenic obesity is associated with changes in body composition, systemic 

inflammation, and insulin resistance. This condition can lead to various health 

issues, including physical disability, cardiometabolic diseases, fractures, 

depression, and increased mortality. To prevent and treat sarcopenic obesity, 

calorie restriction, high protein intake, and resistance exercise are 

recommended. Exercise improves muscle function, while nutrition—

particularly adequate intake of protein and vitamin D—is effective in reducing 

muscle loss. These interventions can prevent the progression of sarcopenic 

obesity and improve the overall health status of older adults. 

Keywords – Sarcopenia, sarcopenic obesity, aging, life quality, nutrition 

 

INTRODUCTION 

Aging is an irreversible physiological process that leads to structural and functional 

changes in the organism, resulting in a gradual decline in physical, psychological, 

and social functions [1]. In the 21st century, the increase in life expectancy and the 

decrease in fertility rates have led to a growth in the elderly population. According 

to the World Health Organization (WHO), the proportion of individuals aged 60 

years and older is projected to reach 22% of the total global population by 2050 

[2]. In Türkiye, the proportion of individuals aged 65 and above rose to 8.5% in 

2017 [3]. The aging process is shaped by genetic, biochemical, and social factors 

and leads to changes in body composition. Lean body mass begins to decline at 

around age 35 in men and after menopause in women [5]. With aging, skeletal 

muscle mass decreases by approximately 40%, while fat mass increases and then 

tends to decline after the age of 75 [5,6]. Sarcopenia, characterized by a loss of 

muscle mass and strength, results in adverse outcomes such as physical 

dependency, increased risk of falls, and a decline in quality of life [7]. With the 

increasing elderly population, sarcopenia has become a global public health issue, 
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with a reported prevalence of around 10% [8]. This condition also contributes to 

increased healthcare expenditures for older adults [7]. This review addresses the 

definition, stages, diagnostic criteria, and biological mechanisms of sarcopenia, 

with a particular focus on its relationship with sarcopenic obesity (SO). 

1. SARCOPENIA 

1.1. Definition and Stages of Sarcopenia 

The term sarcopenia was first introduced by Irwin Rosenberg in 1989 to describe 

age-related loss of muscle mass [9]. In 2009, the European Working Group on 

Sarcopenia in Older People (EWGSOP) published a consensus report addressing 

the definition, diagnostic criteria, and related health issues of sarcopenia [9]. 

Today, sarcopenia is defined as a syndrome characterized by the progressive loss 

of skeletal muscle mass and strength, associated with physical disability, reduced 

quality of life, and increased mortality [9,10]. Diagnosis should consider not only 

muscle mass but also muscle strength or performance, as there is no direct 

correlation between muscle mass and function. Although the term “dynapenia” has 

been proposed, “sarcopenia” remains widely used due to its prevalence in literature 

and clinical practice [11]. As a geriatric syndrome, sarcopenia develops as a result 

of multiple factors including aging, inadequate nutrition, physical inactivity, 

chronic diseases, and polypharmacy [9,12]. In the United States, healthcare costs 

related to sarcopenia were estimated at approximately 18 billion dollars in the year 

2000 [13]. Therefore, early identification and intervention in sarcopenia are of 

great importance. Sarcopenia can be classified as either secondary—when 

associated with specific causes—or primary, when it results solely from the aging 

process [9,14]. Distinguishing between these types in clinical practice is beneficial 

for diagnosis and management. The EWGSOP classifies sarcopenia into three 

stages based on severity: in pre-sarcopenia, only muscle mass is reduced; in 

sarcopenia, reduced muscle mass is accompanied by loss of strength or 

performance; and in severe sarcopenia, all these parameters are diminished [9]. 

 

1.2. Diagnosis and Mechanisms of Sarcopenia 

 

The diagnosis of sarcopenia requires the assessment of both muscle quantity and 

functional capacity. The core parameters in this context are muscle mass, muscle 

strength, and physical performance [9]. Commonly used techniques for assessing 

muscle mass include imaging and analysis methods such as magnetic resonance 

imaging (MRI), computed tomography (CT), dual-energy X-ray absorptiometry 

(DEXA), and bioelectrical impedance analysis (BIA). Muscle strength is typically 

evaluated using handgrip strength, while physical performance is assessed through 

methods such as gait speed, the six-minute walk test, the Short Physical 

Performance Battery (SPPB), and stair-climbing tests [9]. Individuals with both 

low muscle mass and low muscle strength are generally considered sarcopenic. 

However, there is currently no universally accepted gold standard for evaluating 
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these parameters. Therefore, the European Working Group on Sarcopenia in Older 

People (EWGSOP) developed a diagnostic algorithm to facilitate diagnosis. 

According to this algorithm, the first step in screening individuals aged 65 and over 

is to measure gait speed. If the gait speed is ≤ 0.8 m/s, the individual is considered 

at risk of sarcopenia, and evaluation should proceed with handgrip strength testing. 

If handgrip strength is also low, the final step is to assess muscle mass to confirm 

the diagnosis. The EWGSOP defines these threshold values based on the lowest 

quartile of a reference population [9]. 

Various biological mechanisms are involved in the onset and progression of 

sarcopenia, including protein synthesis, proteolysis, neuromuscular integrity, and 

intramuscular fat infiltration. The contribution of these processes may vary 

between individuals and over time; thus, understanding these mechanisms is 

crucial for developing targeted interventions [15,16]. The development of 

sarcopenia involves imbalances in protein synthesis and degradation, 

neuromuscular deterioration, and fat infiltration within muscle tissue [15,16]. 

Aging is associated with pronounced atrophy of type II muscle fibers and structural 

deterioration in myofibrils and mitochondria. Additionally, factors such as 

inadequate nutrition, hormonal alterations, inflammation, oxidative stress, and 

physical inactivity contribute significantly to the pathogenesis of sarcopenia 

[17,18]. 

 

2. SARCOPENIC OBESITY 

 

It is estimated that by 2050, the global population aged 65 years and older will 

reach 2 billion, with a rapid increase in those aged 80 and above [19,20]. With 

aging, increases in body mass index (BMI) and body weight are observed; 

however, these values tend to decrease in more advanced ages [21]. Sarcopenia, 

combined with malnutrition and physical inactivity, increases the risk of obesity in 

older adults, bringing attention to the concept of sarcopenic obesity (SO) [22–24]. 

It is projected that SO will affect 100–200 million people within the next 35 years 

[25]. The disruption in the balance between muscle mass and body weight is 

associated with decreased muscle quality, fat infiltration, and neuromuscular 

impairments [20,26]. Underlying mechanisms of SO include hormonal alterations, 

inflammation, and insulin resistance, which synergistically exacerbate health risks 

[20,27]. SO has been linked to physical disability, hospitalization, reduced quality 

of life, and increased mortality, making it a priority in diagnosis and intervention 

efforts [20,27,28]. 

 

2.1. Diagnosis and Prevalence of Sarcopenic Obesity 

 

The diagnosis of sarcopenic obesity (SO) requires a clear definition of both 

sarcopenia and obesity; however, the heterogeneity in defining sarcopenia presents 

a challenge in establishing a standardized definition for SO [20,25,29]. Accurate 

diagnosis of SO necessitates quantitative assessment of skeletal muscle mass 
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(SMM) and fat mass (FM), as traditional anthropometric measurements are 

insufficient for this purpose [20,30]. Dual-energy X-ray absorptiometry (DEXA) is 

commonly used for measuring SMM, while bioelectrical impedance analysis 

(BIA), although more practical, may present accuracy issues in older adults 

[31,32]. While computed tomography (CT) and magnetic resonance imaging 

(MRI) provide high accuracy, they are limited by cost and accessibility [33]. 

Obesity is typically diagnosed using BMI, %FM, and waist circumference 

measurements; however, their sensitivity is limited in the elderly [33,34]. Obesity 

is generally defined as %FM ≥ 27–28% in men, ≥ 35–40% in women, and waist 

circumference ≥ 88 cm in women and ≥ 102 cm in men [27,35,36]. Nevertheless, 

specific cut-off values for older populations have not yet been established [37]. 

The prevalence of sarcopenic obesity (SO) varies significantly by age, sex, 

ethnicity, and diagnostic criteria. In older adults, the prevalence typically ranges 

between 5–10%, with similar rates reported for both sexes [25,38]. Higher 

prevalence has been observed among Hispanic individuals, while it is lower in non-

Hispanic Black populations; an increase is also seen in those aged over 80 [25,38]. 

