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PREFACE

Dear readers;

Dentistry, which has an important place in the healthcare community,
needs to follow technological developments and implement innovations in
basic areas. We are proud to present to you, our book, “Dentistry Modern
Analysis Finding and Researches”, which will serve this purpose, consists of
8 different chapters covering current topics. In each chapter, new developments
and research on the subject are included in addition to classical information, and
it is aimed to contribute to the literature.

I would like to thank my colleagues who contributed to the preparation of
this book, which I am proud to edit, as well as the publishing organization and
publishing house employees. I hope this book will be an important resource for
all readers.

Kind regards...
Prof. Dr. Ayse MESE
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CHAPTER 1

HALITOSIS

Buse Basak FEYiZOGLU

(DDS, PhD), E-mail: busebasakyilmaz@gmail.com
ORCID: 0000-0001-5276-2486

1. Introduction

alitosis, fetor ex ore, fetor oris, oral malodor and bad breath are terms
Hused to refer to unpleasant or offensive odor emanating from the oral

cavity when breathing or speaking. The term fetor ex ore has been used
to describe malodors that arise from conditions within the mouth and associated
sinuses. Halitosis is derived from the Latin Aalitus meaning breathed air and osis
is condition.(1,2)

Oral malodor has often been overlooked by the dental profession, despite
its significant impact on patient visits to the dentist. It may be considered the
third most common reason for dental appointments, trailing only behind dental
caries and periodontal disease. However, there is a noticeable shift in this trend,
as emerging oral malodor clinics are now providing potential remedies by
targeting the bacterial populations in the tongue and periodontal tissues.(3)

2. Prevalence

Halitosis prevalence has been investigated in various groups of
individuals across different regions of the world using convenience samples.
These studies present varying assessments and cutoff points, making it difficult
to obtain precise estimates of halitosis prevalence. A population-based cross-
sectional study from North Italy reported prevalence of halitosis as 53.51%(4),
while Hammad et al. indicated that the prevalence of halitosis was 78% in a
sample of Jordanian population.(5) Bornstein et al. evaluated the prevalence
of halitosis in a young male adult population in Switzerland. According to
their study, ~20% of the recruits reported suffering at least occasionally from
halitosis.(6) A cross-sectional study from Northwest Ethiopia revealed a
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prevalence of halitosis as 44.2% among the study participants.(7) Likewise
prevalence of halitosis in Japanese school children was found to be 44.9%.(8)
According to a clinical research among Chinese subjects, 65.9% had halitosis.
(9) A review by Akaji et al. in 2014 claimed that the overall prevalence ranges
from 22% to 50%(10), similar to the systematic review in 2017 which reported
the prevalence of halitosis as 31.8%.(11) It is a clear fact that halitozis is a
prevalent problem and it has negative impacts on people’s social interactions
and quality of life.(1)

3. Classification

In general, halitosis can be divided into two subgroups as primary
and secondary. Primary halitosis refers to the expiration air from the lungs,
while secondary halitosis arises from the upper respiratory tract or the oral
cavity.(12)

According to Miyazaki et al. halitosis is clinically categorized into three
groups: genuine halitosis, pseudo-halitosis and halitophobia. Genuine halitosis
is divided into physiological or pathological, and the latter is split into oral
and extra-oral.(13) Pseudo-halitosis refers to the situation where the patient
claims to experience bad breath without an actual existence. It can be treated
simply by counseling and oral hygiene procedures.(14) Halitophobia assessed
as psychosomatic disorders related to dentistry affect at least 0.5-1% of the adult
population.(15) It can be described as a fear of having halitosis. The halitophobic
patients show a disproportionate concern and are obsessed with their breath. It is
also verified that pseudo-halitosis patients accept the clinician’s diagnosis after
receiving explanations, while halitophobics never believe the nonexistence of
oral malodor.(16)

In 2010 Tangerman and Winkel suggested intra- and extra-oral halitosis,
depending on the place where it originates. Extra-oral halitosis can be subdivided
into non-blood-borne halitosis, such as halitosis from the upper respiratory
tract including the nose and from the lower respiratory tract, and blood-borne
halitosis.(17)

Due to the lack of standardization in these classifications and their inability
to clearly define various types of breath odour, a new classification system
independent of subjective descriptions was proposed in 2014. According to
that system, halitosis has 6 types: type 0 (physiologic), type 1 (oral), type 2
(airway), type 3 (gastroesophageal), type 4 (blood borne), type 5 (subjective).
(18) Relationship among these types was shown in Fig. 1.
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4. Etiology

Most of the patients suffering from halitosis have oral causes. However a
small, but important percentage of oral malodor cases have an extra-oral etiology.
(19) Main cause of halitosis is the microbial degradation in the oral cavity and
volatile sulphur compounds (VSCs) that are formed through this process.(20)

Type 2 - airway

i

— ﬂ | Type 3 - gastroesophageal

HALITOSIS

Type 4 - blood borne

|
i
i
|
:
— . ‘ i Type 5 - subjective
ey
I |
1 |
I
]

_‘ Type 0

Physiologic Pathological halitosis
halitosis

Fig. 1 New etiologic classification proposed by Aydin et al.(18)

4.1. Oral Causes
4.1.1. Tongue Coating

Tongue coating, including bacteria, desquamated cells, and saliva is the
most important factor inducing halitosis.(21) As a consequence of its large and
papillary surface area, the dorsum of the tongue can retain large amounts of
desquamated cells, leucocytes, and micro-organisms.(22) According to the study
of Quirynen et al. 76% of the halitosis patients visited their multidisciplinary
breath odour clinic have an intra-oral cause with tongue coating being most
frequently seen.(23)

Scientific analysis of odors using chemical and organoleptic analysis
demonstrated that the major elements in the production of oral malodor are volatile
sulfur compounds (VSC), primarily hydrogen sulfide (H2S), methylmercaptan
(CH3SH), and dimethyl sulfide (CH3SCH).(2) These gases originate from
the degradation of sulphur-containing amino acids such as cysteine, cystine,
methionine by various oral bacterial species.(24) Tanaka et al. revealed that the
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five periodontal pathogens (P. gingivalis, Tannerella forsythia, P. intermedia,
Prevotella nigrescens and Treponema denticola) in tongue coating samples are
major contributors to VSC production.(25)

4.1.2. Periodontal Disease

VSCs, as mentioned before, have been reported to be major
contributors to halitosis. Gram-negative anaerobic microorganisms, such as
Porphyromonas gingivalis, Treponema denticola, and Tannerella forsythia,
which are are also associated with periodontal diseases, are the main cause
of increasing VSC levels.(26) Periodontal disease is a chronic inflammatory
condition of the tooth-supporting tissues that results in bone destruction
if not treated.(27,28) It is highly prevalent in adult-aged populations all
over the world and its advanced form is one of the main reasons of tooth
loss in adults.(29) Patients with periodontal disease were reported to be at
higher risk for halitosis than individuals with healthy periodontal tissues.
(30) According to the review of Geest et al. periodontal disease can be an
additional, but less important, contributor of halitosis as not all patients with
periodontal disease have oral malodor, and periodontally healthy patients
can present with malodor.(31)

4.1.3. Xerostomia

Xerostomia, or commonly known as dry mouth, can also be an important
factor inducing halitosis. Decreased saliva flow leads to an increased plaque
accumulation on teeth and tongue. Hyposalivation also results in the loss of
antimicrobial effectiveness of saliva. Several factors can contribute to xerostomia,
including diabetes, medication, Sjogren syndrome, mouth breathing, stress,
alcohol abuse and depression. It is also associated with aging.(20)

4.1.4. Other Oral Causes

Healing wounds, exposed tooth pulps, fixed orthodontic appliances,
pericoronal infections, caries and insufficient oral hygiene are other oral
contributing factors to halitosis.(1,32)

4.2. Non-oral Causes
4.2.1. Blood-borne Halitosis

Metabolites with unpleasant odors, absorbed from anywhere in the
body can be carried to the lungs through the bloodstream. If the malodourous
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substances have sufficient concentrations, they can be expelled through exhaling,
imparting an unpleasant odor to the breath, causing blood-borne halitosis.
Methylmercaptan (CH3SH) is proved to be the main cause inducing blood-
borne halitosis, while hydrogen sulfide (H2S) and dimethyl sulfide (CH3SCH)
are linked to intra-oral halitosis.(33) Conditions causing blood-borne halitosis
can be listed as following; systemic diseases, metabolic disorders, certain foods
and medications.(17)

4.2.2. Non-blood-borne Halitosis

Nasal infections such as sinusitis and throat infections such as tonsillitis
are one of the main reasons of non-blood-borne halitosis.(34) Other conditions
suggested by Tangerman et al. are respiratory system infections, lung diseases
and stomach disorders.(17)

5. Diagnosis

The recognition of halitosis typically commences when the individual
expresses concern about having bad breath or has been informed of it by someone
else. However, it’s noteworthy that the patient’s self-reported complaint of
malodor is the least dependable criterion for documenting oral malodor.(3)

5.1. Organoleptic Measurements

Organoleptic measurement is a sensory test assessed by the examiner’s
perception of a subject’s oral malodor. It is considered as the “gold standard” to
diagnose halitosis, although the objectivity and reproducibility of organoleptic
measurement are limited. That is because of the the capability of the human nose
to detect and categorize not only VSCs but also other organic compounds emitted
during exhalation, which are perceived as unpleasant. Another advantage is that
it doesn’t require any special equipment.(35,36)

Organoleptic measurement can be easily conducted by sniffing the patient’s
breath and assigning a score to the degree of oral malodor. A straw or plastic
tube is introduced into the patient’s mouth. As the patient exhales slowly, the
examiner assesses the odor at the opposite end of the tube or straw. A privacy
screen equipped with an aperture for the straw or tube can be employed to create
a barrier between the examiner and the patient. The odor of nasal breath can
also be evaluated by inserting a tube into one of the nostrils while closing the
other nostril with a finger (Fig. 2) This method helps prevent the dilution of
the odor with room air.(37) Nevertheless, the reliability and reproducibility of
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this method pose challenges, prompting ongoing research projects aimed at
enhancing its effectiveness.(38)

Fig. 2 Organoleptic measurement(37)

5.2. Gas Chromatography

Gas chromatography is utilized to quantify the concentration of VSCs in
samples of saliva, tongue coating, or expired breath.(38) It has the capability to
detect odorous molecules even at low concentrations and the results are highly
objective, reliable and reproducible.(39) However, it comes with drawbacks such
as high cost, bulkiness, and the necessity for a well-trained operator. The process
is time-consuming, and the machine cannot be applied in daily practice, thus
limiting its usage to research contexts.(40) Combining gas chromatography of
with organoleptic scoring is considered the most effective method for detecting
oral halitosis.(41)

5.3. Sulphide Monitoring

Sulfide monitors analyze the total sulfur content in the air exhaled from
the subject’s mouth. A portable monitor has been created for assessing volatile
sulfur compounds. Patients are instructed to abstain from talking for 5 minutes
before the measurement. The monitor is calibrated to ambient air, and the
measurement is conducted by inserting a disposable tube into the patient’s
mouth, connecting it to the monitor, while the patient breathes through the
nose. Electrochemical reactions with sulfur-containing compounds in the breath
produce an electric current directly proportional to the levels of volatile sulfur-
containing compounds.(38,40) Sulfide monitoring is a relatively cost-effective
and user-friendly method; however, it has the limitation of not detecting certain
crucial odors.(38)
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5.4. BANA Test

Three species linked to periodontal disease; Treponema denticola,
Porphyromonas  gingivalis, and Tannerella forsythia generate VSCs as
mentioned before.(26,42) Detection of these compounds in plaque and/or
tongue samples could offer supplementary insights into factors contributing to
halitosis. The presence of these organisms in plaque samples can be identified by
the detection of an enzyme or enzymes that break down benzoyl-DL-arginine-
anaphthylamide(BANA), resulting in the formation of a colored compound.(3)
In patients with periodontal disease, a more robust correlation was observed
between BANA test results and measurements from the sulfide monitor.(43)

6. Treatment

The first step in the treatment of halitosis is accurate diagnosis. Every
patient, regardless of the type of halitosis, should receive a professional oral
health care examination. Periodontal and restorative treatment should be
performed if needed in order to treat the contributing factors of halitosis.(39)

Mechanical removal of biofilm and reducing microorganisms on the
dorsum of the tongue is of paramount importance in managing halitosis. The
study of Choi et al. confirm the effectiveness of mechanical tongue cleaning in
reducing both bad breath and tongue coating, regardless of the adopted technic.
(44) According to the systematic review by Van der Sleen et al. mechanical
approaches have the potential to effectively reduce tongue coating and halitosis,
however the authors didn’t make a firm statement due to lack of evidence.(45)
Gongalves et al. proposed a new tongue hygiene technique, the X technique,
and showed that it has significant positive impact on organoleptic scores and the
quantity of bacterial colonies found on the dorsum of the tongue.(46)

Considering that malodor is generated by the presence of microorganisms,
any treatment approach affecting the oral microbiota holds the potential to reduce
halitosis. Mouthrinses containing antibacterial agents such as chlorhexidine
and cetylpyridinium chloride are reported to have a significant impact on
decreasing the levels of microorganisms responsible for halitosis on the tongue.
(47) Combining the two are proved to achieve the best results regarding anti-
halitosis effect and anti-microbial activity on salivary bacterial counts.(48)
Additionaly mouthrinses containing chlorine dioxide and zinc have the potential
to effectively neutralize odorous sulfur compounds.(47)

If oral interventions prove ineffective in reducing or eliminating halitosis, it
is advisable to refer patients to a physician. In the absence of suspected medical
causes, the initial specialist for referral should be an otorhinolaryngologist,
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followed by a gastroenterologist. A psychologist or phsychiatrist should be
included if halitophobia is suspected.(35) A nutritionist assessment can also be
beneficial for treatment of halitosis patients.(49)

Masking agents such as mouthrinses, chewing gums, mint tablets and
sprays have only short-term effect on reducing halitosis.(39) Nevertheless they
can be employed in order to satisfy the patient. Chewing gum usage may reduce
halitosis, particularly through increasing saliva secretion.(35)

7. Conclusion

Halitosis treatment should be taken seriously, and a multifactorial thorough
assessment should be adopted in order to achieve good results. It is largely caused
by intra-oral factors but also a limited number of cases result from extraoral or
systemic problems. Therefore it is vital for health care professionals, including
general physicians, periodontologists, ENT specialists and psychiatrists to
understand its etiology and risk factors for accurate diagnosis and appropriate
patient treatment. Further scientific investigations are required to effectively
address and treat halitosis.
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1. Introduction

ingival recession can be described as the apical migration of the gingival

margin and thereby exposure of the root surface to the oral environment.