The frequency of SO can vary markedly depending on the diagnostic criteria used; 

for example, using the lowest SMM or highest %FM quintiles increases the 

estimated prevalence [48]. BIA and DEXA-based assessments suggest that 

prevalence increases with age [39]. The prevalence of sarcopenia has ranged from 

0–84.5% in women and from 0–100% in men [40]. In a cohort study using the 

FNIH criteria, SO prevalence ranged from 12.6% to 27.5% in men and from 33.5% 

to as high as 48% in women aged 80 and over [41]. According to South Korean 

data, SO prevalence ranges from 1.3–15.4% in men and 0.8–22.3% in women [42]. 

 

2.2. Pathogenesis of Sarcopenic Obesity 

 

The pathogenesis of sarcopenic obesity is a complex process involving age-related 

changes in body composition (increased visceral and intramuscular fat, decreased 

muscle mass), systemic chronic inflammation, insulin resistance, lifestyle 

modifications (such as diet and physical activity), and various molecular 

mechanisms (including leptin, adiponectin, interleukin-6, interleukin-10, and 

myostatin). However, there is currently no clear and consistent scientific consensus 

on the causal relationships and effects of these factors. 

 

2.2.1. Age-Related Changes in Body Composition 

 

Sarcopenic obesity (SO) is directly associated with age-related changes in body 

composition, such as muscle loss and fat accumulation. With aging, visceral and 

intramuscular fat increase while subcutaneous fat decreases; concurrently, muscle 

strength and basal energy expenditure decline [43, 44]. These changes are closely 

linked to hormonal alterations, physical inactivity, and inadequate nutrition. 

Muscle loss may accelerate abdominal fat accumulation, while increased adipose 



 

118 

tissue may contribute to inflammation, negatively affect muscle function, and lead 

to neuromuscular dysfunction [45]. 

2.2.2. Chronic Inflammation 

Sarcopenic obesity is characterized by prominent systemic inflammation. This 

inflammatory process impairs insulin sensitivity and growth hormone secretion, 

accelerating muscle loss and thereby promoting sarcopenia development [46]. 

Proinflammatory cytokines such as IL-6, TNF-α, and CRP, which increase with 

visceral fat accumulation, play a significant role in the development of SO [47]. 

The heightened activity of proinflammatory cells in obese adipose tissue affects 

muscle tissue, exacerbating both local and systemic inflammation. These cytokines 

also enhance protein degradation, leading to a reduction in muscle mass [48]. In a 

large-scale study, individuals with SO had higher levels of inflammatory markers, 

indicating a strong link between SO and systemic inflammation [41]. 

 

2.2.3. Insulin Resistance (IR) 

 

Insulin resistance (IR) is closely related to increased fat mass and decreased muscle 

mass. Lipotoxicity and mitochondrial dysfunction associated with obesity and 

aging promote the accumulation of reactive oxygen species (ROS), increasing the 

risk of IR [49]. ROS activate stress signaling pathways, resulting in inactivation of 

insulin receptors and their substrates [50]. This cascade increases muscle 

catabolism and impairs the insulin-mediated regulation of protein metabolism, 

ultimately leading to muscle loss [51]. The decrease in muscle tissue further 

reduces insulin sensitivity, exacerbating IR and reinforcing both muscle atrophy 

and obesity [52]. Additionally, chronic inflammation may also promote IR, 

accelerating muscle wasting and fat accumulation [53]. 

 

2.2.4. Lifestyle Modifications 

 

Inadequate physical activity and poor dietary habits play critical roles in the 

development of sarcopenic obesity (SO). Low protein intake, vitamin D deficiency, 

malnutrition, and alterations in gut microbiota can negatively affect muscle 

function [54]. Chronic malnutrition, reduced protein synthesis, and decreased 

insulin levels may contribute to hyperglycemia and increase the risk of SO. 

Reducing refined carbohydrates and increasing the intake of fiber-rich foods and 

high-quality protein are important in the prevention of SO [55]. Furthermore, 

vitamin D deficiency and gut microbiota imbalances may also trigger the 

development of SO [56,57]. While these factors may not be directly related to 

inflammation or insulin resistance, they can influence these mechanisms and 

increase the risk of muscle loss [58]. 

 

2.2.5. Molecular Mechanisms 

 

In the development of sarcopenic obesity, proinflammatory cytokines such as IL-6, 
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IL-1, and TNF-α, as well as metabolic regulators like adiponectin, leptin, and 

myostatin, play significant roles. While adiponectin enhances insulin sensitivity, 

leptin and myostatin may negatively affect muscle mass and function [59,60]. 

These molecules contribute to the pathogenesis of SO through mechanisms 

involving inflammation, oxidative stress, and muscle protein degradation [61]. 

 

2.3. Adverse Health Effects of Sarcopenic Obesity 

 

Sarcopenic obesity is associated with various adverse clinical outcomes, including 

disability, cardiometabolic disorders, fractures, depression, poor cancer prognosis, 

increased mortality, reduced quality of life, and elevated healthcare costs [27, 62–

71]. However, current data are insufficient to establish the causality of these 

associations, highlighting the need for longitudinal studies to clarify the role of 

sarcopenic obesity (SO) in disease onset and progression. 

 

2.4. Prevention and Treatment of Sarcopenic Obesity 

 

Caloric restriction and physical activity are the primary interventions in the 

prevention of sarcopenic obesity. While reducing fat mass, it is essential to 

preserve muscle mass; hence, the focus should be on body composition and 

functional capacity rather than merely weight loss. Otherwise, older adults may 

face an increased risk of muscle and bone loss. 

 

2.4.1. Nutrition 

 

In the treatment of sarcopenic obesity (SO), nutritional strategies primarily include 

caloric restriction and supplementation with protein and micronutrients; however, 

current guidelines are mostly based on expert opinion. Hypocaloric diets in older 

adults may result in up to 25% loss of muscle mass and exacerbate sarcopenia [72]. 

Acute caloric restriction can suppress muscle protein synthesis and enhance 

proteolysis, leading to muscle loss [73]. Therefore, very low-energy diets are not 

recommended. For older adults with SO, a daily caloric deficit of 200–750 kcal and 

a weekly weight loss target of 0.5–1 kg are advised [74]. Diets supported with 

resistance exercises can mitigate the adverse effects of sarcopenia-related weight 

loss [76]. 

Older adults require higher protein intake to stimulate muscle protein synthesis, 

with recommendations ranging from 1 to 1.2 g/kg/day [77]. Leucine enhances 

muscle protein synthesis and supports muscle anabolism [78]. Distributing protein 

intake every 3–4 hours may help preserve muscle mass [79]. Although animal-

based proteins are generally considered more effective than plant-based sources, 

this remains unclear in the context of SO [80]. Lastly, vitamin D3 supplementation 

may improve muscle function and support bone health in individuals with SO [81]. 
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2.4.2. Exercise 

 

Aerobic and resistance exercises are effective in treating sarcopenic obesity (SO) 

by improving hormonal balance, reducing oxidative stress, and enhancing muscle 

function. The World Health Organization recommends at least 150 minutes of 

aerobic activity per week along with resistance exercises for older adults [82]. 

Aerobic exercise improves cardiorespiratory health, while resistance training 

increases muscle strength and mass [83,84]. Exercise regimens should begin at low 

to moderate intensity and be progressively increased [76]. Resistance training has 

proven effective in preventing muscle loss, and studies using elastic bands have 

shown increases in muscle mass and reductions in fat mass among women with SO 

[84,86]. The combination of aerobic and resistance exercise yields optimal results 

by improving muscle function and reducing fat mass [76,84,87]. In conclusion, 

exercise stands out as an effective intervention for managing SO in older adults. 

 

2.4.3. Combined Implementation of Nutrition and Exercise 

 

The combination of dietary weight loss and exercise in the treatment of sarcopenic 

obesity (SO) can improve physical function and more effectively reduce frailty 

[76]. To minimize muscle loss and prevent osteosarcopenia, a hypocaloric diet 

alongside exercise is recommended. Moreover, the simultaneous application of 

moderate weight loss, a high-protein diet, and exercise is considered the most 

effective strategy for improving body composition in SO [85]. However, studies 

investigating the effects of high protein intake or protein supplementation 

combined with exercise are limited. For instance, a study on the combination of 

aerobic and resistance training with essential amino acid supplementation in older 

adults with SO did not show significant improvements [87]. 