(1) It may occur in a specific area or affect the entire gingiva, and could
be associated with one or multiple surfaces. Epidemiological studies establish
that gingival recession has a high prevalence rate, approximately half of the
population exhibit one or more surfaces with gingival recession regardless of
the oral hygiene.(2,3) There is also supporting evidence that gingival recession
becomes more prevalent with age although it is not a direct consequence of
ageing.(4-6)

Aesthetic appearance can be affected by gingival recession, which
is a common concern among patients. Especially those with pronounced
gingival display often refer to dental clinics seeking treatment. However
their attention rarely extends beyond the facial aspect of the front teeth.(7)
In addition to aesthetic worries, another undesirable outcome of gingival
recession is the exposure of root surfaces to the oral cavity. It is frequently
associated with dentine hypersensitivity, non-carious cervical lesions, root
caries and compromised plaque control.(8) A non-carious cervical lesion
(NCCL) is defined as the erosion of tooth at the gingival one-third level,
attributed to factors other than dental caries. Its etiology is accepted to be
multifactorial such as abrasion due to mechanical forces, corrosion and
abfraction (Fig. 1).(9)
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Fig. 1. Canine with gingival recession and
a deep NCCL defect.(9)

Bearing in mind these various considerations, the dental professional
needs to take into account both aesthetic and dental health considerations related
to gingival recession, along with individual patient factors, while formulating a
treatment strategy.

2. Etiology
2.1. Anatomical Factors

The definition “periodontal phenotype” is used for describing the
combination of bone morphotype (buccal bone plate thickness) and gingival
phenotype (gingival volume, gingival thickness). Jepsen et al. suggested using
the term “phenotype” rather than “biotype”, postulating that its expression
includes the latter.(1) Several studies report that patients with thin phenotypes
tend to develop more gingival recession lesions.(1,10,11)

Another anatomical factor related to gingival recession is dehiscence of the
alveolar bone (Fig. 2). Depending on the buccal bone plate thickness, vertical
bone loss leads to localized resorption specifically at the buccal bone level. This
results in bone dehiscence on the affected root, forming a V-shaped cavity in the
bone contour, causing a local decrease in the gingival bone support. Although
for a spesific period, it might be covered with periosteum, as the gingival soft
tissues tend to keep up with cervical bone level, gingival recession will be most
likely established in that area. Likewise when there is a bone window on the
buccal bone plate, so called fenestration, the tooth become more susceptible to
gingival recession formation (Fig. 3.).(2,12)
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Fig. 3. Severe canine dehiscence and premolar fenestration.(12)

Among potential etiological and predisposing factors, the quantity of
keratinized gingiva has been proposed. Nevertheless, studies have not shown
a clear causative relationship in this regard. Evidence indicates that gingival
recession is not necessarily a natural consequence even in the absence of
keratinized gingiva.(14)

Other anatomical factors associated with gingival recession are abnormal
tooth position in the arch, the shape of the tooth and aberrant path of eruption
of the tooth. These factors are connected and could lead to a thinner-than-usual

alveolar osseous plate, making it more prone to resorption.(2,13)
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2.2. Physiological Factors

Orthodontic tooth movement does not necessarily result in damage to
gingival tissues. However, clinical studies have indicated that, during orthodontic
treatment the movement of incisors beyond the osseous envelope of the alveolar
process are more likely to develop gingival recessions. In such cases, prior to
gingival retraction, orthodontic movement has caused dehiscence at the bone
crest due to shifting a tooth towards an area with exceptionally thin bone (Fig.
4).(15,16) Considering the buccal periodontal structure as a predisposing factor
for gingival recession, it can be asserted that proper orthodontic planning,
customized to specific regions with thin buccal bone plates, can prevent gingival
recession from occuring.(12)

Fig. 4. Alveolar dehiscences present over the root surfaces.(17)

2.3. Pathological Factors
2.3.1. Trauma

Various forms of trauma, such as traumatic toothbrushing, improper
flossing, perioral/intraoral piercing, aberrant frenal attachment, occlusal injury
and tobacco chewing, are reported to be an etiological factor of recession.(2,13)

Flossing trauma lesions frequently manifest in highly motivated patients
who didn’t receive proper instruction about flossing techniques. Confirming the
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diagnosis of these injuries can often be achieved by having patients demonstrate
their oral hygiene procedures. The lesions can be reversible or irreversible
depending on the connective tissue involvement. Red clefts are reversible
where the lesions are confined within the connective tissue, while white clefts
are irreversible due to involvement of the whole connective tissue thickness

(Fig. 5).(13)

Fig. 5. Red clefts (upper row) and white clefts (lower row)(13)

The impact of toothbrushing has been investigated by numerous researchers,
and there is a general consensus that vigorous or improper use of the toothbrush
can lead to recession.(2) According to Heasman et al. the main toothbrushing
factors linked to the initiation and advancement of gingival recession are the
frequency and method of brushing. Secondary factors encompass the frequency
of changing toothbrushes and the hardness of bristles.(18)

2.3.2. Periodontal Disease

Periodontal disease, such as plaque-induced gingivitis and periodontitis,
can be regarded as a significant factor linked to gingival recession, particularly
for teeth with thin gingival tissues and/or mucogingival conditions. Inadequate
cleaning can result in localized inflammation that the delicate tissue cannot
endure, potentially leading to gingival recession in patients with thin phenotype
(Fig. 6).(7,17)
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Fig. 6. Recession as a result of inflammation.(17)

Periodontal disease management is frequently associated with the
occurrence of gingival recession. The reduction in probing depth observed after
successful nonsurgical treatment of periodontal disease is a combination of
both gingival recession and gain in attachment level. Anterior teeth, thin and
edematous tissues are likely to exhibit more gingival recession in response to
periodontal treatment.(17)

3. Management

Various root coverage techniques have been experimented in order to shift
the position of the gingival margin coronally. Improving esthetics, alleviating
dental hypersensitivity, and preventing caries and NCCLs are commonly cited
as the primary indications of root covering procedures.(19) Regardless of
the surgical approach, the ultimate objective of a root coverage procedure is
achieving complete coverage of the recession defect and the optimal integration
of the covering tissue with the adjacent soft tissue.(20)

The decision-making process for selecting a surgical technique to cover
a root recession should involve a thorough assessment of the local anatomical
characteristics and the patient’s preferences. Local characteristics need to
be considered can be cited as: the dimensions of root exposure, the number
of recession defects, the height and width of the inter-dental soft tissue, the
qualities of the keratinized tissues around the root exposure, the presence of root
caries or cervical abrasions, the vestibulum depth and muscle insertions.(21)

3.1. The Free Gingival Graft

The free gingival graft (FGG) is defined as a soft tissue graft taken from
the palate, including the overlying epithelium. It was introduced to increase the
keratinized tissue. Many studies investigated the healing process and risk factors
affecting the outcomes of the procedure.(22)
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There has been two major limitations reported regarding FGGs. The
first one is that the graft undergoes significant shrinkage (around 30%) during
the healing process, resulting in the need for harvesting a wider graft than
the recipient site. This makes postoperative discomfort and complications at
the donor site inevitable. The other limitation is the poor esthetic outcome of
the FGG in terms of color, surface and scarring. However in the presence of
mucogingival defects, FGG is still indicated in order to re-establish keratinized
tissue and gingival thickness.(22,23)

Agudio et al. compared the long-term efficacy of a FGG with contralateral
untreated sites and reported stabilisation of the gingival margin and prevention
of further recessions after FGG, while untreated sites exhibiting increased
recession depth or development of recessions.(24)

3.2. Coronally Advanced Flap and Its Combinations

Coronally advanced flap(CAF) procedures are based on the coronal shift
of the soft tissues located apically to the recession on the exposed root surface
to cover the exposed root.(25) It can be applied for the treatment of both single
or multiple recession defects (Fig. 7).(19) Cairo et al. confirmed its safety and
reliability as a periodontal plastic surgery and ist association with consistent
recession reduction and frequently with complete roort coverage(CRC).(20)

De Sanctis & Zucchelli recently proposed a modified coronally advanced
flap technique for single recession sites and tested the technique on isolated
recession-type defects in the upper jaw, in a case-series study, reporting a 97%
degree of root coverage and 85% complete root coverage.(21)

Fig. 7. Coronally advanced flap for multiple recessions.
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Several techniques and graft substitutes have been proposed in combination
with CAF in order to achieve best results in terms of esthetics and function.
Among them, connective tissue graft(CTF) + CAF demonstrate the strongest
potential of achieving complete root coverage, together with better esthetic
results(Fig. 8).(20,22) It is postulated that CTG functions as a biological filler,
enhancing the adaptation and stability of the flap to the root during the early
stages of wound repair. Consequently, the gingival phenotype becomes thicker,
increasing the potential of achieving complete root coverage.(26) A 5-year
long-term clinical study concluded that CAF+CTG achieved better outcomes
than CAF alone in terms of CRC.(27) A randomized controlled clinical trial by
Cairo et al. established similar effectiveness of both CAF+CTG and CAF alone
regarding CRC after 12 months. They proposed CTG addition under CAF in
cases where a thin phenotype is present.(28)

Fig. 8. Coronally advanced flap and connective tissue graft.(25)

Various connective tissue substitutes have been suggested to overcome
patient morbidity and requirement for a second surgical site.(29) Collagen
matrices in that matter are claimed to have advantages such as not requiring
human donor, thereby having no risk of disease transmission. Another positive
factor about collagen matrix is that there is no size limitations. Tonetti et al.
concluded that there are significantly more patient benefits deriving from the
avoidance of autologous soft tissue grafting by replacing them with collagen
matrix-based devices in multiple adjacent recessions.(30) Mathias-Santamaria
et al. evaluated the use of collagen matrix in combination with CAF to treat
gingival recession with NCCL. Comparison of the two approaches, as in CAF
alone and CAF+collagen matrix(CM), resulted in no significant deference
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between the two approaches in terms of coverage parameters. Nevertheless
they reported a significantly higher increase in keratinized tissue width and
keratinized tissue thickness for the CAF+CM group.(31)

4. Conclusion

Gingival recession is highly prevalent, posing an elevated risk for root
caries and potential disruptions to patient comfort, function, and esthetics.
While addressing the causes of gingival recession can reduce its incidence and
severity, effective management and prevention can still be challenging. Further
development and improvement of clinical trials with a primary focus on patient
outcomes, especially in terms of esthetics and morbidity are required in order to
advance in the treatment of gingival reccesions.
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1. Introduction

he development of both surgical and prosthetic treatments targeted at
I enhancing or maintaining aesthetic traits is a result of growing patient and
physician awareness of the significance of gingival and smile aesthetics.
(1) Buccal cervical cavities that are concurrent with unsightly recession defects
may need to be restored to prevent future loss of tooth surface, lower plaque
retention, or lessen dentinal sensitivity. The loss of papillac may also be
unattractive when recession is more widespread, particularly in individuals who
have received periodontal therapy. The term “black triangle syndrome” is used
for these situations.(2) It is challenging to reconstruct this missing interdental
papilla surgically. According to Tarnow et al., the interdental papilla should form
when there is a minimum of 5 mm between the contact site and alveolar crest.
(3) Technique-sensitive, recommended surgical procedures for reconstructing
gingival architecture around recession or alveolar abnormalities may call for
a transplant from a different surgical site, which would increase morbidity.(4)
Bone grafting may be necessary to promote implant recovery in edentulous
regions that have obvious vertical and horizontal abnormalities, especially in
the aesthetic zone.(5) It should be remembered that surgical treatments are the
first choice when the patient accepts the possible complications and treatment
challenges and is systemically fit.

25
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A treatment option is to match gum and tooth proportions with fixed or
removable methods to provide an aesthetic harmony to the smile. However,
the presence of teeth of different lengths in the aesthetic zone, manifested
by the ‘high smile line’, is a factor that makes prosthetic rehabilitation very
difficult. A variety of surgical procedures have been recommended to enhance
soft tissue volume if there is vertical soft tissue loss in edentulous gaps before
the placement of a permanent bridge.(6) Although the primary goal of these
approaches is to enhance the pontic’s emerging profile, it should be highlighted
that the morbidity of a potential second surgical site is a crucial factor. Even
after surgery, the outcomes might occasionally be unexpected and inadequate in
terms of appearance and functionality.(7)

This chapter will describe both conventional and modern methods used in
the prosthetic management of soft tissue aesthetics.