 

3. CONCLUSION 

 

The aging of populations and the increasing prevalence of obesity have led to the 

emergence of the sarcopenic obesity (SO) phenotype. SO negatively affects quality 

of life and mortality, imposing a substantial burden on both individuals and 

healthcare systems. For accurate diagnosis and treatment of SO, a universal 

definition and the integration of reliable body composition assessment methods 

into clinical practice are essential. 
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INTRODUCTION 

 

Mitochondria are egg-shaped, double-membraned organelles involved in 

cellular production of energy within eukaryotic cells. Mitochondria are 

involved in Cellular Energy Production (ATP Synthesis) (> 90%), Synthesis 

and Regulation of Metabolic Intermediates, Regulation of Calcium 

Homeostasis, Regulation of Apoptosis (Programmed Cell Death), Oxidation 

Reactions and Their Regulation, Mitochondrial Quality Control, and 

Mitophagy. Mitochondria are present in varying numbers within a cell 

according to the energy requirements of the cell. They are, for instance, 

present in great abundance in human muscle, cardiac, cerebral, and hepatic 

cells. This review shall try to summarize current research pertaining to the 

molecular genetic pathways of the interactions between mitochondrial 

function and cardiovascular disease. 

 

MITOCHONDRIA AND THEIR ROLES 

 

Mitochondria have a central role in the production of eukaryotic cell metabolic 

energy (over 90%). Mitochondria are oval-shaped, double-membraned 

organelles. The outer membrane is smooth and permeable, while the inner 

membrane infolds into flat sacs known as cristae. Within these cristae and in 

the mitochondrion's interior, there is a liquid termed the matrix. Mitochondria 

are defined by having their own DNA, ribosomes, and respiratory enzymes 

embedded in their inner membrane. These allow mitochondria to replicate 

independently. Through oxidative phosphorylation, mitochondria convert the 

energy of lipid and carbohydrate breakdown into ATP, providing the majority 

of the cell's usable energy. The number of mitochondria per cell is determined 

by energy demands; i.e., muscle, brain, and liver cells contain many 

mitochondria.The majority of mitochondrial proteins are synthesized by free 

cytoplasmic ribosomes. The proteins are then addressed to the mitochondria 

via specific signal sequences afterward. Furthermore, mitochondria also 

possess their own DNA, which encodes tRNA, rRNA, and a subset of 

specialized proteins. This enables mitochondria to exist as semi-autonomous 

organelles and play a remarkable role in cellular metabolic pathways. 
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a.Mitochondrial Inner Membrane 

Mitochondria are the primary location for ATP production in the intracellular 

milieu. The cristae, being in the inner membrane, greatly increase the surface 

area and thus the capacity for energy production. Over 70% of the 

mitochondrial composition is protein. Proteins not only supply major 

functions to the process of oxidative phosphorylation but also perform the 

function of carrying metabolites, including pyruvate and fatty acids, from the 

cytosol into the mitochondria. The inner mitochondrial membrane is 

impermeable to a number of ions and small molecules. It is a required 

characteristic to maintain the proton gradient, which is the foundation of 

oxidative phosphorylation. Because of this gradient, ATP synthesis can occur 

on a continual basis (Figure 1). 

b.Mitochondrial Outer Membrane 

The outer membrane of the mitochondria demonstrates a significant degree of 

permeability to small-sized molecules. This characteristic permeability is 

regulated by some protein channels called porins, which permit free 

diffusion of molecules less than 1000 Daltons. Accordingly, the 

intermembrane space between the outer and inner membranes exhibits 

a compositional pattern of cytosol as much as ions and small molecules 

are concerned (Figure 1). 

 

Şekil 1. Mitochondrial morphology provides a mechanism for energy bufering at 

synapses (https://www.nature.com/articles/s41598-019-54159-1/figures/1).                                      

A. The outer mitochondrial membrane delineates the organelle from the cytosol, 

while the inner membrane surrounds the matrix where the TCA cycle enzymes are 

localized. The enzymes use pyruvate and fatty acids to generate ATP through 

oxidative phosphorylation. Intermembrane and intracristal spaces are formed by the 

infolds of the inner membrane between the inner and outer membranes. B. The 

electron transport chain (ETC) moves protons (H⁺) into the crista space along the 

mitochondrial inner membrane, creating an electrochemical gradient. This gradient 

https://www.nature.com/articles/s41598-019-54159-1/figures/1
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is utilized by ATP synthase enzymes, which allow protons to flow back into the 

matrix, converting ADP into ATP in the process. The ATP synthesized in the matrix 

is transferred to the intermembrane space via the ANT (adenine nucleotide 

translocase) protein and then moves to the cytosol through VDAC (voltage-

dependent anion channels) present in the outer membrane. Proteins involved in 

adenosine metabolism are shown in black, while other mitochondrial proteins 

involved in the proton gradient formation are depicted in white. C. An 

intermembrane space exists between the outer and inner membranes of the 

mitochondrion. The inner membrane surrounds the matrix (the green-colored area) 

and can be structurally divided into two regions: the inner boundary membrane and 

the crista membrane. These two membrane regions meet at tubular crista junctions, 

where the intracristal space opens into the intermembrane space. 

 

Mitochondrial Dna and  Inheritance 

Mitochondrial DNA (mtDNA) is a specialized form of genetic material found 

in the mitochondrion with the ability to self-replicate independent of the cell 

nucleus. The mtDNA plays a significant role in preserving the 

mitochondrion's ability to produce energy via the 13 proteins, 22 transfer 

RNAs (tRNAs), and 2 ribosomal RNAs (rRNAs) it encodes, encompassing 

certain proteins that are part of the respiratory chain complexes enlisted in 

oxidative phosphorylation. Mutations or defects in these genes can cause 

disruption of ATP synthesis and elevation of reactive oxygen species, 

detrimentally impacting cellular energy balance. Furthermore, mtDNA 

integrity is also a critical factor involved in the control of cellular function, 

including mitochondrial biogenesis, dynamics, and apoptosis. Due to these 

facts, mtDNA has been considered to play a central role in the pathogenesis 

of mitochondrial and systemic metabolic diseases. 

In older individuals, there is a reduction in the mtDNA copy number, which 

begins with age of approximately 50. Research indicates that the mtDNA copy 

number at the population level has a half-life of approximately 60 years. A 

literature review concerning cardiovascular disorders in this context reveals 

that mitochondrial dysfunction may be harmful to energy generation, causing 

cardiac muscle hypertrophy (hypertrophic cardiomyopathy), skeletal muscle 

disease, and a multitude of neurological as well as metabolic defects. 

Specifically, mtDNA depletion and oxidative phosphorylation deficits are 

basic mechanisms implicated that play a critical role in the etiology of these 

disorders. The mitochondrial DNA copy number (mtDNA-CN) has had an 

inverse correlation with established and incipient cardiovascular events. 

Because of its closeness to the electron transport chain, mtDNA is a highly 

sensitive target for damage from reactive oxygen species (ROS), and it has a 
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mutation rate greater than that of nuclear DNA. This is so because 

mitochondria lack the DNA repair processes that are available to nuclear 

DNA, and there are only limited repair processes in mitochondria for repairing 

damaged DNA. mtDNA mutations that are not repaired can affect the 

expression of essential subunits of the electron transport chain and inhibit 

oxidative phosphorylation, thereby further increasing ROS production. There 

are a number of mitochondria in any cell with varying amounts of normal and 

mutated mtDNA. Increased mtDNA mutation burden can lead to 

cardiomyocyte apoptosis and prevent the replacement of damaged 

cardiomyocytes. 

According to research; Twinkle helicase is an mtDNA polymerase and is 

essential to replication. MtDNA copy number was increased and mtDNA 

integrity was preserved in a mouse model of Twinkle helicase overexpression; 

atherosclerotic burden was also less. Mice smooth muscle cells that 

overexpress Twinkle helicase proliferate faster in culture and are more 

resistant to apoptosis caused by redox stress, possibly because they maintain 

greater mtDNA fidelity under conditions of stress. In mice knocked out for 

telomerase reverse transcriptase, mtDNA was severely depleted, and the mice 

developed dilated cardiomyopathy with aging. In mice, telomerase therapy 

has been shown to increase cardiomyocyte size, preserve ejection fraction, 

inhibit collagen deposition, and improve mitochondrial ultrastructure of 

cardiomyocytes after myocardial infarction and doxorubicin administration. 

mt-tRNA mutations, encoded by mitochondrial DNA and necessary for 

mitochondrial protein synthesis (e.g., tRNA^Lys, tRNA^Cys), also cause 

cardiomyopathy. 

Mitochondria and Reactive Oxygen Species (ROS) 

Redox balance is a state where oxidative and reductive reactions within a cell 

reach an equilibrium state. Reactive oxygen species (ROS) are composed of 

several molecules such as hydroxyl radical (OH˙), superoxide radical anion 

(O₂⁻), singlet oxygen (¹O₂), and hydrogen peroxide (H₂O₂). The regulation of 

ROS homeostasis is essential for maintaining redox balance of the cell. 

Sources of ROS include the mitochondrial electron transport chain, xanthine 

oxidase, cytochrome P450 enzymes, and NADPH oxidase (NOX). 

Extracellular stimuli, particularly angiotensin II (ANG II), often induce O₂•⁻ 

production via NOX. In the heart, the NOX2 isoform is the most dominant, 

and ROS-mediated NF-κB activation can trigger inflammation and damage. 

Increases in NOX2 levels and NF-κB activity have been observed in 

cardiomyocytes following acute myocardial infarction (MI). TLR4 becomes 

activated under myocardial injury and initiates the inflammatory response, 
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potentially triggering necroptosis. RIPK3 is a key molecule initiating 

necroptosis in cardiomyocytes, leading to increased ROS production and 

opening of the mitochondrial permeability transition pore (mPTP). While 

Nox4-derived superoxide is typically produced during oxidative bursts 

associated with neutrophil activation, Nox2 contributes to superoxide 

production in the vascular structure; however, its role in age-related oxidative 

stress is unclear. Nox4 expression increases with age, particularly in the 

context of atherosclerosis, and is localized to mitochondria. Interestingly, 

Nox4 appears to have atheroprotective effects, as it primarily releases 

hydrogen peroxide instead of superoxide. Hydrogen peroxide can induce 

angiogenesis in endothelial cells, though at high concentrations, it may 

increase cell permeability and lead to apoptosis. In cardiomyocytes, ROS can 

impair cellular calcium handling, activate inflammatory pathways, and disrupt 

mitochondrial function. These effects can reduce cardiomyocyte contractility, 

lead to profibrotic remodeling, and cause apoptosis. Reductive stress, in a 

murine model, has been shown to cause cardiomyopathy through protein 

aggregation driven by increased reduced glutathione and NADPH. chronic 

nuclear factor erythroid 2–related factor 2 (NRF2) activation is succeeded by 

glutathione accumulation, cardiomyocyte enlargement, enhanced 

hypertrophy-related gene expression, and ultimate remodeling of the 

myocardium that replicates hypertrophic cardiomyopathy characteristics. 

Mitochondrial and nuclear genomes encode subunits of the electron transport 

chain (ETC) complex I (C-I), and the NAD⁺/NADH ratio affects C-I activity. 

C-I is a major source of mitochondrial ROS production, and its decrease can 

trigger pathological processes by increasing ROS production and mtDNA 

copy number. Complete inhibition of complex I activity results in cardiac 

dysfunction and failure, but controlled inhibition can decrease oxidative stress 

and serve as a protective response against ischemia/reperfusion (I/R) injury. 

Complex I targeting can be a potential therapeutic strategy for the generation 

of novel therapies for cardiac disease. 

Overexpression of MAO-A has been shown in mice to be associated with 

increased ROS production, mitochondrial dysfunction, cardiac inflammation, 

hypertrophy, left ventricular function reduction, and cardiac fibrosis. 

Increased MAO activity is an initial stage of cardiac hypertrophy and typically 

causes a metabolic shift towards preferential utilization of carbohydrates over 

fatty acids. MAO-B knockout reduces infarct size in isolated mouse hearts 

under I/R. Although MAO inhibitor treatment before myocardial infarction 

(MI) does not affect infarct size, it has been shown to improve recovery from 

ischemia. Rasagiline is a potent, selective, and irreversible MAO-B inhibitor 

that prevents tissue fibrosis when started 24 hours after MI. ROS generated by 

MAO-A is accountable for dilated cardiomyopathy. In rats, inhibition of 
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MAO-A improves left ventricular function following coronary artery 

occlusion (Figure 2). 

 

 

Figure 2. Mitochondrial reactive oxygen species (ROS) affect several different 

processes of the mitochondria, leading to aging, calcium overload, protein 

acetylation, and mitochondrial dysfunction. 

(https://www.oaepublish.com/articles/jca.2022.42/image/fig1)                  

Mitochondrially generated reactive oxygen 

species affect a range of processes in the organelles to induce aging, calcium 

overload, protein acetylation, and mitochondrial dysfunction. 

Mitochondria and Calcium Metabolism 

Mitochondria play a pivotal role in the regulation of intracellular calcium 

(Ca²⁺) homeostasis. Cellular Ca²⁺ signaling is required for the control of 

metabolic processes and cellular integrity. By mechanisms of calcium uptake 

and release, mitochondria strictly regulate the levels of calcium in the cytosol. 

The interaction is significant not only to enhance energy metabolism but also 

to avert damage due to excessive calcium. Ca²⁺, in its use in energy production 

and metabolism, has the ability to activate certain enzymes of the Krebs cycle 

and ATP synthase. However, excessive accumulation of calcium can lead to 

the opening of the mitochondrial permeability transition pore (mPTP), thereby 

inducing apoptosis. Ca²⁺ dysregulation and matrix Ca²⁺ accumulation increase 

mitochondrial ROS (mtROS) production, which promotes mPTP opening. 

This event then initiates inflammation and cell apoptosis, which plays an 

important role in ischemia-reperfusion (I/R) injury and the progression of 

cardiovascular and neurodegenerative disorders (Fıgure 2). 

https://www.oaepublish.com/articles/jca.2022.42/image/fig1
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Mitochondrial Ca²⁺ overload and PTP activation lead to cell death and loss of 

cellular energy in cardiac diseases such as ischemia-reperfusion injury and 

heart failure. Cyclosporin A (CsA) does not exert a direct inhibitory effect on 

the mitochondrial permeability transition pore (PTP) complex but acts by 

inhibiting the PTP activator cyclophilin D (CypD). During excessive 

concentrations of calcium or reactive oxygen species, the efficacy of CsA 

becomes limited, such that there is a likelihood of PTP to be open. 

Nevertheless, CsA possesses the capability to minimize cardiomyocyte loss 

and improve the course of heart disease by preserving mitochondrial function. 

Mitochondrial Ca²⁺ homeostasis regulation offers a viable mechanism for 

cardiovascular disease prevention and therapy. Research demonstrates that 

calcium leak causes mitochondrial Ca²⁺ overload with adverse effects on the 

heart's functional activity. Overload of mitochondrial Ca²⁺ in murine models 

and RyR2 mutations caused mitochondrial dysfunction and dissipation of 

membrane potential. The process plays a role in advancing aging-mediated 

heart failure in human and murine models. 

Mitochondria and Cellular Quality Control Processes 

Mitochondrial quality control processes are intrinsic to cellular integrity and 

mitochondrial function. A key aspect of these processes is mitochondrial 

dynamics, which comprises the ongoing fusion (merging) and fission 

(splitting) of mitochondria. Fusion contributes to the merging of impaired 

mitochondria with more healthy ones to sustain their functional adequacy, 

whereas fission contributes to segregation and elimination of defective 

portions. This balance is essential for the sustenance of mitochondrial health 

and adaptive reaction to cellular stress. Elongated mitochondria are due to 

enhanced fusion processes, whereas smaller and fragmented mitochondria are 

due to fission processes. Mitochondrial fusion is controlled by Mitofusin 1 

and 2 (Mfn1-2) on the outer mitochondrial membrane, along with OPA1 on 

the inner membrane. Conversely, mitochondrial fission is linked with proteins 

like Drp1, FIS1, Mdv1, and Mff. During ischemia, ATP depletion and the 

generation of reactive oxygen species (ROS) exacerbate mitochondrial injury; 

moreover, during reperfusion, uncontrolled autophagy may result in cell 

death. Parkin-independent pathways, through the dedicated pathways of Ulk1 

and Rab9, trigger mitophagy as a pathway to remove damaged mitochondria 

and restrain cellular apoptosis. During chronic stress conditions, the 

equilibrium between mitochondrial biogenesis and mitophagy may be broken. 