2. Restorations With a Gingival Color on Natural Teeth

In cases where gingival recession is localized, the etiology of the recession
must first be determined and addressed before any restoration is performed.(8)
As the effects of gingivitis can be challenging to control following restoration, it
is crucial to establish and maintain gingival health. Non-carious cervical lesions
that are left untreated could cause hypersensitivity by exposing the root dentine.
Cervical lesions with caries may progress and cause pulp exposure.(9)

The first description of the use of gingivally colored composites in the
treatment of a cervical deformity was made by Zalkind and Hochman.(10) In
recent years, gingivally-colored resins, composites and ceramics have been
frequently used to repair gum recessions.(11) To avoid plaque retention, it’s
critical to pay close attention to the cervical shape of the restoration. This can
be done by employing methods for applying the composite with the right tools,
effective moisture management, and curing.(12) A pseudo gingival sulcus can
be produced over the restoration.

When close to the gingival sulcus, moisture control might make composite
restorations difficult. On the other hand, the clinician controls the form, color
and characterization of the restoration directly.(13) In cases where the enamel
is still sound, the bond can be predicted. Staining colours that can be utilized
for characterization are included in composite kit packages. Composites also
have the benefit of being easily replaced and removed with little harm to the
underlying tooth tissue. In order to enhance cleanability and characterization,
the composite can also be easily adjusted after curing.(1, 13) This technique’s
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drawback is that it can eventually necessitate a new restoration owing to color
instability.

Another technique for enhancing the proportions of individual teeth is
the use of gingival porcelain in conjunction with conventional tooth-colored
porcelain.(14, 15) The formation of a margin on the root dentine and the removal
of sound tooth tissue may be necessary for these restorations. At the same time,
the marginal interface of the restoration must be carefully evaluated to avoid
further recession. The doctor cannot assess the final restoration’s and shade’s
cleanability because they have no direct control over the restoration’s form.
Furthermore it could be challenging to communicate color and character to the
technician. It is challenging to refurbish, and replacement work may require
extensive removal of healthy tooth tissue, endangering the periodontium. The
cement lute may intrude into the cervical gingival margin, resulting in trauma
and subsequent plaque retention.(7, 14, 15)

3. Implant Restorations with Gingival Coloring

The maxillary esthetic zone presents various difficulties for implant
rehabilitation. Using dental porcelain that is gingiva-colored allows for anterior
implant restorations to provide aesthetically pleasing results that are clinically
acceptable.(16) Applying pink gingiva-colored porcelain to the cervical region
of an implant-fixed dental prosthesis can help restore interproximal papillae,
pleasing mucogingival curves, and natural crown ratios while obviating the need
for difficult surgical procedures. The smooth, homogeneous interface between
the pink porcelain gingiva and the residual tissues may boost patient comfort,
simplifying and shortening the cost and length of treatment.(17)

Due to the requirement to preserve a crown insertion path in relation to
neighboring teeth, the degree of application of gingivally colored porcelain
in respect to gingival embrasures may be constrained. In contrast, the use of
customized abutments with gingival porcelain gives more latitude for filling
gingival embrasure spaces where interproximal papillae are absent since there
are fewer restrictions on the abutment’s insertion path than there are for a crown.
(18)

Utilizing gingiva-colored pink porcelain to replace hard and soft tissues
has the potential to produce an aesthetic result and boost patient satisfaction.
The smile line, the extent of the prosthetic rehabilitation, the anatomical area, the
vertical and horizontal transition between the prosthesis and the natural gingiva,
the contact surface, the framework material, and the color all have an impact
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on the achievement of satisfactory esthetic results when using gingiva-colored
pink porcelain.(19) However, there isn’t much variety in the shade guides now
available for pink dental ceramic materials, and the pink tones are frequently
oversaturated.(18)

The magnitude of the smile line may limit the usage of pink porcelain,
and the procedure is highly recommended for low to moderate smile lines. It is
challenging to conceal the transition when the patient has a prominent smile line.
When creating a cervical prosthesis out of gum-colored pink porcelain, careful
preparation should be made throughout diagnostic planning, laboratory design,
and clinical processes. Prosthetic maintenance and cleaning might also be a
problem. Convex cervical outlet profiles and clearly specified design guidelines
should be used to provide long-term cleanability.(18, 19)

4. Soft Tissue Aesthetics for Multiple Teeth and Edentulous Spans
4.1. Gingival Prosthesis

The use of a “gingival prosthesis” can significantly enhance aesthetics
when there is generalized tissue loss due to periodontal disease or when there is
a substantial variance in gingival border heights, especially in individuals with
a high smile line.(20) Resin, silicone, or copolyamide can all be used to create
gingival prosthesis, and it has been demonstrated that all three are satisfactory
in terms of color stability.(21) Gingival prosthesis have been demonstrated to
support the lip and prevent food trapping. Additionally could be successful for
resolving phonetic issues.(22) With a gingival prosthesis, air leakage through
interdental voids that affect phonetics can be avoided in cases of marked
interdental papillae loss.(1)

Before beginning any serious treatment, it is feasible to show the patient
a waxed-up result or even place a try-in prosthesis directly in the mouth for
evaluation. Its use may be restricted to specific clinical scenarios when oral
hygiene can be maintained, the intended aesthetic outcome is feasible or
esthetics are not a priority, and a fixed prosthesis is already being planned for
the region. With a removable prosthesis, more tissue can be restored while still
being able to be cleaned properly. With detachable prosthodontic materials, it
is simpler to shape an optimal contour, and lost tissue can be restored without
interfering with the other dental parts.(20) When replacing fixed teeth, a
mixed strategy that combines both permanent and detachable components
may be used, including the use of dental attachments to improve support and
retention.(23)
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They might be built immediately at the chair side or indirectly. The indirect
method calls for an impression that, ideally, uses a specialized tray, catches
the interproximal spaces and the whole depth of the sulcus for the span of the
proposed prosthesis.(20) Before providing, a frenectomy can be considered for
patients who have a low labial frenum; otherwise, it may be more likely that the
thin acrylic in this location will shatter midline.(1) A gingival prosthesis can be
used to administer and sustain contact with desensitizing chemicals against root
dentine to assist alleviate symptoms of dentine hypersensitivity, a recognized
side effect of periodontal therapy.(24) A gingival prosthesis could distribute
fluoride formulations and help remineralize early carious lesions in individuals
prone to root caries, such as those with head and neck cancer and who received
radiation treatment.(25)

4.2. Gingival Porcelain on Fixed Bridges

Gingivally colored materials can be used to create permanent bridgework
to correct obvious vertical flaws in edentulous spaces and improve vertical
and horizontal pontic proportions. In fact, to maximize the aesthetics of
the final restoration, patients who have undergone surgical procedures to
improve soft tissue topography might still need to employ gingivally colored
porcelain.(26)

The integration of gingival porcelain in the final restoration should
be considered at the planning stage while keeping in mind the constraints of
adjunctive surgical procedures. This preparation may include a diagnostic
wax-up or a CT scan for potential gingival and dental restorations.(27)

The use of gingivally colored porcelain can provide the impression of
interdental papilla where many implants have been positioned as optimally as
possible. Where there are implant pier abutments or the implants are placed near
together, it might be challenging to maintain.(1)

The intersection of the gingivally colored porcelain with the natural
gingival tissue may be apparent in individuals with a high smile line,
possibly not acceptable for the aesthetically conscious patient. Furthermore,
the majority of gingivally colored porcelain may produce a large ridge lap if
the implant position is relatively palatal in the upper anterior region, which
can be challenging to clean. By developing a laboratory temporary with
gingival material incorporated for examination by the patient, dentist, and
technical staff before definitive restoration, these issues can be found and
resolved.(1)



30 ¢ ¢ DENTISTRY MODERN ANALYSIS, FINDING AND RESEARCHES

4.3. Soft Tissue Management in Partial Denture Patients

Soft tissue appearance in patients with partial or total removable prostheses
is an important issue with certain principles. The characterization of the denture
base, the use of proper root contouring, and stippling have been identified
as features in the development of a natural-looking complete denture when
considering aesthetics in complete denture construction.(28) The inclusion of
staining, in addition to pseudo recession and gingival inflammation, into the
denture teeth has also been recorded for patients who want a prosthesis that is
identical to their prior aged dentition. Pre-extraction information, photographs,
and study models can be used to recreate tooth placements, gingival contours,
and measurements in immediate replacement dentures and the final prosthesis
when the prior natural dentition has recently been extracted.(29)

4.4. Fixed and Removable Implant Prosthesis

Implant-supported overdentures and implant-supported fixed complete
dentures are both successful treatment modalities.(30) There are a few important
considerations when making these prostheses to maintain gingival aesthetics.

Instead of tooth-colored composite resin, gingivally colored composite can
be used to hide abutment screw holes that are placed lingual to prosthetic teeth.
Patients who have a fixed implant prosthesis may experience the same issues
with phonetics as those patients who have long-term periodontal disease. Using
detachable, directly or indirectly manufactured gingival prostheses can mask
multi-unit abutments and reduce unintentional air loss during speech. These
restorations go through a similar clinical and analytical process as gingival
prosthesis.(31)

5. Conclusions

Proper prosthetic component selection is crucial for aesthetics. Utilizing
pink-colored composites is an innovative technique to treat papillary deficit and
recession in people without surgery in order to meet their cosmetic goals and
preserve oral cleanliness. Using gingival ceramic and ceramic abutments are
some prosthetic adjustments to optimize esthetic in implant prosthesis.
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1. Introduction

ingiva, periodontal ligament, root cementum, and alveolar bone proper

are the tissues that compose the periodontium. Periodontitis is an

inflammation based chronic disease affecting periodontium early seen
in gingiva and if continues noticed with destruction of the connective tissue
attachment, characterized slowly progressing and painless. At first prevention,
then treatment of periodontal diseases are based on accurate diagnosis,
elimination of causative factors, risk management and compensation of the
detrimental effects of disease. Accurate periodontal diagnosis is essential
for sensible treatment planning. It is necessary to understand the needs and
expectations of the patient for care. Optimal clinical results can only be obtained
if the requirements of the patient can be matched with the realistic assessment of
the condition and the expected outcomes of the treatment. Hence the aspirations
of the patient must be taken seriously and acknowledged in the assessment in
order to ensure consistency with the clinical situation. Accurate diagnosis can
be made through certain anamnesis consist of patients verbal history, systemic
status, clinical and radiographic examination and laboratory tests as needed.
The data obtained as a result of the anamnesis taken from the patient should be
documented. (1,2)

Bleeding, mobility of teeth, calculus (Fig.1), diastemas according to
pathologic migration, breath malodor, masticatory dysfunctions, aesthetic
problems, bad mouth taste, etc. are complaints of patients who have periodontal
diseases. (1,3)
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(Fig.1)(Periodontal disease due to intense calculus and plaque accumulation.)

2. Examination
2.1. Dental History

In the dental history bleeding of the gums, tooth mobility, itching of
the gums, pain (necrotizing periodontal diseases, etc.)(Fig.2), burning of the
gums (desquamative gingivitis, etc.), sensitivity during chewing, cold and hot
sensitivity, reasons to go to a dentist before, history of orthodontic treatment,
cause of bleeding, clenching and grinding, etc. should be questioned. (1-3)

(Fig.2)(Necrotizing periodontal diseases are very painful, in comparison to
the painless concept of periodontal diseases. The ulcers are coated with a
yellowish-white or grayish slough called a pseudomembrane.)
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2.2. Medical History

Systemic status should be asked to the patient during medical history.

-Heart diseases,

-Diabetes mellitus,

-hypertension (Fig.3),

-chemotherapy,

-immunosuppressive therapy,

-drugs used (bisphosphonates, phenytoin (Fig.3), calcium channel blockers
(Fig.4), etc.),

-allergy,

-bleeding disorders,

-hormonal changes,

-pregnancy,

-nutritional deficiencies (Iron, folic acid, Vitamin C, D, Calcium, etc.)

-stress and obesity,

-host response,

-family story,

-previous operations, etc. (1,2,4)

The possibility of underlying systemic factors should be considered
when unusual gingival or periodontal problems are encountered that cannot be
explained locally. Oral findings of systemic disease should be analyzed and,
if necessary, the patients should be consulted with their physicians. Medical
laboratory tests are also helpful in the diagnosis of systemic diseases. (1,4)

(Fig.3)(Generalized papillary overgrowth in a patient using a
calcium channel blocker for hypertension disease.)
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(Fig.4)(Drug-induced inflammatory gingival overgrowth in a patient using

phenytoin medication and inadequate oral hygiene)

2.3. Local Factors

Local factors should be investigated in periodontal diseases.

-Bacterial plaque is the main cause of the gingival inflammation.
-Infection,

-poor oral hygiene,

-radiation therapy,

-impacted third molars,

-oral jewelry,

-toothbrush trauma,

-chemical irritation,

-orthodontic therapy,

-piercing,

-aberrant frenal attachments,
-dry mouth,

-food impaction,

-poor restorations and prosthesis,
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-habits (mouth breathing, smoking, smokeless tobacco, bruxism, clenching
and grinding, wedging toothpicks between teeth, application of fingernail
pressure against gingiva, occupational habits, and dietary habits, etc. are some
of them.) etc. are predisposing factors for periodontal diseases. (1,2,5,6)

2.4. Radiographic Examination

Radiographs play a complementary role in the history and clinical
examination findings. Withradiographs; the bonelevel, pattern of bone destruction
and periodontal ligament space width, as well as radiodensity, trabecular pattern,
and marginal contour of the interdental bone furcation involvement, periodontal
abscess and dental implants can be evaluated. Orthopantomographs provide
general information about dental arch, developmental anomalies, pathologic
lesions of surrounding structures but are not suitable for certain diagnosis
of periodontal diseases. The most used technique in terms of diagnosis and
follow-up is the periapical films using parallel technique. Cone-Beam Computed
Tomography screening is a valuable three-dimensional imaging technique for
the diagnosis of intrabony defects, fenestrations and dehiscences, furcation
involvement and buccal / lingual bone destruction, and implant site imaging.
(1.2)

The diagnostic models and intraoral photographs obtained from the patient
are also to be used in the first evaluation. (1,2)

(Fig.5)(Diabetes Mellitus with deep periodontal pockets, gingival growth,
papilloma and plasma cell gingivitis.)
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(Fig.6)(Aggressive periodontitis is characterized by alveolar bone loss, which
progresses very rapidly despite the absence of plaque and calculus, in patients
at a young age, without underlying systemic disease.)

2.5. Clinical Examination

* Extraoral examination (Temporomandibular junction, etc.)

* Oral cavity (Lips, floor of mouth, tongue, soft and hard palate, oropharynx,
etc.)

* Oral hygiene (Plaque, calculus, teeth stains, materia alba, etc.)

* Breath malodor (May be caused by intraoral and extraoral areas.)
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* Teeth (Tooth mobility, pathologic migration of the teeth, wasting disease
of the teeth, sensitivity to percussion, proximal contact relations, etc.)

* Implants

* Periodontium (1,2,6-8)

2.6. Periodontal Examination

Probing should be performed with a scaled, blunt periodontal probe. To
detect the deepest penetration areas around each surface of the tooth/root, the
probe should be applied with a circumferential ‘walked’ motion. A force of the
weight of the probe, approximately 0.75 N, has been found to be correct. The
probing angle should be positioned as parallel to the tooth surface as possible.

Probing periimplant tissues should be performed with lighter forces than
normal dental probing to avoid damaging these tissues, a force of 0.25 N is
recommended. Curved periodontal probes of 3 mm (Nabers furcation probe) are
useful for clinical detection of bone and attachment loss in furcation involvement.

Slight degree of mobility due to periodontal ligament is seen in healthy
teeth which is known as physiologic tooth mobility. Mobility beyond the
physiological limit is considered as an indicator of periodontal disease severity
and also helps to determine the prognosis of the disease. Tooth mobility is
evaluated by a metal instrument and one finger. Mobility is scored according to
the Miller Index as follows;

Mobility 1: Slightly more than normal

Mobility 2: Moderately more than normal

Mobility 3: Severe mobility and vertical mobility in the facio-lingual and
mesio-distal directions. (1,2,7,8)

Periodontal charting records the patient’s periodontal condition and
helps for correct diagnosis. Also the patient’s charts are guide for dentists on
recall visits and the response of the periodontal areas to treatment is evaluated
according to the comparison of the charts.

Periodontal examination should be systematic, should not begin
immediately with insertion the periodontal probe into the gingival crevice and
it should begin with visual assessment of biofilm and calculus accumulation,
changes in inflammation of the soft tissue, and assessment of marginal bleeding.
(1,2,7,9,10)
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After the visual assessment of periodontal status, the gingival crevice
should be carefully probed to understand the subgingival area, the response
of the gingival tissue to probing is observed in terms of resistance to probe
penetration, depth of probe penetration, bleeding on probing, and pain on
probing. Attachment loss, attachment level, attached gingiva, periodontal
pockets, furcation involvement, periodontal abscess should be evaluated and
recorded to the periodontal chart.

Attachment level is defined as the location where the dentogingival
junction begins coronally on a tooth. Clinical evaluation of the attachment
level has become routine in the evaluation of clinical response in periodontal
treatment. (1-3,10-12)

3. Treatment Planning

Treatments should be considered as immediate, intermediate, and long-
term goals.

The immediate goals are to eliminate infectious problems, which may
hinder the general health of the patient, and to restore the oral cavity to a healthy
state. Patient education about periodontal procedures, endodontics, caries
control, oral surgery and treatment of oral mucosal membrane pathologies
may be required, if necessary, referring to other dental and medical specialties.
Intermediate goals are the reconstruction of a healthy dentition that fulfills all
functional and aesthetic requirements, take into consideration the age, health
and desires of the patient. After active and infectious diseases are eliminated
and necessary treatments are made, the long-term goals are to prevent this and
maintain health through, patient instruction on oral hygiene and loyalty to come
recall visits and dentists professional support therapy. (1-3)

(Fig.7) (Temporary splints)
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Treatment planning protocols start with emergency treatment. Extraction
of hopeless teeth, temporary splints (Fig.7), etc. One week after the first visit,
phase 1 (non-surgical phase) begins. This step includes plaque control and
oral hygiene instruction of the patient. Phase 2 treatment includes surgical
operations, implant placement. Phase 3 treatment (restorative phase) includes
periodontal examination, restorative and / or prosthetic treatment. Phase 4 is
the supportive periodontal therapy in other words the maintenance phase. This
treatment involves assessment of the deepened sites with bleeding on probing,
instrumentation of such sites, fluoride application to prevent dental caries,
tooth mobility, occlusion control, etc. The aim of this treatment is to prevent
reinfection and disease recurrence. (1-3)

4. Conclusion

Reliable diagnosis of periodontal disease is necessary for sensible treatment
planning. Knowing the patient’s necessities and standards is essential to providing
appropriate care. Only when the patient’s needs align with a realistic assessment
of their condition and the expected outcomes of their therapy can optimal
clinical outcomes be achieved. Therefore, in order to maintain consistency
with the therapeutic condition, the patient’s desires must be taken seriously
and acknowledged in the evaluation. A patient’s verbal history, systemic status,
clinical and radiographic examination, and any necessary laboratory testing can
all be used to make an accurate diagnosis. Documentation of the information
acquired from the patient’s anamnesis is necessary.
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1. Introduction

ype 1 Diabetes Mellitus (T1DM) is a chronic disease characterized by
I insulin deficiency and the destruction of pancreatic B-cells, affecting
more than half a million children worldwide. (1)

Many epidemiological studies have reported that TIDM increases the
risk of cardiovascular diseases, kidney diseases, and cognitive regression
in children and adolescents. Many systemic complications, such as micro-
and macroangiopathies, retinopathy, neuropathy, and nephropathy, have been
recognized as common complications of diabetes. (2-5)

Diabetes can also be seen with some syndromic conditions. It may also
occur as a component of diseases such as Friedreich ataxia, Prader-Willi
syndrome, Bardet-Biedl syndrome, Klinefelter syndrome, Turner syndrome,
and Down syndrome. (6)

Among the warning symptoms of T1DM, polydipsia, polyuria, polyphagia,
decreased level of consciousness, weight loss, difficulty in concentrating,
dehydration, blurred vision, abdominal pain, weight loss, hypotension,
hyperventilation, as laboratory findings glycosuria, ketonuria, and hyperglycemia
are frequently observed. (7, 8)
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Studies have shown that TIDM plays a significant role in the development
of oral diseases, such as periodontitis and dental caries, and changes in the oral
microflora. (9, 10)

Individuals with diabetes show oral complications more frequently
than healthy individuals. Periodontal disease is the one of the most common
complication of diabetes supports these data. (11, 12)

In children with T1DM, although dietary sucrose consumption is limited,
ignorance of oral care habits can lead to oral health-related morbidities and poor
glycemic control. (8)

T1DM has a significant effect on oral health, intraoral treatment, and
outcomes. Therefore, pediatric oral health professionals and medical doctors
should be aware of the oral effects of TIDM. (8, 13, 14)

2. Intraoral Manifestations of Type 1 Diabetes
2.1. Caries Risk

Dental caries are the most common disease, especially in children, and
have become an international health problem. (15) It has become an important
problem that can affect the quality of life of the child and his family, since it
can start early periods of life, progress rapidly in children at high risk, and often
delay treatment. (16) However, the precise incidence of dental caries in TIDM
patients, particularly in those with poor metabolic control, remains a matter of
debate. (17-21) Additionally, diabetes causes changes in saliva content and flow
rate, which may affect oral microflora. (22-26)

The number of Lactobacilli and Streptococcus mutans (S. mutans) is higher
in patients with active caries, regardless of diabetes status. Cariogenic bacteria,
especially S. mutans and Lactobacillus casei (L.caser), were observed in higher
numbers in those with poor diabetes control than in healthy children. (11, 27)

Recent studies have reported no difference in caries incidence between
children with controlled TIDM and their healthy peers. (28-30) The reason for
this is the restriction of carbohydrate intake in patients with diabetes. Advances
in insulin treatment regimens have now led to disease control, thus allowing
children with T1DM to have a diet similar to that of healthy children. (31)

The multifactorial origin of dental caries makes it difficult to specify
the precise factors responsible for the relationship between TIDM and dental
caries. Altered salivary content and amount in T1DM patients causes slow oral
clearance of glucose in the mouth, resulting in reductions in the pH level of
dental plaque, thus increasing the risk of caries. (32)
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Children with TIDM are at a higher risk of dental caries than healthy
children, mainly due to the hypofunction of the salivary gland, high glucose
concentrations in their saliva, and delayed metabolic control. (33) In a study
comparing diabetic and non-diabetic children, a positive correlation was reported
between caries and salivary glucose levels. (34) It has also been emphasized
that the incidence of caries is higher in the permanent teeth of children whose
diabetes is not well-controlled. (35, 36)

2.2. Periodontal Disease Risk

The immune response of diabetes patients to pathogenic microorganisms
responsible for periodontal disease is exacerbated. Furthermore, during
periodontal infection, pro-inflammatory cytokines may enter the bloodstream,
leading to increased insulin resistance and ultimately inadequate glycemic
control. (37, 38)

There is a double-sided relationship between diabetes and periodontal
disease, and periodontitis causes difficulties in glycemic control in patients
with TIDM. (39) Many studies have reported that periodontal therapy has a
favorable effect on the metabolic control of diabetes. On the other hand, high
glucose content in oral fluids of patients with TIDM contributes to bacterial
growth, increases dental plaque formation, and leads to periodontal disease. (11,
12, 40, 41)

There is a relationship between diabetes mellitus (DM) and periodontal
disease, especially in uncontrolled or hyperglycemic patients. Metabolic
disorders in periodontal tissues can reduce the resistance of diabetics to
infections, thus affecting the development of inflammatory periodontal disease.
(42, 43)

Diabetes increases periodontal tissue destruction risk from the age of six,
depending on the period of the disease. In a study including T1DM and non-
diabetic control groups (6-18 years), it was shown that diabetic children had
gingivitis, periodontal tissue destruction, and more dental plaque accumulation
than the controls. Children had a 2.8 times higher risk of periodontal disease
than the control group. (44) In another study, it was observed that diabetic
children had more gingivitis, earlier dental eruption, and a higher prevalence
of gingival bleeding in primary/permanent dentition than their non-diabetic
counterparts. (45)

The risk of periodontitis is approximately three times higher in diabetic
people, and periodontitis is known as the ‘6th chronic complication of diabetes.
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Therefore, diabetes is considered a predisposing factor for periodontitis, as the
severity of periodontal destruction correlates with glycemic level, as measured
by HbAlc. (46)

Hyperglycemia increases glucose levels in saliva and gingival sulcus fluid,
and glucose in the oral cavity increases oral inflammation by increasing the
proliferation of periodontopathogenic and cariogenic bacteria. Studies have
reported that compared with healthy or well-controlled diabetics, uncontrolled
diabetics have higher proinflammatory mediator levels in the gingival sulcus
fluid, resulting in significant periodontal destruction. (47)

Microangiopathy can be observed in hyperglycemic patients. Glucose
is used by endothelial cells to a greater extent than normal and creates more
glycoproteins. The basement membrane thickens and weakens, so that blood
vessels leak proteins and bleed easily. These vascular changes reduce the
elimination of chemotaxis, adhesion, phagocytosis, and migration of antigens
by polymorphonuclear cells, leading to the progression of periodontitis. (48)

Hyperglycemia also increases glycation end products. These glycosylated
products form complex molecules. It can reduce the solubility of collagen and
increase the levels of proinflammatory cytokines responsible for the breakdown
of bone and connective tissue. (48, 49)

Periodontal destruction in children with diabetes can begin very early
in life and become more evident as children progress towards adolescence.
Therefore, the early signs of periodontal disease should be considered. (30) In
studies conducted, an improvement was observed in variables such as glycemic
status, blood pressure, weight, and body mass index in patients with diabetes
mellitus who regularly participated in interdisciplinary health support programs.
(50,51)

2.3. Salivary Alterations

Saliva plays an important role in maintaining dental and oral mucosal
health, and changes in its volume and quality can alter oral health status. TIDM
is known to cause microvascular diseases that can affect salivation. (52)

Decreased salivary flow has been reported in TIDM patients. Poor
glycemic control may cause hyposalivation in children with diabetes. (53) This
reduction in salivary volume causes a decrease in salivary clearance, buffering
ability, and antimicrobial activity. This may lead to unfavorable effects on the
healing of other oral infections. (54) Additionally, an increase in salivary glucose
concentration may also affect the development of dental caries. (24)
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Hyperglycemia increases glucose levels in saliva and gingival sulcus fluid,
and glucose in the oral cavity increases oral inflammation by accelerating the
proliferation of periodontopathogenic and cariogenic bacteria. (47)

2.4. Effect on Tissue Healing

Delayed bone healing and poor soft tissue regeneration in patients with
diabetes are complications that can be observed after oral surgery. This may be
attributed to delayed vascularization and decreased blood flow, immunity, and
growth factor production in patients with TIDM. (55)

2.5. Taste Disorder

Taste changes are also associated with diabetes. (56) Children with TIDM
have a lower salivary flow rate, pH, and buffering capacity than healthy children
but have a higher glucose content. (21, 23, 57) Significantly higher glucose and
urea levels in saliva were observed in 80% of patients with diabetes mellitus and
10% of healthy subjects. (58)

These findings suggest that DM is associated with xerostomia. There is a
relationship between the degree of dry mouth and glucose levels in saliva.