The heart depends most on fatty acid oxidation for its energy requirement, and 

during the perinatal stage, Parkin-independent mitophagy is essential to 

replace glucose-dependent fetal mitochondria with adult mitochondria that are 

specially designed for fatty acid oxidation. Interference of this process can 

decrease contractile capacity and cause the onset of cardiomyopathy. Besides, 

Parkin-independent pathways provide mitochondrial quality control in the 
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adult heart, which sustains cardiac function. Stimulation of mitophagy via 

NAD⁺ and OXPHOS pathways safeguards against these diseases by 

maintaining cellular energy homeostasis and guarding against these diseases 

(Figure 3). 

 

Figure3. Mitochondria in health, disease, and aging. 

(https://journals.physiology.org/doi/full/10.1152/physrev.00058.2021)                           

A. During the fusion phase, two or more mitochondria combine to form larger 

mitochondria. This can be utilized to repair defective mitochondria by combining 

them with normal mitochondria. B. The fission process results in the formation of 

miniature mitochondria as a result of fragmentation of faulty mitochondria. Drp1 is 

the essential regulatory protein involved in this process. 

 

Experiments have determined the applicability of mitochondrial dynamics in 

heart tissue through experiments using loss-of-function on proteins that are 

involved in these regulation mechanisms. Mitochondria in mice in which Mfn-

1/2 ablation had been carried out were determined to be fragmented and had 

abnormal cristae structures. These changes, along with defective 

mitochondrial respiration, mitophagy, and biogenesis, resulted in the onset of 

cardiomyopathy. In Opa1 mutant heterozygous mice, there were giant 

mitochondria with abnormal cristae. The mitochondria had increased Ca²⁺ 

storage capacity and delayed mPTP (mitochondrial permeability transition 

pore) opening, which was linked to increased susceptibility to mechanical 

stress. Mitochondrial fission also plays a significant role in oxygen-dependent 

ductus arteriosus constriction. Chronic oxygen exposure in ductus arteriosus 

smooth muscle cells (DASMCs) increases levels of DRP1, leading to 

https://journals.physiology.org/doi/full/10.1152/physrev.00058.2021
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mitochondrial fragmentation and heightened oxygen consumption and 

oxidative metabolism. Inhibition of DRP1, in contrast, prevents DASMC 

proliferation and ductus arteriosus closure. Loss of all Pink1 leads to cardiac 

hypertrophy and dysfunction with aging-dependent consequences. The effect 

starts after two years of age and is linked with mitochondrial dysfunction, 

decreased mitophagy, and elevated oxidative stress. These results indicate that 

Pink1 has an obligatory function during postnatal cardiac development. 

Inhibition of Parkin reduces mitophagy, while overexpression of Parkin or p53 

deficiency rescues age-dependent mitophagy defect and preserves cardiac 

function. Deletion of the RhoA gene has been shown to contribute to cardiac 

aging and fibrosis via downregulation of Parkin expression, while 

overexpression of Parkin improves the condition. The function of Parkin in 

mitophagy has been compromised in mice with mtDNA damage, and 

mitophagy is impaired in the aged heart. Systemic Parkin deletion in mice 

leads to impaired cardiac function and survival. Parkin overexpression 

protects cardiomyocytes from cell death caused by hypoxia. These 

observations indicate that Parkin-mediated mitophagy enhances the removal 

of damaged mitochondria and aids in cardiac recovery following a myocardial 

infarction (MI). It has recently been demonstrated that the circadian rhythm 

gene Clock regulates mitophagy during acute MI, and Clock mutant mice 

experience a worse decrease in cardiac function, thereby demonstrating the 

link between circadian regulation and maintenance of mitochondrial quality 

under cardiac stress. 

The Function of Sirtuins in Mitochondrial Function 

Sirtuins are a well-conserved family of nicotinamide adenine dinucleotide 

(NAD⁺)-dependent deacetylases. Seven members of sirtuins (SIRT1–SIRT7) 

are found in mammals and are divided according to their subcellular 

localization: nuclear (SIRT1, SIRT2, SIRT6, and SIRT7), cytoplasmic 

(SIRT1 and SIRT2), and mitochondrial (SIRT3, SIRT4, and SIRT5). In the 

cardiovascular system, sirtuins have a key role in safeguarding 

cardiomyocytes and endothelial cells against noxious stimuli like 

inflammation and oxidative stress. Furthermore, sirtuins control apoptotic 

signaling pathways and the activity of antioxidant enzymes like manganese 

superoxide dismutase (MnSOD) and catalase. SIRT1 protein expression 

declines with age in primary human vascular smooth muscle cells, whereas 

exercise training can enhance SIRT1 activity and SOD2 in the hearts of old 

rats. SIRT3, the NAD⁺-dependent deacetylase located in mitochondria, is the 

key regulator of metabolic and antioxidative processes. Upregulation of 

SIRT3 has been linked to human longevity, while its levels were found to 

decline in aging as well as cardiovascular disease risk factors. Activation of 

SIRT3 was found to be protective against cell death induced by H₂O₂, 
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potentially via the NF-κB pathway, while SIRT3 inhibition elevates cell death. 

SIRT3 deficiency leads to hyperacetylation of SOD2, oxidative stress, and 

exacerbates endothelial dysfunction, vascular hypertrophy, vascular 

inflammation, vascular senescence, and age-related hypertension. Deficiency 

or point mutation of the SIRT3 gene was found to reduce the activity of 

complexes I and III of the electron transport chain and decrease fatty acid 

oxidation, resulting in an elevated glycolytic metabolic state. In failing and 

aging hearts, downregulation of SIRT3 has been noted, and this could be the 

result of decreased NAD⁺ levels or an NAD⁺/NADH ratio. SIRT3 is inhibited 

by low NAD⁺ levels, causing hyperacetylation of mitochondrial proteins and 

resultant loss of function. Resveratrol, through its antioxidant, anti-

inflammatory, and cardioprotective functions, has been shown to upregulate 

the gene expression of SIRT1, SIRT2, SIRT5, and SIRT7 in endothelial cells 

treated with TNF-α. In a different vascular endothelial cell oxidative stress 

model, resveratrol regulated mtROS homeostasis through the SIRT3 signaling 

pathway. All these findings position the sirtuins at the intersection of 

mitochondrial quality control, aging, and age-related disease (Fıgure 4). 

 

Figure 4. Mitochondria in health, disease, and aging 

(https://journals.physiology.org/doi/full/10.1152/physrev.00058.2021)                                                                            
ROS and the family of sirtuins play important roles in cardiac aging mechanisms. 

SIRT3, an mt-sirtuin, plays a role in cytokine regulation, lipidogenesis, and effects 

mediated by eNOS. 

 

 

https://journals.physiology.org/doi/full/10.1152/physrev.00058.2021
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The Function of Mitochondria During Cardiac Senescence  

Cardiac aging is characterized by changes that result from a gradual decline 

in the structural and functional properties of the heart. During this process, it 

is possible to witness mitochondrial dysfunction, increased oxidative stress, 

and impaired cellular repair mechanisms in myocardial cells. As age advances, 

there is a significant loss in the regenerative capacity of cardiomyocytes, along 

with an accumulation of fibrosis and inflammatory reactions. Together, these 

changes result in a loss of cardiac function and an increased susceptibility to 

cardiovascular diseases. There are various factors implicated in the age-related 

decline in the energy capacity of cardiac mitochondria. They include 

mutations and deletions of the mitochondrial genome, reactive oxygen species 

(ROS) production, inflammation, impaired mitophagy, disrupted proteostasis, 

and alterations in mitochondrial biogenesis. 