2.6. Oral Candidiasis and Bacterial Infections

Fungal infections are more common in patients with DM than in healthy
individuals because of associated immunodeficiency. (59, 60) An increased
amount of Candida albicans has been detected in patients with T1DM compared
to healthy subjects. (59-61)

Decreased metabolic control, increased blood and saliva glucose
concentration, low salivary secretion, prolonged disease duration, impaired
chemotaxis and phagocytosis defects due to polymorphonuclear leukocyte
deficiency, and decreased tissue resistance to infection are associated with
increased Candida carriage and clinical manifestations of candidiasis. (60, 62)

Diabetic patients have impaired defense mechanisms; therefore, they are
considered immunocompromised, and recurrent bacterial infections are seen
more frequently in individuals with poor metabolic control. Therefore, patients
with DM are more prone to deep neck infections of bacterial origin than patients
without diabetes. (63)

In a study comparing the severity of maxillofacial infections of
odontogenic origin, the susceptibility of microorganisms to antibiotics, the type
of microorganisms, and the duration of hospitalization in diabetic patients with
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healthy individuals, it has been determined that DM patients stay longer in the
hospital owing to severe infection and need more time to control their blood
sugar. (64)

3. Conclusion

In order to prevent dental caries/periodontal diseases in children with
T1DM, it is vital to provide metabolic control of diabetes, perform regular
intraoral examinations, and apply the necessary treatments promptly. It is
important that children with TIDM are followed up by a multidisciplinary team,
including dentists, in coordination with medical doctors. It is recommended that
educational oral health programs be implemented that target patients and family
members.
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1. Introduction

fixed dental restoration to compensate for losing a missing molar tooth

in adolescents is not indicated because bone growth is ongoing. Still,

it is necessary to replace missing teeth to prevent resorption of the
alveolar bone and migration/elongation of adjacent teeth. (1) Although dental
implant treatment is considered the best option to compensate for missing tooth/
teeth, it may not apply to every patient. It is expensive, time-consuming, and
contraindicated for patients with continuous bone growth. (2-4)

Autogenous tooth transplantation (ATT) is the preferred biological
replacement for posterior missing teeth in adolescents when an immature donor
tooth is available. (1, 5-8) The essence of ATT is transferring a tooth from one
socket to another within the same person. (9)

Autogenous tooth transplantation offers several advantages over dental
fixtures and prostheses, as it is the only biological option. The procedure is
reliable and predictable, especially for adolescents. After undergoing ATT,
regeneration of bone and periodontal tissues is expected; both result in significant
function and aesthetics. (10) The donor tooth’s periodontal ligament prevents
bone resorption at the alveolar crest, distributes the continuation of growth and
provides harmony with teeth in the opposing arch. Orthodontics can also be
applied after ATT. (11) In addition, donor tooth’s periodontal ligament and bone
contain proprioceptive receptors, which are expected to maintain functionality,
while this prevents disproportionate forces that may occur during biting and
chewing. Periodontal tissue fibres suspend forces between bone and root and
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ensure homogeneous distribution. This may be another significant difference
between a biological tooth replacement and other options, such as dental fixtures
and prostheses.

2. Indications and Contraindications

If a suitable donor tooth is available, it can be used in certain situations:

- Congenital missing teeth, impacted teeth, or ectopic eruption of teeth,

- In cases where teeth have deep caries and excessively damaged crowns,
- Persistent chronic periapical periodontitis or lesions,

- Missing teeth due to iatrogenic causes. (4, 12-16)

For a successful tooth transplantation, the donor tooth should have a simple
shape to extract without any damage to periodontal tissues, and the recipient site
should be wide enough to embed the donor tooth. For immature tooth roots,
the optimal Morrees’ stage is 4-5. Although stage 6 can also be suitable, it’s
important to ensure that the apical foramen is open. If the apical foramen/
foramina of the donor tooth is/are less than Imm wide, the patient should be
under 30 for a better chance of success. (16)

Before performing the ATT procedure, it is essential to consider the patient’s
systemic condition and any obstacles to regenerative healing. Additionally,
the recipient site and interocclusal space should be evaluated, and the process
should be practical and achievable. If there is insufficient interocclusal space or
buccolingual or mesiodistal narrowness, ATT is contraindicated.

3. Prognostic Factors

Prognostic factors refer to all the factors that can influence the outcome
of a treatment. (12, 17) According to the literature review by Almpani et al.
(12), the success of tooth transplantation is affected by factors such as patient
age and gender, root development stage of the donor tooth, the sufficiency
of bone volume in the recipient area, root anatomy, preservation during
the exposure time, fixation of the donor tooth to the recipient site, and the
surgical technique used. Also, operation time and postoperative care affect
the prognosis. (12) In addition, factors such as the surgeon’s experience,
patient’s oral hygiene level, presence of acute or chronic infection, presence
of occlusal contacts during the healing period, timing, and quality of
endodontic treatment of the donor tooth were reported as prognostic factors.
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A retrospective study conducted by Aoyama et al. (18) revealed that the
success of ATT is significantly affected by the subject’s age (over 40), the
depth of probing (over 4mm), and the presence of caries, restorations, or root
canal treatment. Other factors such as multiple or complex/divergent roots,
the use of a maxillary tooth as the donor tooth, the donor tooth preferred
from the opposing arch, and the absence of teeth in the recipient area for 2.5
months or longer also impact success rates.

4. Preoperative Planning

In an autotransplantation procedure without access to 3D imaging, the
donor tooth extraction should be prioritized to prepare the recipient socket.
This is because the proper size of the recipient socket can only be determined
after examining the root morphology of the donor tooth. (4) In this case, the
success of the ATT procedure depends entirely on the surgeon’s experience. The
exposure time of the donor tooth after extraction and the fitting attempts in the
recipient socket directly affect the result. (9)

Thanks to 3D imaging and Computer-Aided Rapid Prototyping (CARP),
personalized templates can be created as a copy of the donor tooth. This allows
the recipient site to be prepared without using the donor tooth during fitting
attempts and to reduce the exposure time. (9, 19-21)

5. Procedure

In most cases of ATT, the donor tooth is placed into the empty recipient
socket immediately after extraction. However, this order may change depending
on current conditions to provide advantages in the treatment. ATT can be single-
phased and immediate, as well as single-phased early, single-phased delayed, or
two-phased. (22)

In conventional ATT, the extracted tooth is used as a template to create
the neo-alveolus, the newly performed recipient site alveolus, for a perfect fit.
In the conventional method, the socket is either prepared based on radiographic
images, and the donor tooth is extracted after this preparation, or the socket
will be prepared after the donor tooth is extracted and the root morphology
is examined. If the extracted tooth from the recipient site is multi-rooted, the
interradicular septum is removed. In the presence of a lesion due to chronic
inflammation, the apical part of the extraction socket should be curetted until
it is ensured that the lesion is completely eradicated. Meanwhile, the integrity
of the facial and lingual bone lamellae must be preserved. It is recommended
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to leave the periodontal tissues in the recipient socket walls untouched due to
their potential of progenitor cells. (16) Removing a minimum amount of tissue
is important, making the procedure minimally invasive. Flap design should be
planned accordingly. Unless necessary for facial bone protection, avoid creating
a full-thickness flap in the recipient area. (19) If the flap is not elevated, even
if a fracture occurs in the facial bone during extraction, the broken piece will
be able to be fed as it remains attached to the periosteum. If the recipient site is
adequately prepared, the donor tooth can be extracted atraumatically. While the
donor tooth is luxated with the elevator, care should be taken not to damage the
cementum, periodontal ligament, and most importantly, the Hertwig’s Epithelial
Root Sheath (HERS), which is the most critical factor for root development
and revascularization. (2) After extraction, fitness is checked by manipulating
the donor tooth into the recipient socket without touching the root surface. The
donor tooth must be embedded in an infraocclusal position in the recipient area.
Therefore, precise positioning may be possible after several fitting attempts. If
this is the case, the donor tooth should not be moved to the extraoral area, if
possible, between fitting attempts. The donor tooth can be placed in its socket
in the room without pressure and kept there. (4) When a donor tooth cannot
be saved in its original alveolus, storing it in gauze soaked with 0.9% saline
solution, physiological saline solution, or fetal calf serum between the fitting
attempts is preferable.

As per Tsukiboshi’s research (4, 16), the typical process in ATT involves
the following steps:

1. Antibiotics are started preoperatively (a few hours before the operation)
on the patient.

2. Disinfection of the surgical area is provided; local anaesthesia is applied
to the donor and recipient areas.

3. The tooth on the receiving side is extracted.

4. The donor tooth is extracted. Before the socket is prepared, the donor
tooth’s anatomical root shape and periodontal status should be evaluated. Care
must be taken not to damage the periodontal tissues. To separate as much PDL as
possible with the root, an intrasulcular incision should be made before starting
the luxation, luxation should be made slowly and carefully, and the tooth should
be atraumatically removed.

5. The mesiodistal width of the crown and root(s) of the donor tooth and the
lengths of the roots are measured. After the donor tooth is examined, it will be
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placed back in its original socket. If it must be kept extraoral, isotonic solutions
will be appropriate. Pure, sterile water is not recommended as it is hypotonic
and may damage periodontal cells.

6. Preparation of the recipient area is performed. The socket is prepared
slightly wider than the root of the donor tooth. A rotary instrument with a system
cooled with saline solution at low speed is used during the preparation.

7. Harmonization of the recipient socket and donor tooth root is performed.
The donor tooth is placed in the recipient socket, avoiding pressure, and fitness
is checked. At this time, too much infraocclusal alignment of the donor tooth
should be avoided.

8. The flap is adapted and sutured. The most critical surgical procedure
is the tight fixation of the gingival flap around the donor tooth. This prevents
bacterial invasion, stabilizes the clot between the tooth and bone wall, and
promotes optimal attachment formation. The flap must be adapted and sutured
before the donor tooth is placed to ensure a tighter and more compliant closure.
This technique is especially important for the second molar region.

9. After suturing the flap, the socket mouth is desired to be slightly narrower
than the diameter of the donor tooth. The donor tooth is pushed through this
opening slowly, without disproportionate pressure, and inserted into the socket.
The placed donor tooth is first splinted with an occlusal suture. If the tooth is
unstable despite the suture and must be aligned occlusally, splinting is performed
with wire and composite. If the tooth is not fixed, but the occlusal adjustment is
not required, splinting can be delayed for 2-3 days because it is difficult to fix
the wire with composite despite postoperative bleeding since the area cannot be
kept dry.

10. It is necessary to make sure that the tooth is not in occlusion. If sutures
are to be used for stabilization, ideally, the occlusal contacts should be mopped
extraorally before the tooth is positioned in the socket, avoiding damage to the
PDL. If the donor is to be splinted with braces, it is possible to adapt in the
mouth after the splint is placed. It should be as conservative as possible, and
surfaces should not be mopped so much that they must be restored to provide
post-healing function.

11. Postoperative radiographs should be taken. The position of the donor
tooth in the recipient socket should be evaluated before and after splinting. The
preservation of viable cells on the cementum surface and good adaptation of
tissues are the most critical aspects for the success of dental autotransplantation.
4,9)
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Therefore, in the conventional method, the number of attempts to control
the compatibility of the donor tooth, the distance between the bone walls and the
root of the donor tooth, the extra-alveolar time, the experience of the surgeon, and
the level of trauma during the extraction of the donor tooth affect the prognosis
of the autotransplant. (23, 24) Apart from the mechanical injury that may occur
on the root surface and HERS during the manipulation of the donor tooth into
the socket for optimum compatibility, the nutrition of the cells in the periodontal
tissues will be disrupted during the time outside the socket; their biochemistry
will be adversely affected, which will result in the damage and death of living
cells. (4, 9) The greater the number of manipulations of the donor tooth into the
socket and the longer the extra-alveolar time, the greater the risk of bacterial
contamination. (23, 25) Unlike the technique in surgery performed by using the
replica produced with CARP as a template, all fitting trials are performed with
a donor tooth replica. If the position of the donor tooth and the socket-donor
compatibility are assured, the extraction of the donor tooth is performed as the
last step, and the donor tooth is placed in the recipient socket within seconds.
This ensures that the above-mentioned negativities are eliminated or minimized.
In late/non-socket cases where the recipient area has been edentulous for more
than 2.5 months, preparing the artificial socket is difficult, which negatively
impacts success. The reason for this is the extra time lost due to the difficulty
in preparing the socket and the mechanical damage during the fitness checks.
(18) Especially in such cases, a replica of the donor tooth produced by CARP is
required for a predictable result. (9, 21)

5.1. Splinting and Postoperative Process

In the early 2-week postoperative stage, the transplant is stabilized at the
infraocclusal level, protecting it from excessive forces and allowing a slight
mobility. The goal is to allow the formation of a functional periodontal space.
(14, 26) In the study of Bauss et al. in 2002 (27), it was mentioned that occlusal
suture fixation is advantageous over a semi-rigid wire fixation. It was found
that cases fixed with splint had a significantly higher incidence of pulp necrosis
or ankylosis. If the donor tooth is stable enough at the infraocclusal level and
the interocclusal distance is enough, a tight 8 suture can be seated between the
cusps and will be sufficient to prevent loss of donor tooth. Instead of suturing
the occlusal suture as a single suture, it is also possible to suture as two separate
sutures intersecting occlusally, and it has been mentioned in the literature that
this is more advantageous. (4, 15, 16) If the donor tooth is expected to move
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due to tongue movements or chewing forces, a passive semi-rigid fixation is
recommended. To avoid any kind of forces on the transplant, it’s better to include
only one adjacent tooth when using a stainless-steel wire for fixation. (16) In
cases where splinting cannot be performed due to postoperative bleeding, it is
possible to perform the semi-rigid splinting 2-3 days postoperative. (4) If there
is no vertical mobility in the tooth, splinting should be limited to 7-10 days. In
cases where vertical mobility is observed, the splint should be removed after the
vertical mobility disappears. (28, 29)

Although there are conflicts in the literature on the use of antibiotics after
ATT, in general, the use of postoperative antibiotics is for preventive purposes
and the patient does not leave the clinic without prescribing antibiotics. Chung
et al. (30) recommend prescribing systemic antibiotics to prevent complications
and improve success rates of ATT. Again, after ATT, anti-inflammatory non-
opioid analgesics will also be prescribed. Apart from this, postoperative oral
hygiene and diet directives given to the patient are important. Until the healing
of the periodontal ligament is completed, the patient, who will avoid solid
foods for 2-8 weeks and will be directed to relatively soft foods, will inevitably
consume carbohydrate-rich and fibre-free foods, which will lead to more plaque
accumulation. The patient should be warned about this and encouraged to drink
water and brush after each food intake. According to the American Society
of Endodontists, if the apex of the donor tooth is closed, root canal treatment
should start 7 to 14 days after ATT. If the donor tooth is splinted, the splint must
be removed after the first session. Endodontic treatment should be completed by
the 8th-22nd week after surgery. (4, 11, 31, 32)

6. Follow-up

After the first week following ATT, the sutures will be removed. If there
is no serious mobility that threatens healing, there is no harm to removing the
occlusal sutures even if the tooth is not splinted. (15) If the tooth is splinted
and there is no vertical mobility, it is preferred to remove the splint at the end
of the second week. Follow-ups are ideally performed at the end of each month
in the first 3 months, and every 6 months from the 6th postoperative month.
(15) Monthly clinical and radiological controls in the first three months are very
important for the early detection of inflammatory root resorption. Early detection
of inflammatory resorption can be effectively controlled by applying root canal
treatment to the donor tooth. In clinical evaluations, mobility, sensitivity in
percussion and palpation, formation of papillae, and healing are evaluated
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according to the period. In addition to these, the gingival and periodontological
condition of the tooth is evaluated in clinical controls. Sensitivity is checked as
an indirect sign of vitality. CO2, Electric Pulp Test (EPT), and Laser Doppler
Flowmetry (LDF) are reliable and accurate tests. Although CO2 and EPT are
less reproducible, they are less time-consuming than LDF. (33) Subjective tests
can be appliable at the end of the 3rd month at the earliest. (34) It is possible
to get a positive response from the sensitivity test from the revitalized donor
tooth, usually around the 6th month postoperatively. A clinical sign of success
is the eruption of the transplanted tooth. (15) Orthodontic extrusion may be
considered when the tooth does not erupt despite a healthy periodontal ligament.
In radiological evaluations, bone healing, continuity of periodontal ligament and
lamina dura, and obliteration of the pulp and root canals, which can be observed
around the 6th month, are checked. Obliteration is the radiological sign of
revascularization. Whether the roots continue to develop or not can be observed
radiologically at the 6th month controls. (2) Complications due to iatrogenic
injury, necrosis, and contamination in pulp, periodontal tissues, and HERS are
seen in the early and late follow-up stages. Infection and healing disorders are
the first complications that may be seen in the early period, which are not specific
to ATT. The most crucial complication due to pulp/periodontal ligament injury/
contamination is inflammatory root resorption. If inflammatory resorption can
be diagnosed at an early stage, long-term survival of the donor tooth can be
achieved with disinfection of the root canal system. The radiological signs of
resorption can be observed at the end of the 8" week. (15)

Ankylotic healing occurs in cases where the root surface is injured and
repair with new cementum is not possible. Ankylotic healing is a form of non-
physiological healing in which the root is resorbed, and the apposition of the
bone is seen instead of the root tissue. Ankylosis can be radiologically detected
from the fourth week, but it may also manifest up to a year after healing. (14, 15)
Ankylosis has no known cure. Ankylotic resorption was observed to progress
more rapidly in children and young adults than in adult patients. (4, 35) It is
crucial to create a personalized plan for each patient considering that age has an
impact on the prognosis.

7. Success and Survival

Survival is the functional existence of the transplanted tooth in the recipient
area without showing any symptoms. (36) Success is the recovery and function of
the donor tooth without any pathology and the need for additional intervention.
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(9) Success rates range between 79-100% and 57-100% in cases performed
with conventional methods. (4, 37) Regularly evaluating the transplants in
postoperative period is crucial for their short- and long-term success. The first
signs of success in the early postoperative period are uneventful healing, absence
of infection, and decreased mobility of transplant. Infection and occlusal trauma
can cause early transplant loss by hindering healing of periodontal tissues and
pulp. Considering the possibility of inflammatory resorption in the first three
months of the transplant, monthly radiological follow-ups should be performed.
(15) It is known that the cause of donor tooth loss in the first year is usually
due to inflammatory resorption. (38) In the long term, donor tooth loss is often
caused by ankylosis. (15) Currently, there is no agreement on the specific criteria
that define success. However, most researchers define success as the donor tooth
being vital and functional without any pathology after ATT. (39)

8. Conclusion

Today, autotransplantation is the only viable option for physiological tooth
replacement. In the presence of a suitable donor tooth, dental autotransplantation
can be the gold standard for the early treatment of single tooth deficiency in
adolescents. Dentists should be conscious and informative, and the patient’s
tooth should always be prioritized over any prosthesis.
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1. Introduction

urgical interventions are crucial in addressing obstructive sleep apnea

(OSA) in different cases. Typically, surgery is employed when anatomical

stenosis is the primary root of the problem. Conservative approaches may
not be well-received or inadequate, hence surgical intervention is needed. The
surgical approach varies depending on the location of the airway obstruction.
Surgical procedures are typically performed in the nasopharynx, oropharynx
(retrolingual), and hypopharynx (retropalatal). They may be combined to meet
the patient’s specific needs. Nevertheless, procedures aimed at reducing upper
airway collapse rarely achieve complete relief of OSAS symptoms.

While such interventions are generally effective, they do have limitations
in achieving complete eradication of all symptoms. Often, patients require
additional postoperative treatment and follow-up. Surgical procedures are
typically performed in conjunction with other treatment modalities as part of a
comprehensive treatment plan. The goal of surgical interventions is to increase
overall quality of life and improve sleep quality by reducing airway obstruction
and widening the airway. This approach can decrease the risk of cardiovascular
and metabolic complications associated with OSAS by enhancing sleep duration
and oxygenation.
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In addition, a multifaceted approach is critical in the planning of surgical
treatment. Physicians must develop a tailored treatment plan that considers the
patient’s symptoms, anatomical characteristics, and comorbidities. This ensures
favorable outcomes that account for the distinctive necessities and circumstances
of each patient (1).

2. Surgical Treatments for OSAS
Upper Respiratory Tract Surgery

These methods aim to address the upper respiratory tract and are not a
standalone cure for OSAS. Yet, in combination with other treatments, they can
augment the efficacy of treatment for OSAS. The following procedures are
frequently performed in patients with nasal passage stenosis (2):

e Septoplasty

e Endoscopic sinus surgery
Inferior turbinectomy
Rhinoplasty

Nasal valve surgery

While nasal surgery alone does not consistently impact AHI in OSAS
patients, evidence suggests it can enhance snoring, subjective sleep quality,
daytime sleepiness, sleep-related quality of life measures, and other significant
OSAS outcomes (2,3).

Uvulopalatopharyngoplasts (UPPP)

It was initially employed by Ikematsu in 1952 to address snoring and is
also referred to as 3-P. The tissues eliminated through this technique comprise
the following:

o Palatine tonsils (adenoids/nasal passages)
e Posterior soft palate
e Uvula

Thus, during sleep, diminished muscle tone causes the soft tissues that
vibrate during breathing to elongate, widening the airway passage. The most
commonly utilized surgical procedure for treating OSAS is UPPP, which
boasts the highest success rate after maxillo-mandibular advancement (MMA).
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Despite UPPP’s substantial success in reducing snoring alone, its efficacy in
treating apnea drops to approximately 50%. The likelihood of success is higher
when UPPP is combined with tongue root surgery or MMA. The primary
complication of UPPP is velopharyngeal insufficiency caused by excessive
resection. Including the musculus levator veli palatine in the resection elevates
the risk of this complication. The sensation of a foreign object lodged in the
throat is another potential complication. Furthermore, the high concentration of
ceruminous glands in the uvula results in moisture within the oropharynx. This
factor may cause speech and swallowing difficulties post-UPPP (3.4).

Radiofrequency

Radiofrequency treatment of the soft palate aims to create a voluntary
fibrosis of the soft palate, making it more tense and firm, and thus more resistant
to gravity in the sleeping position. However, this method alone is only relatively
effective for snoring and less effective for apnea.

Tonsillectomy

Another surgical method is isolated tonsillectomy and tonsillotomy in
patients with large tonsils. It is generally preferred in pediatric OSAS. The extent
to which tonsil hypertrophy contributes to OSAS in adults remains unclear.
Tonsillectomy combined with adenectomy is accepted as first-line treatment in
pediatric patients with severe OSAS and adenotonsillar hypertrophy. It has been
reported that this type of surgery shows significant improvement in AHI severity,
oxyhemoglobin saturation and sleep quality in obese patients with OSAS (3,5).

Palate Implants

This procedure, also known as the Pillar procedure, aims to reduce snoring
and mild to moderate AHI by creating fibrosis in the surrounding soft tissues
with a polyester implant placed in the soft palate. The resulting fibrosis hardens
the soft palate and increases the distance between the palate and the posterior
wall of the pharynx during sleep. This procedure is a relatively minimally
invasive method that can be performed under local anesthesia (2,4).

Resective and Positional Tongue Surgery

When the primary underlying cause of OSAS is the posterior positioning
of the tongue which leads to retrolingual obstruction and narrowing of the
oropharynx, surgical intervention is considered. Thus, one can opt for surgical
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techniques that bring the posteriorly placed tongue root forward or techniques
that reduce hypertrophy of the tongue. The objective of tongue reduction
procedures is to enhance the lower pharyngeal airway by decreasing the volume
of tongue tissues. Tongue tissue advancement surgeries aim to enlarge the same
area utilizing an alternate mechanism (1-3).

Several surgical procedures can be used to reduce tongue volume, including
midline glossectomy, hyoid suspension, genioglossal advancement, tongue root
stabilization, partial glossectomy, and radiofrequency application to the tongue
root. Some of these are described as follows (6):

o Lingual Tonsillectomy: Improves the respiratory tract by removing the
blocked lingual tonsil tissue.

e Mid-Line Glossectomy: Resection of the midline tongue base tissue.

e Submucosal Lingualplasty: Resection of the submucosal lingual tissue
of the tongue root.

e Radiofrequency Tissue Ablation: Radiofrequency application to the
tongue root is another simple surgical approach based on the principle of
opening the posterior airway by reducing the tongue root volume. The procedure
is performed in several sessions around the circumvallate papillae at intervals of
several weeks.

Tongue tissue advancement procedures aim to advance the base of the
tongue and pharyngeal muscles and thus widen the lower pharyngeal airway
(2,6):

e Base of Tongue Suspension: A common technique for tongue root
surgery is the ‘Sleep In” approach: with a non-resistant suture passed through
the tongue root, the tongue is pulled forward and connected to the lingual part of
the lower jaw. The aim is to create a base of tongue sling fixed to the mandible
and to prevent retrolingual collapse.

o Genioglossal Advancement: The genial tubercle of the anterior mandible
is advanced forward by creating an osteotomy line. In this technique, a small
window is opened at the attachment point of the genioglossus to the mandible
and this bony lamella is rotated 90 degrees and reattached to the mandible with
the help of a mini-plate.

e Hyoid Semic suspension: The hyoid bone is suspended to the thyroid
cartilage or mandible using permanent sutures. The aim is to stabilize the base
of the tongue and hypopharynx.
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Genioglossal advancement is a procedure that involves hyoid bone
suspension, also referred to as hyoid sling, or can be performed in isolation.
This procedure can expand the posterior airway by approximately 1-1.5 mm.
Despite these benefits, there are some limitations to this method. Firstly, the area
that can be gained is restricted. Secondly, the movement alone is not enough
to eliminate apnea. Due to the mandible not being pulled forward, there is no
additional space for the tongue (1,6).