Experiments have demonstrated that the activity of proteins involved in 

mitochondrial metabolism (such as the components of mitochondrial 

respiratory chain complexes and fatty acid metabolism) is reduced in the heart 

during aging. Conversely, extracellular structural proteins and glycolytic 

pathway components rise noticeably during aging. Moreover, research has 

revealed that aging-related elevations in the levels of ROS in mitochondria 

result in protein and lipid oxidation and inflict damage on mtDNA, further 

crippling the respiratory effectiveness of mitochondria and forming a vicious 

cycle contributing to the accelerated production of ROS. The activity of 

complexes I and IV of the electron transport chain has also been found to be 

inhibited at elevated levels of ROS. In aged hearts, the frequency of point 

mutations and deletions in mtDNA has been found to be increased four times, 

along with mtDNA copy number. A remarkable decrease in autophagy is also 

generally observed in the aging heart. Impaired autophagy, due to the inability 

to eliminate damaged cells and organelles, poses a basic difficulty for 

cardiomyocytes, which are post-mitotic cells. Telomere shortening with age 

plays a significant role in the reduction of cellular dividing ability. The 

combination of these effects leads to a reduction of vascular function, which 

is manifested by endothelial dysfunction and vascular stiffening. It is 

demonstrated that DNA damage, specifically in telomeric areas, initiates the 

aging process in cardiomyocytes via mitochondrial dysfunction. 
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MITOCHONDRIAL DYSFUNCTION IN HEART FAILURE 

Heart failure is typically divided into two broad categories: heart failure with 

reduced ejection fraction (HFrEF; EF ≤ 40%) and heart failure with preserved 

ejection fraction (HFpEF). In the past several years, due to the aging 

population of the world, HFpEF has become the most prevalent type of heart 

failure. Moreover, the growing prevalence of risk factors like obesity, 

diabetes, and hypertension is creating an upward trend in HFpEF. The 

clustering of these risk factors has been found to be more pronounced with 

HFpEF than with HFrEF. In cardiomyocytes derived from patients with heart 

failure with preserved ejection fraction (HFpEF), several structural and 

functional defects have been reported, including redox imbalance, defective 

mitochondrial dynamics and quality control (QC), and compromised 

bioenergetic capacity. These alterations result in heightened activation of 

signaling pathways that drive maladaptive cardiac remodeling and 

inflammation while concomitantly upsetting the balance between 

mitochondrial metabolism and ATP synthesis. HFrEF, on the other hand, is 

characterized by cardiomyocyte loss and compromised myocardial contractile 

function (Figure 5).  

 

 

Figure 5. Diagram of Mitochondrial Dysfunction in the Pathogenesis of Heart 

Failure. (https://www.mdpi.com/2076-3921/12/11/1941)                       
Oxidative stress from mitochondrial dysfunction, calcium overload, and 

inflammation in the myocardium can lead to heart failure. 

https://www.mdpi.com/2076-3921/12/11/1941
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Chaanine et al. presented a side-by-side comparison of mitochondrial features 

of human HFpEF and HFrEF hearts in their study in 2019. Here, we also found 

that the mitochondrial quality control protein DRP1 expression was increased, 

while PGC-1α and COX IV expression was decreased in the heart of HFrEF 

patients. Additionally, mitochondrial fragmentation and cristae disruption 

were more pronounced in the heart of HFrEF compared to HFpEF.In one 

study that demonstrated excess calcium (Ca²⁺) in mitochondria in heart failure, 

it was concluded that Ca²⁺ leakage from the sarcoplasmic reticulum led to 

increased mitochondrial Ca²⁺ that induced heart failure. In a post-MI heart 

failure mouse model, heart failure was induced by permanent ligation of the 

left anterior descending (LAD) coronary artery. These and other reports 

indicate that raised mitochondrial Ca²⁺ is an initiator of cardiac pathology and 

that lowering the levels of mitochondrial Ca²⁺ might be a promising 

therapeutic approach in heart failure models (Figure 5). 

Mitokondriyal fission, DRP1 aracılığıyla hipertrofiyi tetikler ve kalp 

yetmezliğine yol açar; ancak DRP1 inhibe edildiğinde kalp fonksiyonu 

korunabilir. Bununla birlikte, aşırı inhibisyon da zararlıdır, çünkü 

mitokondriyal dinamiklerin dengesinin bozulması, ATP üretimini azaltarak 

kalp yetmezliğini tetikleyebilir. Bu nedenle, mitokondriyal fissionun tamamen 

engellenmesi yerine kontrollü bir şekilde düzenlenmesi gerektiği 

vurgulanmaktadır. Mitokondriyal kompleks I disfonksiyonu, kalp yetersizliği 

(HF) ile ilişkilidir. Miyokard enfarktüsü geçiren farelerde kompleks I 

aktiviteleri azalırken, demir eksikliği de kardiyak disfonksiyonu tetikleyebilir. 

Demir takviyesi, demir eksikliği olan bireylerde kalp fonksiyonunu 

iyileştirebilir.  

 

MITOCHONDRIA AND CARDIOMYOPATHY 

 

Cardiomyopathy is a disease characterized by structural and functional 

impairment of the myocardium. Its etiology may include autoinflammatory 

insults, infections, gene mutations, and systemic diseases. Here, the 

relationship between mitochondria and two specific types(diabetic and 

hypertrophic cardiomyopathy) will be reviewed.  

a.Diabetic Cardiomyopathy  

In diabetes mellitus (DM) patients, the occurrence of heart failure is greater 

than in their non-diabetic counterparts, and their outcome is significantly 

poorer. This observation is true even without the presence of other risk factors 
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for heart failure. Diabetes accounts for the vulnerability of cardiac tissue to 

extracellular remodeling and hypertrophy, which causes diastolic and systolic 

dysfunction of the left ventricle. In healthy heart tissue, enhanced use of fatty 

acids is observed compared to the other tissues. In DM, due to lack of insulin, 

glucose oxidation is reduced and due to elevated levels of serum fatty acid and 

triglyceride, there's enhanced oxidation of fatty acids. Elevated fatty acid 

oxidation leads to accumulation of lipid intermediates such as ceramide and 

triacylglycerol within the cell, thereby forming lipidome. Lipidome 

accumulation was found to enhance ROS production and impair contractility. 

Additionally, in cardiomyocytes, adiponectin is decreased, and the reduction 

leads to the functional deficiency of complexes within the electron transport 

chain and enhanced generation of ROS. 

An outstanding pathology of diabetic cardiomyopathy is increased protein 

modification and O-GlcNAcylation. O-GlcNAcylation can disturb cardiac 

contractions by facilitating calcium release in cardiomyocytes. Another 

etiological factor of diabetic heart disease is the deficiency of NAD⁺-

dependent deacetylases such as SIRT3. SIRT3 optimizes energy yield by 

deacetylating mitochondrial proteins. SIRT3 deficiency increases protein 

acetylation in the heart, causing mitochondrial dysfunction and decreased 

ATP synthesis. In addition, SIRT3 deficiency inhibits mitophagy, thereby 

leading to mitochondrial damage. Mitochondrial quality control proteins Opa1 

and Drp1 play a significant role in the regulation of mitochondrial dynamics, 

and their function can be impaired in diabetic cardiomyopathy. In high-

glucose conditions, O-GlcNAcylation of Drp1 inhibits its phosphorylation, 

which results in mitochondrial fragmentation and mitochondrial dysfunction. 

O-GlcNAcylation of Opa1 also suppresses mitochondrial fusion and 

mitochondrial morphology. Such an effect of O-GlcNAcylation on these 

proteins has been linked to mitochondrial dysfunction, enhanced production 

of reactive oxygen species (ROS), and cellular injury. These data indicate that 

O-GlcNAcylation is a significant mechanism that can initiate the pathological 

process of diabetic cardiomyopathy (DbCM). In diabetic individuals, insulin 

treatment has been found to enhance the content of Opa1, restore metabolic 

activity by enhancing ATP synthesis and oxygen consumption, and inhibit 

ROS production (Figure 6). 
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Figure 6. Mitochondrial Mechanisms in Diabetic Cardiomyopathy                       

(https://e-dmj.org/journal/view.php?doi=10.4093/dmj.2019.0185)                                        

Mitochondrial quality control, ROS production, oxidative phosphorylation, O-

GlcNAc modification, and sirtuins are interconnected, multifaceted, and inseparable 

pathways that must be examined collectively in diabetic cardiomyopathy 

pathogenesis. 

b.Hipertrophic Cardiomyopathy 

Hypertrophic cardiomyopathy (HCM) is a genetic condition of left ventricular 

hypertrophy not caused by secondary factors, with a non-dilated left ventricle 

and preserved or even augmented ejection fraction. The process tends to be 

asymmetric, with the basal interventricular septum typically being the most 

hypertrophied. Gene mutations in the electron transport chain complex disrupt 

adenosine triphosphate (ATP) synthesis, resulting in an inadequate energy 

supply to the myocardial tissue. The deficiency then leads to degenerative 

changes and compensatory hypertrophic hyperplasia, which are primary 

causes of hypertrophic cardiomyopathy. In HCM, mitochondrial structural 

changes, disturbed ATP synthesis, calcium imbalance, overproduction of 

ROS, and aberrant apoptotic signaling pathways have been demonstrated. 

Morphological defects may disturb mitochondrial function and alter energy 

metabolism, oxidative stress pathways, and cell survival mechanisms, all of 

which are implicated in the pathogenesis of HCM. Dysfunction of enzyme 

complexes and energy metabolism dysfunction in HCM—especially 

complexes I and IV impairment in the ETC—leads to impaired mitochondrial 

respiration. Moreover, a shift from fatty acid oxidation to glycolysis has been 

described in the mitochondrial metabolism of HCM patients. Mitochondrial 

https://e-dmj.org/journal/view.php?doi=10.4093/dmj.2019.0185
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metabolic imbalance affects cardiac function and contributes to the 

pathogenesis of hypertrophy and heart failure. 

In hypertrophic cardiomyopathy (HCM) patients, mtDNA mutations have 

been determined to be deleterious for cardiac muscle performance, causing 

hypertrophy, arrhythmias, and heart failure. In addition, mutations of nuclear 

genes for proteins participating in mitochondrial function (from biogenesis 

through the dynamics of fusion and fission, or respiratory chain complex 

subunits) may also be involved in mitochondrial dysfunction in HCM. 

Therapeutic interventions with the Opa1 fusion protein have yielded data that 

increased Opa1 expression improves mitochondrial morphology and, 

secondarily, cardiomyocyte contractility. HCM is accompanied by the 

relocation of preferential utilization of fatty acids to glucose metabolism in an 

effort to balance new energy demands. With caloric restriction, both energy 

production and consumption alter so that production becomes fat utilization 

based and committed further in this direction. In an isoproterenol-induced 

hypertrophic cardiomyopathy model, caloric restriction exhibited protective 

effects on mitochondrial dysfunction, cardiac lipidome remodeling, and 

oxidative stress. Further, in a murine model of chronic hypertensive cardiac 

remodeling, it was observed that a low-carbohydrate diet rich in fat or protein 

suppressed the development of hypertrophy. 

 

MITOCHONDRIA AND CARDIAC ISCHEMIA-REPERFUSION 

INJURY 

 

Cardiac ischemia-reperfusion (I/R) damage is marked by a chain of harmful 

events that occur when blood flow is temporarily stopped (ischemia) and then 

restored (reperfusion) in a given region of the cardiac muscle. Such an event 

is commonly seen in the setting of myocardial infarction. Reactive oxygen 

species (ROS) produced from the mitochondria are pivotal in causing 

endothelial dysfunction during I/R damage. Inflammation, metabolic 

disturbances, calcium overload, and activation of various stress pathways also 

intensify cellular damage. The vulnerability of the endothelium to this type of 

damage makes it a central target in I/R injury. Under reperfusion, enhanced 

ROS formation—particularly from the mitochondrial respiratory chain and 

NADPH oxidase isoforms—is implicated in tissue injury. Modulation of 

mitochondrial respiration has been found to exert a protective action against 

myocardial injury (Figure 7). 
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Also, mitochondrial calcium (Ca²⁺) uptake during I/R can aid in buffering 

excess cytosolic Ca²⁺ accumulation. In normal circumstances, mitochondria 

modulate intracellular Ca²⁺ levels, averting overload. During reperfusion, 

however, cytosolic Ca²⁺ content increases abruptly, and this can result in 

hypercontracture and cell death. Defective mitochondrial Ca²⁺ uptake—

especially in pathologies like aging—can exacerbate this process. When 

mitochondrial buffering capacity is compromised, unchecked cytosolic Ca²⁺ 

overload exacerbates the severity of I/R injury. Mitochondrial fission and 

fusion are the key processes in mitochondrial dynamics, both of which have 

complex roles in I/R injury. Fusion is generally considered protective because, 

through fusion with healthy mitochondria, damaged mitochondria can be 

repaired and mitochondrial morphology can be stabilized. Fusion proteins 

such as OPA1 and MFN1 promote mitochondrial function and regulate energy 

production. Fusion can also be detrimental under certain circumstances; for 

instance, OPA1 dysfunction can impair mitochondrial bioenergetics and 

increase oxidative stress. In contrast, mitochondrial fission is typically 

indicative of mitochondrial injury, and excessive fission has been found to 

initiate cell death and cardiac dysfunction. It can cause opening of the 

mitochondrial permeability transition pore (mPTP), cytochrome c release, and 

activation of the apoptotic pathways. In short, the balance between 

mitochondrial fusion and fission is a factor to be taken into account in the 

severity of cardiac I/R injury. While fusion may prove helpful under certain 

conditions, over-fission will be harmful (Figure 7). 

 

 

Figure 7. New insights into the role of mitochondria in cardiac microvascular 

ischemia/reperfusion injury (https://link.springer.com/article/10.1007/s10456-020-

https://link.springer.com/article/10.1007/s10456-020-09720-2/figures/1
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09720-2/figures/1)                                                                                                                                             

a) Damage to the cardiac microvasculature is characterized by loss of the microvascular 

barrier function, impaired perfusion, endothelial cell death, decrease in eNOS expression, and 

increase in endothelial permeability. Mitochondrial ROS and dysfunctions in quality control 

mechanisms are among the underlying mechanisms. 

b) Mitochondrial quality control events, their regulators, and their effects on cell death and 

survival processes. 

TREATMENT 

Presently, treatment strategies can be categorized into two broad groups: 

a.Pharmacological 

Reactive oxygen species (ROS) are heavily involved in cardiac disease with 

mitochondrial dysfunction. Therapeutic strategies currently exist that induce 

endogenous antioxidant systems and also address the already established 

pathological conditions. Coenzyme Q10, which is a natural antioxidant, has 

been found to enhance the effectiveness of the mitochondrial antioxidant 

defense system. Deficiency of coenzyme Q10 has been linked to impaired 

electron transport chain function, and oral supplementation of this compound 

has been found to reverse this deterioration. Supplementation with CoQ10 has 

been found to improve cardiac function, reduce cardiovascular mortality, and 

increase survival in patients with heart failure.The MitoQ, which is a 

derivative of coenzyme Q10, has also demonstrated excellent potential in 

combating oxidative damage. It is able to inhibit lipid peroxidation and 

superoxide radical-induced mitochondrial damage. Through this enhancement 

of endothelial cell function, there is a decrease in elastic artery stiffness. 

Clinical trials, though, have indicated that systemic antioxidant therapy is not 

beneficial for those patients with atherosclerosis. Ranolazine's mechanism of 

action includes blockade of the enhanced late Na⁺ current during ischemia, 

reduction of mitochondrial Ca²⁺ load, and actions on mitochondrial 

metabolism. In addition, it enhances mitochondrial function through 

inhibition of complex I (C-I) activity. This is protective for cardiac cells by 

preventing necrosis and apoptosis during ischemia-reperfusion injury. The 

effectiveness of ranolazine has been reported to be specifically significant 

among patients with heart failure who have elevated brain natriuretic peptide 

(BNP) levels. Empagliflozin was also seen to exert beneficial effects on 

cytosolic Na⁺ and mitochondrial Ca²⁺ handling. Empagliflozin inhibits kidney 

glucose reabsorption and reduces hyperglycemia by blocking the SGLT-2 

channel. In addition, by its action in the Na⁺/H⁺ exchanger of cardiomyocytes, 

it reduces intracellular Na⁺ and elevates mitochondrial Ca²⁺, which can 

enhance cardiac function. The EMPA-REG OUTCOME trial provided data 

that empagliflozin decreased heart failure-associated mortality and benefited 

cardiovascular outcomes. Importantly, there is now increasing evidence that 

https://link.springer.com/article/10.1007/s10456-020-09720-2/figures/1
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these cardioprotections are realized independent of the sodium and glucose-

lowering mechanisms. Empagliflozin's SGLT2 inhibition has been found to 

ameliorate detrimental cardiac remodeling and to augment cardiac 

bioenergetic function in non-diabetic animal models of heart failure. 