Multiple studies have shown that lower pharyngeal and laryngeal
procedures can improve respiratory physiology and quality of life during sleep.
However, reductions in AHI of up to 50% have only been reported in mild
cases where the problem is isolated to the base of the tongue. It is important
to explain technical term abbreviations when first used to ensure clarity and
comprehension.

The reported side effects vary depending on the surgical techniques
employed. Pain, bleeding, tongue infection, airway complications, changes
in taste, and dysphagia are commonly observed as complications of partial
glossectomy, lingualplasty, and lingual tonsillectomy. These relatively simple
surgical procedures do not result in significant restrictions on tongue movement;
however, when performed in isolation, they are insufficient in the treatment of
OSAS (1,7,8).

Sliding Genioplasty

This genioplasty technique is an advancement genioplasty that is
occasionally recommended for patients with micrognathia due to retrognathic
mandible. Since there is a risk of loss of tooth vitality, it may be considered in
patients with significant retrognathia, that is, patients positioned >2 ¢cm behind the
subnasal vertical line. This procedure rarely involves the entire genial tubercle,
so it does not affect the extraction of the genioglossal muscle. It is likely to pull
the geniohyoid muscle, which may lead to an unfavorable vector at the root of
the tongue. Sliding genioplasty is mainly suitable for patients with obstruction
in the area behind the epiglottis. It is performed through subperiosteal dissection
with exposure of the lower border of the anterior mandible. The osteotomy
is performed by incising both lateral margins of the parasymphysis along its
inferior border and then extending this incision horizontally under the mental
neurovascular bundles. It should be performed in patients with both functional
and aesthetic indications. When the anterior osteotomy is combined with the
geniotubercle through adjacent vertical window osteotomies, the operation is
defined as Mortised Genioplasty (9).
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Multistage Surgical Approach and Maxillo-Mandibular Advancement
(MMA)

Since moderate to severe OSAS is often characterized by stenosis in
multiple parts of the airway passage, surgical interventions targeted at a single
site are insufficient for effective treatment. In 1986, Riley et al. were the first
to recognize the importance of opening multiple obstructions with multilevel
surgical interventions in OSAS patients. Today, multilevel surgery is widely
accepted as a treatment option for OSAS patients with obstructions in multiple
areas. However, as this alternative is not feasible for all patients, Maxillo-
Mandibular Advancement (MMA), a method that enables airway expansion at
multiple levels, has gained popularity and widespread acceptance over time.
This treatment, which previously entailed a significant morbidity rate and a
lengthy recuperation period, now necessitates a shorter and simpler recovery
period owing to enhancements in orthodontic and surgical fixation methods.
Due to its numerous advantages and high success rate in treating OSAS, dental
occlusion has become a more popular method of treatment compared to the past
(1,10,11).

In cases with mild to moderate maxillary retrognathia, where the incisor-
molar positions are in close proximity, minimal mandibular advancement can
be achieved through the use of dental occlusion. In this scenario, advancing the
mandible alone does not achieve enough airway dilatation necessary to treat
OSAS. Bilateral orthognathic surgery (or MMA) is one of the leading surgical
treatment options for OSAS, with a success rate of approximately 85%, which
can vary inversely with the severity of OSAS (11-13).

In the MMA procedure, the maxilla and mandible are advanced
simultaneously to enlarge the upper airway. To accomplish this goal, Le Fort
I osteotomy is typically performed on the upper jaw, and bilateral sagittal split
ramus osteotomy (BSSRO) is generally preferred for the lower jaw. Although
patients typically undergo postoperative orthodontic treatment for dental closure
before orthognathic surgery, in the context of maxillomandibular advancement
surgery for obstructive sleep apnea syndrome (OSAS), preserving the existing
occlusion by bringing the upper and lower jaw segments forward without
preoperative orthodontic treatment may be possible in most cases, providing a
time-saving benefit (8,11).

The oropharynx, hypopharynx, and nasopharynx, to a lesser extent,
are the anatomical regions aimed at expanding through maxillo-mandibular
advancement, resulting in multilevel expansion.



SURGICAL TREATMENT OPTIONS OF OBSTRUCTIVE SLEEP APNEA SYNDROME 4 4 75

The advantageous positive airway alteration produced by this procedure
is effective during the early stages following MCI. After these surgeries,
patients experience a more favorable improvement than that seen with UPFP.
Additionally, significant relief is observed in the early postoperative period
when compared to other isolated surgeries (1, 8, 13, 14).

According to Riley et al., the successful surgical protocol is as follows:

Phase 1: UPPP and/or Genioglossal Advancement and Hyoid Bone
Suspension (Success rate is reported to be 75% on average in moderate OSAS
patients, while the level of symptom relief and improvement in severe OSAS
cases has been found to be below 50%.

Phase 2: Maxillo-Mandibular Advancement (MMA) (Success rate hovers
around 95% even in severe cases) (15).

In general, surgical techniques used in severe OSAS cases are categorized
as follows (14):

e Single-segment Le Fort I Osteotomy described by Bell

o Bilateral Sagittal Split Ramus Osteotomy (BSSRO) as modified by
Epker

e Genioglossus and Hyoid Bone Suspension applied according to the
Riley and Powell Method

The observed superiority of MMA over other surgical options and even
the multilevel surgical method in the treatment of OSAS is that it can provide
expansion of the entire retropalatal and retrolingual airway by expanding the
skeletal frame. With MMA, it has been proven that the pharyngeal airway
volume can be expanded up to 60% (1,3,12).

However, in some cases, the airway stenosis may be specifically maxillary
when viewed from the sagittal plane, or it may be at the mandibular level, but
at a lower level. If the condition causing this condition is a severe maxillary or
mandibular retardation, the AHI scores of these patients can be significantly
reduced with isolated maxillary or mandibular advancement (16).

The long-term success of orthognathic surgery is usually evaluated
based on the relapse rate. Research in this area shows that MMA, especially
with ‘overcorrection’” as much as aesthetic parameters allow, maintains
clinical success, with approximately 90% of patients continuing to experience
therapeutic benefit for more than 4 years. Studies on patient-oriented outcomes
emphasize that more than 90% of patients have improved quality of life with
gains in productivity, social outcomes, and physical activity level (25,30,33).
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3. Current Approaches

Interestingly, palatal resection techniques such as UPPP are now
considered obsolete in OSAS surgery and modern reconstructive techniques
such as expansion sphincter pharyngoplasty are replacing conventional
surgical approaches due to better clinical outcome and fewer side effects. In
addition, upper airway stimulation and hypoglossal nerve (12th cranial nerve)
stimulation, an emerging treatment option for moderate to severe OSAS, has
been reported to have a success potential of up to 75% in patients with OSAS.
Hypoglossal nerve stimulation is also a relatively new and popular technique.
In this method, a stimulation electrode is surgically implanted in the branches
of the nerve and a sensing electrode is surgically implanted in the chest wall.
Both are then connected to a neurostimulator, which is placed in a surgically
created pocket just below the collarbone. The sensing electrode determines
when breathing starts and sends a signal to the neurostimulator. The stimulation
electrode activates the hypoglossal nerve, which controls the movement of the
tongue. The activated motor nerve causes the tongue to move forward. This
method aims to prevent upper airway obstruction by preventing the tongue from
collapsing backwards during apnea (1,8,12,13,15).

Examples of relatively less invasive procedures that can be considered
current for OSAS include reducing the size of the tongue with radiofrequency,
hardening the soft palate with stents, advancing only the anterior part of the
lower jaw and displacing the hyoid bone. None of these procedures alone has
been shown to achieve a high success rate in the treatment of OSAS. Isolated
applications may be useful only in selected cases (7,15,17).

4. Conclusion

Obstructive Sleep Apnea Syndrome (OSAS) involves recurrent episodes
of apnea and hypopnea caused by upper airway obstruction, typically due to
anatomical abnormalities. Surgical treatments are vital in managing OSAS,
particularly when conservative treatments prove ineffective or intolerable.
Nonetheless, the effectiveness of surgical interventions in fully eliminating
OSAS symptoms is often restricted. Anatomic stenosis and obstruction may
occur in the nasopharynx, oropharynx, and hypopharynx. For each region,
different surgical procedures can be implemented (1).

The choice of surgical treatment strategy depends on the location and
severity of the anatomical obstruction. Examples of common surgical approaches
are uvulopalatopharyngoplasty (UPPP), maxillomandibular advancement
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(MMA), genioglossus advancement (GA), and hypoglossal nerve stimulation.
Proper evaluation of the patient and selection of the appropriate surgical method
are essential for a successful surgical intervention (7).

According to studies, UPPP can alleviate the symptoms of OSAS, but it
usually fails to achieve a significant reduction in the apnea-hypopnea index
(AHI) (4). On the other hand, MMA and GA are generally more successful,
but these procedures are more invasive and carry significant morbidity risks
(1). Hypoglossal nerve stimulation can significantly reduce AHI, but it is only
appropriate for specific patients (15).

Surgical methods for OSAS are not definitive and have pros and cons.
When planning surgical treatment, it is necessary to consider the severity of
the patient’s symptoms, anatomical characteristics, comorbidities, and treatment
preferences (19). Long-term follow-up and evaluation of patients after surgical
intervention is necessary to assess treatment efficacy and implement additional
strategies if needed (20).

In conclusion, surgical treatment of OSAS can benefit specific patients,
but careful evaluation and selection must precede implementation. Patients
and healthcare professionals should comprehend the confines and plausible
hazards linked with the offered surgical alternatives and suitably regulate their
anticipations for every therapy method.
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1. Introduction

agnetic resonance imaging (MRI), a non-invasive imaging method,
Mproduces anatomically accurate three-dimensional pictures.
Applications for it include monitoring treatment progress and
diagnosing diseases. Protons in water, which are prevalent in living tissues, are
used by the technology to detect changes in the rotational axis of protons.(1)
MRI is a vital tool for oncological assessment because it offers superb soft tissue

contrast. To identify or classify lesions, T1 and T2 relaxation alterations might
not be enough. To deal with such circumstances, diffusion-weighted imaging
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(DWI) was created. To provide contrast in images, apparent diffusivity—
the displacement of tissue water brought on by random, thermal motion—is
employed.

2. General Information

Anatomically accurate three-dimensional images are created using a non-
invasive imaging technique known as magnetic resonance imaging (MRI). Its
applications include disease detection, diagnosis, and therapy monitoring. The
technology relies on detecting changes in the axis of rotation of protons in water,
which are abundant in living tissues.

MRI offers a wide range of examinations and applications, including:

» Imaging of the head area: Brain, eyes, inner ear, ear structures, pituitary
gland, temporomandibular joint (TMJ), cerebral arteries, and vein systems.

* Neck imaging: Larynx, pharynx, salivary glands, tongue, and surrounding
structures.

* Cardiovascular imaging: Lungs, heart, and large vessels associated with
the heart.

* Abdominal imaging: Intra-abdominal organs and lower abdomen.

* Spinal pathologies: Neck, back, and lumbar region.

* Extremity and joint imaging: Shoulders, arms, elbows, wrists, hands,
hips, thighs, knees, legs, ankles, and feet.

* Whole-body angiography: Detailed imaging of blood vessels throughout
the body.

* Specialized techniques: MR spectroscopy, cranial and abdominal
diffusion imaging, perfusion MRI, MRCP (Magnetic Resonance
Cholangiopancreatography), MR pyelography, and MR myelography.

* CSF (Cerebrospinal Fluid) flow studies.

* Kinematic investigations: Assessing joint movements.

* Whole-body metastasis screening: Detecting cancer spread throughout
the body.

* Dynamic tissue imaging: Assessing liver, breast, and tumour tissues.

* Regional MR angiographic examinations: Detailed evaluation of blood
vessels in specific areas.

MRI has been widely used in dentistry, especially in TMJ evaluations,
imaging of salivary glands, lymph nodes, masses in the head and neck, thyroid
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and parathyroid glands, nasopharynx, tongue, and muscle examinations. It
can also be used in caries detection and three-dimensional examination of the

pulp. (1)
2.1. MRI

The main type of nucleon sensitive to MRI, and the most prevalent atom
in the body, is water (H20). Thus, hydrogen nucleons are crucial for MRI. In
isolation, water functions as a magnetic dipole for the unpaired proton-based
hydrogen nucleons. In the absence of an external effect, these magnetic dipoles
are randomly oriented and possess no net magnetic field (2).

When an external magnetic field is applied to the sample, net magnetization
occurs, which can be in one of two ways: Parallel to the external magnetic field
(spin up) or anti-parallel (opposite) to the magnetic field (spin down). These
orientations represent the dipole’s low- and high-energy states, respectively.
Nuclei can transition from one energy state to another by absorbing or releasing
a specific amount of energy. This transition is known as resonance, and it can
involve electromagnetic energy in the radiofrequency pulse (RF) region of the
electromagnetic spectrum (3).

When an external magnetic field is applied, the North and South poles
of the nucleons do not perfectly align with the direction of the magnetic field.
Instead, a slight tilt from a point where the axes of spinning protons were parallel
to the flux of an external magnet causes them to oscillate or wobble, known
as precession. The rate or frequency of precession is called the Resonant or
Larmor frequency, and it varies with the intensity of the applied magnetic field.
Magnetic fields with intensities ranging from 0.1 to 4.0T are employed for MR
imaging (3).

When nuclei are exposed to an external magnetic field, they produce two
energy states: Spin-up in the direction of the field and spin-down in the opposite
direction. The interaction of these two energy levels results in a weak net magnetic
moment, or magnetization vector, aligned parallel to the applied magnetic field.
When an electromagnetic wave with a Larmor frequency matching that of the
tissue’s protons is directed towards tissue with protons aligned in the Z axis by
the external magnetic field (imaging magnet), the protons absorb energy and
rotate away from the direction induced by the imaging magnet.