Especially in non-diabetic rats with myocardial infarction, empagliflozin 

alleviated cardiomyocyte hypertrophy, reduced interstitial fibrosis, decreased 

myocardial oxidative stress and mtDNA damage, and increased mitochondrial 

biogenesis. Empagliflozin is able to improve cardiac function through 

increasing OXPHOS activity, promoting glucose and fatty acid oxidation, and 

preserving cardiac efficiency. 

Recent studies have sought to target NOX enzymes, which are involved in 

biological signal transduction and the production of ROS (reactive oxygen 

species). Statins, in addition to their lipid-lowering effect, have been shown to 

avert cardiovascular disease by virtue of their antioxidant effect via inhibition 

of NOX2. Although statin therapy has demonstrated beneficial antioxidant 

effect in isolated cardiomyocytes and heart failure models, the CORONA 

study, which included 5,011 patients with heart failure, stated that statin 

therapy had no effect on reducing cardiovascular mortality. 

Vericiguat received FDA approval in 2021 for the treatment of chronic heart 

failure (HF). The medication enhances cardioprotective mechanisms by 

increasing cyclic guanosine monophosphate (cGMP) levels. Patients in the 

VICTORIA trial were dosed initially at 2.5 mg/day and titrated up to a 

maximal target dose of 10 mg/day. Vericiguat reduced heart failure 

hospitalization and cardiovascular death significantly, and was effective in 

reducing all-cause mortality, cardiovascular death, hospitalizations, and in HF 

prevention. One of the most important advantages of vericiguat is that it does 

not carry the risk of electrolyte imbalance or renal damage. Elamipretride was 

reported to restore mitochondrial bioenergetics through binding of cardiolipin. 

Cardiolipin within mitochondria plays a role in the proper assembly and 

stabilization of the electron transport chain for maintaining the OXPHOS 

process. In animal models of chronic heart failure, experiments revealed that 

elamipretide normalized mitochondrial function. The drug improved 

respiratory capacity, restored the mitochondrial membrane potential, 

decreased the production of reactive oxygen species (ROS), and improved the 

peak rate of ATP synthesis. AMPK (AMP-activated protein kinase) is a highly 

conserved regulator of energy homeostasis and metabolism and is most 

notably recognized for its role in activating the transcriptional coactivator 

PGC-1α, which has been referred to as the master regulator of mitochondrial 

biogenesis. AMPK is capable of enhancing mitochondrial biogenesis through 

direct phosphorylation of PGC-1α and activation of NRF1/TFAM. Some 

cardioprotective treatments have been suggested to indirectly regulate AMPK 

activation, including metformin, telmisartan, and thiazolidinediones. 
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Resveratrol is a naturally occurring polyphenolic stilbene that has been shown 

to enhance mitochondrial biogenesis through the activation of PGC-1α, NRFs, 

and TFAM via AMPK- and NO-dependent mechanisms. Remarkably, several 

studies have demonstrated that resveratrol administration enhances 

mitochondrial biogenesis and cardiac function indices under heart failure 

conditions caused by hypertension, without producing a significant reduction 

in blood pressure—thus pointing to its direct effect on the heart. As PDE5 

expression is increased in hypertrophic and failing hearts, causing decreased 

cGMP levels, PDE5 inhibition represents an appealing therapeutic target. 

Sildenafil, a PDE5 inhibitor, has been demonstrated to enhance PO-induced 

cardiac hypertrophic remodeling in mice by inactivating PKG and blocking 

the L-type Ca²⁺ channel. 

b.Mitochondrial Transplantation  

Mitochondrial transfer, or the direct delivery of mitochondria into endothelial 

cells (ECs), induces mitophagy and enhances the formation of functional 

vasculature in ischemic tissue in an MSC-independent manner. Artificial 

mitochondrial transplantation has been established to replicate the 

cytoprotective effects of natural mitochondrial transfer. In models using mice, 

ECs transfected with artificial mitochondria were found to be more adherent 

to tissue and had greater vascular formation in ischemic limbs compared to 

ECs in the control model. This contributed to improved blood flow and 

avoidance of necrosis in the tissue. Mitochondrial transfer also induced 

mitophagy via the PINK1–Parkin pathway in ECs, thereby enhancing cellular 

respiration and cell function. 

Moreover, mitophagy contributes to the regulation of EC adhesion to 

tissue and supports the beneficial effects of mitochondrial transfer. It 

has been demonstrated that mitochondrial transplantation causes a 

transient increase in bioenergetics in healthy cardiomyocytes, which was 

evidenced by the statistically significant elevation of basal respiration and 

ATP synthesis. Nevertheless, after prolonged studies after transplantation, the 

rate of bioenergetics in the transplanted cells returned to physiologic levels 

(Figure 8). 

McCully and colleagues reported a study investigating a method for 

mitochondrial transplant therapy using a rabbit model of heart ischemia-

reperfusion. Mitochondria isolated from the rabbit left ventricle were directly 

delivered to the area of partial ischemia and reperfusion. The application of 

this mitochondrial transplantation method resulted in significant reductions in 

markers of myocardial infarction, such as creatine kinase-MB (CK-MB), 

cardiac troponin I (cTnI), and the apoptosis marker caspase-3. In addition, 

improvements in myocardial function were observed. In the diabetic rat 
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model, the efficacy of mitochondrial transplantation therapy was tested by 

utilizing isolated mitochondria for administration to the cardiac tissue. During 

warm global ischemia in the rat heart, autologous or allogeneic mitochondria 

harvested from pectoral muscles were administered through the coronary 

artery. Left ventricular function was found to be improved significantly 

following transplantation of both autologous and allogeneic mitochondria 

(Figure 8). 

 

 

Figure 8. Current advances in gene therapy of mitochondrial 

diseases(https://translational-medicine.biomedcentral.com/articles/10.1186/s12967-

022-03685-0)                                                                                                                                 

Mitochondrial diseases present clinically with symptoms produced by the 

impairment of several organs and tissues. While the effect of mitochondrial diseases 

is the disruption of mitochondrial respiration, the origin could be within the 

mitochondrial or nuclear DNA. Treatments for mitochondrial diseases target 

restoring mitochondrial respiration. 

However, there are some obstacles that must be overcome to create 

mitochondrial transplant therapy. For one, the isolated delivery of a 

mitochondrion is not necessarily going to ensure long-term therapeutic effect. 

Nowadays, mitochondrial transplantation feasibility relies on the technique of 

https://translational-medicine.biomedcentral.com/articles/10.1186/s12967-022-03685-0
https://translational-medicine.biomedcentral.com/articles/10.1186/s12967-022-03685-0
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mitochondrial isolation, mitochondrial source, route of administration, and 

dosing frequency. 

RESULT 

Mitochondria possess some very important characteristics: they carry their 

own DNA, have the capacity to make proteins independently, generate the 

majority of cellular energy, distribute this energy throughout the cell, and 

assist in the regulation of electrolyte balance. As semi-autonomous organelles 

that act synergistically within the cell, mitochondria are indeed remarkable. 

Clinically, although we are prone to look at the larger picture, we can 

sometimes forget the vital contribution of this tiny organelle. Thus, our 

purpose is to offer a summary about why mitochondria are significant. 

In an organ such as the heart, which depends upon synchronized contractions 

to operate, the mitochondria play a central role as the primary energy source. 

It is commonly agreed that dysfunctional mitochondria are the central cause 

of cardiac diseases and that the health status of the cardiac organ and aging 

depend intimately upon having functioning mitochondria available. Research 

into antioxidants and treatment to enhance mitochondrial function is an active 

area of scientific research. Despite the existing gaps in knowledge related to 

this organelle, research advances are backing the innovation of new paradigms 

for treatment. One of the most exciting advances in this respect is 

mitochondrial transfer. Evidence suggests that transfer of this specialized 

organelle can result in dramatic improvements over those associated with 

conventional therapy. In fact, more research and clinical practice are required. 

In this paper, we outlined the fundamental functions and roles of 

mitochondria, in addition to providing an estimate of their contribution to 

cardiovascular disease. With this background in mind, we examined current 

treatment options as well as the potentially groundbreaking role of 

mitochondrial transfer in the future. 
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