The angle of rotation increases with the duration of the radiofrequency (RF)
pulse. If the RF pulse is intense enough and rotates the net tissue magnetization
vector into a transverse plane (XY plane) perpendicular to the longitudinal
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alignment (Z-Axis), all protons will process in phase. This is known as a 900 RF
pulse or a flip angle of 900. At this moment, a receiver coil induces the strongest
RF signal, which depends on the presence and bonding strength of hydrogen in
the molecules.

The presence of loosely bonded or mobile hydrogen atoms in soft tissues
and liquids results in a visible signal. The “proton density” or “spin density”
of the tissue refers to the measurement of the concentration of loosely bound
hydrogen nuclei available to generate the signal (3).

When the RF pulse is cut off, two processes occur simultaneously:

1. The nuclei release energy and return to their initial state of spin. This
process is called relaxation, and the energy loss is measured as a signal known
as free induction decay.

2.Thetransversely aligned nuclei start to realign to their original longitudinal
orientation with the main magnetic field and net magnetization regions. This
realignment is made possible by transferring energy from individual hydrogen
nuclei (spin) to the surrounding molecules (Lattice).

2.2. T1 And T2 Weighted Images

A quick signal recovery time combined with a quick RF pulse repetition
time (TR) results in T1-weighted images. A tissue with a short T1 produces
an intense MR signal and appears bright white in a T1-weighted image
because T1 is an all-exponential growth time constant. In an MR image,
a tissue with a long T1 produces a signal of low intensity and looks dark.
Second, transverse magnetization is lost as a result of the diphase caused by
the magnetic moments of nearby hydrogen nuclei starting to interfere with
one another. (4) T2 relaxation time / transverse (Spin) relaxation time is the
unit of time used to express the rate of loss of transverse magnetization.
The amplitude and duration of the detected radio signal, as well as the
transverse magnetization, all rapidly decay (exponentially) to zero. Long
signal recovery times and long RF pulse repetition times are used to acquire
a T2-weighted image. Long T2 tissues generate a strong signal that is bright
in the image. One with a short T2 is dark in the image and produces a signal
of low intensity. (5)

Fat has the shortest T1 relaxation time and the lightest signal compared
to other tissues and therefore appears bright in the image; T1-weighted
images are also referred to as “fat images.” This kind of image’s strong image
contrast makes it possible to see high anatomical detail. Thus, T1-weighted
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images can be used to show small anatomical regions that call for high spatial
resolution. (5)

Water has the longest T2 relaxation time of any substance, making it
appear bright in T2 Weighted images. Normal tissues typically have a shorter
T2 time than abnormal tissues. T2 weighted images are most frequently used
when a doctor is searching for tumours and inflammatory changes. Anatomy
illustrations are more frequently made using T1-weighted images. In order to
separate the different tissues by contrast resolution in practice, images must
frequently be acquired with both T1 and T2 weighting.

2.3. Diffusion-Weighted Magnetic Resonance Imaging (DWI-MRI) And
Apparent Diffusion Coefficient (ADC)

MRI is a crucial tool in oncological evaluation, providing excellent soft
tissue contrast. However, changes in T1 and T2 relaxation may not be sufficient to
detect or characterize lesions. Diffusion-weighted imaging (DWI) is developed
to address such situations.

Apparent diffusivity, which refers to the displacement of tissue water due
to random, thermally driven motion, is used to create image contrast. DWI
is a versatile tool for characterizing tissue structure and identifying disease
processes. The amount of motion in DW-MRI is related to the mean path length
that protons take due to thermally driven, random motion during a specific
observation time period.

DWI-MRI uses two additional magnetic field gradients to make the MR
signal motion-dependent. Signal loss occurs when water molecules move
between the application of these gradients, depending on the mean diffusional
path length. The apparent diffusion coefficient (ADC) map is utilized in DWI-
MRI, providing information about diffusion and perfusion components.

High diffusion areas appear as bright regions with a high ADC value in
the ADC map. Preferential diffusion directions can be analysed using diffusion
tensor imaging (DTI), which is valuable for assessing tissue architecture like
fiber tracts in the brain.

DWI-MRI is widely used in whole-body malignancy screening and
assessing treatment response. It is employed in breast cancer diagnosis and
detection of cancer extension. ADC values can help distinguish benign and
malignant liver lesions and may predict treatment response in hepatic metastases.

Additionally, DWI-MRI, particularly with diffusion tensor imaging, aids
in defining tumour margins and their relationship with fiber tracts, contributing
to lesion characterization in the head and neck.
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Overall, DWI-MRI is a valuable tool for investigating tissue microstructure,
providing crucial information for oncological evaluation and treatment response
assessment.

2.4. Dentomaxillofacial Radiology Usage

Diffusion weighted imaging has been studied many lesions located in the
maxillofacial region from malignancies to bone lesions.

Wang et al. conducted a study on 81 lesions in the head and neck area,
including non-Hodgkin lymphoma, carcinoma, benign solid masses, and
benign cystic lesions without odontogenic origin. The study found statistically
significant differences in the mean ADC values among these groups. The order of
ADC values from higher to lower was as follows: Benign cystic lesions, benign
solid tumours, carcinomas, and lymphomas. Additionally, poorly differentiated
carcinomas and lymphomas showed similar ADC values, indicating shared
histologic and cytologic features. (6)

Yuan et al. investigated 42 palatal lesions, including 31 patients with
malignant lesions (such as squamous cell carcinoma, adenoid cystic carcinoma,
mucoepidermoid carcinoma, MALT lymphoma, malignant pleomorphic
adenoma, malignant melanoma, and lymphoepithelial carcinoma) and 11
patients with benign lesions (pleomorphic adenoma, benign lymphoepithelial
lesion, and inflammation). The study found that malignant lesions had lower
ADC values compared to benign palatal lesions. (7)

In the literature, it has been shown that DWI-MRI detects lymph node
metastasis with 98% sensitivity and 88% specificity. DWI-MRI is reported to be
superior to conventional MRI in assessing lymph nodes smaller than 1 cm, but
there is no significant difference in its ability to detect lymph nodes larger than
1 cm. DWI can help detect cancer-involved structures and differentiate between
metastatic and reactive lymph nodes. (8)

Muraoka et al. reported the CT and MRI results of 5 patients with central
vascular anomalies. They found a wide range of ADC values and variable signal
intensities for these lesions. The researchers concluded that the presence of
arteriovenous and venous architecture may explain these findings. (9)

Oda et al. conducted a study investigating the DWI of various
maxillofacial lesions, including squamous cell carcinoma, medication-
related osteonecrosis, odontogenic abscess, ranula, osteoradionecrosis,
haemangioma, pleomorphic adenoma, odontogenic keratocysts, nasopalatine
duct cyst, malignant melanoma, and basal cell carcinoma. They reported
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that ranula and nasopalatine duct cyst had mean ADC values of 2.69+0.59
and 2.34+0.12, respectively, which were significantly higher than all other
lesions in the study. Odontogenic abscess had the lowest mean ADC value of
0.67+£0.36. Among the malignant lesions, squamous cell carcinoma had the
highest ADC values, while malignant melanoma had the lowest ADC values
in the study. (10)

In one study, Muraoka et al. (11) investigated patients with different types
of osteomyelitis: 6 with chronic diffuse sclerosing osteomyelitis (CDSO), 21
with acute suppurative osteomyelitis (ASO), and 13 with chronic suppurative
osteomyelitis (CSO). They found statistically significant differences in the
mean ADC values between ASO and CSO, as well as between CSO and CDSO.
However, there was no significant difference in the mean ADC values between
ASO and CDSO. The mean ADC values were reported in the order of ASO >
CDSO > CSO.

In another study on osteomyelitis, Muraoka et al. investigated the
efficiency of diffusion-weighted imaging (DWI) in patients with osteomyelitis.
They divided the patients into three groups: Non-osteomyelitis (n=22), acute
osteomyelitis (n=27), and chronic osteomyelitis (n=21). The mean ADC values
for the three groups were 0.87+0.15 x 10-3, 1.244+0.11 x 10-3, and 1.07+0.13 x
10-3, respectively. There were statistically significant differences in ADC values
between all three groups. (4)

In the study by Ogura et al. (12), they investigated patients with
osteoradionecrosis and medication-related osteonecrosis of the jaw using CT,
MRI, and scintigraphy. They included 13 patients with medication-related
osteonecrosis of the jaw (MRONIJ) and 7 patients with osteoradionecrosis
(ORN). They observed high signal intensity on Short Tau Inversion Recovery
(STIR) and DWI, and low signal intensity on ADC mapping in all patients with
MRONUJ and ORN.

DWI imaging is also utilized in the evaluation of the TMJ. Muraoka
et al. (13) conducted a study to investigate the ADC values of inflammatory
connective tissue around the mandibular condyle in healthy individuals and
patients with rheumatoid arthritis (RA). The study found that the mean ADC
values were 1.26+0.11 x 10-3 for the control group (healthy individuals) and
1.60+0.19 x 10-3 for the RA group. The ADC values of the RA group were
significantly higher than those of the control group, suggesting differences in
tissue characteristics between the two groups, potentially related to inflammation
in the TMJ.
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Based on traditional imaging modalities (panoramic radiography, computed
tomography, traditional MR imaging) alone, some types of cystic lesions of the
mandible are difficult to differentiate from one another (14). However, DWI
imaging may help to differentiate the lesions, and the literature shows some
promise.

Eida et al. (14) conducted a study investigating ADC-based differentiation
of cystic lesions of the mandible. They evaluated 27 cystic lesions, including
ameloblastomas, simple bone cysts, dentigerous cysts, radicular cysts, and
keratocystic odontogenic tumours, located in the mandible. The study results
showed that the overall ADC values of ameloblastoma and simple bone cysts
were larger than those of dentigerous cysts, radicular cysts, and keratocystic
odontogenic tumours. However, there was no difference in ADC values between
ameloblastoma and simple bone cysts themselves, nor between radicular cysts,
keratocystic odontogenic tumours, and dentigerous cysts.

Han et al. (15) conducted a similar study in collaboration with Eida et
al. to investigate DWI images of unicystic ameloblastomas, calcifying cystic
odontogenic tumors (CCOT), multicystic ameloblastoma, and dentigerous
cysts. They reported that unicystic ameloblastomas had much higher ADC
values compared to CCOT and dentigerous cysts. However, the mean ADC
values of CCOT and dentigerous cysts were not significantly different from
each other.

In Wamasing et al.’s study (16), a total of 127 cystic lesions, including 80
dentigerous cysts, 39 odontogenic keratocysts, and 8 unicystic ameloblastomas,
were investigated using MRI. The ADC values were able to discriminate
between the lesions of dentigerous cysts and unicystic ameloblastomas, as
well as odontogenic keratocysts and unicystic ameloblastomas. However, there
was no significant difference observed in the ADC values of dentigerous cysts
and odontogenic keratocysts. Srinivasan et al. (17) also reported statistically
significant different ADC values between odontogenic keratocysts and unicystic
ameloblastomas.

Vanagundi et al. (18) investigated the ADC values of odontogenic
keratocysts (n=17), unicystic ameloblastomas (n=5), and dentigerous cysts
(n=5). They reported that in 14 patients with odontogenic keratocysts, there was
restricted diffusion, while the remaining 3 patients showed facilitated diffusion
values. On the other hand, all unicystic ameloblastomas and dentigerous cysts
showed facilitated diffusion. Unlike Han and colleagues’ study, Vanagundi
and colleagues suggested that the difference in diffusion values in dentigerous
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cysts could be due to the lower concentration of glycosaminoglycans within the
included dentigerous cysts in their study.

Ogura et al. (19) assessed different cystic lesions and normal anatomical
structures’ ADC values in their study. They included 16 patients with various
cystic lesions, which consisted of odontogenic keratocysts (n=5), simple bone
cyst (n=1), nasopalatine duct cyst (n=3), radicular cyst (n=3), and dentigerous
cyst (n=4). The mean ADC values for normal anatomical structures were as
follows: spinal cord (0.71+£0.20 x 10-3), Waldeyer’s ring (0.75+0.11 x 10-3),
nasal mucosa (1.80+0.19 x 10-3), and cerebrospinal fluid (3.66+0.47 x
10-3). Regarding the cystic lesions, the mean ADC values were odontogenic
keratocysts (1.03£0.31 x 10-3), simple bone cyst (2.79 x 10-3), nasopalatine
duct cyst (2.28+0.12 x 10-3), radicular cyst (1.82+0.71 x 10-3), and dentigerous
cyst (1.67+1.06 x 10-3). The study found that the lowest ADC values in the cyst
group were observed in odontogenic keratocysts.

Kojima et al. (20) reported a case of florid cemento-osseous dysplasia
associated with a simple bone cyst. They found no hyperintense signal on
diffusion-weighted MRI and observed high ADC values in the cystic areas of
the mandible.

Vidmar et al. (21) investigated the potential of DWI imaging in endodontic
diagnosis. They studied 26 human teeth with or without caries lesions using
high-resolution MRI at 2.35 T. The teeth were assessed according to the
International Caries Detection and Assessment System (ICDAS) severity score
by two independent observers. They reported a negative correlation between the
average ADC values of dental pulp and the depth of demineralization.

3. Conclusion

DWI MR shows promise in dentistry for diagnosis and treatment
determination. However, further studies are necessary to validate and confirm
these findings.
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